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THIS VOLUME* 


Contains Data Sheets, Selection Guides and a wealth of background information on state-of-the-art products that are suitable 
for new equipment design. 


This volume is one member of a six-volume set of reference manuals describing and specifying Special Linear, Amplifier, 
Converter and Military/Aerospace products from Analog Devices, Inc. 


IF YOU KNOW THE MODEL NUMBER 
Turn to the product index at the back of the book and look up the model number. You will find the Section-Page location of any 
data sheet in this volume. You will find additional references for all other Analog Devices products currently available. 


If you’re looking for a form-and-function-compatible version of a product originally brought to market by some other manufacturer 
(second source), you may find it by adding our “AD” prefix and looking it up in the index. Or call our nearest sales office. 


IF YOU DON'T KNOW THE MODEL NUMBER 
Find your functional group in the list on the opposite page. Turn directly to the appropriate Section. You will find a functional 
Selection Tree and Selection Guide at the beginning of the Section. The Selection Tree and Selection Guide will help you find the 
products that are the closest to satisfying your need. Use them to compare all products in the category by salient criteria. A com- 
prehensive Table of Contents is provided for your convenience on page 1—5 through 1-15. 


IF YOU CAN'T FIND IT HERE... ASK 
If you can't find the product you are looking for in this databook, please contact your local Analog Devices sales officer or phone 
our Applications Department at 617-937-1428 or 1-800-262-5643 (U.S.A. only). 


See the Worldwide Sales Directory on pages 24-16 and 24-17 at the back of this volume for our sales office phone numbers. 


*The fax retrieval system number shown on abridged and preliminary data sheets applies to U.S.A. and Canada only. 
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USE IN LIFE SUPPORT APPLICATIONS 

Products sold by Analog Devices are not designed for use in life support equipment where mialidnetion of such products ca 
reasonably be expected to result in personal injury or death. Buyer uses or sells such products for life support application at 
buyer’s own risk and agrees to defend, NGQInINY and hold harmless Analog Devices from any and all damages, claims, suits, 
or expense resulting from such use. 
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Analog Devices, a Fortune 500 Industrials company, designs, 
manufactures and sells worldwide sophisticated electronic com- 
ponents and subsystems for use in real-world signal processing. 
More than six hundred standard products are produced in 
manufacturing facilities located throughout the world. These 
facilities encompass all relevant technologies, including several 
embodiments of CMOS, BiMOS, bipolar and hybrid integrated 
circuits, each optimized for specific attributes—and assembled 
products in the form of potted modules, printed-circuit boards 
and instrument packages. 


State-of-the-art technologies (including surface micromachining) 
have been utilized (and in many cases invented) to provide 
timely, reliable, easy-to-use advanced designs at realistic prices. 
Our popular IC products are available in both conventional and 
surface-mount packages (SOIC, LCC, PLCC), and many of our 
assembled products employ surface-mount technology to reduce 
manufacturing costs and overall size. A quarter-century of suc- 
cessful applications experience and continuing vertical integra- 
tion ensure that these products are oriented to user needs. The 
ongoing application of today’s state-of-the-art and the invention 
of tomorrow’s state-of-the-art processes strengthen the leader- 
ship position of Analog Devices in standard data-acquisition and 
signal-processing products and make us a strong contender in 
high performance mixed-signal ASICs. 


MAJOR PROGRESS 

Since publication of the selection guides in the current set of 
Reference Manuals, Analog Devices has introduced more than 
200 significant new products; they run the gamut from brand 
new product and market categories and technologies to standard 
products (with improvements in price, performance, or design) 
to augmented second source products. All of the newest prod- 
ucts in the area of standard data converter, amplifier, and spe- 
- cial purpose linear are included in this volume, with our latest 
offerings in DSP and special function products for audio, com- 
munications, and computer peripherals to be published 1n our 
forthcoming DSP Reference Manual. 


Examples of the variety, performance, and innovation content of 
outstanding new linear and data converter products to be found 
in this volume include: 


* AD8001/AD8002 800 MHz single and dual current feedback 
operational amplifiers that use only 50 mW from + 5 volt sup- 
plies—first amplifiers from the XFCB process 


¢ ADXLO05 second generation surface-micromachined acceler- 
ometer with +5 g full scale and better than 1 milli-g useful 
resolution 


¢ AD7716 22-bit quad-input sigma-delta ADC with 105 dB 
dynamic range at 146 Hz bandwidth on 50 mW from £5 volt 
supplies 

¢ AD420 16-bit complete digital-to-4-20 mA current loop 
driver with serial interface and 3 MHz update rate 


¢ AD720/AD721 RGB to NTSC/PAL encoders needing no ex- 
ternal filters or delay lines 


¢ AD878 14-bit 2.2 Msps ADC complete with SHA and refer- 
ence using only 500 mW 


Introduction 


¢ AD607 complete receiver IF subsystem with mixer/AGC/ 
RSSI from 3 volt supply 


¢ AD9101 125 MHz sample-hold amplifier with 350 MHz sig- 
nal bandwidth 


© OP291/OP491 rail-to-rail input/output dual and quad op 
amps that work down to a 2.7 volt single supply 


¢ AD7853/AD7858 single/octal input 12-bit 200 Msps sam- | 
pling ADCs using only 5.5 mW from a 3 volt supply 


¢ REF190 Series precision references with 0.5 volt dropout 
voltage, +2 mV accuracy, and 45 WA supply current. 


Many more could be added to this list. 


DESIGN-IN REFERENCE MANUAL 

This volume provides comprehensive technical data on the lat- 
est Analog Devices standard linear and data conversion prod- 
ucts for all of the electronic industries we serve, with particular 
focus on the industrial, instrumentation, and military markets. 
This Design-In Reference Manual contains technical information 
on all of the standard linear products that we recommend for 
new designs. This is a companion volume and update to the 
series of Reference Manuals we began publishing in 1992. 
These manuals include the two-volume Data Converter Reference 
Manual, Amplifier Reference Manual, Special Linear Reference 
Manual, and the Applications Reference Manual. While this vol- 
ume provides up-to-date information on our products, products 
which have appeared in a Reference Manual previously may 
have an abbreviated data sheet, so it is important to retain the 
entire set of Reference Manuals to have complete applications 
information about all of our products. If you need one of the 
previously printed Manuals, you can order it from our Litera- 
ture Center. 


In the approximately 2400 pages of this volume you will find: 


¢ Recently released products with a complete data sheet con- 
taining all application and packaging information required to 
design in the product. 


¢ Design-in products appearing in a previous Reference Manual 
which may have an abbreviated data sheet containing only 
specifications, packaging, pinout, and block diagram informa- 
tion, sufficient to make a design choice, but possibly not suffi- 
cient to complete a design; the full data sheets on these 
products are in the previously printed Reference Manuals. 


¢ Advance technical information on upcoming new products 
which may prompt you to seek more up-to-date information 
on the product. 


¢ Selection guides and product function trees for finding prod- 
ucts rapidly. 


¢ A representative list of available Analog Devices technical 
publications on real-world analog and digital signal processing. 


¢ Our Worldwide Sales Directory. 


¢ The complete Product Index to all Analog Devices products 
currently available or soon to be released which are covered in 
any of our Reference Manuals or the upcoming DSP Reference 
Manual. 
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The product. data in this book are intended primarily for the 
majority of users who are concerned with new designs.. For this 
reason, existing and available products that offer little if any 
unique advantage over newer products in future designs are 
listed in the Index, and data sheets may be available sepa- — 
rately—but they are not pubpshed in this book. | 


TECHNICAL SUPPORT. : 

Our extensive technical literature discusses the technology and 
applications of products for real-world signal processing. Be- 
sides tutorial material and comprehensive data sheets, including 
a large number in our reference manuals, we offer application 
notes, application guides, technical handbooks (at reasonable 
prices), and several free serial publications. For example, Analog 
Briefings® provides current information about products for 
military/avionics, and Analog Dialogue, our technical magazine, | 
provides in-depth discussions of new developments in analog 
and digital circuit technology as.applied to data acquisition, sig- 
nal processing, control, and test. DSPatch® is a quarterly news- 
letter that brings its readers up-to-date applications information 
on our DSP products and the general field of digital signal pro- 
cessing. We maintain a mailing list of engineers, scientists, and - 
technicians with a serious interest in our products. In addition 
to these reference manual catalogs—and general short-form se- 
lection guides—we also publish several short-form catalogs on 

- specific product families. You will find typical publications de- 
scribed on pages 24—11 to 24-15. at the back of the book. | 


SALES AND SERVICE | | 

Backing up our design and manufacturing capabilities and our 
extensive array of publications, is a network of distributors, plus 
sales offices and representatives throughout the United States 
and most of the world, staffed by experienced sales and applica- 
tions engineers. Our Worldwide Sales Directory, as of the publi- 
cation date, appears on pages 24- 16 and 24—17 at the back of 
the book. 


RELIABILITY 

The manufacture of reliable products is a key objective at 
Analog Devices. The primary focus is a companywide Total 
Quality Management (TQM) Program. In addition, we main- 
tain facilities that have been qualified under such standards as 
MIL-M-38510 (Class B and Class S) for ICs in the U.S., MIL- 
STD-1772 for hybrids, and ISO9000 (required by many Euro- 
pean customers). Many of our products—both proprietary and 
-second-source—have qualified for JAN part numbers; others are 
in the process. A larger number of products—including many of 


the newer ones just starting the JAN qualification process—are 


specifically characterized on Standard Military Drawings 
(SMDs). Most of our ICs are available in versions that comply 
with MIL-STD-883C Class B, and many also comply with 
Class S. We publish a Military/Aerospace Reference Manual for 


Analog Briefings and DSPatch are registered trademarks of Analog Devices, Inc. 
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designers who specify ICs and hybrids for military contracts. 
The 1994 issue contains data on 379 product families. It also. 
contains Mil/Aero Product Cross Reference Guides, radiation 
information and space qualified products information: Our 
newsletter Analog Briefings provides current information about | 
the status of reliability at ADI: 


Our PLUS program makes available standard devices (commer- 
cial and industrial grades, plastic or ceramic packaging) for any 
user with demanding application environments, at a small pre- - 
mium. Subjected to stringent screening, similar to MIL-STD- 
883 test methods, these devices are suffixed “/+” and are 
available from stock. : 


PRODUCTS NOT FOUND IN THE SELECTION GUIDES 
For maximum usefulness to designers of new equipment, we 
have limited the contents of selection guides to standard prod- 
ucts most likely to be used for the design of new circuits and 
systems with the exception of digital signal processing products. 
For DSP products to be included in our forthcoming Digital 
Signal Processing Reference Manual, please turn to page 24-6 at 
the back of this volume, Otherwise, if the model number of a — 
product you are interested in is not in the Table of Contents, 
turn to page 24—4 where you will find a list of older products for 
which data sheets are available upon request. On page 24—7. you 
will find a guide to substitutions (where possible) for pier: 
no longer available. : 


ICs embodying combinations of functions that you need but 
cannot find among our standard offerings may be available to 
meet your specific requirements as custom designs. For more 
information, get in touch with Analog Devices. A complete. 
Worldwide Sales Directory i is included on pages 24-16 and | 
24-17. 


PRICES | 

Accurate, up-to-date prices are an important consideration in 
making a choice among the many available product families. 
Since prices are subject to change, current price lists and/or 
quotations are available upon request from our sales offices and 


- distributors. 
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Selection Trees — Analog-to-Digital Converters 


A/D 
CONVERTERS 


FAST 
SAR 
(< MSPS) 


FASTER 
- SUBRANGING 
(> 1 MSPS < 20 MSPS) 


Encoders No T/H Encoders No T/H 
Sampling with T/H Sampling with T/H 


FASTEST 
FLASH 


SINGLE 
SUPPLY 


DAS* 
FUNCTION 


SPECIAL FUNCTION 
AUDIO/STEREO 


(> 20 MSPS) CODECS 


I/O PORTS 
SIGMA-DELTA 


* DAS = Data Acquisition System: MUX, T/H & A/D 
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Selection Trees — Analog-to-Digital Converters 


~ A/D CONVERTERS 
FAST 


| _-| ENCODERS 

| |  NOT/H | 
| Parallel | — Low Power. 7 Serial 

7 _ Vo ~ CMOS VO | 
Sp = = | CMOS 
AD670(10us) . ~~ ~+AD7871 (12 us) | : 

AD673 (30 ps) | 

ADS570 (40 us) | iad 

—~ a | AD7872 (12 1s) 


AD573 (30 Us) 
AD571 (40 us) 


12-Bit 


- . AD774B (8 us) 
AD674B (15 us) 
AD574A (30 ls) 
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A/D CONVERTERS | 
FAST 


SAMPLING 
WITH T/H 


Low Power 
CMOS 


Parallel — 
I/O 


Multichannel 


Serial 
VO 


Self-Calibration 
AD677 


10-Bit 8-Bit 


AD7777 (380 kSPS, 4 Ch) 
AD7778 (380 kSPS, 8 Ch) 


a 
ae 12-Bit AD7890 (83 kSPS, 8 Ch) _ 


AD1674 (100 kSPS) 


AD7776 (380 kSPS) AD7575 (10 Us) 


| AD7870/AD7870A (100kSP5) “07874 40 KSPS, 4h) 
AD7875 (100 kSPS) 
’ AD7876 (100 kSPS) AD7892 (400 kSPS) 
AD679 (100 kSPS, 8-Bit I/O) AD7878 (100 kSPS, 8 Word FIFO) AD7893 (117 kSPS) 
AD779 (100 kSPS, 14-Bit I/O) AD7896 (100 kSPS, +3 V) 


AD878 (2 MSPS, 14-Bit I/O) 16-Bit 


16-Bit AD7882 (400 kSPS, 16-Bit I/O) ee 
, AD7884 (166 kSPS, 16-Bit I/O) : AD7872 (83 kSPS) 
Self-Calibration AD7885 (166 kSPS, 8-Bit I/O) 
AD676 (100 kSPS) — 7 
AD1876 (100 kSPS, 
AC Specs Only) 
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Selection Trees — Analog-to-Digital Converters 


A/D CONVERTERS 


ee Sees _ FASTER’ 
-MONOLITHIC 


“NoTH | | = |4 With TH 


_AD7821 600 kSPS) aa | _ AD9040A (40 MSPS, TTL) 
= = ~ AD773A (20 MSPS) | 
AD876 = (15 MSPS, CMOS) 
AD7776 (0.38 MSPS, CMOS) 


__AD875 (15 MSPS) _ 


12-Bit 


| a ee oe AD9022 (20 MSPS, TTL) 
~ AD671°F (1.5 MSPS, Bipolar) | _ AD9023 (20 MSPS, ECL) ~ 
arc |... AD872. (10 MSPS) | 
AD871 (5MSPS) 
~AD1671 (1.25 MSPS)? _~ 
AD7886 (0.66 MSPS) 


, ‘Multichannel 


AD78724 (4 Channel) 
AD7828 (8 Channel) 


— Multichannel | 


~. .AD7777.(0.38 MSPS, 4 Ch, CMOS) 


NOTES © | 
‘ Subranging or 1/2 Flash © 
? Contact Factory For Versions Up to 2 MHz 


AD7778 (0.38 MSPS, 8 Ch, CMOS) 


HYBRID | |. 
WITHT/H | 


12-Bit 


AD9032 (25.6MSPS) 


AD1382 (500 KSPS) 
AD1385 (500. kSPS, Self-Calibration) 
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A/D CONVERTERS 


FASTEST 


SINGLE © : DUAL 


6-Bit ECL 10-Bit ECL | 8-Bit 
AD9000 (77 MSPS) AD9060 (75 MSPS) AD9058 (50 MSPS) 

8-Bit ECL 10-Bit TTL 

LOW POWER 
AD773A (200 MSPS) AD9020 (60 MSPS) 
AD9002A (125 MSPS) AD9040/9040A (40 MSPS) 
ae AD9050 40 MSPS, 300 mV 
( wads 8-Bit CMOS 
8-Bit TTL 
12-Bit ECL AD775 (20 MSPS, 60 mW) 

AD9012 (100 MSPS) 
AD9048 (35 MSPS) AD9027 (31.5 MSPS) 10-Bit CMOS 


12-Bit TTL AD876 (15 MSPS, 185 mW) 


AD9026 (31.5 MSPS) 
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Selection Trees — Analog-to-Digital Converters 


A/D CONVERTERS 


SINGLE SUPPLY 


DAS FUNCTION eS ne 7 VOPORTS 


lf 


8-Bit 
~AD7824 (4 Ch MUX) |  AD7575 (5 us) ‘AD7569 
AD7669 (Dual, 8-Bit D/A) 


AD7828 (8 Ch MUX) ~ 3 AD7821 (0.66 ts) 
AD670 (In-Amp) Pe fae os 


AD8401 @ Ch MUX)  10-Bit 


a. Sigma-Delta 


AD7776 (1.75 us) 


_ » AD7777 (4 Ch MUX) _ 2 12-Bit 12-Bit 
AD7778 (8 Ch MUX) | . 1S lu + 
oe ~  AD7880 (15 ps) AD7721 (468 kSPS) 
—— | AD7883 (15 us, +3 V) 3 
[iat | | | AD7892 (3 us, Serial) 
, Re AD7853 (3 us, +3 V, Self-Calibration) eS { : a “7 
AD7890 (8 Ch MUX, 1 T/H) 
AD7891 (8 Ch MUX, 1 T/H) | a 
AD7858 (8 Ch, Self-Calibration) | | oO AD7713 (1 to 50 Hz) 


AD7714 (1 to 50 Hz) 
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- /O PORTS 
> A/D & D/A 


8-Bit/2 us 


AD7569 
AD7669 (Dual D/A) 
AD8401 (4 Ch, Single D/A) 


AD7868 (83 kSPS) 


AD7869 (83 kSPS) 


A/D CONVERTERS 


SPECIAL FUNCTION 


SIGMA-DELTA 


High i 
Resolution High Speed 


16-Bit 
AD7701 (10 Hz) 16-Bit 
AD7721 (486 kHz) AD776 (100 kSPS) 
20-Bit 3 
AD7708 (10 Hz) 


midi 3 V Supply 


AD7710 (1 to 50 Hz) AD7714 (1 to 50 Hz 
AD7711/AD7711A Dea PoweD 
(1 to 50 Hz) 


AD7712 (1 to 50 Hz) | — 
AD7713 (1 to 50 Hz, | —| Multichannel 
Low Power) 
20-Bit 


AD7716 (1 to 300 Hz, 4 Ch) 
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Selection Guides—Analog-to-Digital Converters 


Sampling ADCs 
. Through- SHA 
: put Rate BW 
Res kSPS kHz 
Model Bits max typ’ 
AD7821 8 1000 100 
AD8401. 8 500 200 
AD7820 8 500 14 
~ AD7569 8 400 200 
AD7669 8 400 200 
AD7769 8 400 200 
AD7824 8 400 -10 
AD7828 8 400. 10 
AD7575 8 ~=«:190 50 
AD7776 10 400 1000 
AD7777_ 10 ~— 400 1000 
AD7778 10 400 1000 
AD872. 12 ~~ 10,000 70,000 
AD1671. 12 1250 2000 
AD7886 12 750 1000 
AD7891 12 600 1200 
AD7892. 12 +600 600 
AD678 12 200 _ 1000 
~AD7853.—«12~—Ss«200 1000 
AD7858 12 200 1000 
ADI341. 12 150 2500 
AD7893 12 140 1000 
AD7896 12 125 300 
 AD7874.—«s«12,—s«(116 500 
AD7870 12 100 500 
AD7870A 12 100 500 
AD7875  12_~—«:100 500 
AD7876 12 100 500 
AD7878 12 100 500 


Reference 
Volt 


0-5 V, Ext 
Int 


Int 
Ext 
0-5 V, Ext 
0-5 V, Ext 
1.23 V, Ext 


2.0 V, Int/Ext 
2.0 V, Int/Ext 


2.0 V, Int/Ext 


+2.5 V/int 
2.5 V, Int 
5 V, Ext 
2.5, Int 
2.5, Int 

5 V, Int 


Int (+3 V), Ext 


3 V, Int 
3 V, Int 
3 V, Int 
3 V, Int 
3 V, Int 


Bus Interface 
Bits? 

8, pP 

8, pP 

8, wP 

8, pP 


8, pP 
8, »P 


8, pP 
8, pP 
8, pP 
10, pP 


10, pP 
10, pP 


12 

12 

12, pP . 

8/12, Serial, pP 
12, Serial, »P 
8/12, pP 


Serial, »pP 
Serial, »P 
16, pP 
Serial 
Serial 

12, pP 


8/12/Serial, pP 
8/12/Serial, pP | 


8/12/Serial, »P 


8/12/Serial, pP . . 


12, pP 


mz 


w 


MZZNZZ OZ 


ZZZZ 


m 


Package — 
Options* 


R 


_E,N,P,Q,R 
E, N, P, Q, R 


N,P,R 
N, P 
R 


P,Q 
P,Q 


we 


we 
ww 


Ne 


M209 © 2 2m 
k 7 RAALD 


7m 2 


we 


SO Pw 


a 


CLO PPR 
wr 2 


AN 


w 


we 


v=] 


d 


w 
w 


w 


w 


MOELO LR 


OND we 


Zr 2 


w 


E, N, P,Q,R 


Le. ( 
ws . we 


OFFOON Oo © ANNA 
bona 


Orono ofrronm- 


~ 


we 


sia a 
EEE 


we 


v 
ee 


a 3 
Ca 


rear rs 


= 


we 


w 


SS = 


v 
= 
v 


we 


vy 
am i ce Bl ee 


srr: 


“ 
i 
~) 


Comments 

CMOS, Bipolar or Unipolar Operation 
4-Channel, 5 V, with 8-Bit DAC 
CMOS, 8-Bit Sampling ADC 


CMOS, Complete I/O Port with DAC, ADC, 


SHA, Amps and Reference _ 

CMOS, Complete I/O Port with 2 DACs, 

ADC, SHA, Amps and Reference - 

CMOS, Complete 2-Channel I/O Port with 
Input/Output Signal Conditioning 

CMOS, 4-Channel, 8-Bit Sampling ADC 

CMOS, 8-Channel, 8-Bit Sampling ADC — 

CMOS, Low Cost 

CMOS, Single Channel Complete Sampling ADC, 
Single Supply, Twos Complement Output Code 
CMOS, 4-Channel Complete ADC for Single or 
Simultaneous Dual Channel Sampling, Single Supply 
CMOS, 8-Channel Complete ADC for Single or _ 
Simultaneous Dual Channel Sampling, Single Supply 
Complete, Monolithic 12-Bit, 10 MSPS ADC 
Complete, Monolithic 12-Bit, 1.25 MSPS ADC 
CMOS, 12-Bit 750 kSPS Sampling ADC 


-8-Channel High Speed, 5 V Supply | 


5 Volt Supply, Variable Range, Protected 
BiMOS, High Impedance High Bandwidth 
Sampling Input, 10 V Range, AC/DC Tested 

3 V Supply, Self-Calibrating, Low Power 

3 V Supply, 8 Channel, Self-Calibrating 

High Speed 8/16 Channel DAS 

CMOS, Single Supply Sampling ADC in 8-Pin Package 
3 Volt Serial ADC in 8-Pin Package 

CMOS, Simultaneous Sampling 4-Channel ADC 
for +10 V Input Signals 

CMOS, 100 kHz Throughput, +3 V Input 


_ CMOS, 100 kHz Throughput, +3 V Input 


CMOS, 100 kHz Throughput, 0-5 V Input 
CMOS, 100 kHz Throughput, +10 V Input 


CMOS, 100 kHz Throughput, +3 V Input, On-Chip FIFO 


Page® 


2-295 
5-102. 
CIT 2-511 
2-196 


| 2-196 


CII 8-27, 
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put Rate BW Reference 
. Res kSPS kHz Volt Bus Interface Package Temp 

Model Bits max typ’ _— Int/Ext? Bits? Options* Ranges” Comments Page® 

AD1674 12 +100 500 10 V, Int 8/12, wP D,N,R C,1I,M Complete AD574A Pinout Compatible, Sampling Input, 2-188 
AC/DC Tested 

AD7890 12 ~=100 1000 Ss 2.5 V, Ext Serial N,Q,R ILM 8-Channel Single Supply Sampling ADC 5-76 

AD7868 12 =83 500 3 V, Int - Serial, pP N, Q,R I, M/y CMOS, Complete I/O Port with 12-Bit ADC and 5-68 
12-Bit DAC 

AD7880 12 66 33 5 V, Ext 12, pP N,Q, R I Single +5 V Supply, Low Power Shutdown 2-337 

AD7883 12 +850 25 3.0, Ext 12, pP N,R I 3 Volt, 8 mW, Complete 2-353 

AD679 14 = 128 1000 5 V, Int 8, pP D, N, J C,I,M BiMOS, High Impedance, High Bandwidth 2-76 
Sampling Input, 10 V Input Range, AC/DC Tested 

AD779 14 = 128 1000 5 VV, Int 14, pP D, N, J C, I, M BiMOS, High Impedance, High Bandwidth 2-115 

| Sampling Input, 10 V Input Range, AC/DC Tested 

AD7869 14 = 83 500 3 V, Int Serial N,Q, R C, I CMOS, Complete I/O Port with 14-Bit DAC and 5-72 
14-Bit ADC 

AD7871 14 = 83 500 3 V, Int 8/14/Serial, »P N,Q, P C,I,M CMOS, Complete Sampling ADC, +3 V Input 2-323 

AD7872 14 83 500 3 V, Int Serial, pP N, Q, R C,I,M CMOS, Complete, Serial Interface, 16-Pin DIP/SOIC 2-323 

AD1382 16 500 2200 10 V, Int 8, pP D Cc High Speed, Guaranteed Dynamic Performance 5—20 

AD1385 16 500 2200 10 V, Int 8, pP D C, M/y Similar to AD1382 with Autocalibration Ability, 5-24 
Guaranteed Dynamic Performance 

AD7882 16 400 400 = 2.5 V, Ext 16, pP S,Q I, M/y 16-Bit Self-Calibrating ADC 2-341 

AD7884 16 8166 83 3 V, Ext 16, pP N, Q, P I CMOS, Low Power (250 mW), 5.3 ws Conversion 2-357 

~ AD7885 16 166 83 3 V, Ext 8, pP N, Q, P I Similar to AD7884, 28-Pin Package, Byte Output 2-357 

AD1876 16 = 100 1000 3-7 V, Ext Serial N C . Autocalibrating, 16-Pin DIP ADC, AC Tested 2-193 

AD676 ~=16_~—:100 1000 §=3-10 V, Ext (16 D,N C,I,M Autocalibrating, 28-Pin DIP, Parallel Output 2-43 

AD677 16 ~=100 1000 3-10 V, Ext Serial D, N,R C,1, M/p, Autocalibrating, 16-Pin Narrow DIP, Serial Output 2-57 


1X indicates that the internal SHA bandwidth is not specified in kHz. 


Ext indicates external reference with the range of voltages listed where applicable. Ext (M) indicates external reference with multiplying capability. Int indicates reference is internal. A voltage value is given if the 
reference is pinned out. 

3This column lists the data format for the bus with “P” indicating microprocessor capability—e.g., for a 12-bit converter 8/12, .P indicates that the data can be formatted for an 8-bit bus or can be in parallel 
(12 bits) and is microprocessor compatible. 

*Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; J = J-Leaded Ceramic Package; 
‘M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline “SOIC” Package; RS = SSOP—Shrink Small Outline Package; S = Plastic 
Quad Flatpack; ST = Thin Quad Flatpack; T = TO-92; U = TSOP—Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In-Line “SIP” Package; Z = Ceramic Leaded Chip Carrier. 
>Temperature Ranges: C = Commercial, 0°C to +70°C; I = Industrial, —40°C to +85°C (Some older products —25°C to +85°C); M = Military, —55°C to +125°C. If a device has military grade offerings, the M 
temperature designator will be followed by: / to indicate 883B, , for JAN, p for SMD, and , for space level. 

°CII = Data Converter Reference Manual, Volume II. All other entries refer to this volume. 

Boldface Type: Data sheet information in this volume. 
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Nonsampling ADCs 
. Conv 
_. Rate Reference 
i Res” ps Voltage 
Model _ Bits max  Int/Ext’ 
ADC-908 8 6.0 —10 V, Ext — 
AD670 a.) 10 Int 
AD7576 ~—s 8 10. ~=(1.23 V, Ext 
~AD7574.-—«s-«-8-~——siY5 —10 V, Ext 
AD570 = 8 | 25 Int 
AD673.—ié883 “30 @~=©3>s Int 
AD7581 == 8 66.7. —5Vto(-15 Vit Ext 
AD579 10 1.8 10V,Int | 
AD875—ss«d10-—=—™.s«0.067 2.4 V, +4 V, Ext 
ADC-910 10 ~-.6.0 2.5 V, Int: 
ADS571 10 25 Int 
AD573 | 10 30 Int 
AD671 12 0.5 5.V, Ext 
AD7586 12 1 —4V, Ext 
AD578 2-3 10 V, Int 
- AD7572A 12 «= 3 Int. 
AD7572 “12 5 Int 
-ADC-170 12 5.6 —5.25 V, Ext = 
AD774B 12 8 10 V, Int 
AD ADC84 12 = 10 6.3 V, Int 
AD ADC85 12 = 10 6.3 V, Int — 
ADC-912A —° 12 10 —5 V, Ext 
AD5210 12 13 —10 V, Int/Ext 
AD674B 12 15 10 V, Int: | 
AD572 12 25 10 V, Int 
AD ADC80 12 30 6.3 V, Int 
AD574A 12 35 10V, Int 


—10 V, Int/Ext 
5 V, Ext 


AD5200 12 50 
AD7578 12 100 


Bus 


‘Interface 


Bits” 


8, wP 
8, pP 
8, pP 
8, pP 
8 

8, pP 
8, pP 


_ 10/Serial 
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| Comments 
CMOS, £5 V Operation, Fast 


Single +5 V Supply, Including In-Amp and metetenice 
CMOS, Low Cost, Single Supply 


. CMOS, +5 V Operation 


CMOS 8-Bit ADC 


High Speed with Low Power | 


_CMOS, 165 mW, 10-Bit, 15 MHz ADC 


Bipolar, Fast with Byte Output 

Complete 10-Bit ADC 
Complete 10-Bit ADC, Byte or Parallel Interface 
12-Bit 500 ns Monolithic ADC 

CMOS 12-Bit, 1 MHz ADC 

Complete, 3 ys, 12-Bit ADC 

Improved Version of Industry Standard 

Industry Standard, 12-Bit ADC _. 
Complete, 3 js, 12-Bit ADC in 8-Pin Mini-DIP 
Faster Version of AD674B, paSSny Standard 
Industry Standard 

Industry Standard 

CMOS, Improved Version of ADC. 912 

Industry Standard (AD5211/12/14/15) 

Improved Version of AD674A/AD574A, 

Industry Standard 

12-Bit Successive Approximation ADC 

Industry Standard 

Complete ADC with oe oe and Clock; Industry Standard 
Industry Standard (AD5201/02/04/05) _ 

CMOS, 1 LSB Total Unadjusted Error 


_ Page’ 
D 


2-28 
CII 2-509. 
CII 8-63 
2-17 
2-37 

CII 2-363 
CII 2-61 


2-156 


CII.2-819 
2-17 
2-21 
2-32 

CII 2-383 
CII 2-61 
CII 2-303 
CII 2-299 
CII 2-817 
CII 2-109 
CII 2-809 
CII 2-809 
CII 2-831 
D 

2-39 


CII 2-31 
CII 2-803 
2-24 

D | ‘ 

CII 2-335 
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Conv 


Rate Reference Bus 
Res ps Voltage Interface Package Temp 

Model Bits max  Int/Ext! Bits” Options? Ranges* Comments Page> 
AD7582 12 100 5 V, Ext 8, wP D,N,P,Q C,I, M/ CMOS, 4 Channel, 1 LSB Total Unadjusted Error CII 2-371 
AD1377- 16 10 Int 16, Serial D C Complete, High Speed 16-Bit ADC CII 2-215 

pa | | Operation over —25°C to +85°C a 
AD1376 © 16 17 Int 16, Serial D C Complete 16-Bit Converter; Industry Standard Pinout > CII 2-215 
AD ADC71 16 50 6.3 V, Int 16 D C Industry Standard CII 2-801 
AD ADC72 16 50 6.3 V, Int 16 D Cyt Industry Standard CII 2-801 
AD1170 18 1000 5V, Int 8 N C 7 to 22-Bit Programmable Integrating ADC CII 2-203 


1Ext indicates external reference with the range of voltages listed where applicable. Ext (M) indicates external reference with multiplying capability. Int indicates reference is internal. A voltage value is given if the 
reference is pinned out. 

?This column lists the data format for the bus with “up” indicating microprocessor capability —i.e., for a 13-bit converter 8/12, P indicates that the data can be formatted for an 8-bit bus or can be in parallel 

(12 bits) and is microprocessor compatible. 

3Package Options: | = Hermetic DIP, Ceramic or Metal; 2 = Plastic or ee Sealed DIP; 3 = Cerdip; 4 = Ceramic Leadless Chip Carrier; 5 = Plastic Leaded Chip Carrier; 6 = Small Outline “SOIC” Package; 
7 = Hermetic Metal Can; 8 = Hermetic Metal Can DIP; 9 = Ceramic Flatpack; 10 = Plastic Quad Flatpack; 11 = Single- -In-Line “SIP” Package; 12 = Ceramic Leaded Chip Carrier; 13 = Nonhermetic Ceramic/ 
Glass DIP; 14 = J-Leaded Ceramic Package; 15 = Ceramic Pin Grid Array; 16 = TO-92. 

‘Temperature Ranges: C = Commercial, 0 to +70°C; I = Industrial, —40°C to +85°C (Some older products —25°C to +85°C); M = Military, —55°C to +125°C. 

°CII = Data Converter Reference Manual, Volume II; D = Data Sheet. All other entries pertain to this volume. 

Boldface Type: Datasheet information in this volume. 


SYFLYANNOD TVLIDIG-OL-DOTVNV F¥L-Z~ 


Selection Guides—Analog-to-Digital Converters 
High Speed ADCs 


- Through- Full Power Bus | Reference 
i Res __ put Rate BW Interface Voltage | Package Temp 
Model Bits MSPS min MHz typ Bits! Int/Ext? Options? Range* Page> Comments 
AD9000 6. 77 20 6 0.5-2 V, Ext D, Q C, M/ 2-399 MIL-STD-883, Rev. C, Devices Available; 
= | | | | Low Error Rate 
AD9002 8 150 ~ 160 8 0.1-(—2.1) Ext D, E, J I, M/p 2-402 Single Supply, Low Power, Low Input 
Capacitance, MIL-STD-883, Rev. C 
Device Available . | : 
AD9012 8 100 ~ 160 8 —2 V, Ext E, J, Q I, M/p 2-406 TTL Outputs, Low Power, Low Input Cap 
AD9058 8 50 175 8 +2 V, Int D, J C, M/ 2-461 — Dual 8-Bit, TTL Output 
AD9048 8 35 15 8 —2 V, Ext E, J, Q C, M/p 2-455 35 MSPS, 8-Bit Video ADC, 16 PE Input 
| | | | | | Capacitance 
~  AD775 8 20 _ 8 2.8, 0.6 V, Ext N,R C 2-95 Single Supply, Low Power, Low Input Cap 
~ AD9060 10 ==. 75 175 10 +1.75 V, Ext E, Z C, M/ 2-465 Fastest 10-Bit ECL Monolithic ADC 
AD9020 10 60 175 10 +1.75 V, Ext E, Z C, M/ 2-410 Fastest 10-Bit TTL Monolithic ADC 
AD9040A 10 40 48 10 +2.5 V, Int N, R C 2-444 SNR = 53 dB with 10.3 MHz Input @ 40 MSPS 
AD9050 10 40 40 10 2.5 V, Int R C 2-458 Single Supply, Wide Range, Low Power 
~AD873 6-10 30 200 10 3.0, 1.5 V, Ext N, R C 2-152 Single Supply, CMOS, Low Noise 
~AD876 | 10 20 250 : 10 4.0, 2.0 V, Ext R, ST C 2-169 Single Supply, 140 mW, 3.3 V Interface _ 
AD773A 10 20. 100 10  +2.5, Ext D C 2-81 Low Power, 10-Bit 20 MSPS with On-Chip T/H 
AD875 lo. 55 ee. ae | 10. +2 V, +4 V/Ext S C 2-156 CMOS, 165 mW, 10-Bit, 15 MHz ADC 
AD9027 12 31 200 ee 72 “Int D I 2-429 Direct IF to Digital, Wideband, ECL 
AD9032 12: °* 25 220 12 Int D, Z I,M 2-437 World’s Fastest Complete 12-Bit ADC 
AD9034 ~—._:12 20. ~ 150 : 12 Int D, Z I,M D ~ 20 MSPS - = 4 . 
AD9023-:12,—s20 (115 2 Int Q, Z I,M — 2-422 ECL Compatible ane: with THA and Retereiice 
AD9022. 12 20 115 12 - Int Q, Z ILM 2-414 TTL Compatible Logic, with FHA and Reference 
-AD872 12 10 70 12 +2.5 V/Int D, E C, M/p 2-137 Complete, Monolithic 12-Bit 10 MSPS 
AD9I005SA 12 10 38 12 Int M C, M/ CII 2-697 Complete 12-Bit ADC with T/H, Reference — 
| and Timing Circuitry | 
AD9007 12 10 . 38 | 12 Int | M C D +5 V Only Version of AD9005A . 
AD871 12 5 15 12 2.5, Int D,E C, M 2-121 Low Noise, High Accuracy, Wide Dynamic Range 
AD1671 12 1.25 : 2 . AZ, 2.5 V, Int P,Q C,1,M/p 2-177 Complete, Monolithic 12-Bit, 1.25 MSPS ADC 
AD9014 14 10 60 14 Int Board Cc CII 2-729 Wide Spurious Free Dynamic Range 
AD878 14 2:2 2 14 2.5, Int P C,I 2-173 Low Power, Wide Dynamic Range, Low Cost 


1This column lists the data format for the bus with “yP” indicating microprocessor capability—i.e., for a 12-bit converter 8/12, uP indicates that the data can be formatted for an 8-bit bus or can be in parallel 
(12 bits) and is microprocessor compatible. 

2Ext indicates external reference with the range of voltages listed where applicable. Ext (M) indicates external fefstcnes with multiplying capability. Int indicates reference is internal. A voltage value is given if the 
reference is pinned out. 

3Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic’ Leadless Chip Carrier; F = Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; J = J-Leaded Ceramic Package; 

M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline “SOIC” Package; RS = SSOP—Shrink Small Outline Package; S = Plastic 
Quad Flatpack; ST = Thin Quad Flatpack; T = TO-92; U = TSOP—Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In-Line “SIP” Package; Z = Ceramic Leaded Chip Carrier. 
4Temperature Ranges: C = Commercial, 0°C to +70°C; I = Industrial, —40°C to +85°C (Some older products —25°C to +85°C); M = Military, -55°C to +125°C. If a device has military grade offerings, the M 
temperature designator will be followed by: / to indicate 883B, ; for JAN, » for SMD, and g for space level. 

SCII = Data Converter Reference Manual, Volume II; D = Data Sheet. All other entries refer to this volume. 

Boldface Type: Data sheet information in this volume. 
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Sigma-Delta ADCs 


Model 


AD776 
AD1878 


AD7701 
AD28msp02 


AD28msp01 
AD1879 


AD7703 
AD7710 


AD7714 
AD7711A 
AD7711 
AD7712 
AD7713 
AD7716 


AD1848 


~AD1849 


AD7715 
AD7721 


reference is pinned out. 


Res 
Bits 


16 
16 


16 


16 


16 


16 


16 
12 


Input 
BW 
kHz 


50 
24 


10 Hz 
4 


3.4 
24 


10 Hz 

2.62 to 

262 Hz 

2.62 to 262 Hz 
2.62 to 262 Hz 
2.62 to 

262 Hz 


2.62 to 

262 Hz 
0.52 to 
52.4 Hz 
36.5 to 

584 Hz 

8 to 48 kHz 


8 to 48 kHz 


5 to 131 Hz 
210 


Through- 
put Rate 
kHz 


100 to 400 
2.5 to 50 


4 
8 


7.2/8.0/9.6 
2.5 to 50 
4 

0.01 to 

1.0 

0.01 to 1.0 


0.01 to 1.0 
0.01 to 


8 to 48 kHz 


8 to 48 kHz 


20 to 500 Hz 
468 . 


Reference 
Voltage 
Int/Ext? 


2 V, Int 
3 V, Int 


2.5 V, Ext 
2.5, Ext 


2.5, Int 
3 V, Int 


2.5 V, Ext 
2.5 V, Int 


2.5 V, Ext 
2.5 V, Int 
2.5 V, Int 
2.5 V, Int 
2.5 V, Ext 
2.5 V, Ext 
2.25 V, Int 
2.25 V, Int 


2.5 V, Ext 
2.5 V, Ext 


Bus 
Interface 
Bits” 
Serial 
Serial 


Serial, »P 
Serial, P 


Serial, pP 
Serial 


Serial, w~P 
Serial, »P 


Serial, wP 
Serial, »P 
Serial, »P 


| Serial, »P 


Serial, P 
Serial 
8 


Serial 


Serial, pP 


Package 
Options® 


N,R 


12/Serial, »P N,Q,R 


‘Ext indicates external reference with the range of voltages listed where applicable. Ext (M) indicates external reference with multiplying capability. Int indicates reference is internal. A voltage value is given if the 


Temp 
Ranges‘ 


I 
I,M 


Page> 


2-103 
C II 2-295 


2-206 
C1425 


C149 
C II 2-297 


2-212 
2-218 


2-271 
2-265 
2-244 
2-218 
2-244 


5-40 


5-28 
2-287 


Comments 


16-Bit 100 kSPS Oversampling ADC, Single Supply 
Dual Channel, High Performance Stereo 16-Bit 
Oversampled ADC 

16-Bit Sigma-Delta ADC, 0.1-10 Hz Input Bandwidth 
Complete Voice Band Linear Codec with On-Chip 
Filtering 

Complete Analog Front End for High Performance, 
DSP-Based Modems 

Dual Channel, High Performance Stereo 18-Bit 
Oversampled ADC 

20-Bit Sigma-Delta ADC, 0.1-10 Hz Input Bandwidth 
24-Bit Sigma-Delta Signal Conditioning ADC 

with 2 Differential Input Channels 

3 Volt Supply, PGA, 5 Channels 

AD7711 Function—24 Bits, No Missing Codes 
Similar to AD7710 but 24-Bit Sigma-Delta ADC with 
1 Differential, 1 Single-Ended Input and RTD 
Current Sources 

24-Bit ADC with 1 Differential Input Channel and 

1 High Voltage Input Channel 

Loop Powered 24-Bit Sigma-Delta Signal 
Conditioning ADC 

22-Bit Data Acquisition System with 

with 4 Independent Channels 

16-Bit Parallel SoundPort® Stereo Codec. Stereo ADCs 
and Stereo DACs, PGA, Attenuator and All Filters 
16-Bit Serial SoundPort® Stereo Codec. Stereo ADCs 
and Stereo DACs, PGA, Attenuator and All Filters. 


~ Operates on +5 V Supplies 


3 Volt, PGA, Low Power, 3-Wire 
5 Volt Supply, FIR Filter, 16-Bit Resolution 


This column lists the data format for the bus with “P” indicating microprocessor capability—i.e., for a 12-bit converter 8/12, .P indicates that the data can be formatted for an 8-bit bus or can be in parallel 


(12 bits) and is microprocessor compatible. 


3Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; J = J-Leaded Ceramic Package; 
M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline “SOIC” Package; RS = SSOP—Shrink Small Outline Package; S = Plastic 


Quad Flatpack; ST = Thin Quad Flatpack; T = TO-92; U = TSOP—Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In-Line “SIP” Package; Z = Ceramic Leaded Chip Carrie 


‘Temperature Ranges: C = Commercial, 0°C to +70°C; I = Industrial, —40°C to +85°C (Some older products —25°C to +85°C); M = Military, —55°C to +125°C. If a device has military grade offerings, the M 
temperature designator will be followed by: / to indicate 883B, ,; for JAN, » for SMD, and g for space level. 
°CI = Data Converter Reference Manual, Volume I; CI] = Data Converter Reference Manual, Volume II; D = Data Sheet. All other entries refer to this volume. 
Boldface Type: Data sheet information in this volume. 
SoundPort is a registered trademark of Analog Devices, Inc. 
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Selection Guides — Analog-to- -Digital Converters 
Multiplexed ADCs 


Model 
AD7769 


AD7824 
AD8401 
AD7828 
_AD7777 
-AD7778 
AD1341 


AD7874 


AD363R 


AD364R 
AD7582: 


AD7890 
AD7858 
AD7891 
AD7714 


‘ - 500 
(for 4 Channels) . 

2000 . 
2000 


1000. 


1000 


1200 
- 2.5 V, Ext 


Reference 
Volt 
Int/Ext! 


Ext. | 


0-5 V, Ext 
0-5 V, Ext 
2.0 V, Int 
2.0 V, Int 
10 V, Int 


3V Int 


10 V, Int — 


10 V, Int 


4V-6 V, Ext 


2.5 V, Ext 
Int 
2.5 V, Int 


Bus 


__ Interface . 


Bits” | 
8, uP 


8, pe 
8, pP 


8, pP 

10, pP 
10, pP 
16, pP 


12, pP 


12, pP 


12, pP 


12, pP 


Serial, pP | 
Serial, pP 
12, Serial, pP 
Serial, pP 


PZZIUO Z 
2 


Package _ 
Options? 


N,P 


ro) 
w 


w 


LPRL 


- 


re) 


BO vo 


w 
N 


-. Temp 


Ranges* 
Cul 


Comments 


CMOS, Complete 2-Channel I/O Port with 
‘Input/Output Signal Conditioning 

CMOS, On-Chip Track-Hold 

5 Volt Supply, DAC Out, High Speed 
CMOS, On-Chip Track-Hold 

Dual SHA, Offset Adjust, CMOS 

Dual SHA, Offset Adjust, CMOS | 

_ High Speed, 16-Channel Programmable | 
12-Bit DAS with 25.ns Bus Interface 

- CMOS, Simultaneous Sampling Four-Channel 
29 kHz ADC for +10 V Input Signals _ 

High Speed, 16-Channel, 12-Bit DAS 
16-Channel, 12-Bit DAS with- -Three-State Buffers 
CMOS, 1 LSB Total Unadjusted Error | 
CMOS, 8-Channel Multiplexed ADC 

3 Volt Supply, Low Power, 3-Wire 

5 Volt, Input Protected, Range Selectable 
3 Volt Supply, PGA, ic Filter 


Page” 


~~ Clr 8-27 


5-64 


5-102 
5-64 
5-54 


(5-54 


CII 7-25 
2-329 


CII 7-5 
CII 7-5 
CIT 2-371 
5-76 - 
2-299 


| 5-92 
2-271 | 


1Ext indicates external reference with the range of voltages listed where applicable. Ext (M) indicates external reference with multiplying capability. Int indicates peletenbes is internal. A. voltage. value is given if the 


reference is pinned out. 


2This column lists the data format for the bus with “:P” indicating microprocessor capability—i.e., for a 12-bit converter 8/12, sP indicates that the data can be formatted for an 8-bit bus or can be in parallel © 


(12 bits) and is microprocessor compatible. 


3Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; J = J-Leaded Ceramic’ Package; 

M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier, Q = Cerdip; R = Small Outline “SOIC” Package; RS = SSOP—Shrink Small Outline Package; S = Plastic 
Quad Flatpack; ST = Thin Quad Flatpack; T = TO-92; U = TSOP—Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In-Line “SIP” Package; Z = Ceramic Leaded Chip Carrier. 
4Temperature Ranges: C = Commercial, 0°C to +70°C; I = Industrial, -40°C to +85°C (Some older products —25°C to +85°C); M = Military, —55°C to + 125°C. If a device has military grade offerings, the M 


temperature designator will be followed by: / to indicate 883B, 
SCII = Data Converter Reference Manual, Volume II. All other ented refer to this volume. 


Boldface Type: Data sheet information i in this volume. 


; for JAN, p for SMD, and g for space level. 


ANALOG 8- and 10-Bit 
DEVICES Analog-to-Digital Converters 


AD570/AD571* 


FEATURES FUNCTIONAL BLOCK DIAGRAM 

Complete A/D Converters with Reference and Clock aS P22 
AD570: 8 Bit veeoov connaon CONVERT CONTROL 
AD571: 10 Bit 

Fast Successive Approximation Conversion — 25s 

No Missing Codes Over Temperature a Mss 

Digital Multiplexing — 3 State Outputs ake 

18-Pin Ceramic DIP commen 


Low Cost Monolithic Construction 
MIL-STD-883 Compliant Versions Available 


| 
rt 
fey 
ke 


< bl peers 
Ke) 
AHH > 
gas et 
ae Ray 
LSB 
BS 
PRODUCT DESCRIPTIONS p=) 
The ADS70/AD571 are successive approximation A/D converters TE OERCE NerEReNGE’ SONtRd 
consisting of a DAC, voltage reference, clock, comparator, a “ADS71 ONLY, 
successive approximation register and output buffers — all fabri- DATA READY 
cated on a single chip. No external components are required to 
perform full accuracy conversions in 25s. PRODUCT HIGHLIGHTS 
The AD570/ADS571 incorporate advanced integrated circuit 1. The ADS71 is a complete 10-bit A/D converter. The AD570 
design and processing technologies. They employ I’L (integrated is an 8-bit version which employs the same architecture. No 
logic) processing in the fabrication of the SAR function. Laser external components are required to perform a conversion. 
trimming of the high stability SiCr thin-film resistor ladder 2. The AD570/ADS571 are single chip devices employing advanced 


network insures high accuracy, which is maintained with a 


IC processing techniques. Thus, the user has at his disposal 
temperature compensated, subsurface Zener reference. , 


a truly precision component with the reliability and low cost 


Operating on supplies of +5V to +15V and — 15V, the AD570/ inherent in monolithic construction. 

AD 571 will accept analog inputs of 0 to + 10V, unipolar or__ 3. The converters accept either unipolar (0 to + 10V) or bipolar 
+ 5V bipolar, externally selectable. As the BLANK and CON-_ . (—5V to +5V) analog inputs by simply grounding or opening 
VERT input is driven low, the three-state outputs will be open a single pin. 

and a conversion will commence. Upon completion of the con- 2 ; a ra 
version, the DATA READY line will go low and the data will 4. Each device offers the specified accuracy with no missing 
appear at the output. Pulling the BLANK and CONVERT high codes over its entire operating temperature range. 

blanks the outputs and readies the device for the next 5. Operation is guaranteed with — 15V and +5V to +15V 
conversion. supplies. The devices will also operate with a — 12V supply. 
The devices are available in two versions: the “J” and “K”’ 6. The AD570 and ADS571 are available in versions compliant 
specified for the 0 to + 70°C temperature range. The “‘S” guaran- with MIL-STD-883. Refer to the Analog Devices Military 
tees the specified accuracy and no missing codes from — 55°C to Products Databook or current /883B data sheet for detailed 
+125°C. specifications. 


* Covered by Patent Nos. 3,940,760; 4,213,806; 4,136,349. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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AD570/AD571 —SPECIFICATIONS Sic 2z°toe 3 22tlomen Monee aa 


ADS ADS70S 


: 
3 
= 
| 
: 


Model 
RESOLUTION!’ 


RELATIVE ACCURACY 
Tmin tO Tmax 


_FULL-SCALE CALIBRATION 
UNIPOLAR OFFSET | 
BIPOLAR ZERO 


DIFFERENTIAL NONLINEARITY 
Trin to Tina ‘ | 
TEMPERATURE RANGE 7 


TEMPERATURE COEFFICIENTS 
Unipolar Offset 
Bipolar Offset 
Full-Scale Calibration 


POWER SUPPLY REJECTION 
CMOS Positive Supply 
+13.5VsV+5+16.5V 
TTL Positive Supply - 
+4.5VSV+=+5.5V 
Negative Supply - 
~16.0V<sV-<s-13.5V 


ANALOG INPUT IMPEDANCE 


ANALOG INPUT RANGES 
Unipolar 
Bipolar 


OUTPUT CODING . 
_ Unipolar | | Positive True Binary . Positive True Binary 
Bipolar . —— . Positive True Offset Binary Positive True Offset Binary 
LOGIC OUTPUT . 
Output SinkCurrent | q 
(Vout = 0.4V max, Tmin to a 
Output Source Current . 
(VouT= 2.4V max, Tymin to ee 
Output Leakage 


LOGIC INPUTS 
Input Current 
Logic “1” - 
Logic “‘0”’ 


CONVERSION TIME 
Finn tO 1 max. 


POWER SUPPLY | ? 
V+. | +45 +5.0 
v- -120 -15 


OPERATING CURRENT 
V+ . 
V aus 


PACKAGE OPTION??? __ < | 
‘Ceramic (D-18) ADS70JD — ADS70SD 


NOTES 

1The ADS570 is a selected version of the AD571 10-bit A-to-D converter. Only TTL logic a should be connected to Pins 1 and 18 
for no connection made) or damage may result. 

_2—D = Ceramic DIP. For outline information see Package Information section. 

3For details on grade and package offerings for SD-grade in accordance with MIL-STD-883, refer to Analog Devices —, 
Products databook or current /883B data sheet. 

Specifications subject to change without notice. 

Specifications shown in boldface are tested on all ieee units at final 

electrical test. Results from those tests are used to calculate outgoing quality 

levels. All min and max specifications are guaranteed, although only those _ 

shown in boldface are tested on all production units. 
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ADS70/AD571 


AD571J ADS71K ADS71S 
Model Min Typ Max Min Typ Max Min Typ Max Units 
RESOLUTION | pot Bits 
RELATIVE ACCURACY, Ta LSB 
Tmin tO Tmax LSB 
FULL-SCALE CALIBRATION po 2 +2 +2 LSB 
DIFFERENTIAL NONLINEARITY, Ta Bits 
Tmin to Tax Bits 
TEMPERATURE RANGE =55 +125 | °C 
TEMPERATURE COEFFICIENTS 
Unipolar Offset | LSB 
Bipolar Offset LSB 
Full-Scale Calibration LSB 
POWER SUPPLY REJECTION 
CMOS Positive Supply 
+ 13.5VSV+=+16.5V +1 - _ - LSB 
TTL Positive Supply 
+4.5V<V+<5+5.5V +1 +2 LSB 
Negative Supply 
—-16.0V<V- <=- 13.5V +1 +2 LSB 
ANALOG INPUT IMPEDANCE 3.0 5.0 7.0 3.0 5.0 7.0 3.0 5.0 7.0 kQ 
ANALOG INPUT RANGES 
Unipolar 0 +10 0 +10 V 
Bipolar +5 V 
OUTPUT CODING 
Unipolar | Positive True Binary Positive True Binary Positive True Binary 
Bipolar Positive True Offset Binary Positive True Offset Binary Positive True Offset Binary 
LOGIC OUTPUT 
Output Sink Current 
(Vout = 0.4V max, Tin to Tmax) 3.2 mA 
Output Source Current! | 
(Vout =2.4V max, 1 to imax) 0.5 mA 
Output Leakage +40 pA 
LOGIC INPUTS . 
Input Current + 100 +100 +100 | pA 
Logic “‘1” | 2.0 2.0 2.0 V 
Logic ‘‘0” 0.8 0.8 0.8 V 
CONVERSION TIME 
Trin to Tmax LS 
POWER SUPPLY 
V+ +4,5 + 5.0 +16.5 Vv 
V- -12.00 -15 —16.5 V 
OPERATING CURRENT 
V+ 7 10 mA 
v= 9 15 mA 
PACKAGE OPTION”? 
Ceramic (D-18) ADS571JD ADS71KD ADS571SD 
NOTES 


The data output lines have active pull-ups to source 0.5mA. The DATA READY line is open collector with 

a nominal 6k2 internal pull-up resistor. . 

2—D = Ceramic DIP. For outline information see Package Information section. 

For details on grade and package offerings for SD-grade in accordance with MIL-STD-883, refer to Analog Devices Military 
Products databook or current /883B data sheet. 


Specifications subject to change without notice. 


Specifications shown in boldface are tested on all production units at final 
electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, although only those 
shown in boldface are tested on all production units. 
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AD570/AD571 


ABSOLUTE MAXIMUM RATINGS 


V+ to Digital Common AD570J, S/AD571J, S Oto +7V 

/ ADSJIR: 3655, ay as 0 to +16.5V . 
V- to Digital Common...... ideale te Tees dh. 48 0 to —16.0V_ 
Analog Common to Digital Common ......... 2 BV 
Analog Input to Analog Common... ......... +15V_ 
Control Inputs: .°s 4.024 % % ea as ee SP we 0to V+ 
Digital Outputs (Blank Mode) ............ 0to V+ 
Power Dissipation .........0 2.0. eee ee 800mW 


CIRCUIT DESCRIPTION 
The AD571 is a complete 10-bit A/D converter which requires 
no external components to provide the complete successive 


approximation analog-to-digital conversion function. The AD570 © 


is an 8-bit version. A functional block diagram.of the AD570/ 


AD571 is shown below. Upon receipt of the CONVERT command, 


the internal 10-bit (AD571) current output DAC is sequenced 
by the I’L successive approximation register (SAR) from its 
most-significant bit (MSB) to least-significiant bit (LSB) to 
provide an output current which accurately balances the input 
signal current through the 5kQ input resistor. The comparator — 
‘determines whether the addition of each successively weighted 
bit current causes the DAC current sum to be greater or less 
than the input current. If the sum is less, the bit is left on; if 
more, the bit is turned off. After testing all the bits, the SAR 
contains a 10-bit binary code which accurately represents the 
input signal to within + 1/2LSB (0.05%). : 


Upon completion of the sequences, the SAR sends out a DATA 
READY signal (active low), which also brings the three-state 
buffers out of their “open”? state, making the bit output lines 
become active high or low, depending on the code in the SAR. 
When the BLANK and CONVERT line is brought high, the 
output buffers again go “open”, and the SAR is prepared for 
another conversion cycle. Details of the timing are given further 
on. 


The temperature compensated buried Zener reference provides 
the primary voltage reference to the DAC and guarantees excellent 
stability with both time and temperature. The bipolar offset 
input controls a switch which allows a positive bipolar offset 
current to be injected into the summing (+ ) node of the comparator 
to offset the DAC output. The nominal 0 to + 10V unipolar 
input range now becomes a —5V to +5V range. The 5k thin- 
film input resistor is trimmed so that with a full-scale input 
signal, an input current will be generated which exactly matches 
the DAC output with all bits on. (The input resistor is trimmed 


slightly low to facilitate user trimming, as discussed on the next - 


page. ) 


POWER SUPPLY SELECTION | | | 
The AD570/AD571 are designed for optimum performance 
using a +5V and — 15V supply, for which the J and S grades 
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CHIP BONDING DIAGRAM 
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are specified. AD571K will also operate with up toa +15V 
supply, which allows direct interface to CMOS logic. 


DIGITAL 
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CONVERT CONTROL 
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* |e 
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TEMPERATURE Aetrydennreabhas 
BURIED ZENER REF 


AND DAC CONTROL. *ADS71 ONLY. 


DATA READY 


AD570/AD571 Functional Block Diagram 


CONNECTING THE ADS70/ADS7 1 FOR STANDARD 
OPERATION 

The AD5S70/AD571 contain all the active components required 
to perform a complete A/D conversion. Thus, for most situations, 
all that is necessary is connection of the power supply (+5 and 
— 15), the analog input, and the conversion start be ea The 
functional pin outs are shown below. 


PIN1 
IDENTIFIER 


ne [1] © ipentirier « [18] NC 

BITS] 2 | 
BIT7| 3 | 
airs 4 | 
BITS| 5 | asei anus) 16] ANALOG com 
Bit 4] 6 | 
BIT 3| 7 | 12 | Vex 
“pire le|. 

mse etifo| ee | 10] Voc MSB BIT 1 Lot 


NG's NO CONNECT 


AD570 Pin Connections AD571 Pin Connections | 


15 | BIPOLAR OFF. AD571 


TOP VIEW 
(Not to Scale) 


REV.A | 


ANALOG 
DEVICES 


10-Bit A/D Converter 


AD573* 


FEATURES 

Complete 10-Bit A/D Converter with Reference, Clock 
and Comparator 

Full 8- or 16-Bit Microprocessor Bus Interface 

Fast Successive Approximation Conversion — 20s 
typ | 

No Missing Codes Over Temperature 

Operates on +5V and —12V to —15V Supplies 

Low Cost Monolithic Construction 


PRODUCT DESCRIPTION | 

The AD573 is a complete 10-bit successive approximation analog 
to digital converter consisting of a DAC, voltage reference, 
clock, comparator, successive approximation register (SAR) and 
3 state output buffers—all fabricated on a single chip. No external 
components. are required to perform a full accuracy 10-bit con- 
version in 20ys. 


The ADS573 incorporates advanced integrated circuit design and 
processing technologies. The successive approximation function 
is implemented with I?L (integrated injection logic). Laser trim- 
ming of the high stability SiCr thin film resistor ladder network 
insures high accuracy, which is maintained with a temperature 
compensated sub-surface Zener reference. 


Operating on supplies of +5V and —12V to —15V, the AD573 
will accept analog inputs of 0 to + 10V or —5V to +5V. The 
trailing edge of a positive pulse on the CONVERT line initiates 
the 20s conversion cycle. DATA READY indicates completion 
of the conversion. HIGH BYTE ENABLE (HBE) and LOW 
BYTE ENABLE (LBE) control the 8-bit and 2-bit three state 
output buffers. 


The AD573 is available in two versions for the 0 to + 70°C 
temperature range, the AD573J and ADS73K. The AD573S 
guarantees + 1LSB relative accuracy and no missing codes from 
— 55°C to + 125°C. 

Three package configurations are offered. All versions are offered 
in a 20-pin hermetically sealed ceramic DIP. The AD573J and 
ADS573K are also available in a 20-pin plastic DIP or 20-pin 
leaded chip carrier. 


*Protected by U.S. Patent Nos. 3,940,760; 4,213,806; 4,136,349; 4,400,689; 
and 4,400,690 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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PRODUCT HIGHLIGHTS 
1. The ADS573 is a complete 10-bit A/D converter. No external 
- components are required to perform a conversion. 


2. The AD573 interfaces to many popular microprocessors 
without external buffers or peripheral interface adapters. The 
10 bits of output data can be read as a 10-bit word or as 8- 
and 2-bit words. 


3. The device offers true 10-bit accuracy and exhibits no missing 
codes over its entire operating temperature range. 

4. The ADS573 adapts to either unipolar (0 to + 10V) or bipolar 
(-—5V to +5V) analog inputs by simply grounding or opening 
a single pin. 

5. Performance is guaranteed with +5V and —12V or —15V 
supplies. 

6. The AD573 is available in a version compliant with MIL-STD- 
883. Refer to the Analog Devices Military Products Databook 
or current /883B datasheet for detailed specifications. e 
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ADST3— SPECIFICATIONS Wins tat “rm 
:. | ir Pa a ~ ADS73S , ) 
Model © Se 8 2 in ee 


RESOLUTION 


RELATIVE ACCURACY! 
Ta = Tmin to Tmax. ; 


FULL SCALE CALIBRATION? 
UNIPOLAR OFFSET 
BIPOLAROFFSET .” 


DIFFERENTIAL NONLINEARITY? | 
Ta = Tin to Tmax 


TEMPERATURE RANGE 


TEMPERATURECOEFFICIENTS* 
Unipolar Offset ' 
Bipolar Offset 
Full Scale Calibration? 


POWER SUPPLY REJECTION 
Positive Supply 
+4.5<V+<+5.5V 
Negative Supply 
—15.75VsV—- <= — 14.25V 
—12.6V<V-—<-11.4V 


ANALOG INPUT IMPEDANCE 


ANALOG INPUT RANGES 
Unipolar 
Bipolar 


_ OUTPUT CODING | ae - 
Unipolar Positive True Binary Positive True Binary Positive True Binary 
Bipolar Positive True Offset Binary Positive True Offset Binary Positive True Offset Binary 


LOGIC OUTPUT 
Output Sink Current 
(Vout = 0.4V max, Tyin tO Tmax) 
Output Source Current? 
(VouT= 2.4V min, Tin tO Tmax) 
Output Leakage 


LOGICINPUTS 
Input Current - 
Logic “‘1” 

Logic ‘‘0” 

CONVERSION TIME 
Ta = Tin tO Tmax 


POWER SUPPLY — 3 ; 
Vt +4.5 +5.0 . . +4.5 + 5.0 
V- —11.4 —15 a . +11.4 —15 


OPERATING CURRENT 
V+ 
V- 


NOTES 

‘Relative accuracy is defined as the deviation of the code transition points oe the ideal transfer point ¢ on a 

straight line from the zero to the full scale of the device. 

*Full-scale calibration is guaranteed trimmable to zero with an external 500 potentiometer in place of the 150. 

fixed resistor. Full scale is defined as 10 volts minus 1LSB, or 9. 990 volts. 

Defined as the resolution for which no missing codes will occur. 

4Change from + 25°C value from + 25°C to Tin OF Tmax- - 

>The data output lines have active pull-ups to source 0.5mA. The DATA READY line is open collector with dae oe ’ 
a nominal 6k2 internal pull-up resistor. = 3 Aa go 


Specifications subject to change without notice. 


Specifications shown in boldface are tested on all production units at final 
electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, although only those 
shown in boldface are tested on all production units. 
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AD573 


ABSOLUTE MAXIMUM RATINGS 


V+ to Digital Common .............. 0to +7V 
V— to Digital Common ............. 0 to —16.5V 
Analog Common to Digital Common .......... +1V 
Analog Input to Analog Common ........... +15V 
Control Inputs ..................048. 0to V+ 
Digital Outputs (High Impedance State). ...... 0to V+ 
Power Dissipation .................. 800mW 
ORDERING GUIDE! 


| Temperature Relative 
AD573JN 20-Pin Plastic DIP (N-20) Oto + 70°C . + 1LSB max 
ADS73KN 20-Pin Plastic DIP (N-20) Oto + 70°C + 1/2LSB max 
ADS573JP 20-Pin Leaded Chip Carrier (P-20A) | Oto + 70°C + 1LSB max 
AD573KP 20-Pin Leaded Chip Carrier (P-20A) | Oto + 70°C _ + 1/2LSB max 
AD573JD 20-Pin Ceramic DIP (D-20) Oto + 70°C + 1LSB max 
ADS573KD 20-Pin Ceramic DIP (D-20) Oto + 70°C + 1/2LSB max 
AD573SD 20-Pin Ceramic DIP (D-20) + 1LSB max 


—55°Cto + 125°C 


NOTES 

'For details on grade and package offerings screened in accordance with MIL-STD-883, refer to Analog Devices 
Military Products Databook. 

2D = Ceramic DIP; N = Plastic DIP; P = Plastic Leaded Chip Carrier. For outline information see Package 
Information section. . 
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Figure 1. AD573 Functional Block Diagram 
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~™ ANALOG 
DEVICES ~ 


FEATURES 
Complete 12-Bit A/D Converter with Reference 
and Clock . 
8- and 16-Bit Microprocessor Bus Interface 
Guaranteed Linearity Over Temperature 
0 to +70°C — AD574AJ, K, L 
—55°C to + 125°C — AD574AS, T, U 
No Missing Codes Over Temperature 
- 354s Maximum Conversion Time | 
Buried Zener Reference for Long-Term Stability 
and Low Gain T.C. 10ppm/°C max AD574AL 
12.5ppm/°C max AD574AU 
Ceramic DIP, Plastic DIP or PLCC Package 
Available in Higher Speed, Pinout-Compatible Versions 
(15s AD674B, 81s AD774B; 10s (with SHA) AD1674) 
Available in Versions Compliant with MIL-STD-883 
and JAN QPL. | — . 


PRODUCT DESCRIPTION 

The ADS74A is a complete 12-bit successive-approximation 
analog-to-digital converter with 3-state output buffer circuitry 
for direct interface to an 8- or 16-bit microprocessor bus. A 
high-precision voltage reference and clock are included on-chip, 
and the circuit guarantees full-rated performance without external 
circuitry or clock signals. 


The ADS574A design is implemented using Analog Devices’ 
Bipolar/I’L process, and integrates all analog and digital functions 
on one chip. Offset, linearity and scaling errors are minimized 
by active laser-trimming of thin-film resistors at the wafer stage. 
The voltage reference uses an implanted buried Zener for low 
noise and low drift. On the digital side, I7L logic is used for the 
successive-approximation register, control circuitry and 3-state 
output buffers. 7 


The ADS574A is available in six different grades. The ADS74AJ, 
K, and L grades are specified for operation over the 0 to + 70°C 
temperature range. The AD574AS, T, and U are specified for 
the —55°C to +125°C range. All grades are available in a 28-pin 
hermetically-sealed ceramic DIP. Also, the J, K, and L grades 
are available in a 28-pin plastic DIP and PLCC, and the J and 
K grades are available in ceramic LCC. 


The S, T, and U grades in ceramic DIP or LCC are available 
with optional processing to MIL-STD-883C Class B; the T and 
U grades are available as JAN QPL. The Analog Devices’ Military 
Products Databook should be consulted for details on /883B 
testing of the AD574A. . 


*Protected by U.S. Patent Nos. 3,803,590; 4,213,806; 4,511,413; 
RE 28,633. 
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PRODUCT HIGHLIGHTS © eg 

1. The AD574A interfaces to most 8- or 16-bit microprocessors. 
Multiple-mode three-state output buffers connect directly to 
the data bus while the read and convert commands are taken 
from the control bus. The 12 bits of output data can be. read 
either as one 12-bit word or as two 8-bit bytes (one with 8 
data bits, the other with 4 data bits and 4 trailing zeros). 


2. The precision, laser-trimmed scaling and bipolar offset resistors 
provide four calibrated ranges: 0 to +10 and 0 to +20 volts — 
unipolar, —5 to +5 and —10 to +10 volts bipolar. Typical 
bipolar offset and full-scale calibration errors of +0.1% can 
be trimmed to zero with one external component each. — 


3. The internal buried Zener reference is trimmed to 10.00 
volts with'0.2% maximum error and I5ppm/°C typical T.C. 
The reference is available externally and can drive up to 
1.5mA beyond the requirements of the reference and bipolar 
offset resistors. ra OO 7 


4. AD674B (15ys) and AD774B (8s) provide higher speed, 
pin compatibility; AD1674 (10s) includes on-chip Sample- 
Hold Amplifier (SHA). . 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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SPECIFICATIONS iniessctewise te) MIN AD574A 


7 AD574AJ ADS74AK AD574AL 
Model i Min Typ Max Min Typ Max Units 


RESOLUTION Bits 


LINEARITY ERROR @ + 25°C +1 + 1/2 +1/2 LSB 
Liane 0) sacs +1 +1/2 +1/2 LSB 


DIFFERENTIAL LINEARITY ERROR 
(Minimum resolution for which no 
missing codes are guaranteed) 
Tain tO) ran 12 12 Bits 


UNIPOLAR OFFSET (Adjustable to zero) +2 
BIPOLAR OFFSET (Adjustable to zero) 


FULL-SCALE CALIBRATION ERROR 
(with fixed 502 resistor from REF OUT to REF IN) 
(Adjustable to zero) 


TEMPERATURE RANGE °C 
TEMPERATURE COEFFICIENTS 
(Using internal reference) 
Tain to Tmax 
Unipolar Offset +2 (10) LSB (ppm/°C) 
Bipolar Offset +2(10) | LSB (ppm/°C) 
Full-Scale Calibration LSB (ppm/°C) 
POWER SUPPLY REJECTION 


Max change in Full Scale Calibration 
Vec = 15V +1.5Vor12V +0.6V 
VLocic =5V +0.5V 
Ver = —15V +1.5Vor —12V +0.6V 


ANALOG INPUT 
Input Ranges 
Bipolar 


Unipolar 


Input Impedance 
10 Volt Span 
20 Volt Span 


DIGITAL CHARACTERISTICS! (Timin-T max) 

Inputs? (CE, CS, R/C, Apo) 
Logic “1” Voltage 
Logic ‘‘0” Voltage 
Current 
Capacitance 

Outputs (DB11—DB0, STS) 
Logic “1” Voltage IsourcE=500pA) 
Logic ‘‘0” Voltage (Isinx=1.6mA) 
Leakage (DB11—DBO, High-Z State) 
Capacitance 


POWER SUPPLIES 
Operating Range 
Viocic _ 
Vec 
VEE 
Operating Current 
ILocic 
Icc 
IgE 
POWER DISSIPATION 


INTERNAL REFERENCE VOLTAGE , : f 10.0 10.01 
Output current (available for external loads)? | ; ; 1.5 
(External load should not change during conversion) 


PACKAGE OPTIONS* 


Ceramic (D-28) 
Plastic (N-28) 
PLCC (P-28A) 
LCC (E-28A) 


NOTES 


'Detailed Timing Specifications appear in the Timing Section. 


ADS74ASD 
ADS74AJN 
ADS74AJP 
ADS74AJE 


21278 Input is not TT L-compatible and must be hard wired to Vi ogic or Digital Common. 


3The reference should be buffered for operation on + 12V supplies. 


ADS74AKD 
ADS74AKN 
ADS74AKP 
ADS74AKE 


‘D = Ceramic DIP; N = Plastic DIP; P = Plastic Leaded Chip Carrier. For outline information see Package Information section. 


Specifications subject to change without notice. 
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AD574ALD 
ADS74ALN 
ADS74ALP 
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Model _ 


RESOLUTION 
LINEARITY ERROR @ +25°C 
oh ia min CO Viias 


DIFFERENTIAL LINEARITY ERROR 
(Minimum resolution for which no 
missing codes are guaranteed) 

Tain to Te 


UNIPOLAR OFFSET (Adjustable to zero) 
BIPOLAR OFFSET (Adjustable tozero) _ 
FULL-SCALE CALIBRATION ERROR 


(with fixed 500 resistor from REF OUT to REF IN) 


(Adjustable to zero) 
TEMPERATURE RANGE 


TEMPERATURE COEFFICIENTS 
(Using internal reference) 
| Tynin to Tmax 
Unipolar Offset . 
Bipolar Offset 
Full-Scale Calibration 


POWER SUPPLY REJECTION 
Max change in Full Scale Calibration 
Vec = 15V +1.5Vor12V +0.6V 
Viocic = 5V +0.5V 
Ver = —15V +1.5Vor —12V +0.6V 


ANALOG INPUT 
Input Ranges 
Bipolar 


Unipolar 


Input Impedance | 
10 Volt Span 
20 Volt Span 


DIGITAL CHARACTERISTICS! (Tmin—T max) 

Inputs” (CE, CS, R/C, Ao) 
Logic “1” Voltage 
Logic “0” Voltage 
Current 
Capacitance 

Outputs (DB11-DBO, STS) 
Logic “1” Voltage (Isource=500pA) 
Logic “0” Voltage (Isinx=1.6mA) 
-Leakage (DB1 1-DBO, High-Z oa 
"Capacitance 


POWER SUPPLIES 
Operating Range 
Viosic . 
Voc 
VEE 
‘Operating Current 
~ TLoaice 
Ico 
IgE 
POWER DISSIPATION 


INTERNAL REFERENCE VOLTAGE 


Output current (available for external loads)* 
(External load should not change during conversion) 


PACKAGE OPTIONS‘ 


Ceramic (D-28) —* 


NOTES 


_  ADS74ASD ‘ ADS74ATD ~~ ADS74AUD 


‘Detailed Timing Specifications appear in the Timing Section. 


ADS574AS ADS74AT ADS74AU 


| LSB (ppm’C) | 
LSB(ppm/°C) 
LSB (ppm/°C) 


+265) 
+4(10) 
+20 (50) 


+ 1(2.5) 
+1 (2.5) 
+5 (12.5) 


LSB 
‘LSB 
LSB 


Volts - 
Volts 
Volts’ 
Volts 


ko 
kn 


Volts” 
| Volts 

| pA 
pF 


Volts: 
Volts 
pA 

pF 


Volts: 
Volts 
Volts 


“mA 
| mA 
mA | 
A mW 
Volts 
mA 


10.02 
13 


_ 10.0 9.98 10.0 10.02 


1.5 


212/78 Input is not TTL-compatible and must be hard wired to Vi ogic or Digital Common. 


>The reference should be buffered for operation on + 12V supplies. 


‘D = Ceramic DIP. For outline information see Package Information section. 


Specifications subject to change without notice. 
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REV. B: 


+5V SUPPLY 
Viocic 


DATA MODE SELECT 
12/8 2 ee ae aoe — | 

CHIP SELECT 
os 13 


BYTE ADDRESS/ 
SHORT cYcLe 4 | 


READ/CONVERT 
R/C 5 | 

CHIP ENABLE 
CE |S | 
+12/+15V SUPPLY 


Vec 


+10V REFERENCE 
REF OUT 


ANALOG COMMON 
ac (2 | 

REFERENCE INPUT 
REF IN 10 | 

-12/-15V SUPPLY 
VEE 11] 
. BIPOLAR OFFSET 

BI 


P OFF 


10V SPAN INPUT 
10Vin 


20V SPAN INPUT 
20Vin 


ADS74A 


DIGITAL 
DATA | 
OUTPUTS. 


OBMANCOD ACVACO MaAAW Ww 


AD574A Block Diagram and Pin Configuration 


ABSOLUTE MAXIMUM RATINGS* 
(Specifications apply to all grades, except where noted) 


Vcc to Digital Common .............. 0 to +16.5V 
Ver to Digital Common .............. 0 to —16.5V 
Viocic to Digital Common ............. 0to +7V 
Analog Common to Digital Common ...........+1V 


Control Inputs (CE, CS, Ao, 12/8, R/C) to 
| Digital Common . . —90.5V to Viocic +0. 5V 
Analog Inputs (REF IN, BIP OFF, 10V;y) to 


Chip Temperate: c-caes & 6.8 She ee Se we . 
Power Dissipation. ........ oe re 
Lead Temperature, Soldering ......... 
Storage Temperature (Ceramic) ....... 
- (Plastic)... 2... . — 25°C to + 100°C 


825mW 


*Stresses above those listed under “Absolute Maximum Ratings” may 


é cause permanent damage to the device. This is a stress rating only and 
20Vin to An ice ates Aone VEE 2 ne faicsioral operation of ae device at these or any other ondiine (eae 
pee ee Pe ear aake Se Set i - those indicated in the operational sections of this specification is not 
REFOUT ............ Indefinite short to common implied. Exposure to absolute maximum rating conditions for extended 
Momentary short to Vcc a may affect device reliability. 
ORDERING GUIDE 
7 , Resolution Max | 
Temperature Linearity Error . | NoMissingCodes | Full Scale | 
Range Max (Tin tO Tmax) | (Tmin to Tmax) T.C.(ppm/°C) | 
-ADS74AJ(X) Oto + 70°C 11 Bits 50.0" 
AD574AK(X) Oto + 70°C 12 Bits 27.0 
ADS74AL(X) Oto + 70°C 12 Bits 10.0 
AD574AS(X) — 55°C to + 125°C 11 Bits 50.0 
ADS74AT(X)* — 55°C to + 125°C 12 Bits 25.0 
ADS5S74AU(X)* — 55°C to + 125°C 12 Bits 
NOTES 
1X = Package designator. Available packages are: 
D(D-28) for all grades. 
_ E(E-28A) for J and K grades and /883B processed S, T and U grades. 
N (N-28) for J, K, and L grades. 
P(P-28A)for PLCC in J, K grades. 
Example: ADS74AKN is K grade in plastic DIP. 
?For details on grade and package offerings screened in accordance with MIL-STD- 883, refer to Analog Devices Military 
Products Databook. 
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| ANALOG 
DEVICES 


Low Cost Signal 
Conditioning 8-Bit ADC 


FEATURES» 

Complete 8-Bit Signal Conditioning AID Converter 
Including Instrumentation Amp and Reference 

Microprocessor Bus Interface 

10s Conversion Speed Cv 

Flexible Input Stage: Instrumentation Amp Front End 
Provides Differential Inputs and High Common-Mode 
Rejection | 

No User Trims Required 

No Missing Codes Over Temperature 

Single +5V Supply Operation 

Convenient Input Ranges 

20-Pin DIP or Surface-Mount Package 

_ Low Cost Monolithic Construction 
_ MIL-STD-883B Compliant Versions Available 


GENERAL DESCRIPTION 


The AD670 is a complete 8-bit signal conditioning analog-to-digital 


converter. It consists of an instrumentation amplifier front end 
along with a DAC, comparator, successive approximation register 
(SAR), precision voltage reference, and a three-state output 
buffer on a single monolithic chip. No external components or 
user trims are required to interface, with full accuracy, an analog 
system to an 8-bit data bus. The AD670 will operate on the 
+5V system supply. The input stage provides differential inputs 
with excellent common-mode rejection and allows direct interface 
to a variety of transducers. 


The device is configured with input saline resistors to » permit 
two input ranges: 0 to 255mV (1mV/LSB) and 0 to 2.55V 


(10mV/LSB). The AD670 can. be configured for both unipolar. — 


and bipolar inputs over these ranges. The differential inputs and 
common-mode rejection of this front end are useful in applications 
such as conversion of transducer signals superimposed on common- 
mode voltages. “a 


The AD670 incorporates advanced circuit design and proven 
processing technology. The successive approximation function is 
implemented with I7L (integrated injection logic). Thin-film 
SiCr resistors provide the stability required to. prevent missing 
codes over the entire operating temperature range while laser 
wafer trimming of the ‘resistor ladder permits. calibration of the 
device to within + 1LSB. Thus, no user trims for gain or offset 
are required. Conversion time of the device is 10us. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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_ FUNCTIONAL BLOCK DIAGRAM 


cE és RW FORMAT BPO/UPO 


ef te] det 
erp 


IN-AMP 
INPUT | COMPA. 


BuFFER | RATOR 


POWER GND + Voc 


The AD670 is available in four package types and five grades. 
The J and K grades are specified over 0 to + 70°C and come in 
20-pin plastic DIP packages or 20-terminal PLCC packages. 

The A and B grades (— 40°C to + 85°C) and the S grade (— 55°C 
to + 125°C) come in 20-pin ceramic DIP packages. 


The S grade is also available with optional processing to MIL-STD- 
883 in 20-pin ceramic DIP or 20-terminal LCC packages. The 
Analog Devices Military Products Databook should be Consulted 
for detailed specifications. 


PRODUCT HIGHLIGHTS 


1. The AD670 is a complete 8-bit A/D including three-state 


outputs and microprocessor control for direct connection to 
-8-bit data buses. No external components are requres to. 
perform a conversion. 


2. The flexible input stage features a differential ingtruimsen tation 


amp input with excellent common-mode rejection. This . 
allows direct interface to a variety of transducers without — 
preamplification. 

3. No user trims are required for 8-bit accurate performance. 


4. Operation from a single +5V supply allows the AD670 to. 


run off of the microprocessor’s supply. 


5. Four convenient input ranges (two unipolar and two bipolar) 


are available through internal scaling resistors: 0 to 255mV 
(1mV/LSB) and 0 to 2.55V (10mV/LSB). 


_ 6. Software control of the output mode is provided. The user 


can easily select unipolar or bipolar inputs and binary or 2’s 
complement output codes. 


REV. A 


SPECIFICATIONS (@ Veg = +5¥ and +25°C unless otherwise noted) 7 AD670 


OPERATING TEMPERATURE RANGE “7 C 


RESOLUTION Bit 


RELATIVE ACCURACY + 1/2 +1/4 LSB 
~ Tin tO Tmax +1/2 1/2 LSB 
DIFFERENTIAL LINEARITY ERROR! 

Tin tO Tmax GUARANTEED NO MISSING CODES ALL GRADES 


GAIN ACCURACY 

@ +25°C +1.5 +0.75 LSB 

Tmin to Tmax +2.0 +1.0 LSB 
UNIPOLAR ZERO ERROR 

@ +25°C 1.5 +0.75 LSB 

Te to Tinax +2.0 +1.0 LSB 
BIPOLAR ZERO ERROR 

@ +25°C +15 

Tmin to Tmax +2.0 


LSB 
LSB 
ANALOG INPUT RANGES 
DIFFERENTIAL (— Vyy to + Vin) 
Low Range Oto + 255 Oto + 255 mV 
— 128to+ 127 ~128to + 127 mV 
High Range 0to+2.55 Oto + 2.55 V 
—1.28to + 1.27 ~1.28to + 1.27 V 
ABSOLUTE (Inputs to Power Gnd) 
Low Range T min tO Tmax Vv 
High Range Tin tO Tmax V 


BIAS CURRENT (255mV RANGE) 
Trin tO Tmax 


Daain to Teiax 


2.55V RANGE INPUT RESISTANCE 12.0 KO 


2.55V RANGE FULL SCALE MATCH 
. + AND — INPUT + 1/2 + 1/2 LSB 


COMMON-MODE REJECTION 
RATIO (255mV RANGE) 


- RATIO(2.55V RANGE) 


POWER SUPPLY 
Operating Range 
Current Icc 
Rejection Ratio T min t0 Tmax 


DIGITAL OUTPUTS 
SINK CURRENT (Vout = 0.4V) 
Trin to oT pias mA 
SOURCE CURRENT (Vout = 2.4V) 
Trin to Tiniax : mA 
pe ee 
Pe ae 


-THREE-STATE LEAKAGE CURRENT 


OUTPUT CAPACITANCE pF 
DIGITAL INPUT VOLTAGE 
Vint V 
- Vinu 4 
DIGITAL INPUT CURRENT 
(0<=Vins + 5V) 
Ini pA 
Inu pA 
INPUT CAPACITANCE pF 
NOTES 


'Tested at Vcc =4.5V, 5.0V and 5. SV. 
Specifications shown in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, although only those shown in boldface are tested on all production units. 


Specifications subject to change without notice. 
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AD670 


Model 


Units 
OPERATING TEMPERATURE RANGE °C 
RESOLUTION Bit 
CONVERSION TIME BS 
RELATIVE ACCURACY LSB 
Trin to Tmax LSB 
DIFFERENTIAL LINEARITY ERROR 
Tmin tO Tmax 
GAIN ACCURACY ee 
@ +25°C LSB 
Tmin tO Tmax . LSB 
UNIPOLAR ZERO ERROR 
@ +25°C LSB 
Tmin to Tmax LSB 
BIPOLAR ZERO ERROR 
@ +25°C LSB 
Tin to Tmax LSB 
ANALOG INPUT RANGES 
DIFFERENTIAL (— Vyy to + Vin) : : 
Low Range Oto + 255 ; Oto + 255 Oto + 255 _mV 
— 128 to+ 127 — 128to + 127 . —128to + 127 mV 
High Range Oto + 2.55 i Oto + 2.55 : Oto + 2.55 V 
; —1.28to + 1.27 -—1.28to + 1.27 : -1.28to + 1.27 Vo 
ABSOLUTE (Inputs to Power Gnd) i | 
Low Range Tynin to T max : . -3. : Vec —3.5 ; Vec —3.5 _ V 
. High Range Tynin to Tinax . Veco : Veo _ 
BIAS CURRENT (255mV RANGE) vs. 
Trin tO Tinax 200 500 200 $00 nA — 
OFFSET CURRENT (255mV RANGE) _ — 
Tnin to Tes 40 200 40 200 nA 
2.55V RANGE INPUT RESISTANCE 8.0 12.0 8.0 12.0 kn” 
2.55V RANGE FULL SCALE MATCH : 
+ AND - INPUT LSB 
COMMON-MODE REJECTION - 
RATIO (255mV RANGE) LSB 
COMMON-MODE REJECTION 
~ RATIO (2.55V RANGE) ‘LSB 
POWER SUPPLY | 
Operating Range ee 
Current Icc mA 
Rejection Ratio Tinin to Vivace % of FS/% 
DIGITAL OUTPUTS 
SINK CURRENT (Vout = 0. aN: : 
Tmin tO T max mA 
SOURCE CURRENT (Vour = 2.4V) 
Tin to Tmax ° mA 
OUTPUT CAPACITANCE pF 
DIGITAL INPUT VOLTAGE me , 
Vint Vv 
Vinu Vv 
DIGITAL INPUT CURRENT 
(0=Vins + 5V) 
lint pA 
Inu pA 
INPUT CAPACITANCE pF 
NOTES 


'Tested at Voc = 4.5V, 5.0V and 5.5V for A, B grades; 4.75V, 5.0V and 5.5V for S grade. 
Specifications shown in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate, outgoing quality 
levels. All min and max specifications are guaranteed, although only those shown in postin: are tested on all production units, ~ : 


Specifications abject! to change without notice. 
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INPUT 
aurren | RATOR _, 


POWER GND +Vee 


Figure 1. AD670 Block Diagram and Terminal Configuration 
(All Packages) 


qs70 


ABSOLUTE MAXIMUM RATINGS* 

Vcc toGround .....:........... 
Digital Inputs (Pins 11-15) 
Digital Outputs (Pins 1-9) . Momentary Short to Vcc or Ground 
Analog Inputs (Pins 16-19) — 30V to+30V 
Power Dissipation .............02. 0006 450mW 
Storage Temperature Range. ........ — 65°C to + 150°C 


Lead Temperature (Soldering, 10sec) + 300°C 


*Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions it nee 
periods may affect device reliability. 


OV to +7.5V 
—0.5V to Voc +0.5V 


ee © © © © #© @ 


ORDERING GUIDE 


Temperature 
Range 


Oto + 70°C 


AD670JN + 1/2LSB 


AD670JP Oto + 70°C + 1/2LSB 
AD670KN_ | 0to+70°C + 1/4LSB 
AD670KP 0to+ 70°C + 1/4LSB 
AD670AD — 40°C to + 85°C + 1/2LSB 
AD670BD — 40°C to + 85°C + 1/4LSB 
opsie2 — 55°C to + 125°C + 1/2LSB 


NOTES 


Relative Accuracy Gain Accuracy | 
@ +25°C @ +25°C 


Package Option” 
Plastic DIP(N-20) . 
PLCC (P-20A) 
Plastic DIP (N-20) 
PLCC (P-20A) 
Ceramic DIP (D-20) 
Ceramic DIP (D-20) 
Ceramic DIP (D-20) © 


'For details on grade and package offerings screened in accordance with MIL-ST D-883 refer to the Analog Devices 


Military Products Databook. 


2D = Ceramic DIP; N = Plastic DIP; P = Plastic Leaded Chip Carrier. For outline information see Package Information section. 
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§ ANALOG 
DEVICES — 


Monolithic 12-Bit 
pe. MHz A/D Converter 


_ FEATURES 
12-Bit Resolution 
24-Pin “Skinny DIP’ Package 
Conversion Time: 500 ns max — AD671J/K/S- 500 
| 750 ns max — - AD671J/K/S-750 
Low Power: 475 mW | 
Unipolar (0 to +5 V, 0 to +10 Vv) ang Bipolar input 

Ranges (+5 V).. 

Twos Complement or Offset Binary Output Data 
Out of Range Indicator 
MIL-STD-883 Compliant Versions Available 


PRODUCT DESCRIPTION | 

The AD671 is a high speed monolithic 12- bit AID converter 
offering conversion rates of up to 2 MHz (500 ns conversion 
time). The combination of a merged high speed bipolar/CMOS 
process and a novel architecture results in a combination of 
speed and power consumption far superior to previously avail- 


able hybrid implementations. Additionally, the greater reliability — 


of monolithic construction offers improved system reliability and 
lower costs than hybrid: designs. 


The AD671 uses a subranging flash conversion iehaite with 


digital error correction for possible errors introduced in the:first . 


part of the conversion cycle. An on-chip timing generator pro- . 
vides strobe pulses for each of the four internal flash cycles and 
assures adequate settling time for the interflash residue ampli- 
fier. A single ENCODE pulse is used to control the converter. 


The performance of the AD671 is made possible by using high 
speed, low noise bipolar circuitry in the linear sections and low 
power CMOS for the logic sections. Analog Devices’? ABCMOS-1 
process provides both high speed bipolar and 2-micron CMOS 

_ devices on a single chip. Laser trimmed thin-film resistors are 
used to provide accuracy and temperature stability. 


The AD671 is available in two conversion speeds and perfor- 
mance grades. The AD671J and K grades are specified for oper- 
ation over the 0 to +70°C temperature range. The AD671S 
grades are specified for operation over the —55°C to +125°C 
temperature range. All grades are available in a 0.300 inch wide 
24-pin ceramic DIP. The J and K grades are also available i ina 
24-pin ee DIP. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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F UNCTIONAL BLOCK DIAGRAM | 


‘AIN BPO/UPO ENCODE REFIN Voc ACOM Vee Viogic 4 DCOM 


BITI- 12 DAV 


 oTR MSB 


"PRODUCT HIGHLIGHTS , 
: 1. The AD671 offers a single chip 2 MHz analog- to-digital 


conversion function in a space saving 24-pin DIP. 


2. Input signal ranges are 0 to +5 V and 0 to +10 V unipolar, 
and —5 V to +5 V bipolar, selected by pin strapping. Input 
_ resistance is 1.5 kOQ. Power supplies are +5 Vand -5 V, 
and typical power consumption is less than 500 mW. 


3. The external +5 V reference can be chosen to suit the dc 


accuracy and temperature drift requirements of the 
application. | 


4. Output data is available in unipolar, bipolar offset or bipolar 
twos complement binary format. 


5. An OUT OF RANGE output bit indicates when the input 
signal is beyond the AD671’s input range. 


6. The AD671 is available in versions compliant with the 
MIL-STD-883. Refer to the Analog Devices Military 
Products Databook or current AD671/883B data sheet for : 

_ detailed Specifications. 
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SPECIFICATIONS 79 


(Tyan to Trax with Vee = +5V+ 5%, Viosic = +5V+ 10%, Ver =--5V+t 5%, Vecr = +5.000 V, 


DC SPECIFICATIONS unless otherwise indicated) 


| AD671J/S-500 | AD671K-500 
Parameter M Typ Max Min Typ Max Units | 


in | 
ACCURACY (+25°C) 
Integral Noniinearity (INL) 


Tin to Tmax LSB 
Differential Nonlinearity (DNL) 
Tar to Tuax Bits 
No Missing Codes 10 Bits Guaranteed 11 Bits Guaranteed 
Unipolar Offset’ LSB 
Bipolar Zero’ : LSB 
Gain Error? 0.1 0.1 % FSR 
TEMPERATURE COEFFICIENTS? 
Unipolar Offset ppm/°C 
Bipolar Zero ppm/°C 
Gain Error ppm/°C 
ANALOG INPUT 
Input Ranges 
Bipolar Volts 
Unipolar Volts 
; Volts 
Input Resistance 
10 Volt Range kQ 
5 Volt Range kQ 
Input Capacitance pF 
Reference Input Resistance kQ 
POWER SUPPLIES | 
Power Supply Rejection* a 
Vec (+5 V + 0.25 V) LSB 
Viogeic (+5 V + 0.5 V) LSB 
Veg (-5 V + 0.25 V) LSB 
Operating Voltages 
Voc Volts 
Vioscic Volts 
Ver Volts 
Operating Current 
lec mA 
Thoaic” mA 
Tnx mA 
POWER CONSUMPTION mW 
TEMPERATURE RANGE 
Specified (J/K) 0 +70 0 +70 °C 
(S) 55 +125 2G 
NOTES 


‘Adjustable to zero with external potentiometers. See Offset/Gain Calibration section for additional information. 

?Full-scale range (FSR) is 5 V for the 0 V to 5 V range and 10 V for the 0 V to 10 V and —5 V to +5 V ranges. 

325°C to Tarn and 25°C to Tyax- 

‘Change in gain error as a function of the dc supply voltage. 

°Tested under static conditions. _ 

‘Specifications subject to change without notice. 

Specifications shown in boldface are tested on all devices at final electrical test with worst case supply voltages at 0, +25°C and +70°C. Results from those tests 
are used to calculate outgoing quality levels. All min and max specifications are guaranteed, although only those shown in boldface are tested. 
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AD671 — SPECIF ICATIONS © 


Tm tO Trax With Vo = +5.V 2 5%, Viowic = +5 V * 10%, Ye = -5V + 5%, Veer = +5000, 


DC SPECIFICATIONS unless otherwise indicated) 


Parameter 
RESOLUTION 


ACCURACY (+25°C) 
Integral Nonlinearity (INL) 
Tyan to Tmax (J) 


Turn to Tax (S) 
Differential Nonlinearity (DNL) 


Tmin to Tmax | 11 
No Missing Codes 
Unipolar Offset! 
Ree Zero’ 

Gain Error” 


TEMPERATURE COEFFICIENTS? — 
Unipolar Offset 
Bipolar Zero 
Gain Error 


ANALOG INPUT 
Input Ranges 
- Bipolar 
Unipolar 


Input Resistance 

10 Volt Range 

5 Volt Range 
Input Capacitance 
Reference Input Resistance 


POWER SUPPLIES 
Power Supply Rejection‘ 
Veo (+5 V + 0.25 V) 
Vacate (+5 V + 0.5 V) 
Ver (-5 V + 0.25 V) 
Operating Voltages 


Operating Current 
Tec : 
TLoaic” 
Tez 
POWER CONSUMPTION 
TEMPERATURE RANGE 
Specified (J/K) 
(S) 


NOTES 


- AD671J/S-750° 
Typ 


11 Bits Guaranteed 


0.1 


- AD671K-750 
Typ 


12 
12 Bits Guaranteed 


0.1 


‘Adjustable to zero with external potentiometers. See Offset/Gain Calibration section for further information. 
2Full-scale range (FSR) is 5 V for the 0 V to 5 V range and 10 V for the 0 V to 10 V and —5 Vto +5 V ranges. 


325°C to Tyan and 25°C to Tyax- 


‘Change in gain error as a function of the dc es voltage. 


*Tested under static conditions. 
Specifications subject to change without notice. 


Specifications shown in boldface are tested on all devices at final electrical test with worst case supply ealiaeed at 0, +25°C and +70°C. Restits from those tests’ 
_ are used to calculate outgoing quality levels. All min and max specifications are guaranteed, although only those shown in boldface are tested. . 
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AD671 


(For all grades Tran to Trax? with Vec = +5V+ 5%, Viosic =+4+5V+ 10%, Ver =—-5V 


DIGITAL SPECIFICATIONS + 5%, Vers = +9.000 V, unless otherwise noted) 
Parameter - Min Typ Max Units 


LOGIC INPUT 


High Level Input Voltage V 
Low Level Input Voltage V 
High Level Input Current (V,;,. = Vyocic) pA 
Low Level Input Current (V;,, = 0 V) pA 
Input Capacitance pF 
LOGIC OUTPUTS 
High Level Output Voltage (Ij, = 0.5 mA) V 
Low Level Output Voltage (Ip; = 1.6 mA) V 
Output Capacitance pF 


Specifications shown in boldface are tested on all devices at final electrical test. Results from those tests are used to calculate outgoing quality levels. All min 
and max specifications are guaranteed, although only those shown in boldface are tested. 


Specifications subject to change without notice. 


(For all grades Try tO Trax With Veg = +5 V + 5%, Vinge = +9 V + 10%, Vee = —OV 


SWITCHING SPECIFICATIONS = 5%. v, = 08, v,, = 20V, Vj, = 04V and V, =24V) 
Parameter | Min Typ Max _ . Units 


Conversion Time © 


_(AD671-500) a tc ns 

*(AD671-750) | te ns 
ENCODE Pulse Width High 

(AD671-500) tenc ns 

(AD671-750) tae ns 
ENCODE Pulse Width Low tenc. ns 
DAV Pulse Width 

(AD671-500) | toav ns 

(AD671-750) toav ns 
ENCODE Falling Edge Delay tp ns 
Start New Conversion Delay tr ns 
Data and OTR Delay from DAV Falling Edge tsi ns 
Data and OTR Valid before DAV Rising Edge toe ns 
NOTES 


‘top is measured from when the falling edge of DAV crosses 0.8 V to when the output crosses 0.4 V or 2.4 V with a 25 pF load capacitor on each output pin. 
*ts, is measured from when the outputs cross 0.4 V or 2.4 V to when the rising edge of DAV crosses 2.4 V with a 25 pF load capacitor on each output pin. 


aa tenc - 
~—<—_—_—— t, =e tenct | 
<$—— 
ENCODE £ \ # 
| = t— ————_____» t 
R 
ENCODE — topay — 


Pe eeoeerar 
tr —_ 
= toav 
DAV \ , DAV 


| too | tss | top tss 
BIT 1-12 BIT 1-12 
MSB DATA 0 (PREVIOUS) | i DATA 1 MSB DATA 0 (PREVIOUS) i DATA 1 
OTR OTR 


a. Encode Pulse HIGH b. Encode Pulse LOW 


Figure 1. AD671 Timing Diagrams 
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AD671 


_ ABSOLUTE MAXIMUM RATINGS* 


Parameter | 


+6.5 


5 | +0.5 

LOGIC D4 Os) Volts 
ACOM +1.0 Volts 
Vec . +6.5 Volts 
ENCODE Vicerct 0.5 | Volts 
REF IN . Vect0.5 Volts 
AIN, BPO/UPO 11.0 ‘| Volts 
Junction Temperature +175 © 


- Storage Temperature +150 
Lead Temperature (10 sec) 


Power Dissipation 


1000 


*Stresses above those listed under “Absolute Maximum Ratings’? may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. Exposure to 


absolute maximum ratings for extended periods may effect device reliability. — 


CAUTION 


ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 
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- ORDERING CUE, 


| Temperature 
Range 


0°C to +70°C 


Package 
Options” 


Linearity 


AD671JD-500. 


AD671KD-500 0°C to +70°C © D-24A — 
AD671JD-750 | 0°C to +70°C  -D-24A 
AD671KD-750 0°C to +70°C D-24A 
AD671SD-500 —55°C to +125°C | D-24A 


AD671SD-750 —55°C to + 125°C 


NOTES . 
lor details on grade and package offerings screened in accordance with 
MIL-STD-883, refer to the Analog Devices Military Products Databook or | 
current AD671/883 data sheet. 
2D = Ceramic DIP. For outline information see Package Information 
section. 


“WARNING! 


Neri 4 


ESD SENSITIVE DEVICE 


va 
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ANALOG 
DEVICES 


8-Bit A/D Converter 


ee AD673* 


FEATURES 

Complete 8-Bit A/D Converter with Reference, Clock 
and Comparator . 

304s Maximum Conversion Time 

Full 8- or 16-Bit Microprocessor Bus Interface 

Unipolar and Bipolar Inputs 

No Missing Codes Over Temperature 

Operates on +5V and —12V to — 15V Supplies 

MIL-STD-883 Compliant Version Available 


PRODUCT DESCRIPTION 

The AD673 is a complete 8-bit successive approximation analog-to- 
digital converter consisting of a DAC, voltage reference, clock, 
comparator, successive approximation register (SAR) and 3 state 
output buffers—all fabricated on a single chip. No external com- 
ponents are required to perform a full accuracy 8-bit conversion 
in 20ps. 


The AD673 incorporates advanced integrated circuit design and 
processing technologies. The successive approximation function 
is implemented with I7L (integrated injection logic). Laser trim- 
ming of the high stability SiCr thin film resistor ladder network 
insures high accuracy, which is maintained with a temperature 
compensated sub-surface Zener reference. 


Operating on supplies of +5V and —12V to —15V, the AD673 
- will accept analog inputs of 0 to + 10V or —5V to +5V. The 
trailing edge of a positive pulse on the CONVERT line initiates 
the 20s conversion cycle. DATA READY indicates completion 
of the conversion. 


The AD673 is available in two versions. The AD673J as specified 
over the 0 to + 70°C temperature range and the AD673S guarantees 


+ Y%LSB relative accuracy and no missing codes from — 55°C to - 


+ 125°C. 


Two package configurations are offered. All versions are also 
offered in a 20-pin hermetically sealed ceramic DIP. The AD673J 
is also available in a 20-pin plastic DIP. 


*Protected by U.S. Patent Nos. 3,940,760; 4,213,806; 4,136,349; 4,400,689; 
and 4,400,690 ess 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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PRODUCT HIGHLIGHTS 


L. 


AD673JN 
AD673JD 
AD673SD2 
AD673JP 


The AD673 is a complete 8-bit A/D converter. No external 
components are required to perform a conversion. 


. The AD673 interfaces to many popular microprocessors 
without external buffers or peripheral interface adapters. 


. The device offers true 8-bit accuracy and exhibits no missing 
codes over its entire operating temperature range. 


. The AD673 adapts to either unipolar (0 to + 10V) or bipolar 
(—5V to +5V) analog inputs by simply grounding or opening 
a single pin. 

. Performance is guaranteed with +5V and —12V or —15V 
supplies. 


. The AD673 is available in a version compliant with MIL-STD- 
883. Refer to the Analog Devices Military Products Databook 
or current AD673/883B data sheet for detailed specifications. 


ORDERING GUIDE 


Temperature Relative 
Range Accuracy 


Oto + 70°C + 1/2LSB max 
Oto + 70°C + 1/2LSB max 
— 55°C to + 125°C + 1/2LSB max 
Oto + 70°C + 1/2LSB max 


Package Option! 


Plastic DIP (N-20) 
Ceramic DIP (D-20) 
Ceramic DIP (D-20) 
PLCC (P-20A) 


NOTES 

1D = Ceramic DIP; N = Plastic DIP; P = Plastic Leaded Chip Carrier. For outline information 
see Package Information section. - ; 

?For details on grade and package offering screened in accordance with MIL-STD-883, refer 
to the Analog Devices Military Products Databook. 
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AD673 — SPECIFICATION ceent Ww alenaan unless otherwise noted.) » 
Model ©) 60 ee Min Typ Max 
8 


RESOLUTION | 


RELATIVE ACCURACY, ik 
Taz Tack to Teac 


FULL SCALE CALIBRATION? 
UNIPOLAR OFFSET 
BIPOLAROFFSET 


DIFFERENTIAL NONLINEARITY, ay 
Ta= T min to Tmax 


TEMPERATURE RANGE 


TEMPERATURE COEFFICIENTS 
Unipolar Offset 
Bipolar Offset . 
Full Scale Calibration? 


POWER SUPPLY REJECTION 
Positive Supply _ 
+4.55V+=+4+5.5V 
Negative Supply 
—15.75V<=V — =— 14.25V 
—12.6V<=V-=-11.4V 


ANALOG INPUT IMPEDANCE. 


ANALOG INPUT RANGES 
Unipolar 
Bipolar 


OUTPUT CODING : 
Unipolar = 5 | Positive True Binary | 
Bipolar... ; Positive True Offset Binary 

LOGICOUTPUT | ae 
_ Output Sink Current 

(Vout= 0.4V max, Tisik to Tas) 
Output Source Current* . 

(Vout =2.4V min, Tin tO T max) — 
Output Leakage i 


LOGIC INPUTS 
Input Current _ 
Logic *‘1” 
. Logic “0” | Shee. 
CONVERSION TIME, Ta and 
Tito Tras 
POWER SUPPLY 
V+ 
yu 


OPERATING CURRENT 
Ve. 

re 

NOTES 


+5V, V— = —12V or —15V, all voltages measwmed with | 


AD673S 


Positive True Binary | 
Positive True Offset Binary 


1Relative accuracy is defined as the deviation of the code transition points froin the ideal transfer point on a 


straight line from the zero to the full scale of the device. 


*Full scale calibration is poarantccs trimmable to zero with an external 2000 potentiometer in place of the 150. 


fixed resistor. 
Full scale is defined as 10 volts minus 1LSB, or 9. 961 volts. © 
3Defined as the resolution for which no missing codes will occur: 


“The data output lines have active pull-ups to’ source 0.5mA. The DATA READY line is open collector with 


a nominal 6kOQ internal pull-up resistor. 
Specifications subject to change without notice. 


Specifications shown in boldface are tested on all production units at final 
electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, although only those 
shown in boldface are tested on all production units. 
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REV. A 


ANALOG 
DEVICES 


Complete 
12-Bit A/D Converter 


AD674B*/AD774B* 


FEATURES 

Complete Monolithic 12-Bit A/D Converters with 
Reference, Clock, and Three-State Output Buffers 

Industry Standard Pinout 

High Speed Upgrades for AD574A 

8- and 16-Bit Microprocessor Interface 

8 ys (max) Conversion Time (AD774B) 

15 ws (max) Conversion Time (AD674B) 

+5 V, +10 V, 0-10 V, 0-20 V Input Ranges 

Commercial, Industrial and Military Temperature 
Range Grades 

MIL-STD-883 Compliant Versions Available 


PRODUCT DESCRIPTION 

The AD674B and AD774B are complete 12-bit successive- 
approximation analog-to-digital converters with three-state 
output buffer circuitry for direct interface to 8- and 16-bit 
microprocessor busses. A high precision voltage reference and 
clock are included on chip, and the circuit requires only power 
supplies and control signals for operation. 


The AD674B and AD774B are pin compatible with the industry- 
standard AD574A, but offer faster conversion time and bus- 
access speed than the ADS74A and lower power consumption. 
The AD674B converts in 15 js (maximum) and the AD774B 
converts in 8 zs (maximum). 


The monolithic design is implemented using Analog Devices’ 
BiMOS II process allowing high performance bipolar analog cir- 
cuitry to be combined on the same die with digital CMOS logic. 
Offset, linearity and scaling errors are minimized by active laser- 
trimming of thin-film resistors. 


Five different grades are available. The J and K grades are spec- 
ified for operation over the 0°C to +70°C temperature range. 
The A and B grades are specified from —40°C to +85°C, the T 
grade is specified from —55°C to +125°C. The J and K grades 
are available in a 28-pin plastic DIP or 28-lead SOIC. All other 
grades are available in a 28-pin hermetically sealed ceramic DIP. 


| *Protected by U.S. Patent Nos. 4,250,445; 4,808,908; RE30586. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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PRODUCT HIGHLIGHTS : 
1. Industry Standard Pinout: The AD674B and AD774B utilize 
the pinout established by the industry standard AD574A. 


2. Analog Operation: The precision, laser-trimmed scaling and 
bipolar offset resistors provide four calibrated ranges: 0 to 
+10 V and 0 to +20 V unipolar; —5 V to +5 V and —10 V 
to +10 V bipolar. The AD674B and AD774B operate on 
+5 V and +12 V or +15 V power supplies. 


3. Flexible Digital Interface: On-chip multiple-mode three-state 
output buffers and interface logic allow direct connection to 
most microprocessors. The 12 bits of output data can be read 
either as one 12-bit word or as two 8-bit bytes (one with 8 
data bits, the other with 4 data bits and 4 trailing zeros). 


4, The internal reference is trimmed to 10.00 volts with 1% 
maximum error and 10 ppm/°C typical temperature coeffi- 
cient. The reference is available externally and can drive up 
to 2.0 mA beyond the requirements of the converter and bi- 
polar offset resistors. | 


5. The AD674B and AD774B are available in versions compli- 
ant with MIL-STD-883. Refer to the Analog Devices Mili- 
tary Products Databook or current AD674B/AD774B data 
sheet for detailed specifications. 
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AD674B/AD774B — SPECIFICATIONS. cut tox wih vos = +150 + IK or HIV BK, 


Yoo = = +9V+ 10%, "B= = -15V+ ne or —12 V + 5% unless otherwise indicated) 


“K Grade aa) 


Model (AD674B or ADT74B) Min’ = Typ.) Max 
RESOLUTION . 12 
LINEARITY ERROR @ +25°C | +1/2 
Tern tO Tmax © : +1/2_ 
DIFFERENTIAL LINEARITY ERROR 
(Minimum Resolution for Which No 
Missing Codes are Guar anteed) 12 
UNIPOLAR OFFSET! @ @ +25°C ~ 42 
BIPOLAR OFFSET! @ +25°C. +3 
FULL-SCALE CALIBRATION ERROR??? @ +25°C be | 
(with Fixed 50 0 Resistor from REF OUT to REF IN) 0.1. 0.125 
TEMPERATURE RANGE ; 0 | 70 
TEMPERATURE DRIFT? 
(Using Internal Reference) 
Unipolar +1 
Bipolar Offset _ +1 
Full-Scale Calibration . +2 
POWER SUPPLY REJECTION: 
Max Change in Full-Scale Calibration . 
Veo = SV 415 Vorl2V + 0.6V_ +1 
apa =5V+0.5V +1/2 
p= -1ISV+1.5Vor-12V+06V +1 
toc INPUT | 7 
Input Ranges _ 
Bipolar 5 5 
| —10 +10 
Unipolar 0 440 
0 +20 
Input Impedance. 
10 Volt Span 3 5 7 
20 Volt Span 6 10 14 
POWER SUPPLIES _ 
Operating Range 
Vioaic +4,5 +5.5 
Voc +11.4 — +16.5 
Ver —16.5 —11.4 
Operating Current — 
TLocic | * 3.5. 7 
Ine 3.5 7 
i: 10. 14 
POWER CONSUMPTION 220 375 
+4 | | 175 
INTERNAL REFERENCE VOLTAGE 9.9 10.0 10.1 
Output Current (Available for External Loads) _ 2.0 


(External Load Should Not Change During the Conversion) 


NOTES 

1 Adjustable to zero. 

7Includes internal voltage reference error. 

3Maximum change from +25°C value to the value at Tyg or Tyax- 

4Tested with REF OUT tied to REF IN through 50 O resistor, Veg = +16.5 V, Veg = —16.5 V, Viocic = +5.5 V, and outputs in high-Z mode. 
>Tested with REF OUT tied to REF IN through 50 O resistor, Voc = +12 V; Vez = —12 V; Viogic = +5 V; and outputs in high-Z mode. 


Specifications subject to change without notice. 


Specifications shown in boldface are tested on all devices at final electrical test at Tum: +25°C, and Tess and results from those tests are used to calculate 
outgoing quality levels. All min and max specifications are guaranteed, although only those shown in boldface are tested. 
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AD674B/AD774B 


A Grade B Grade T Grade 
Min Typ Max Min Typ Max Min Typ Max Units 
+1 +1/2 +1/2 LSB 
+] +1/2 +1 LSB 
v ie ee Bits 


+6 +3 +3 LSB 
0.1 0.25 0.1 0.125 0.1 0.125 % of FS 
—40 +85 °C 
+? LSB 
+? LSB 
+1/2 LSB 
~5 +5 Volts 
—10 +10 Volts 
0 +10 Volts 
0 +20 Volts 
3 5 7 kD 
6 10 14 kQ 
+4.5 +5.5 Volts 
+11.4 +16.5 Volts 
a 16.5 —11.4 Volts 
3.5 7 mA 
a2 7 mA 
10 14 mA 
220 375 mW* 
175 . mW? 
9.9 10.0 10.1 Volts 
2.0 mA 
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AD674B/AD774B 


IITAL (for all grades Try to Trax, With Veg = +15 V + 10% or +12 V + 5%, V = +5V + 10%, 
DIGITAL SPECIFICATIONS v= —isve""%0r vss) Ve vs 


Parameter — ; | | Test Conditions Min 


Max 


LOGIC INPUTS © _ A | 
Vix High Level Input Voltage Viocic +0.5 V 
Vin _ Low Level Input Voltage | a +0.8 
Luz High Level Input Current Vin = Viocic +10 
In | Low Level Input Current , Vin = 0V +10 
Cw Input Capacitance 7 10 
LOGIC OUTPUTS | 
Vou High Level Output Voltage ~ Toy = 0.5 mA +2.4 
Ven. ~ Low Level Output Voltage Io, = 1.6mA +0.4 
ia High-Z Leakage Current Vig = 010 Visonic —10 +10 
Coz High-Z Output Capacitance | 10 
ABSOLUTE MAXIMUM RATINGS* os 
Vcc to Digital Common ................. 0 to +16.5 V | 
Ver to Digital Common ................. 0 to -16.5V PIN CONFIGURATION 
Viocic to Digital Common ............... ..O0to+7V 
Analog Common to Digital Common ........... vee t1LV — “tosic L1] * 
Digital Inputs to Digital Common. —0.5 V to Vy ogic +0.5 V 12/8 | 2 | 
Analog Inputs to Analog Common ........... Ver to Voc cs [| 

_ 20 Vix to Analog Common ............-000008. +24 V. ao [al 

» UREESOUL. 225 in eae ate Mae t aes Indefinite Short to Common 

| meee eee eee eee « » Momentary Short to Voc agi 
Junction Temperature ..............000 0000s +175°C. ce|6| AD674B 
Power Dissipation ............ 0. ee eee ee eee 825 mW Voc 
Lead Temperature, Soldering ............. 300°C, 10 sec rerout [es] Top VIEW 
Storage Temperature ..............-. —65°C to + 150°C sano [5 (Not to Scale) 
*Stresses above those listed under “Absolute Maximum Ratings” may cause REF IN [io] 


permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated Vv 
in the operational section of this specification is not implied. Exposure to 


absolute maximum rating conditions for extended periods may affect device EP Oe 
reliability. . 10V ny 
20V iy 

ORDERING GUIDE 


AD674BJN_ | 0°C to +70°C +1 LSB 


AD674BKN | 0°C to +70°C +1/2 LSB 
AD674BJR | 0°C to +70°C +1 LSB 
AD674BKR | 0°C to +70°C +1/2 LSB 

~ AD674BAD | —40°C to +85°C +1 LSB 

- AD674BBD | —40°C to +85°C +1/2 LSB 

_ AD674BTD | —55°C to +125°C +1 LSB 
AD774BJN_ | 0°C to +70°C +1 LSB 
AD774BKN | 0°C to +70°C +1/2 LSB 
AD774BJR_ | 0°C to +70°C +1 LSB 
AD774BKR | 0°C to +70°C +1/2 LSB 
AD774BAD | —40°C to +85°C +1 LSB 
AD774BBD | —40°C to +85°C +1/2 LSB | 


AD774BTD 
NOTES 


—55°C to +125°C +1 LSB 


| | Conversion | INL Package 
Temperature Time (max) | (Tyan to Tyax) | Description 


Package 
Option” 


N-28 
N-28 
R-28 
R-28 
D-28 © 
D-28 
D-28 
N-28 
N-28 
R-28 
R-28 
D-28 


Plastic DIP 

Plastic DIP 

Plastic SOIC 
Plastic SOIC 
Ceramic DIP 
Ceramic DIP 
Ceramic DIP 
Plastic DIP 
Plastic DIP 

Plastic SOIC 
Plastic SOIC 
Ceramic DIP 
Ceramic DIP 
Ceramic DIP 


For details on grade and package offerings screened in accordance with MIL-STD-883, refer to the Analog 


Devices Military Products Databook or current AD674B/AD774B/883B data sheet. 


2N = Plastic DIP; D = Hermetic DIP; R = Plastic SOIC. For outline information see Package Information section. 
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~ Units 


REV. B 


ANALOG  16-Bit 100 kSPS 
DEVICES Sampling ADC 


ADG676 


FEATURES FUNCTIONAL BLOCK DIAGRAM 
Autocalibrating 
On-Chip Sample-Hold Function 


Parallel Output Format Vin G5) ANALOG 
: Catt qj] a CHIP 
16 Bits No Missing Codes AGND SENSE INPUT [7] 16BIT y 
+1LSB INL VREF 46) HeverERe rc DAC 
—97 dB THD rae lll 
CA 


90 dB S/(N+D) 
1 MHz Full Power Bandwidth 


L 
DAC 


LOGIC & TIMING 


PRODUCT DESCRIPTION 

The AD676 is a multipurpose 16-bit parallel output analog-to- 
digital converter which utilizes a switched-capacitor/charge redis- 
tribution architecture to achieve a 100 kSPS conversion rate 

(10 ys total conversion time). Overall performance is optimized 
by digitally correcting internal nonlinearities through on-chip 


autocalibration. The AD676 operates from +5 V and +12 V supplies and typi- 


cally consumes 360 mW during conversion. The digital supply 


The AD676 circuitry is segmented onto two monolithic chips— (Vip) is separated from the analog supplies (Voc, Vig) for 


a digital control chip fabricated on Analog Devices DSP CMOS reduced digital crosstalk. An analog ground sense is provided 
process and an analog ADC chip fabricated on our BiMOS II for the analog input. Separate analog and digital grounds are 
process. Both chips are contained in a single package. also provided. 

The AD676 is specified for ac (or “dynamic”) parameters such The AD676 is available in.a 28-pin plastic DIP or 28-pin side- 
as S/(/N+D) Ratio, THD and IMD which are important in sig- brazed ceramic package. A serial-output version, the AD677, is 
nal processing applications. In addition, dc parameters are speci- available in a 16-pin 300 mil wide ceramic or plastic package. 


fied which are important in measurement applications. 
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AD676— SPECIFICATIONS 
AC SPECIFICATIONS (Ty tO Tyay, Veo = +12 V 5%, Veg = —12V + 5%, Vyp = +50 + 10%)! 


pe | AD676J/A AD676K/B 
Parameter _ 3 Min Typ Nia . Min Typ Max Units 
Total Harmonic Distortion (THD) 
@ 83 kSPS, Tuan t to Tmax | . nei } ; 88 | —97 — —90 


0.0014 0.003 


@ 100 kSPS, +25°C 


Signal-to-Noise and Distortion Ratio (S(N+D))” ? 
@ 83 kSPS, Tyr to Taax 
@ 100 kSPS, +25°C 
@ 100 kSPS, Tyg to Tae, 
Peak Spurious or Peak Harmonic Component 
Intermodulation Distortion (IMD)* 
2nd Order Products 
3rd Order Products — 
Full Power Bandwidth 
Noise | 


DIGITAL SPECIFICATIONS (or all grades Tyy tO Tye Vog = +12 V + 5%, Veg = —12V 5%, Vop = 45 V + 10%) 
Parameter | | Min Typ Max — | Units 


LOGIC INPUTS 
Vu High-Level Input Voltage / Vv 
Vin Low-Level Input Voltage We os 
They High-Level Input Current pA 
lin Low-Level Input Current pA 
Cis Input Capacitance pF 
LOGIC OUTPUTS a 
Vou High-Level Output Voltage Vv 
| | Vv 
Vou 7 Low-Level Output vole V 
NOTES 


Veer = 10. 0V, Conversion Rate (fs). = 83 KSPS, fp = 1.0 kHz, Vin = —0.05 dB, Bandwidth = fs/2 unless otherwise indicated. All measurements referred to 
a 0 dB (20 V p-p) input signal. Values are post-calibration. 

For other input amplitudes, refer to Figure 13. 

For other input ranges/voltages reference values see Figure 12. 

“fa = 1008 Hz, fb = 1055 Hz. See Definition of Specifications section and Figure 15. 


Specifications subject to change without notice. 
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AD676 
we SPECIFICATIONS chy to Tuas Veo = +12 V = 5%, Veg = —12 V + 5%, Vop = +5V + 10%)! 


EC EUR ilar | 
TEMPERATURE RANGE 
A 3 Grade “ 
A, B Grades +85 +85 °C 


ACCURACY 
Resolution Bits 
Integral Nonlinearity (INL) 
@ 83 kSPS, Tain to Tyax LSB 
@ 100 kSPS, +25°C LSB 
@ 100 kSPS, Tyan to Tuax LSB 
Differential Nonlinearity (DNL)—No Missing Codes Bits 
Bipolar Zero Error” (at Nominal Supplies) % FSR 
Gain Error (at Nominal Supplies) 
@ 83 kSPS? % FSR 
@ 100 kSPS, +25°C % FSR 
@ 100 kSPS? % FSR 
Temperature Drift, Bipolar Zero* % FSR 
J, K Grades % FSR 
A, B Grades % FSR 
Temperature Drift, Gain? 
J, K Grades % FSR 
A, B Grades % FSR 
VOLTAGE REFERENCE INPUT RANGE? (Vegr) V 
ANALOG INPUT? - 
Input Range (V;,)) V 
Input Impedance 
Input Settling Time [LS 
Input Capacitance During Sample pF 
Aperture Delay ns 
Aperture Jitter ps 
POWER SUPPLIES 
Power Supply Rejection 
Veo = +12 V + 5% LSB 
Veg = ~12V + 5% LSB 
Vpp = +5 V = 10% LSB 
Operating Current 
lec mA 
IEE mA 
Inp mA 
mW 


Power Consumption 


NOTES 
rer = = 5.0 V, Conversion Rate = 83 kSPS unless otherwise noted. Values are post-calibration. 
Values shown apply to any temperature from Ty to Tax after calibration at that temperature. 
3Values shown are based upon calibration at +25°C with no additional calibration at temperature. Values shown are the worst case variation aan the value at 
+25°C 
4See “APPLICATIONS” section for recommended voltage reference circuit, and Figure 12 for dynamic performance with other reference voltage values. 
‘See “APPLICATIONS” section for recommended input buffer circuit. 
*For explanation of input characteristics, see “ANALOG INPUT” section. 


Specifications subject to change without notice. 
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ADG76 


TIMING SPECIFICATIONS. Cyn t0 Tune Vor = HIV 5%, Me = -12V + 5%, V0 = i: FE 10%, Yess = 100 ¥) 


Parameter 


Conversion Time? 

CLK Period? _ 

Calibration Time: 

Sampling Time (Included in t,) 
CAL to BUSY Delay 

BUSY to SAMPLE Delay 
SAMPLE to BUSY Delay 
CLK HIGH* 

CLK LOW* 

SAMPLE LOW to Ist CLK Delay 
SAMPLE LOW 

Output Delay 

Status Delay 

CAL HIGH Time 


NOTES 


Units 


LS 
ns 
tceLK © 
LS 
ns 
pS 
ns 
ns 
ns 
ns 
ns . 
ns 
ns 
ns 


1See the “CONVERSION CONTROL” and “AUTOCALIBRATION?” sections for detailed explanations of the above timing. 
?Depends upon external clock frequency; includes acquisition time and.conversion time. The maximum conversion time is specified to account a the droop of 
the internal sample/hold function. Longer conversion times may degrade performance. See ‘General Conversion Guidelines” for additional explanation of maxi- 


mum conversion time. 
3580 ns is recommended for optimal accuracy over temperature. 
‘tery + ley. = Ueyg and must be greater than 480 ns. 


CLK 


BIT 1 — BIT 16 


(OUTPUTS) —f 


(PREVIOUS CONVERSION 


Ms 
$. 


BUSY 
(OUTPUT) \— 


Figure 2a. General Conversion Timing 
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Figure 2b. Continuous Conversion Timing 


REV. A 


AD676 


ORDERING GUIDE 


Package 
Option” 


AD676JD 0°C to +70°C Ceramic 28-Pin DIP D-28 
AD676KD 0°C to +70°C +1.5 LSB Ceramic 28-Pin DIP D-28 
AD676AD —40°C to +85°C Ceramic 28-Pin DIP D-28 
AD676BD —40°C to +85°C +1.5 LSB Ceramic 28-Pin DIP D-28 


NOTES <! 
‘For details on grade and package offerings screened in accordance with MIL-STD-883, refer to the AD676/883 data sheet. 
2D = Ceramic DIP. For outline information see Package Information section. 


ABSOLUTE MAXIMUM RATINGS* 


NG@GIO Vee eka eck RM ee es Ve eG —-0.3 V to +26.4 V 
Vin tO DGND: we nck ea he oo reatecaceete -0.3Vto +7 V 
Vice tor AGN DD: 2:6 sc aut ce Mahe ede wide eee -0.3 Vto +18 V 
Veep tO AGN DD: gn cae tay Sa ae es Y —18 V to +0.3 V 
AGND WO: DGND. iu ae pres Gott ie ta eae Sy eare 2 #0,3.V 


Digital Inputs to DGND ................. 0 to +5.5 V 
Analog Inputs, Vere to AGND | 

eT ee ee een gee (Vcc + 0.3 V) to (Vex — 0.3 V) 
Soldering. see Md hee AE Ges og he nc SR +300°C, 10 sec 
Storage Temperature ............. ... ~65°C to +150°C 


*Stresses greater than those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above those 
indicated in the operational section of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 


CAUTION | 

The AD676 features input protection circuitry consisting of large “distributed” diodes and polysilicon 
series resistors to dissipate both high energy discharges (Human Body Model) and fast, low energy 
pulses (Charged Device Model). Per Method 3015.2 of MIL-STD-883C, the AD676 has been 


classified as a Category 1 Device. WARNING! 

Proper ESD. precautions are strongly recommended to avoid functional damage or performance AGhs: 
degradation. Charges as high as 4000 volts readily accumulate on the human body and test equip- 

ment, and discharge without detection. Unused devices must be stored in conductive foam or shunts, Se bed potianines 


and the foam discharged to the destination socket before devices are removed. For further informa- 
tion on ESD precaution, refer to Analog Devices’ ESD Prevention Manual. 
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PIN DESCRIPTION 


Type | Description 
BIT 11-BIT 16 | DO j; BIT 11-BIT 16 represent the six LSBs of data. 


BUSY ) y | Status Line for Converter. Active HIGH, indicating a conversion or calibration i in progress. 
| | BUSY should be buffered when capacitively loaded. 

CAL hy a Calibration Control Pin (Asynchronous). | 

SAMPLE —— Vin Acquisition Control Pin. Active HIGH. During conversion, SAMPLE nae the state of 


the internal sample-hold amplifier and the falling edge initiates conversion (see “Conversion 
Control” paragraph). During calibration, SAMPLE should be held LOW. If HIGH during 
calibration, diagnostic information will appear on the two LSBs (Pins 5 and 6). 


CLK Master Clock Input. The AD676 requires 17 clock sues to execute a conversion. 

DGND Digital Ground. 7 | 

Vec +12 V Analog Supply Voltage. 

AGND Analog Ground. 

AGND SENSE Analog Ground Sense. 

Ves | Analog Input Voltage. 

VREF External Voltage Reference Input. 

VEE —12 V Analog Supply as Note: the lid of.the ceramic package is internally ponnested to 
Veg: | 

Vop +5 V Logic Supply Voltage. 


BIT 1-BIT 10 BIT 1-BIT 10 represent the ten MSB of data. 


AI = Analog Input 
DI = Digital Input 
DO = Digital Output 


P = Power 
ial Vin ANALOG 
AGND SENSE 
BIT 12 | 2 | ; 
BIT 13 | 3 | 
BITi4[4] 
BIT 15 5 |: 


: .AD676 
‘pusy [7_ TOP VIEW 
cat|s| (NottoScale) — 


AGND SENSE 


Package Pinout | | | Functional Block Diagram 
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Definition of Specifications 


NYQUIST FREQUENCY 

An implication of the Nyquist sampling theorem, the “Nyquist 
frequency” of a converter is that input frequency which is one 
half the sampling frequency of the converter. 


TOTAL HARMONIC DISTORTION 

Total harmonic distortion (THD) is the ratio of the rms sum of 
the harmonic components to the rms value of a full-scale input 
signal and is expressed in percent (%) or decibels (dB). For 
input signals or harmonics that are above the Nyquist fre- 
quency, the aliased components are used. : 


SIGNAL-TO-NOISE PLUS DISTORTION RATIO 
Signal-to-noise plus distortion is defined to be the ratio of the 
rms value of the measured input signal to the rms sum of all 
other spectral components below the Nyquist frequency, includ- 
ing harmonics but excluding dc. 


GAIN ERROR 

The last transition should occur at an analog value 1.5 LSB 
below the nominal full scale (4.99977 volts for a +5 V range). 
The gain error is the deviation of the actual difference between 
the first and last code transition from the ideal difference 
between the first.and last code transition. 


BIPOLAR ZERO ERROR 


Bipolar zero error is the difference between the ideal midscale' . 


input voltage (0 V) and the actual voltage producing the mid- ~ 
scale output code. : 


DIFFERENTIAL NONLINEARITY (DNL) 

In an ideal ADC, code transitions are one LSB apart. Differen- 
tial nonlinearity is the maximum deviation from this ideal value. 
It is often specified in terms of resolution for which no missing 
codes are guaranteed. 


INTEGRAL NONLINEARITY (INL) 

The ideal transfer function for an ADC is a straight line bisect- 
ing the center of each code drawn between “zero” and “full 
scale.” The point used as “zero” occurs 1/2 LSB before the most 
negative code transition. “Full scale” is defined as a level 

1.5 LSB beyond the most positive code transition. Integral non- 
linearity is the worst-case deviation of a code center average 
from the straight line. 
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BANDWIDTH 
The full-power bandwidth is that input frequency at which the 


amplitude of the reconstructed fundamental is reduced by 3 dB 
for a full- scale input. 


INTERMODULATION DISTORTION (IMD) 

With inputs consisting of sine waves at two frequencies, fa and 
fb, any device with nonlinearities will create distortion products, 
of order (m+n), at sum and difference frequencies of mfa + 
nfb, where m,n = 0,1, 2,3. . Intermodulation terms are 
those for which m or n is not equal to zero. For example, the 
second order terms are (fa + fb) and (fa — fb), and the third 
order terms are (2 fa + fb), (2 fa — fb), (fa + 2 fb) and (fa — - 
2 fb). The IMD products are expressed as the decibel ratio of - 
the rms sum of the measured input signals to the rms sum of | 
the distortion terms. The two signals applied to the converter 
are of equal amplitude, and the peak value of their sum is 

—0.5 dB from full scale. The IMD products are normalized to a 
0 dB input signal. 


APERTURE DELAY 

Aperture delay is the time required after SAMPLE pin is taken 
LOW for the internal sample-hold of the AD676 to open, thus 
holding the value of Vyy.. 


APERTURE JITTER 
Aperture jitter is the variation in the aperture delay from sample 
to sample. 


POWER SUPPLY REJECTION 

DC variations in the power supply voltage will affect the overall 
transfer function of the ADC, resulting in zero error and gain 
error changes. Power supply rejection is the maximum change in 
either the bipolar zero error or gain error value. Additionally, 
there is another power supply variation to consider. AC ripple 
on the power supplies can couple noise into the ADC, resulting 
in degradation of dynamic performance. ee is displayed in 
Figure 16. 


INPUT SETTLING TIME 

Settling time is a function of the SHA’s ability to track fast 
slewing signals. This is specified as the maximum time required 
in track mode after a full-scale step input to guarantee rated _ 
conversion accuracy. | | 
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FUNCTIONAL DESCRIPTION . | : 

The AD676 is a multipurpose 16-bit analog-to- digital converter. 
and includes circuitry which performs an input sample/hold 
function, ground sense, and autocalibration. These functions are 
segmented onto two monolithic chips—an analog signal proces- 


sor and a digital controller. Both chips are contained. within the - 


AD676 package. 


The AD676 employs a successive-approximation technique to 
determine the value of the analog input voltage. However, 


instead of the traditional laser-trimmed resistor-ladder approach, 


this device uses a capacitor-array, charge redistribution tech- 
nique. Binary-weighted capacitors subdivide the input sample to 
perform the actual analog-to-digital conversion. The capacitor 
array eliminates variation in the linearity of the device due to 
temperature-induced mismatches of resistor values. Since a: 
capacitor array is used. to perform the data conversions, the 
sample/hold function is included without the need for additional 
external circuitry. ve an 


Initial errors in capacitor matching are eliminated by an auto- _ 
calibration circuit within the AD676. This circuit employs an 
on- -chip microcontroller and a calibration DAC to measure and 
compensate capacitor mismatch errors. As each error is deter- 
mined, its value is stored in on- chip memory (RAM). Subse- 
quent conversions use these RAM values to improve conversion 
accuracy. The autocalibration routine may be invoked at any 
time. Autocalibration insures high performance while eliminat- 
ing the need for any user adjustments and is described in detail | 
below. 


The microcontroller controls all of the various functions within 


the AD676. These include the actual successive approximation ~ 
algorithm, the autocalibration routine, the sample/hold opera- . 
_ tion, and the internal output data latch. 


AUTOCALIBRATION | 

The AD676 achieves rated ren shout ane need for 
user trims or adjustments. This is accomplished through the use 
of on-chip autocalibration. 


In the autocalibration sequence, sample/hold offset is nulled by 
internally connecting the input circuit to the ground sense Cir- 
cuit. The resulting offset voltage is measured and stored in 
RAM for later use. Next, the capacitor representing the most 
significant bit (MSB) is charged to the reference voltage. This 


charge is then transferred to a capacitor of equal size (composed 


of the sum of the remaining lower weight bits). The difference 
in the voltage that results and the reference voltage represents 
the amount of capacitor mismatch. A calibration digital-to- 


analog converter (DAC) adds an appropriate value of error cor- _ 


rection voltage to cancel this mismatch. This correction factor is 
also stored in RAM. This process is repeated for each of the 
capacitors representing the remaining top eight bits. The accu- 
mulated values in RAM are then used during subsequent con- 
versions to adjust conversion results accordingly. 


As shown in Figure 1, when CAL is taken HIGH the AD676 
internal circuitry is reset, the BUSY pin is driven HIGH, and 
the ADC prepares for calibration. This is an asynchronous hard- 
ware reset and will interrupt any conversion or calibration cur- 
rently in progress. Actual calibration begins when CAL is taken 
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LOW and completes in 85,530 clock cycles, indicated by. BUSY — 
going LOW. During calibration, it is preferable for SAMPLE to 
be held LOW. If SAMPLE is HIGH, diagnostic data will . 
appear on Pins 5 and 6. This data is of no value to the: user. 

The AD676 requires one clock cycle after BUSY goes LOW to 
complete the calibration cycle. If this-clock cycle is not pro- | 


vided, it will be taken from the first FORVEISION: Ley pepuliing | 
in first conversion error. 


In most applications, it is sufficient to calibrate the AD676 only 


upon power-up, in which case care should be taken that the 


power supplies and voltage reference have stabilized first. If not — 
calibrated, the AD676 accuracy may be as low as 10 bits. 


CONVERSION CONTROL | | 

The AD676 is controlled by two signals: SAMPLE and CLK, as 
shown in Figures 2a and 2b. It is assumed that the part has 
been calibrated and the digital I/O pins have the levels shown at 
the start of the timing diagram. 


_ A conversion consists of.an input acquisition followed by : 17 


clock pulses which execute the 16-bit internal ‘successive approx- 
imation routine. The analog input is acquired by taking the . 
SAMPLE line HIGH for a minimum sampling time of ts. The - 
actual sample taken is the voltage present on V,,,; one aperture 
delay after the SAMPLE line is brought LOW, assuming the 
previous conversion has completed (signified by BUSY going 
LOW). Care should be taken to ensure that this negative edge is. 
well defined and jitter free in ac applications to reduce the 
uncertainty (noise) in signal acquisition. With SAMPLE going | 
LOW, the AD676 commits itself to the conversion—the input at 
Vin is disconnected from the internal capacitor array, BUSY 
goes HIGH, and the SAMPLE input will be ignored until the’ . 
conversion is completed (when BUSY goes LOW). SAMPLE _. 
must be held LOW for a minimum period of time ts, . A period 
of time tgc after bringing SAMPLE LOW, the 17 CLK cycles. 
are applied; CLK pulses that start before this period of time are 
ignored. BUSY goes HIGH tg, after SAMPLE goes LOW, sig- 
nifying that a conversion is in process, and remains HIGH until 
the conversion is completed. BUSY goes LOW during the 17th — 
CLK cycle at the point where the data outputs have changed .. 
and are valid.. The AD676 will ignore CLK after BUSY has _ 
gone LOW and the output data will remain-constant until a new 
conversion is completed. The data can, therefore, be read any 
time after BUSY goes LOW and before the 17th CLK of the 
next conversion (see Figures 2a and 2b). The section on Micro- 
processor Interfacing discusses how the AD676 can be interfaced 
to a 16-bit databus. 


Typically BUSY would be used to latch the AD676 output data 
into buffers or to interrupt microprocessors or DSPs. It is 
recommended that the capacitive load on BUSY be minimized 
by driving no more than a single logic input. Higher capacitive 
loads such as cables or multiple gates may degrade conversion 
quality unless BUSY is buffered. 


CONTINUOUS CONVERSION 

For maximum throughput rate, the AD676 can be aperied in a 
continuous convert mode (see Figure 2b). This is accomplished 
by utilizing the fact that SAMPLE will no longer be ignored 
after BUSY goes LOW, so an acquisition may be initiated even 
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during the HIGH time of the 17th CLK pulse for maximum 
throughput rate while enabling full settling of the sample/hold 
circuitry. If SAMPLE is already HIGH when BUSY goes LOW 
at the end of a conversion, then an acquisition is immediately 
initiated and ty and t, start from that time. Data from the previ- 
ous conversion may be latched up to ts, before BUSY goes 
LOW or top after the rising edge of the 17th clock pulse. How- 
ever, it is preferred that latching occur on or after the falling edge 
of BUSY. 


Care must be taken to adhere to the minimum/maximum timing 
requirements in order to preserve conversion accuracy. 


GENERAL CONVERSION GUIDELINES 

During signal acquisition and conversion, care should be taken 
with the logic inputs to avoid digital feedthrough noise. It is 
possible to run CLK continuously, even during the sample 
period. However, CLK edges during the sampling period, and 
especially when SAMPLE goes LOW, may inject noise into the 
sampling process. The AD676 is tested with no CLK cycles 
during the sampling period. The BUSY signal can be used to 
prevent the clock from running during acquisition, as illustrated 
in Figure 3. In this circuit BUSY is used to reset the circuitry 
which divides the system clock down to provide the AD676 
CLK. This serves to interrupt the clock until after the input 
signal has been acquired, which has occurred when BUSY goes 
HIGH. When the conversion is completed and BUSY goes. 
LOW, the circuit in Figure 3 truncates the 17th CLK pulse 
width which is tolerable because only its rising edge is critical. 


Figure 3. 


Figure 3 also illustrates the use of a counter (74HC393) to 
derive the AD676 SAMPLE command from the system clock 
when a continuous convert mode is desirable. Pin 9 (2QC) pro- 
vides a 96 kHz sample rate for the AD676 when used with a 
12.288 MHz system clock. Alternately, Pin 8 (2QD) could be 
used for a 48 kHz rate. 


If a continuous clock is used, then the user must avoid CLK 
edges at the instant of disconnecting V;,, which occurs at the 
falling edge of SAMPLE (see tgc specification). The duty cycle 
of CLK may vary, but both the HIGH (tg,;) and LOW (te,) 
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phases must conform to those shown in the timing specifica- 
tions. The internal comparator makes its decisions on the rising 
edge of CLK. To avoid a negative edge transition disturbing the 
comparator’s settling, tc; should be at least half the value of 
tc_x- To also avoid transitions disturbing the internal compara- 
tor’s settling, it is not recommended that the SAMPLE pin 
change state toward the end of a CLK cycle. 


During a conversion, internal dc error terms such as comparator 
voltage offset are sampled, stored on internal capacitors and 
used to correct for their corresponding errors when needed. 
Because these voltages are stored on capacitors, they are subject 
to leakage decay and so require refreshing. For this reason there 
is a maximum conversion time t, (1000 ws). From the time 
SAMPLE goes HIGH to the completion of the 17th CLK pulse, 


no more than 1000 ys should elapse for specified performance. 


However, there is no restriction to the maximum time between 
conversions. 


Output coding for the AD676 is twos complement, as shown in 
Table I. By inverting the MSB, the coding can be converted to 
offset binary. The AD676 is designed to limit output coding in 
the event of out-of-range inputs. 


Table 1. Output Coding 


Vin 
>Full Scale © 


Output Code 


O11...11— 


Full Scale 

Full Scale — 1 LSB 0Ol1...10 
Midscale + 1 LSB 000... 01 
Midscale 000... 00 
Midscale — 1 LSB Liss sl 
—Full Scale + 1 LSB 100... 01 
—Full Scale 100... 00 


<—Full Scale 


POWER SUPPLIES AND DECOUPLING 

The AD676 has three power supply input pins. V¢c and Vig 
provide the supply voltages to operate the analog portions of the 
AD676 including the ADC and sample-hold amplifier (SHA). 
Vpp provides the supply voltage which operates the digital por- 
tions of the AD676 including the data output buffers and the 
autocalibration controller. 


As with most high performance linear circuits, changes in the 
power supplies can produce undesired changes in the perfor- 
mance of the circuit. Optimally, well regulated power supplies — 
with less than 1% ripple should be selected. The ac output 
impedance of a power supply is a complex function of fre- 
quency, and in general will increase with frequency. In other 
words, high frequency switching such as that encountered with 
digital circuitry requires fast transient currents which most 
power supplies cannot adequately provide. This results in volt- 
age spikes on the supplies. If these spikes exceed the +5% toler- 
ance of the +12 V supplies or the +10% limits of the +5 V 
supply, ADC performance will degrade. Additionally, spikes at 
frequencies higher than 100 kHz will also degrade performance. 
To compensate for the finite ac output impedance of the sup- 
plies, it is necessary to store “reserves” of charge in bypass 
capacitors. These capacitors can effectively lower the ac imped- 
ance presented to the AD676 power inputs which in turn will 
significantly reduce the magnitude of the voltage spikes. For 
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‘bypassing to be effective, certain guidelines should be followed. — 


Decoupling capacitors, typically 0.1 uF, should be placed as 
closely as possible to each power supply pin of the AD676. It is 
essential that these capacitors be placed physically close to the © 
IC to minimize the inductance of the PCB trace between the’ ~ 
capacitor and the supply pin. The logic supply (Vpp) should ‘be 


decoupled to digital common and the analog supplies (Vec and - | 


Veg) to analog common. The reference input is also considered 
as a power supply pin in this regard and the same decoupling 
procedures apply. These points are displayed in Figure 4. 


+5V 


Vee Veer 


ae Voc 
0.1uF 


z A 
SYSTEM SYSTEM - 12V. -12V 
_ DIGITAL ANALOG 

COMMON COMMON 


Figure. 4. Grounding and Boeaeide the AD676 


Additionally, it is beneficial to have large capacitors (247 wF) 
located at the point where the power connects to the PCB with 
10 wF capacitors located in the vicinity of the ADC to further 
reduce low frequency ripple. In systems that will be subjected to 
particularly harsh environmental noise, additional decoupling 
may be necessary. RC-filtering on each power supply combined 
with dedicated voltage regulation can substantially decrease 
power supply ripple effects (this is further detailed in Figure 7). 


BOARD LAYOUT | 

Designing with high resolution data converters requires careful 
attention to board layout. Trace impedance is.a significant 1 issue. 
A 1.22 mA current through a 0.5 Q trace will develop a voltage 
drop of 0.6 mV, which is 4 LSBs at the 16-bit level for a 10 V. 
full-scale span. In addition to ground drops, inductive and 
capacitive coupling need to be considered, especially when high 


accuracy analog signals share the same board with digital signals. 


Analog and digital signals should not share a common return 
path. Each signal should have an appropriate analog or digital 
return routed close to it. ‘Using this approach, signal loops 
enclose a small area, minimizing ‘the inductive coupling of noise. 
Wide PC tracks, large gauge wire, and ground planes are highly 
recommended to provide low impedance signal paths. Separate. 
analog and digital ground planes are also desirable, with a single. 
interconnection point at the AD676 to minimize interference 
between analog and digital circuitry. Analog signals should be _ 
routed as far as possible from digital signals and should cross 


them, if at all, only at right angles. A solid analog ground plane. ; 


around the AD676. will isolate it from large switching ground 
currents. For these. reasons, the use of wire wrap circuit con- 
struction will not provide adequate performance; careful printed 
circuit board construction. is preferred. 
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GROUNDING 


- The AD676 has three grounding pins, designated ANALOG 


GROUND (AGND), DIGITAL GROUND (DGND) and © 
ANALOG GROUND SENSE (AGND SENSE). The analog 
ground pin is the “high quality” ground reference point for the 
device, and should be connected to the analog common point in 
the system. - a : 


AGND SENSE i is = inended: to be coaneeted’t to the input signal 
ground reference. point. This allows for slight differences in level 
between the analog ground point in the system and the input | 
signal ground point. ‘However no more than 100 mV is recom- 
mended between the AGND and the AGND SENSE pins for 
specified performance. 


Using AGND SENSE to eee sense the seounal portal, 

of the signal source can be useful if the signal has to be carried 
some distance to the A/D converter. Since all IC ground cur- 
rents have.to return to the power supply and no ground leads 

are free from resistance and inductance, there are always some _ 
voltage differences from one ground point in a system to another. 


Over distance this voltage difference can easily amount to sev- _ 
eral LSBs (in a 10 V input span, 16-bit system each LSB is 
about 0.15 mV). This would directly corrupt the A/D input sig- 
nal if the A/D measures its input with respect to power ground — 
(AGND).as shown in Figure 5a. To solve this problem the 
AD676 offers an AGND SENSE pin. Figure 5b shows how the: 
AGND SENSE can be used to eliminate the problem. in Figure 
5a. Figure 5b also shows how the signal wires should be shielded 
in a noisy environment to avoid capacitive coupling. If inductive 
(magnetic) coupling is expected to be dominant such as where 
motors are present, twisted-pair wires should be used instead. 


The digital ground pin is the reference point for all of the digital 
signals. that operate the AD676. This pin should be connected to 
the digital common point in the system. As Figure 4 illustrated, 
the analog and digital grounds should be connected together at 
one point in the system, preferably at the AD676. — 


‘SOURCE 
Vg 


TO POWER 


SUPPLY GND 


GROUND LEAD —_ IGROUND >0 


Figure 5a. Input to the A/D Is Corrupted by IR Drop in 
Ground Leads: V,,, = Vs + AV. | ) 


SHIELDED CABLE 


SOURCE 
Vg 
' TOPOWER © 
_ SUPPLY'GND 
GROUND LEAD — lsioulis >0 


Figure 5b. AGND SENSE Eliminates the Problem in 
pigure 5a. . : | 
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VOLTAGE REFERENCE 

The AD676 requires the use of an external voltage reference. 
The input voltage range is determined by the value of the refer- 
ence voltage; in general, a reference voltage of n volts allows an 
input range of +n volts. The AD676 is specified for both 10 V 
and 5.0 V references. A 10 V reference will typically require 
support circuitry operated from +15 V supplies; a 5.0 V refer- 
ence may be uséd with +12 V supplies. Signal-to-noise perfor- 
mance is increased proportionately with input signal range. In 
the presence of a fixed amount of system noise, increasing the 
LSB size (which results from increasing the reference voltage) 
will increase the effective S//N+D) performance. Figure 12 
illustrates S//N+D) as a function of reference voltage. In con- 
trast, INL will be optimal at lower reference voltage values 
(such as 5 V) due to capacitor nonlinearity at higher voltage 
values. : 


During a conversion, the switched capacitor array of the AD676 
presents a dynamically changing current load at the voltage ref- 
erence as the successive-approximation algorithm cycles through 
various choices of capacitor weighting. (See the following section 
“Analog Input” for a detailed discussion of the Vppp input char- 
acteristics.) The output impedance of the reference circuitry 
must be low so that the output voltage will remain sufficiently 
constant as the current drive changes. In some applications, this 
may require that the output of the voltage reference be buffered 
by an amplifier with low impedance at relatively high frequen- 
cies. In choosing a voltage reference, consideration should be 
made for selecting one with low noise. A capacitor connected 
between REF IN and AGND will reduce the demands on the 
reference by decreasing the magnitude of high frequency compo- 
nents required to be sourced by the reference. 


Figures 6 and 7 represent typical design approaches. 


+12V 
e 


Figure 6. 
Figure 6 shows a voltage reference circuit featuring the 5 V out- 
put AD586. The-AD586 is a low cost reference which utilizes a 
buried Zener architecture to provide low noise and drift. Over 
the 0°C to +70°C range, the AD586L grade exhibits less than 
2.25 mV output change from its initial value at +25°C. A noise- 
reduction capacitor, C,,, reduces the broadband noise of the 
AD586 output, thereby optimizing the overall performance of 
the AD676. It is recommended that a 10 yF to 47 pF high 
quality: tantalum capacitor be tied between the Vary input 
of the AD676 and ground to minimize the impedance on the 
reference. | 
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+15VO 78L12 

100uF 0.01npF 10uF 
vv Vv 

1022 


+5VO 


ab 0.1uF 


102 
79L12 
ae uF 


Figure 7. 


Using the AD676 with +10 V input range (Vppp = 10 V) typi- 
cally requires +15 V supplies to drive op amps and the voltage 
reference. If +12 V is not available in the system, regulators 
such as 78L12 and 79L12 can be used to provide power for the 
AD676. This is also the recommended approach (for any input 
range) when the ADC system is subjected to harsh environments 
such as where the power supplies-are noisy and where voltage 
spikes are present. Figure 7 shows an example of such a system 
based upon the 10 V AD587 reference, which provides a 

300 wV LSB. Circuitry for additional protection against power 
supply disturbances has been shown. A 100 wF capacitor at each 
regulator prevents very large voltage spikes from entering the 
regulators. Any power line noise which the regulators cannot 
eliminate will be further filtered by an RC filter (10 0/10 pF) 
having a —3 dB point at 1.6 kHz. For best results the regulators 
should be within a few centimeters of the AD676. 


-15V 0 


100uF L 


ANALOG INPUT 

As previously discussed, the analog input voltage range for the 
AD676 is + Veg. For purposes of ground drop and common 
mode rejection, the V,;,, and Vpgr inputs each have their own 
ground. Vprgr is referred to the local analog system ground 
(AGND), and Vx; is referred to the analog ground sense pin 
(AGND SENSE) which allows a remote ground sense for the 
input signal. 


The AD676 analog inputs (Vj, Vere and AGND SENSE). 
exhibit dynamic characteristics. When a conversion cycle begins, 
each analog input is connected to an internal, discharged 50 pF — 
capacitor which then charges to the voltage present at the corre- 
sponding pin. The capacitor is disconnected when SAMPLE is 
taken LOW, and the stored charge is used in the subsequent 
conversion. In order to limit the demands placed on the external 
source by this high initial charging current, an internal buffer 
amplifier is employed between the input and this capacitance for 
a few hundred nanoseconds. During this time the input pin 
exhibits typically 20 kQ input resistance, 10 pF input capaci- 
tance and +40 pA bias current. Next, the input is switched _ 
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directly to the now precharged capacitor and allowed to fully 
settle. During this time the input sees only a 50 pF capacitor. 
Once the sample is taken, the input is internally floated so that 
the external input source sees a very high input resistance and a 
parasitic input capacitance of typically only 2 pF. As a result, 
the only dominant input characteristic which must be considered 
is the high current steps which occur when the internal buffers 
are switched in and out. 


In most cases, these characteristics require the use of an external 
op amp to drive the input of the AD676. Care should be taken 
with op amp selection; even with modest loading conditions, 
most available op amps do not meet the low distortion require- 
ments necessary to match the performance capabilities of the 
AD676. Figure 8 represents a circuit, based upon the AD845, 
recommended for low noise, low distortion ac applications. 


For applications optimized more for low bias and low offset than 
speed or bandwidth, the AD845 of Figure 8 may be replaced by 
the OP-27. 


Figure 8. 


AC PERFORMANCE 

AC parameters, which include S/(N+D), THD, etc., tines the 
AD676’s effect on the spectral content of the analog input sig- 
nal. Figures 12 through 16 provide information on the AD676’s 
ac performance under a variety of conditions. 


_ As a general rule, averaging the results from several conversions 
reduces the effects of noise, and therefore improves such param- 
eters as S/((N+D). AD676 performance may be optimized by 
operating the device at its maximum sample rate of 100 kSPS 

_and digitally filtering the resulting bit stream to the desired sig- 
nal- bandwidth. This succeeds in distributing noise over a wider 
frequency range, thus reducing the noise density in the fre- 

- quency band of interest. This subject is discussed i in the follow- 

ing section. 


OVERSAMPLING AND NOISE FILT ERING 

The Nyquist rate for a converter is defined as one-half its sam- 
pling rate. This is established by the Nyquist theorem, which 
requires that a signal be sampled at a rate corresponding to at 
least twice its highest frequency component of interest in order 


to preserve the informational content. Oversampling is a conver- | 


sion technique in which the sampling frequency is more than 

_ twice the frequency bandwidth of interest. In audio applications, 
the AD676 can operate at a 2 < Fy oversampling rate, where Fs 
= 48 kHz. | 
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In quantized systems; the informational content of ihe analog 
input is represented in the frequency spectrum from dc to the 
Nyquist rate of the converter. Within this same spectrum are 
higher frequency noise and signal components. Antialias, or low 
pass, filters are used at the input.to the ADC to reduce these 
noise and signal components so that their aliased components do 
not corrupt the baseband spectrum. However, wideband noise 
contributed by the AD676 will not be reduced by the antialias _ 
filter. The AD676 quantization noise is evenly distributed from | 
dc to the Nyquist rate, and this fact can be used to minimize its . 
overall affect. 


The AD676 Guanevation noise effects can be caine by 
oversampling—sampling at a rate higher than that defined by 
the Nyquist theorem. This spreads the noise energy over a 
bandwidth wider than the frequency band of interest. By judi- 
cious selection of a digital decimation filter, noise frequencies 
outside the bandwidth of interest may be eliminated. 


The process of analog to digital conversion inherently produces 
noise, known as quantization noise. The magnitude of this noise 
is a function of the resolution of the converter, and manifests 
itself as a limit to the theoretical signal-to-noise ratio achievable. | 
This limit is described by S(N+D) = (6.02n + 1.76 + 10 log 
F,/2F,) dB, where n is the resolution of the converter in bits, 
Fy, is the sampling frequency, and Fa is the signal bandwidth of 


interest. For audio bandwidth applications, the AD676 is capa- 


ble of operating at a 2 X oversample rate (96 kSPS), which typi- 
cally produces an improvement in S/(N+D) of 3 dB compared 
with operating at the Nyquist conversion rate of 48 kSPS. Over- 
sampling has another advantage as well; the demands on the 
antialias filter are lessened. In summary, system performance is 
optimized by running the AD676 at or near its maximum sam- _. 
pling rate of 100 kHz and digitally filtering the resulting spec- 
trum to eliminate undesired frequencies. 


- DC CODE UNCERTAINTY | 


Ideally, a fixed de input should result in the same output code 
for repetitive conversions. However, as a consequence of system 
noise and circuit noise, for a given input voltage there is a range 
of output codes which may occur. Figure 9 is a histogram of the 
codes resulting from 1000 conversions of a typical input voltage 
by the AD676 used with a 10 V reference. 


NUMBER OF CODE HITS 


DEVIATION FROM CORRECT CODE - LSBs 


_ Figure 9. Distribution of Codes from 1000 Conversions, 
Relative to the Correct Code. 
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The standard deviation of this distribution is approximately 

0.5 LSBs. If less uncertainty is desired, averaging multiple con- 
versions will narrow this distribution by the inverse of the 

_ square root of the number of samples; i.e., the average of 4 con- 
versions would have a standard deviation of 0.25 LSBs. 


MICROPROCESSOR INTERFACE 

The AD676 is ideally suited for use in both traditional dc mea- 
surement applications supporting a microprocessor, and in ac 
signal processing applications interfacing to a digital signal pro- 
cessor. The AD676 is designed to interface with a 16-bit data 
bus, providing all output data bits in a single read cycle. A vari- 
ety of external buffers, such as 74HC541, can be used with the 
AD676 to provide 3-state outputs, high driving capability, and 
to prevent bus noise from coupling into the ADC. The following 
sections illustrate the use of the AD676 with a representative 
digital signal processor and microprocessor. These circuits pro- 
vide general interface practices which are applicable to other 
processor choices. 


ADSP-2101 
Figure 10a shows the AD676 interfaced to the ADSP-2101 DSP 
processor. The AD676 buffers are mapped in the ADSP-2101’s 


memory space, requiring one wait state when using a 12.5 MHz - 


processor clock. 


The falling edge of BUSY interrupts the processor, indicating 
that new data is ready. The ADSP-2101 automatically jumps to 
the appropriate service routine with minimal overhead: The 
interrupt routine then instructs the processor to read the new - 
data using a memory read instruction. : 


ADDRESS BUS 
A1-A3 


= 5 = 
—— |_| DECODER 
Y1-Y8 
74HC541 


D8 - D23 fo) 
| | 
ay 

8 


74HC541 


ADSP-2101 


/ | BIT 1-BiT 16 


16 


Figure 10a. 
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AD676 


Figure 10b shows circuitry which would be included by a typi- 
cal address decoder for the output buffers. In this case, a data 
memory access to any address in the range 3000H to 37FFH 
will result in the output buffers being enabled. 


The AD676 CLK and SAMPLE can be generated by dividing 
down the system clock as described earlier (Figure 3), or if the 
ADSP-2101 serial port clocks are not being used, they can be 
programmed to generate CLK and SAMPLE. 


Figure 10b. 


80286 

The 80286 16-bit microprocessor can be interfaced to a buffered 
AD676 without any generation of wait states. As seen in Figure 
11, BUSY can be used both to control the AD676 clock and to 
alert the processor when new data is ready. In the system 
shown, the 80286 should be configured in an edge triggered, 
direct interrupt mode (integrated controller provides the inter- 


rupt vector). Since the 80286 does not latch interrupt signals, 


the interrupt needs to be internally acknowledged before BUSY .. 
goes HIGH again during the next AD676 conversion (BUSY = 
0). Depending on whether the AD676 buffers are mapped into 
memory or I/O space, the interrupt service routine will read the 
data by usifig either the MOV or the IN instruction. To be able 
to read all the 16 bits at once, and thereby increase the 80286’s 
efficiency, the buffers should be located at an even address. 


DECODER 


Figure 11. 


ANALOG-TO-DIGITAL CONVERTERS 2-55 


AD676 —Typical Dynamic Performance — 


AMPLITUDE -—dB 


Figure 14. 4096 Point FFT at 96 kSPS, fiy = 1.06 kHz 


Figure 12. S(N+D) and THD vs. Varce 
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Figure 13. S/N+D) and THD vs. Input Amplitude 


15k 20k 25k 30k 35k 40k 45k 48k 
FREQUENCY -— Hz 


Figure 15. IMD Plot for fi = 1008 Hz (fa), 1055 Hz (fb) at 


10k 100k 1M 


Figure. 16. AC Power Supply Rejection (fy), = 1.06 kHz) 


fsampce = 96 KSPS, Veippre = 9.13 V p—p 
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ANALOG 
DEVICES 


16-Bit 100 KSPS 
Sampling ADC 


a AD677 


FEATURES 

Autocalibrating 

On-Chip Sample-Hold Function 
Serial Output 

16 Bits No Missing Codes 

+1 LSB INL | 

—99 dB THD 

92 dB S/(N+D) 

1 MHz Full Power Bandwidth 


PRODUCT DESCRIPTION 

The AD677 is a multipurpose 16-bit serial output analog-to- 
digital converter which utilizes a switched-capacitor/charge redis- 
tribution architecture to. achieve a 100 kSPS conversion rate 

(10 js total conversion time). Overall performance is optimized 
by digitally correcting internal nonlinearities through on-chip 
autocalibration. 


The AD677 circuitry is segmented onto two monolithic chips— 
a digital control chip fabricated on Analog Devices DSP CMOS 
process and an analog ADC chip fabricated on our BiMOS II 
process. Both chips are contained in a single package. 


The AD677 is specified for ac (or “dynamic’’) parameters such 
as S/(N+D) Ratio, THD and IMD which are important in sig- 
nal processing applications. In addition, dc parameters are speci- 
fied which are important in measurement applications. 


The AD677 operates from +5 V and +12 V supplies and typi- 
cally consumes 450 mW using a 10 V reference (360 mW with 

5 V reference) during conversion. The digital supply (Vpp) is 
separated from the analog supplies (Vcc, Vg) for reduced digi- 
tal crosstalk. An analog ground sense is provided to remotely 
sense the ground potential of the signal source. This can be use- 
- ful if the signal has to be carried some distance to the A/D con- 
verter. Separate analog and digital grounds are also provided. 


_ The AD677 is available in a 16-pin narrow plastic DIP, 16-pin 
narrow side-brazed ceramic package, or 28-lead SOIC. A parallel 
output version, the AD676, is available in a 28-pin ceramic or 
plastic DIP. All models operate over a commercial temperature 
range of 0°C to +70°C or an industrial range of —40°C to 
+85°C. 
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AGND SENSE 


FUNCTIONAL BLOCK DIAGRAM 


Vin of 
= 


AGND (8) 


1 16-BiT 
A ‘see 


LOGIC TIMING 


ae 
LEVEL TRANSLATORS 


INPUT 


Vaer BUFFERS 


MICROCODED 
CONTROLLER 


PRODUCT HIGHLIGHTS 


l. 


Nn Bh W HN 


Autocalibration provides excellent dc performance while 
eliminating the need for user adjustments or additional exter- 
nal circuitry. 


. +5 Vto +10 V input range (+Vpgrp). 

. Available in 16-pin 0.3” skinny DIP or 28-lead SOIC. 

. Easy serial interface to standard ADI DSPs. 

. TTL compatible inputs/outputs. 

. Excellent ac performance: —99 dB THD, 92 dB S(N+D), 


peak spurious —101 dB. 


. Industry leading dc performance: 1.0 LSB INL, +1 LSB full 


scale and offset. 
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ADG677—SPECIFICATIONS yeh 
AC SPECIFICATIONS (Twin tO Twax» Veo = +12 V + 5%, Vee = —12 V + 5%, Von = 45 \- + 10% - io eee 


- ~AD677J/A AD677K/B | 
Piiaatie’ : eo an Min Typ Max Min Typ Max Units 
Total Harmonic Distortion (THD)* | | | 
@ 83 kSPS, Tun to Tmax © 
@ 100 kSPS, +25°C 
@ 100 kSPS, Tyr to Tmax 
Signal-to-Noise and Distortion Ratio (SI(N+D)** a 
@ 83 kSPS, Twa to Tuax 
@ 100 kSPS, +25°C  - ; 
@ 100 kSPS, Piste Tee | 
Peak Spurious or Peak Harmonic Component 
Intermodulation Distortion IMD)" 
2nd Order Products 
3rd Order Products 
Full Power Bandwidth 
Noise 


| DIGITAL SPECIFICATIONS « (for all rate Twn tO Twa Veo = +12 V = 5%, Ver = —12V + 5%, Vop = +5V + 10%) 
Parameter —— “o, Min . Typ Max Units 


LOGIC INPUTS © | 
Vas _ High Level Input Voltage Vv 
Vin ~ Low Level Input Voltage “Vv 
igs High Level Input Current ‘pA | 
lin _ Low Level Input Current pA” 
Cw _ Input Capacitance pF 7 
LOGIC OUTPUTS — 
Von High Level Output Voltage Vv. 
| JN? 8 
Voi Low Level Output Voltage _ av 
NOTES | | 


Vere‘ = 10.0 V, Conversion Rate = 100 kSPS, f% = 1.0 kHz, Vi = —0.05 dB, Bandwidth = 50 kHz unless otherwise indicated. All measurements referred 
to a 0 dB (20 V p-p) input signal. Values are post- ~calibration. . . . . 4% 

For other input amplitudes, refer to Figure 12. 

3For dynamic performance with différent voltage reference values see Figure 11. 

‘fa = 1008 Hz, fb. = 1055 Hz. See Definition of Specifications section and Figure 16. 


Specifications subject to change without notice. 
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DCO SPECIFICATIONS yy to Tw Yoo = +12 V + 5%, Vee = —12 V + 5%, Von = +5V + 10%)! 


| AD677J/A AD677K/B 
Parameter . Min Typ Max Min Typ Max Units 
TEMPERATURE RANGE 
J, K Grades °C 
A, B Grades =: 
ACCURACY 
Resolution Bits 
Integral Nonlinearity (INL) 
@ 83 kSPS, Tyyn to Tuax LSB 
@ 100 kSPS, +25°C LSB 
@ 100 kSPS, Tyan to Tyax LSB 
Differential Nonlinearity (DNL)—No Missing Codes Bits 
Bipolar Zero Error? LSB 
Positive, Negative FS Errors? 
@ 83 kSPS LSB 
@ 100 kSPS, +25°C LSB 
@ 100 kSPS LSB 
TEMPERATURE DRIFT? 
Bipolar Zero LSB 
Positive Full Scale LSB 
Negative Full Scale LSB 
VOLTAGE REFERENCE INPUT RANGE* (Vggr) Vv 


ANALOG INPUT? 
Input Range (Vj) 
Input Impedance 
Input Settling Time 
Input Capacitance During Sample 
Aperture Delay 
Aperture Jitter 


POWER SUPPLIES 
Power Supply Rejection® 
Vec = +12 V + 5% 
Ver = —12V + 5% 
Vpp = +5 V + 10% 
Operating Current 
Vrer = +5 V 
lec 
ler 
Inp 
Power Consumption 
Vrer = +10 V 
lec 
IEE 
Ibp 
Power Consumption 


NOTES 

Veer = 10.0 V, Conversion Rate = 100 kSPS unless otherwise noted. Values are post-calibration. 

?Values shown apply to any temperature from Ty to Tyay after calibration at that temperature at nominal supplies. 

3Values shown are based upon calibration at +25°C with no additional calibration at temperature. Values shown are the typical variation from the value at +25°C. 
4See “APPLICATIONS?” section for recommended voltage reference circuit, and Figure 11 for dynamic performance with other reference voltage values. 

>See “APPLICATIONS?” section for recommended input buffer circuit. 

Typical deviation of bipolar zero, —full scale on +full scale from min to max rating. 

*For explanation of input characteristics, see “ANALOG INPUT” section. 


Specifications subject to change without notice. 


REV. A ANALOG-TO-DIGITAL CONVERTERS 2-59 


AD677 | | Oo | 
TIMING SPECIFICATIONS. (Tuy tO Tye Veo = +12V + 5%, Veg = 12 V + 5%, Vop = +5V + 1095" _ 7 
Parameter . | Min | Typ Max . Units 


Conversion Period”? ? BS | 
CLK Period* | ns 
Calibration Time tcLK 
Sampling Time WS 
Last CLK to SAMPLE Delay” ws 
SAMPLE Low ns 
SAMPLE to Busy Delay ns 
Ist CLK Delay ns 
CLK Low* ns 
CLK High® ns 

CLK to BUSY Delay ns 

CLK to SDATA Valid ns 
CLK to SCLK High ns 
SCLK Low ns 
SDATA to SCLK High ns 
CAL High Time ns 
CAL to BUSY Delay ns. 
NOTES | 


1See the “CONVERSION CONTROL” and “AUTOCALIBRATION” sections for detailed explanations of the above timing. | 
2Depends upon external clock frequency; includes acquisition time and conversion time. The maximum conversion period is specified to account for the droop 
of the internal sample/hold function. Operation at slower rates may degrade performance. 

*te = tecp + 16 X tere + tres 

580 ns is recommended for optimal accuracy over temperature (not necessary during calibration cycle). 

“If SAMPLE goes high before the 17th CLK pulse, the device will start. sampling een 100 ns after the rising edge of the 17th CLK aa 

Stay + toy = top and must be greater than 480 ns. 


ea Ke toa | re 


(INPUT) | ee ee 


a) ae a era. Ok Ce 
a “ke wlio fe] 


ton ie 65530 65531 65532 
; tet 


terk . 
*SHADED PORTIONS OF INPUT SIGNALS ARE OPTIONAL. FOR BEST PERFORMANCE, WE 
RECOMMEND THAT THESE SIGNALS BE HELD LOW EXCEPT WHEN EXPLICITY SHOWN HIGH. 


Figure 1. Calibration Timing 


CLK* 
(INPUT) 


SAMPLE* 
(INPUT) 


BUSY 
(OUTPUT) 


CLK* 
(INPUT) 


| es mes tcsu a 


SCLK 
(OUTPUT) 


ete tL _— 
a aa OEE ore Kom oo. C26 6 


*SHADED PORTIONS OF INPUT SIGNALS ARE OPTIONAL. FOR BEST PERFORMANCE, WE 
RECOMMEND THAT THESE SIGNALS BE HELD LOW EXCEPT WHEN EXPLICITY SHOWN HIGH. 


Figure 2. General Conversion Timing 
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AD677 


ORDERING GUIDE 


S(N+D) | Max INL | Package Description 


0°C to +70°C Plastic 16-Pin DIP 


Package 
Option* 


AD677JN 


AD677KN | 0°C to +70°C Plastic 16-Pin DIP 

AD677JD | 0°C to +70°C Ceramic 16-Pin DIP D-16 
AD677KD | 0°C to +70°C Ceramic 16-Pin DIP D-16 
AD677JR 0°C to +70°C Plastic 28-Lead SOIC | R-28 
AD677KR | 0°C to +70°C Plastic 28-Lead SOIC | R-28 
AD677AD | —40°C to +85°C Ceramic 16-Pin DIP D-16 
AD677BD | —40°C to +85°C Ceramic 16-Pin DIP D-16 


*D = Ceramic DIP; N = Plastic DIP; R = Small Outline IC (SOIC). For outline information see Package 
Information section. 


ABSOLUTE MAXIMUM RATINGS*® . 


VGG10 Vee oii SS8 Fa beh) RRS ... 70.3 V to +26.4 V 
Ven tODGND) a 5-64 be Boel de Bo & Ae on —0.3 Vto +7 V 
Veet AGN DD? «sek og dete ta roe —0.3 Vto +18 V 
Ver toAGND ............. eh fe Sat ea —18 V to +0.3 V 
AGND toDGND ............ Sats inat tetas aad +0.3V 
Digital Inputs to DGND ............ aan 0to +5.5V 


Analog Inputs, Ver¢r to AGND , 

ee ee ee ee ee (Vec +0.3 V) to (Vep —0.3 V) 
SOIGEHAG 5 eg tees se me Bae, iste a wie: lap alee candi +300°C, 10 sec 
Storage Temperature .............004. —65°C to + 150°C 


*Stresses greater than those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above those 
indicated in the operational section of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 


CON a 
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 


accumulate on the human body and test equipment and can discharge without detection. WARNING! 
Although the AD677 features proprietary ESD protection circuitry, permanent damage may Att 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 


precautions are recommended to avoid performance degradation or loss of functionality. ESD SENSITIVE DEVICE 
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PIN DESCRIPTION 


1 | SAMPLE 
CLK 
3 SDATA 
4 2 DGND. 
: ae 
8 | AGND 
9 AGND SENSE 
10 Vin 
1] | VReF . 
12 } e iMag 
13 , Vpp 
14 | SCLK 
15 BUSY 
16 CAL 
6,7 4, 5,9, 10, 11, | NC 


13, 14, 18, 19, 
20, 24, 25 | 


Type: AI = Analog Input 
DI = Digital Input 
DO = Digital Output 
P = Power . 


_ SAMPLE [ie [te] CAL 
en fa, io is | eusy 
soata [3] /SCLK 

‘DGND. is | -(AD677 n3, Vo 


TOP VIEW 
(Not to Scale) 12 | Vee 


NC = NO CONNECT 


DIP Pinout 
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y Ving Acquisition Control Pin, Avaive HIGH. Dunne conversion, SAMPLE 
controls the state of the internal sample-hold amplifier and the falling edge 


| initiates conversion. During calibration, SAMPLE should be held LOW. If 


HIGH during calibration, diagnostic information will appear on SDATA. 


| Master Clock Input. The AD677 requires 17 clock pulses to execute a 
| conversion. CLK is also used to derive SCLK. 


Serial Output Data Controlled by SCLK. 


Digital Ground. 


+12 V Analog Supply Voltage. 

Analog Ground. 

Analog Ground Sense. 

Analog Input Voltage.. 

External Voltage Reference Input. 

—12 V Analog Supply Voltage. 

+5V Logic Supply Voltage. 

Clock Output for Data Read, derived from CLK. 


Status Line for Converter. Active pO indicating a conversion or 
calibration in progress. | 


Calibration Control Pin. 
No Connection. No connections should be made to these pins. 


~ AD677 


TOP VIEW 
(Not to Scale) 


NC = NO CONNECT 


SOIC Pinout . 
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NYQUIST FREQUENCY 

An implication of the Nyquist sampling theorem, the “Nyquist 
frequency” of a converter is that input frequency which is one 
half the sampling frequency of the converter. 


TOTAL HARMONIC DISTORTION | 

Total harmonic distortion (THD) is the ratio of the rms sum of 
the harmonic components to the rms value of a full-scale input 
signal and is expressed in percent (%) or decibels (dB). For 
input signals or harmonics that are above the Nyquist fre- 
quency, the aliased components are used. 


SIGNAL-TO-NOISE PLUS DISTORTION RATIO 
Signal-to-noise plus distortion is defined to be the ratio of the 
rms value of the measured input signal to the rms sum of all 
other spectral components below the Nyquist frequency, includ- 
ing harmonics but excluding dc. 


+/— FULL-SCALE ERROR | 
The last + transition (from 011... 10to O11... 11) should 
occur for an analog voltage 1.5 LSB below the nominal full 
scale (4.99977 volts for a +5 V range). The full-scale error is 
the deviation of the actual level of the last transition from the 
ideal level. 


BIPOLAR ZERO ERROR 

- Bipolar zero error is the difference between the ideal midscale 
input voltage (0 V) and the actual voltage producing the mid- 
scale output code. : 


DIFFERENTIAL NONLINEARITY (DNL) 

In an ideal ADC, code transitions are one LSB apart. Differen- 

tial nonlinearity is the maximum deviation from this ideal value. 
It is often specified in terms of resolution for which no missing 

codes are guaranteed. 


INTEGRAL NONLINEARITY (INL) 

The ideal transfer function for an ADC is a straight line bisect- 
ing the center of each code drawn between “zero” and “full 
scale.” The point used as “zero” occurs 1/2 LSB before the most 
negative code transition. “Full scale” is defined as a level 

1.5 LSB beyond the most positive code transition. Integral non- 
linearity is the worst-case deviation of a code center average 
from the straight line. 


BANDWIDTH 

The full-power bandwidth is that input frequency at which the 
amplitude of the reconstructed fundamental is reduced by 3 dB 
for a full-scale input. 
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Definition of Specifications —AD677 


INTERMODULATION DISTORTION (IMD) 

With inputs consisting of sine waves at two frequencies, fa and 
fb, any device with nonlinearities will create distortion products, 
of order (m+n), at sum and difference frequencies of mfa + 

nfb, where m, n = 0, 1, 2,3... . . Intermodulation terms are. 
those for which m or n is not equal to zero. For example, the 
second order terms are (fa + fb) and (fa — fb), and the third 
order terms are (2 fa + fb), (2 fa — fb), (fa + 2 fb) and (fa — 

2 fb). The IMD products are expressed as the decibel ratio of 
the rms sum of the measured input signals to the rms sum of 
the distortion terms. The two signals applied to the converter 
are of equal amplitude, and the peak value of their sum is 

—0.5 dB from full scale. The IMD products are normalized to a _ 
0 dB input signal. | 


APERTURE DELAY 

Aperture delay is the time required after SAMPLE pin is taken 
LOW for the internal sample-hold of the AD677 to open, thus 
holding the value of Vyy. 


APERTURE JITTER 
Aperture jitter is the variation in the aperture delay from sample 


' to sample. 


POWER SUPPLY REJECTION 

DC variations in the power supply voltage will affect the overall 
transfer function of the ADC, resulting in zero error and full- 
scale error changes. Power supply rejection is the maximum 
change in either the bipolar zero error or full-scale error value. 
Additionally, there is another power supply variation to con- 
sider. AC ripple on the power supplies can couple noise into the 
ADC, resulting in degradation of dynamic performance. This is 
displayed in Figure 15. 3 


INPUT SETTLING TIME 

Settling time is a function of the SHA’s ability to track fast 
slewing signals. This is specified as the maximum time required 
in track mode after a full-scale step input to guarantee rated 
conversion accuracy. 


NOISE/DC CODE UNCERTAINTY 

Ideally, a fixed dc input should result in the same output code 

for repetitive conversions. However, as a consequence of 
unavoidable circuit noise within the wideband circuits in the 
ADC, there is a range of output codes which may occur for a 
given input voltage. If you apply a dc signal to the ADC and 
record a large number of conversions, the result will be a distri- — 
bution of codes. If you fit a Gaussian probability distribution to — 
the histogram, the standard deviation is approximately equiva- 
lent to the rms input noise of the ADC. 
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FUNCTIONAL DESCRIPTION. 


The AD677 is a multipurpose 16-bit eae converter ~ 


and includes circuitry which performs an input sample/hold ©. 
function, ground sense, and autocalibration. These functions are 
segmented onto two monolithic chips—an analog signal proces- 
sor and a digital contort: Both cup are contain? within the 
_ AD677 package. ws Phar 


-» The AD677 employs a successive- approximation technique to 7 


determine the value of the analog input voltage. However, 


instead of the traditional laser-trimmed resistor-ladder approach, . 


this device uses a capacitor-array, charge redistribution tech- | 


- nique. Binary-weighted capacitors subdivide the input sample to | 


perform the actual analog-to-digital conversion. The capacitor 
array eliminates variation in the linearity of the device due to 
temperature-induced mismatches of resistor values. Since a 
capacitor array is used to perform the data conversions, the 


sample/hold function i iS included. without the need for additional’ 


external circuitry. 


Initial errors in capacitor matching are cininated = an auto- 
_ calibration circuit within the AD677. This circuit employs an 


on-chip microcontroller and a calibration DAC to measure and . 


compensate capacitor mismatch errors. As each error is deter- 
mined, its value is stored in on-chip memory (RAM). Subse-_ 
quent conversions use these RAM values to improve. conversion 
accuracy. The autocalibration routine may be invoked at any . 
time. Autocalibration insures high performance while eliminat- . 


ing the need for any user t adjustments. and is. described in detail . 


below. 


The microcontroller eadtnels all of the various farictions: within 


the AD677: These include the actual sticcessive approximation ~ 


algorithm, the autocalibration routine, the sarapiinold a 
ton, and the internal output data latch. 


AUTOCALIBRATION a 
The AD677 achieves rated performance without the need for 


user trims or adjustments. This is accomplsbed through the use- 


of on-chip autocalibration. 


In the autocalibration sequence, sample/hold offset is nulled by _ 


internally connecting the input circuit to the ground sense. cir- 
cuit. The resulting offset voltage is measured and stored in 

_ RAM for later use. Next, the capacitor representing the most. 
significant bit (MSB) i is. charged to the reference voltage. This 
charge is then. transferred to a capacitor of equal size (composed 
of the sum of the remaining lower weight bits). The voltage that 
results. represents the amount of capacitor mismatch. A calibra- 
tion digital-to-analog converter (DAC) adds an appropriate value 


of error correction voltage to cancel this mismatch. This correc- _ 


tion factor is also stored in RAM. This process is repeated for 
each of the eight remaining capacitors representing the top nine 
bits. The accumulated values in RAM are then used during sub- 
sequent conversions to adjust conversion results accordingly. 


As shown in Figure 1, when CAL is taken HIGH the AD677 
internal circuitry is reset, the BUSY pin is driven HIGH, and 
the ADC prepares for calibration. This is an asynchronous hard- 
ware reset and will interrupt any conversion or calibration cur- 
rently in progress. Actual calibration begins when CAL is taken 
LOW and completes in 85,532 clock cycles, indicated by BUSY 


going LOW. During calibration, it is preferable for SAMPLE to © 


2-64 ANALOG-TO-DIGITAL CONVERTERS 


be held LOW. If SAMPLE is HIGH, diagnostic data ‘will cae | 
appear on SDATA. This data is of no value to the user. 

In most applications, it is sufficient to calibrate the AD677 only 
upon power-up, in which case care should be taken that the 
power supplies and voltage reference have stabilized first. If cali- 
bration is not performed, the AD677 may come up in an unknown | 
state, or performance could degrade to as low as 10 bits. 


CONVERSION CONTROL cS 
The AD677 is controlled by two signals: SAMPLE and CLK, as . 
shown in Figure 2. It is assumed that the part has been cali- 
brated and the digital I/O ‘pins have the levels shown at the Start 

of the timing diagram. — | 


-A conversion consists of an input acquisition followed by 17 


clock pulses which execute the. 16-bit internal successive approx- 
imation routine. The analog input is acquired by taking the. 
SAMPLE line HIGH for a minimum sampling time of t,. The 
actual sample taken is the voltage present on V,;,; one aperture » 
delay after the SAMPLE line is brought LOW, assuming the 
previous conversion has completed (signified by BUSY going - 
LOW). Care should be taken to ensure that this negative edge is. 
well defined and jitter free in ac applications to reduce the 
uncertainty (noise) in signal acquisition. With SAMPLE going 
LOW, the AD677 commits itself to the conversion—the input at _ 
Vy is disconnected from the internal capacitor array, BUSY 
goes HIGH, and the SAMPLE input will be ignored until the 
conversion is completed (when BUSY goes LOW). SAMPLE | 
must be held LOW for a minimum period of time tg;. A period . 
of time tpcp after bringing SAMPLE LOW, the 17 CLK cycles 
are applied; CLK pulses that start before this period of time are. - 
ignored.. BUSY goes HIGH tz after SAMPLE goes LOW, sig- | 
nifying that a conversion is in process, and remains. HIGH until 
the conversion is completed. As indicated in Figure 2, the twos 
complement output data is presented MSB first. This data may | 
be captured with the rising edge of SCLK or the falling edge of 
CLK, beginning with pulse #2. The AD677 will ignore CLK | 
after BUSY. has gone LOW and SDATA or SCLK. will not . 
change until a new. sample i is acquired. 


CONTINUOUS CONVERSION 
For maximum throughput rate, the AD677 can be epetited ina. 
continuous convert mode. This is accomplished by utilizing the | 
fact that SAMPLE will no longer be ignored after BUSY goes 
LOW, so an acquisition may be initiated even during the HIGH 
time of the 17th CLK pulse for maximum throughput rate while: : 
enabling full settling of the sample/hold circuitry. If SAMPLE is 
already HIGH during the rising edge of the 17th CLK, then an 
acquisition is immediately initiated approximately 100 ns after a 
the rising edge of the 17th clock pulse. 


Care must be taken to adhere to the minimum/maximum timing 
requirements in order to preserve conversion accuracy. 


- GENERAL CONVERSION GUIDELINES 


During signal acquisition and conversion, care should be taken 
with the logic inputs to avoid digital feedthrough noise. It is 
possible to run CLK continuously, even during the sample 
period. However, CLK edges during the sampling period, and _ 
especially when SAMPLE goes LOW, may inject noise into the 
sampling process. The AD677 is tested with no CLK cycles 
during the sampling period. The BUSY signal can be used to 
prevent the clock from running during acquisition, as illustrated 
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in Figure 3. In this circuit BUSY is used to reset the circuitry 
which divides the system clock down to provide the AD677 
CLK. This serves to interrupt the clock until after the input 
signal has been acquired, which has occurred when BUSY goes 
HIGH. When the conversion is completed and BUSY goes . 
LOW, the circuit in Figure 3 truncates the 17th CLK pulse 
width which is tolerable because only its rising edge is critical. 


12.288MHz 
SYSTEM 
CLOCK 


Figure 3. 


Figure 3 also illustrates the use of a counter (74HC393) to 
derive the AD677 SAMPLE command from the system clock 
when a continuous convert mode is desirable. Pin 9 (2QC) pro- 
vides a 96 kHz sample rate for the AD677 when used with a 
12.288 MHz system clock. Alternately, Pin 8 (2QD) could be 
used for a 48 kHz rate. 


If a continuous clock is used, then the user must avoid CLK — 
edges at the instant of disconnecting V,,, which occurs at the 
falling edge of SAMPLE (see tgcp specification). The duty 
cycle of CLK may vary, but both the HIGH (t,,,) and LOW 
(tc;,) phases must conform to those shown in the timing specifi- 
cations. The internal comparator makes its decisions on the ris- 
ing edge of CLK. To avoid a negative edge transition disturbing 
the comparator’s settling, tc; should be at least half the value of 
tc_x- It is not recommended that the SAMPLE pin change state 
toward the end of a CLK cycle, in order to avoid transitions 
disturbing the internal comparator’s settling. 


During a conversion, internal dc error terms such as comparator 
voltage offset are sampled, stored on internal capacitors and used 
to correct for their corresponding errors when needed. Because 
these voltages are stored on capacitors, they are subject to leak- 
age decay and so require refreshing. For this reason there is a 
maximum conversion time t, (1000 js). From the time SAMPLE 
goes HIGH to the completion of the 17th CLK pulse, no more 
than 1000 ys should elapse for specified performance. However, 
there is no restriction to od maximum time between individual 
conversions. a 


Output coding for the AD677 is twos complement as shown in 
Table I. The AD677 is designed to limit output coding 1 in the 
event of out-of-range neu , | 
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Table I. Serial Output Coding Format (Twos Complement) 


Output Code 


<Full Scale 
Full Scale es 
011...10 


Full Scale — 1 LSB 

Midscale + 1 LSB 000... 01 

Midscale 000... 00 
_ Midscale — 1 LSB MY ee 

—Full Scale + 1 LSB 100... Ol 

—Full Scale 100... 00 


<—Full Scale 


POWER SUPPLIES AND DECOUPLING | 
The AD677 has three power supply input pins. Vgc and Vez 
provide the supply voltages to operate the analog portions of the 
AD677 including the capacitor DAC, input buffers and compar- 
ator. Vpp provides the supply voltage which operates the digital 
portions of the AD677 including the data output buffers and the 
autocalibration controller. 


As with most high performance linear circuits, changes in the 
power supplies can produce undesired changes in the perfor- 
mance of the circuit. Optimally, well regulated power supplies 
with less than 1% ripple should be selected. The ac output 
impedance of a power supply is a complex function of fre- 
quency, and in general will increase with frequency. In other 
words, high frequency switching such as that encountered with. 
digital circuitry requires fast transient currents which most 
power supplies cannot adequately provide. This results in volt- 
age spikes on the supplies. If these spikes exceed the +5% toler- 
ance of the +12 V supplies or the +10% limits of the +5 V 
supply, ADC performance will degrade. Additionally, spikes at 
frequencies higher than 100 kHz will also degrade performance. 
To compensate for the finite ac output impedance of the sup- 
plies, it is necessary to store “reserves” of charge in bypass 
capacitors. These capacitors can effectively lower the ac imped- 
ance presented to the AD677 power inputs which in turn will 
significantly reduce the magnitude of the voltage spikes. For 
bypassing to be effective, certain guidelines should be followed. 
Decoupling capacitors, typically 0.1 wF, should be placed as 
closely as possible to each power supply pin of the AD677. It is 
essential that these capacitors be placed physically close to the 
IC to minimize the inductance of the PCB trace between the 
capacitor and the supply pin. The logic supply (Vpp) should be 
decoupled to digital common and the analog supplies (Vc, and 
Vp) to analog common. The reference input is also considered _ 
as a power supply pin in this regard and the same decoupling 
procedures apply. These points are displayed in Figure 4. 


: +5V 


Vee Vrer 


0.1nF 


SYSTEM SYSTEM 


DIGITAL ANALOG 12V -12V 
COMMON COMMON 


Figure 4. Grounding and Decoupling the AD677 
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Additionally, it is‘beneficial:to have large capacitors (>47 F) 
located at the point where the power connects to the PCB with © 
10 F capacitors located in the vicinity of the ADC to further 
reduce low frequency ripple. In systems that will be subjected to 
_ particularly harsh environmental noise, additional decoupling 
may be necessary. RC-filtering on each power supply combined 
with dedicated voltage regulation can substantially decrease 
power supply ripple effects (this is further detailed in Figure 7). 


BOARD LAYOUT 

Designing with high resolution data converters requires careful 
attention to board layout. Trace impedance is a significant issue. 
A 1.22 mA current through a 0.5 ( trace will develop a voltage 
drop of 0.6 mV, which is 4 LSBs at the 16-bit level for a 10 V 
full-scale span. In addition to ground drops, inductive and capaci- 
tive coupling need to be considered, especially when high accu- 
racy analog signals share the same board with digital signals. 


Analog and digital signals should not share a common return 
path. Each signal should have an appropriate analog or digital 
return routed close to it. Using this approach, signal loops 
enclose a small area, minimizing the inductive coupling of noise. 


Wide PC tracks, large gauge wire, and ground planes are highly 


recommended to provide low impedance signal paths. Separate — 
analog and digital ground planes are also desirable, with a single 
interconnection point at the AD677 to minimize interference 
between analog and digital circuitry. Analog signals ‘should be 
routed as far as possible from digital signals and should cross 


them, if at all, only at right angles. A solid analog ground plane _ 


around the AD677 will isolate it from large switching ground 
currents. For these reasons, the use of wire wrap circuit con- 
struction will not provide adequate performance; careful printed 
circuit board construction is preferred. 


GROUNDING 

The AD677 has three grounding pins, decenael ANALOG 
GROUND (AGND), DIGITAL GROUND (DGND) and 
ANALOG GROUND SENSE (AGND SENSE). The analog 
ground pin is the “high quality” ground reference point for the 
device, and should be connected to the ons common point in 
the system. — 


AGND SENSE i is intended to be connected to the input signal 


ground reference point. This allows for slight differences in level. 


between the analog ground point in the system and the input 
signal ground ‘point. However no more than 100 mV is recom-— 
mended between the AGND and the AGND SENSE pins for 
specified Performance. | 


Using AGND SENSE to remotely sense the. wae potential 
of the signal source can be useful if the signal has to be carried 
some distance to the A/D converter. Since all IC ground cur- 
rents have to return to the power supply and no ground leads 
are free from resistance and inductance, there are always some 
voltage differences from one ground point in a System to another. 


_ Over distance this voltage difference can easily amount to sev- 
eral LSBs (in a 10 V input span, 16-bit system each LSB is 
about 0.15 mV). This would directly corrupt the A/D input sig- 
nal if the A/D measures its input with respect to power ground 
(AGND) as shown in Figure 5a. To solve this problem the 
AD677 offers an AGND SENSE pin. Figure 5b shows how the 
AGND SENSE can be used to eliminate the problem in Fig- 
ure 5a. Figure 5b also shows how the'signal wires should be 


2-66 ANALOG-TO-DIGITAL CONVERTERS 


TO POWER. 


SUPPLY GND 


GROUND LEAD —_—_ IgrRounD >0- 


Figure 5a. Input to the A/D Is Corrupted by IR rine in 
Ground Leads: Vin = Vs + AV. 


SOURCE 


TO POWER 
SUPPLY GND 


> lanouno >0 


GROUND LEAD 


Figure 5b. AGND SENSE Eliminates the Problem in 
Figure 5a. 


_ Shielded in a noisy environment to avoid capacitive coupling. If 


inductive (magnetic) coupling is expected to be dominant such 
as where motors are present, twisted-pair wires should be used 
instead. 


The digital ground pin is the reference point for all of the digital 
signals that operate the AD677. This pin.should be connected to 
the digital common point in the system. As Figure 4 illustrated, 
the analog and digital grounds should be connected together at — 
one point in the system, preferably at the AD677. 


VOLTAGE REFERENCE 

The AD677 requires the use of an external. cies eteence! 
The input voltage range is determined by the value of the refer- 
ence voltage; in general, a reference voltage of n volts.allows an 
input range of +n volts, The AD677 is specified for a voltage 
reference between +5 V and +10 V. A 10 V reference will typi- 
cally require support circuitry operated from +15 V supplies;.a 
5.0 V reference may be used with +12 V supplies. Signal-to- 
noise performance is increased proportionately with input signal 
range (see Figure 12). In the presence of a fixed amount of sys-. 
tem noise, increasing the LSB size (which results from increas-. 
ing the reference voltage) will increase the effective S(N+D) | 
performance. Figure 11 illustrates S/((N+D) as a function of ref- 
erence voltage. In contrast, dc accuracy will be optimal at lower 
reference voltage values (such as 5 V) due to capacitor non- 
linearity at higher voltage values. 


During a conversion, the switched capacitor array of the AD677 | 
presents a dynamically changing current load at the voltage ref- .. 
erence as the successive-approximation algorithm cycles through 
various choices of capacitor weighting. (See the following section 
“Analog Input” for a detailed discussion of the Vagr input 
characteristics.) The output impedance of the reference circuitry 
must be low so that the output voltage will remain sufficiently - 
constant as the current drive changes. In some applications, this 
may require that the output of the voltage reference be buffered 
by an amplifier with low impedance at relatively high frequen- 
cies. In choosing a voltage reference, consideration should be 
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made for selecting one with low noise. A capacitor connected 
between REF IN and AGND will reduce the demands on the 
reference by decreasing the magnitude of high frequency compo- 
nents required to be sourced by the reference. 


Figures 6 and 7 represent typical design approaches. 


Figure 6. 


Figure 6 shows a voltage reference circuit featuring the 5 V out- 
put AD5S86. The ADS586 is a low cost reference which utilizes a 
buried Zener architecture to provide low noise and drift. Over 
the 0°C to +70°C range, the ADS586M grade exhibits less than 
1.0 mV output change from its initial value at +25°C. A noise- 
reduction capacitor, C,;, reduces the broadband noise of the 
AD586 output, thereby optimizing the overall performance of 
the AD677. It is recommended that a 10 wF to 47 pF high 
quality tantalum capacitor and a 0.1 wF capacitor be tied 
between the Vpgr input of the AD677 and ground to minimize 
the impedance on the reference. 


Using the AD677 with +10 V input range (V_gr = 10 V) typi- 


cally requires +15 V supplies to drive op amps and the voltage | 


reference. If +12 V is not available in the system, regulators 
such as 78L12 and 79L12 can be used to provide. power for the 
AD677. This is also the recommended approach (for any input 
range) when the ADC system is subjected to harsh environments 
such as where the power supplies are noisy and where voltage 
spikes are present. Figure 7 shows an example of such a system 
based upon the 10 V ADS87 reference, which provides a 

300 nV LSB. Circuitry for additional protection against power 
supply disturbances has been shown. A 100 F capacitor at each 
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Figure 7. 
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regulator prevents very large voltage spikes from entering the 
regulators. Any power line noise which the regulators cannot 
eliminate will be further filtered by an RC filter (10 0/10 pF) 
having a —3 dB point at 1.6 kHz. For best results the regulators 
should be within a few centimeters of the AD677. 


ANALOG INPUT 

As previously discussed, the analog input voltage range for the 
AD677 is Vref. For purposes of ground drop and common 
mode rejection, the V;,; and Vpep inputs each have their own 
ground. Vrer is referred to the local analog system ground 
(AGND), and V,,; is referred to the analog ground sense pin 
(AGND SENSE) which allows a remote ground sense for the 
input signal. 


The AD677 analog inputs (V;,,, Vege and AGND SENSE) 
exhibit dynamic characteristics. When a conversion cycle begins, 
each analog input is connected to an internal, discharged 50 pF 
capacitor which then charges to the voltage present at the corre- 
sponding pin. The capacitor is disconnected when SAMPLE is 
taken LOW, and the stored charge is used in the subsequent 
conversion. In order to limit the demands placed on the external 
source by this high initial charging current, an internal buffer 
amplifier is employed between the input and this capacitance for 
a few hundred nanoseconds. During this time the input pin. - . 
exhibits typically 20 kQ input resistance, 10 pF input capaci- 
tance and +40 A bias current. Next, the input is switched 
directly to the now precharged capacitor and allowed to fully 
settle. During this time the input sees only a 50 pF capacitor. 
Once the sample is taken, the input is internally floated so that 
the external input source sees a very high input resistance and a 
parasitic input capacitance of typically only 2 pF. As a result, 
the only dominant input characteristic which must be considered 
is the high current steps which occur when the internal buffers 
are switched in and out. | 


In most cases, these characteristics require the use of an external . 
op amp to drive the input of the AD677. Care should be taken 
with op amp selection; even with modest loading conditions, 
most available op amps do not meet the low distortion require- 
ments necessary to match the performance capabilities of the 
AD677. Figure 8 represents a circuit, based upon the AD845, 
which will provide excellent overall performance. 


For applications optimized more for low distortion and low | 
noise, the AD845 of Figure 8 may be replaced by the AD743. 


Figure 8. 
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AC PERFORMANCE 


AC parameters, which include S//N+D), THD, etc., reflect the 


AD677’s effect-on the spectral content of the analog input sig- 
nal. Figures 11 through 18 provide information on the AD677’s : 
ac performance under a variety of conditions. — > * 


A perfect n-bit ADC with no errors will yield a theoretical quan-. 


tization noise of q/\/12, where q is the weight of the LSB. This 
relationship leads to the well-known equation for theoretical full- 
scale rms sine wave signal-to-noise plus distortion level of 

SIN + D) = 6.02 n + 1.76 dB, here n is the bit resolution. 
An actual ADC, however, will yield a measured S/(N + D) less 
than the theoretical value. Solving this equation for n using the 
measured S/(N + D) value yields the equation for effective | 
number of bits (ENOB): ee 


[SAN + D)] acrua, ~ 1.76 dB 
6.02 


As a general rule, averaging the results from several conversions 
reduces the effects of noise, and therefore improves such param- 
eters as S(N+D). AD677 performance may be optimized by » 
operating the device at its maximum sample rate of 100 kSPS 
and digitally filtering the resulting bit stream to the desired sig- 
nal bandwidth. This succeeds in distributing noise over.a wider 
frequency range, thus reducing the noise density in the fre- _ 


ENOB = 


quency band of interest. This subject is discussed in the follow-. . 


ing section. ae 


OVERSAMPLING AND NOISE FILTERING 

The Nyquist rate for a converter is defined as one-half its sam- 
pling rate. This is established by the Nyquist theorem, which 
requires that a signal be sampled at a rate corresponding to at 
least twice its highest frequency component of interest in order 
to preserve the informational content. Oversampling is a conver- 
sion technique in which the sampling frequency is more than 


twice the frequency bandwidth of interest. In audio applications, 


the AD677 can operate at a 2 X Fy oversampling rate, where 
Fy = 48 kHz. : a 3 

In quantized systems, the informational content of the analog | 
input is represented in the frequency spectrum from dc to the 
Nyquist rate of the converter. Within this same spectrum are 


higher frequency noise and signal components. Antialias, or low | 


pass, filters are used at the input to the ADC to reduce these 
noise and signal components so that their aliased components do 
not. corrupt the baseband spectrum. However, wideband noise | 
contributed by the AD677 will not be reduced by the antialias 
filter. The AD677 quantization noise is evenly distributed from 
dc to the Nyquist rate, and this fact can be used to minimize its 
overall affect. 


The AD677 quantization noise effects can be reduced by» 
oversampling—sampling at a rate higher than that defined by 
the Nyquist theorem. This spreads the noise energy over a 
bandwidth wider than the frequency band of interest. By judi- 
cious selection of a digital decimation filter, noise frequencies 
outside the bandwidth of interest may be eliminated. 


The process of analog to digital conversion inherently produces 
noise, known as quantization noise. The:magnitude of this noise 
is a function of the resolution of the converter, and manifests 
itself as a limit to the theoretical signal-to-noise ratio achievable. 
This limit is described by S//N+D) = (6.02n + 1.76 + 10 log 
F,/2F,) dB, where n is the resolution of the converter in bits, 
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F, is the sampling frequency, and Fa is the signal bandwidth of 
interest. For audio bandwidth applications, the AD677 is capa- — 
ble of operating at a 2 x oversample rate (96 kSPS), which typi- . 
cally produces an improvement in S/(N+D) of 3 dB compared’: 


. with operating at the Nyquist conversion rate of 48 kSPS. Over- 
‘sampling has another advantage as well; the demands on the 


antialias filter are lessened. In summary, system performance is 
optimized by running the AD677 at or near its maximum sam- 
pling rate of 100 kHz and digitally filtering the resulting spec- 
trum to eliminate undesired frequencies. 


DC PERFORMANCE 
The self-calibration scheme used in the AD677 compensates for 
bit weight errors that may exist in the capacitor array. This 


_ mismatch in capacitor values is adjusted (using the calibration 


coefficients) during conversion and provides for excellent dc lin- 
earity performance. Figure 19 illustrates the DNL plot of a typi- 
cal AD677 at +25°C. A histogram test is a statistical method for 
deriving an A/D converter’s differential nonlinearity. A ramp 
input is sampled by the ADC and a large number of. conversions 
are taken and stored. Theoretically the codes would all be the _ 
same size and, therefore, have an equal number of occurrences. 
A code with an average number of occurrences would have a 
DNL of “0”. A code with more or less than average will have a 


- DNL of greater than or less than zero LSB. A DNL of -1 LSB. 


indicates missing code (zero occurrences). 
Figure 20 illustrates the code width distribution of the DNL 
plots of Figure 19. 7 | : | 


DC CODE UNCERTAINTY a | 
Ideally, a fixed dc input should result in the same output code 
for repetitive conversions. However, as a consequence of 
unavoidable circuit noise within the wideband circuits in the . 
ADC, there is range of output codes which may occur fora 
given input voltage. If you apply a dc signal to the AD677 and. 
record 10,000 conversions, the result will be a distribution of = 
codes as shown in Figure 9 (using a 10 V reference). If you fit a 
Gaussian probability distribution to the histogram, the standard. 
deviation is approximately equivalent to the rms. input noise of 
ADC. | 
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Figure 9. Distribution of Codes from 10,000 Conversions, 
Relative to the Correct Code | eae ete Bye 
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The standard deviation of this distribution is approximately 

0.5 LSBs. Ifless uncertainty is desired, averaging multiple con- 
versions will narrow this distribution by the inverse of the 
square root of the number of samples; i.e., the average of 4 con- 
versions would have a standard deviation of 0.25 LSBs. 


_ DSP INTERFACE 

Figure 10 illustrates the use of the Analog Devices ADSP-2101 
digital signal processor with the AD677. The ADSP-2101 FO 
(flag out) pin of Serial Port 1 (SPORT 1) is connected to the 
SAMPLE line and is used to control acquisition of data. The 
ADSP-2101 timer is used to provide precise timing of the FO 
pin. 


ADSP-2101 


AD677 
FO SAMPLE 


SCLKO CLK 
DRO SDATA 


SERIAL RFSO BUSY 
PORTO 
DTo 


TFSO 


Figure 10. ADSP-2101 Interface 


The SCLK pin of the ADSP-2101 SPORTO provides the CLK 
input for the AD677. The clock should be programmed to be 
approximately 2 MHz to comply with AD677 specifications. To 
minimize digital feedthrough, the clock should be disabled (by 
setting Bit 14 in SPORTO control register to 0) during data 
acquisition. Since the clock floats when disabled, a pull-down 
resistor of 12 kOQ-15 k© should be connected to SCLK to 
ensure it will be LOW at the falling edge of SAMPLE. To max- 
imize the conversion rate, the serial clock should be enabled 
immediately after SAMPLE is brought LOW (hold mode). 


The AD677 BUSY signal is connected to RFO to notify 
SPORTO when a new data word is coming. SPORT0 should be 
configured in normal, external, noninverting framing mode and 
can be programmed to generate an interrupt after the last data 
bit is received. To maximize the conversion rate, SAMPLE 
should be brought HIGH immediately after the last data bit is 
received. 
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Figure 11. SXN+D) and THD vs. Vper, fs = 100 kHz 
(Calibration is not guaranteed below +5 V REF) 
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Figure 12. S(N+D) and THD vs. new Amplitude, 
fs = 100 kHz 
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Figure 13. 4096 Point FFT at 100 kSPS, f,,, = 1 kHz, 
Veer =~ 5 V 
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Figure 15. AC Power Supply Rejection (fin, = 1.06 kHz) _ Figure 18. AC Performance Using Minimum Clock Period 
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+85°C (5 V and 10 V Reference) 
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ANALOG 
DEVICES 


— 12-Bit 200 kSPS 
Complete Sampling ADC 


FEATURES 
AC and DC Characterized and Specified 
(K, B and T Grades) 
200k Conversions per Second 
1 MHz Full Power Bandwidth 
500 kHz Full Linear Bandwidth 
72 dB S/N+D (K, B, T Grades) 
Twos Compiement Data Format (Bipolar Mode) 
Straight Binary Data Format (Unipolar Mode) 
10 MQ Input Impedance 
8-Bit or 16-Bit Bus Interface 
On-Board Reference and Clock 
10 V Unipolar or Bipolar Input Range 
Commercial, Industrial and Military Temperature 
Range Grades 
MIL-STD-883 Compliant Versions Available 


PRODUCT DESCRIPTION 

The AD678 is a complete, multipurpose 12-bit monolithic 
analog-to-digital converter, consisting of a sample-hold amplifier 
(SHA), a microprocessor compatible bus interface, a voltage 
reference and clock generation circuitry. 


The AD678 is specified for ac (or ‘““dynamic’’) parameters such 
as S/N+D ratio, THD and IMD which are important in signal 
processing applications. In addition, the AD678K, B and T 
grades are fully specified for dc parameters which are important 
in measurement applications. 


The AD678 offers a choice of digital interface formats; the 12 
data bits can be accessed by a 16-bit bus in a single read opera- 
tion or by an 8-bit bus in two read operations (8+4), with right 
or left justification. Data format is straight binary for unipolar 
mode and twos complement binary for bipolar mode. The input 
has a full-scale range of 10 V with a full power bandwidth of 

1 MHz and a full linear bandwidth of 500 kHz. High input 
impedance (10 MQ) allows direct connection to unbuffered 
sources without signal degradation. 


This product is fabricated on Analog Devices’ BiMOS process, 
combining low power CMOS logic with high prectsion, low 
noise bipolar circuits; laser-trimmed thin-film resistors provide 
high accuracy. The converter utilizes a recursive subranging 
algorithm which includes error correction and flash converter 
circuitry to achieve high speed and resolution. 


The AD678 operates from +5 V and +12 V supplies and dissi- 
pates 560 mW (typ). The AD678 is available in 28-pin plastic 
DIP, ceramic DIP, and 44 J-leaded ceramic surface mount 
packages. 


Screening to MIL-STD-883C Class B is also available. 


*Protected by U.S. Patent Nos. 4,804,960; 4,814,767; 4,833,345; 4,250,445; 
4,808,908; RE30,586. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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AD678* 


FUNCTIONAL BLOCK DIAGRAM 


CS SC OE EOCEN sync 12/8 EOC 

O Ou==Q O O O O 

ttt | | a 
VOLTAGE CONTROL LOGIC 


REF 
OUT REF. QO 0B11 


REF», 0 DB2 
| OUTPUT 
REGISTER DB1 
12-BIT D/A [“F} (R/L) 
CONVERTER DBO 
BIPOFF © (HBE) 
ie b Vc 


SAMPLE/ O Veg 
AIN O-1  LoLD AID Vy 


PRODUCT HIGHLIGHTS 

1. COMPLETE INTEGRATION: The AD678 minimizes 
external component requirements by combining a high speed 
sample-hold amplifier (SHA), ADC, 5 V reference, clock and 
digital interface on a single chip. This provides a fully speci- 
fied sampling A/D function unattainable with discrete 
designs. 


2. SPECIFICATIONS: The AD678K, B and T grades provide 
fully specified and tested ac and dc parameters. The 3 
AD678J, A and S grades are specified and tested for ac 
parameters; dc accuracy specifications are shown as typicals. 
DC specifications (such as INL, gain and offset) are impor+ 
tant in control and measurement applications. AC specifica- 
tions (such as S/N+D ratio, THD and IMD) are of value in 
signal processing applications. 


3. EASE OF USE: The pinout is designed for easy board lay- 
out, and the choice of single or two read cycle output pro- 
vides compatibility with 16- or 8-bit buses. Factory trimming 
eliminates the need for calibration modes or external trim- 
ming to achieve rated performance. 


4. RELIABILITY: The AD678 utilizes Analog Devices’ 
monolithic BiMOS technology. This ensures long term reli- 
ability compared to multichip and hybrid designs. 


5. UPGRADE PATH: The AD678 provides the same pinout as 
the 14-bit, 128 kSPS AD679 ADC. 


6. The AD678 is available in versions compliant with MIL- 
STD-883. Refer to the Analog Devices Military Products 
Databook or current AD678/883B data sheet for detailed 
specifications. 
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AD678— SPECIFICATIONS 


win tO Triax Vee = +12 V = 5%, Veg = —12 V + 5%, Vop = +5 V+ = 10% te = 200: KSPS;. 


7 AC SPECIFICATIONS fy = 10.06 kHz unless otherwise noted)’ 


oo | AD678J/A/S_— AD678K/B/T | 
Pidaneier: tee . Min Typ Max | in T _ Max =| _ Units. 


SIGNAL- TO-NOISE J AND DISTORTION GN +D) RATIO 


—0.5 dB Input (Referred to —0 dB Input) 

—20 dB Input (Referred to —20 dB Input) dB 

—60 dB Input (Referred to —60 dB Input) . | +’ dB 
ee HARMONIC DISTORTION (THD) | | —88 —80 —88 ——80 — dB 

0.004 0.010 ‘0.004 0.010 | % 

PEAK SPURIOUS OR PEAK HARMONIC COMPONENT - dB 
FULL POWER BANDWIDTH '.MHz 
FULL LINEAR BANDWIDTH kHz 
INTERMODULATION DISTORTION (IMD) 

2nd Order Products dB 

3rd Order Products - dB 
NOTES © | 


ee asieice = +0.5 dB 0. 44 V p-p) bipolar mode full scale unless otherwise indicated. All measurements referred to a —0 dB (9.997 V p- na input een 
unless otherwise indicated. 
es i 9.08 kHz, fg =.9:58 kHz, with fsampie = 200 kSPS. 


Specifications subject to change without notice. 


DIGITAL SPECIFICATIONS (au device types Ty t0 Tras Vo = +12 V + 5%, Ver = —12V + 5%, Vp = +5V + 10%) 


Parameter . . . Gia | Ae Test Conditions 


LOGIC INPUTS = 
Vig «High Level Input Voltage 
Viz —°-—Ss Low Level Input Voltage 
In; High Level Input Current — 
lin ~ Low Level Input Current — 
ore Input Capacitance 
LOGIC OUTPUTS — 


Vou High Level Output Voltage 


Vor - Low Level Output Voltage 
Ioz High Z Leakage Current — 
Coz | High Z Output Capacitance 


Specifications subject to change without notice. 
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AD678 


DCO SPECIFICATIONS 67,,, to Tov Voc = +12 V + 5%, Veg = —12 Vt 5%, Vp = +5 V + 10% unless otherwise indicated) 


AD678J/A/S AD678K/B/T 
Parameter i Min Typ Max Units 
TEMPERATURE RANGE 
J, K Grades = 
A, B Grades a @ 
S, T Grades °C ) 2 
ACCURACY 
Resolution . Bits 
Integral Nonlinearity (INL) LSB 
Differential Nonlinearity (DNL) Bits 
Unipolar Zero Error (@ +25°C)! LSB 
Bipolar Zero Error (@ +25°C)' LSB 
Gain Error (@ +25°C)» ? LSB 
Temperature Drift 
Unipolar/Bipolar Zero 
J, K Grades LSB © 
A, B Grades LSB 
S, T Grades LSB 
Gain? 
J, K Grades LSB 
A, B Grades LSB 
S, T Grades LSB 
Gain* 
J, K Grades LSB 
A, B Grades LSB 
S, T Grades LSB 
ANALOG INPUT 
Input Ranges 
Unipolar Range V 
Bipolar Range V 
Input Resistance MQ 
Input Capacitance pF 
Input Settling Time ps 
Aperture. Delay ns 
Aperture Jitter ps 
INTERNAL VOLTAGE REFERENCE 
Output Voltage? V 
External Load 
Unipolar Mode mA 
Bipolar Mode mA 
POWER SUPPLIES 
Power Supply Rejection 
Veo = +12 V + 5%. LSB 
Vez = —12 V+ 5% - LSB 
Vpp = +5 V + 10% LSB 
Operating Current 
lec mA 
ler mA 
Ipp mA 
Power Consumption mW 


NOTES 

1 Adjustable to zero. 

“Includes internal voltage reference error. 
Includes internal voltage reference drift. 
“Excludes internal voltage reference drift. 
*With maximum external load applied. 


Specifications. subject to change without notice. 
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AD678 


(All grades, Ti, t0 Tax» Vee = +12 V 


TIMING SPECIF ICATIONS ‘otherwise noted) 


+ 5%, Veg = —12 V 5%, Vop = +5 V + 10% unless 


SC Delay 
Conversion Time 
Conversion Rate! 
Convert Pulse Width 
Aperture Delay 
Status Delay 

Access Time”? ? 


Float Delay” 
Output Delay 
Format Setup 

OE Delay 

Read Pulse Width 
Conversion Delay 
EOCEN Delay 


NOTES 
4Includes acquisition time. 


ns 
[Ls 
Th 
ns 
ns 
ns 
ns" 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

ns 


2Measured from the falling edge of OE/EOCEN (0.8 V) to the time at which the data Tne EO’ cross 2.0 Vv or 0.8 V. See Figure 3. 


“Cour = = 100 pF. 


5Measured from ‘he rising edge of OE/EOCEN (2.0 V) to the time at which the output voltage changes by 0.5 V. See Figure 3; Cour = = 10 pF. 


Specifications subject to change without notice. 


SHA TRACK HOLD TRACK HOLD 


CONTENT OF 
' QUTPUT DATA0 x DATA 1 
REGISTER 


NOTES 
TIN ASYNCHRONOUS MODE, STATE OF CS DOES NOT AFFECT OPERATION. 
_SEE THE START CONVERSION TRUTH TABLE FOR DETAILS. 
?EOCEN = LOW; SEE FIGURE 2. IN SYNCHRONOUS MODE, EOC IS A THREE- 


STATE OUTPUT. IN ASYNCHRONOUS MODE, EOC IS AN OPEN DRAIN OUTPUT. 


3DATA SHOULD NOT BE ENABLED DURING A CONVERSION. 


Figure 1. Conversion Timing 
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EOCEN , 
tpae! — Pitep ie 7 


NOTE 
'SEE END-OF-CONVERT (EOC) P PARAGRAPH FOR DETAILS. 


Figure 2. EOC Timing 


D our Vep 


Figure 3. Load Circuit for Bus Timing Specifications 
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ABSOLUTE MAXIMUM RATINGS* 


With 
Respect 
Specification 


AIN, REF, 
Digital Inputs 
Digital Outputs 
Max Junction 
Temperature 


edcdccaced 


} 


ESD SENSITIVITY 


With 
Respect 


Specification To 


Operating Temperature 

J and K Grades 

A and B Grades 

S and T Grades 
Storage Temperature 
Lead Temperature 
(10 sec max) 
*Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not implied. Expo- 


sure to absolute maximum rating conditions for extended periods may affect 
device reliability. 


The AD678 features input protection circuitry consisting of large ‘“‘distributed’’ diodes and 
polysilicon series resistors to dissipate both high energy discharges (Human Body Model) and fast, 


low energy pulses (Charged Device Model). Per Method 3015.2 of MIL-STD-883C, the AD678 


has been classified as a Category 1 device. 


Proper ESD precautions are strongly recommended to avoid functional damage or performance 
degradation. Charges as high as 4000 volts readily accumulate on the human body and test equip- 
ment and discharge without detection. Unused devices must be stored in conductive foam or 
shunts, and the foam should be discharged to the destination socket before devices are removed. 


WARNING! 
wea 


ESD SENSITIVE DEVICE 


For further information on ESD precautions, refer to Analog Devices’ ESD Prevention Manual. 


ORDERING GUIDE 


Package 


Temperature Range | Tested and Specified 


Package Option” 


REV. B 


AD678JN_ | 28-Pin Plastic DIP. 0°C to +70°C N-28 
AD678KN | 28-Pin Plastic DIP 0°C to +70°C N-28 
AD678JD_ | 28-Pin Ceramic DIP 0°C to +70°C D-28 
AD678KD | 28-Pin Ceramic DIP 0°C to +70°C D-28 
AD678AD | 28-Pin Ceramic DIP —40°C to + 85°C D-28 
-AD678BD | 28-Pin Ceramic DIP —40°C to +85°C D-28 
AD678AJ | 44-Lead Ceramic JLCC | —40°C to +85°C J-44 
AD678BJ 44-Lead Ceramic JLCC | —40°C to +85°C J-44 
AD678SD | 28-Pin Ceramic DIP —55°C to +125°C D-28 


AD678TD | 28-Pin Ceramic DIP 


NOTES 

1For details on grade and package offerings screened in accordance with MIL-STD-883, refer to Analog Devices Military Products 
Databook or /883 data sheet. 

2N = Plastic DIP; D = Ceramic DIP; J = J-Leaded Ceramic Chip Carrier. For outline information see Package Information section. 


—55°C to +125°C 


PIN CONFIGURATIONS 
DIP Package | JLCC Package 
EOcEN [1|@ 128} Vp 
saa 27} Eoc IDENTIFIER 
SC | 3| 26] pet 
cs | 4] DB10 
Vee | 5 | 24] pps 
AIN | 6 | DBS TOP VIEW 
AGND DB7 
ReFouT [8] otto Scale) [21] DBS 
REFIN | 9 | 20] pps 
BIPOFF (10) 19] pea 
Veo [11] 18] DBS 


NC = NO CONNECT | 


ANALOG-TO-DIGITAL CONVERTERS 2-75 


ANALOG 
DEVICES 


14-Bit 128 kSPS 
Complete Sampling ADC 


-AD679* 


FEATURES 
AC and DC Characterized and Specified (K, B, T 
Grades) _ | 
128k Conversions per Second 
1 MHz Full Power Bandwidth _ 
500 kHz Full Linear Bandwidth 
80 dB S/N+D (K, B, T Grades) | 
Twos Complement Data. Format (Bipolar Mode). 
Straight Binary Data Format (Unipolar Mode) 
10 MQ Input Impedance 
8-Bit Bus Interface (See AD779 for 16-Bit Interface) 
On-Board Reference and Clock =~ 
- 10 V Unipolar or Bipolar Input Range 
Pin Compatible with AD678 12-Bit, 200 kSPS ADC 
ae MIL- ‘STO: 883 3 Compliant Versions Available 


PRODUCT DESCRIPTION 

The AD679 is a complete, multipurpose 14- bit monolithic 
analog-to-digital converter, consisting of a sample-hold amplifier 
(SHA), a microprocessor compatible bus interface, a voltage ref- 
erence and clock generation circuitry. 


The AD679 is specified for ac (or “dynamic’”’) parameters such 
as S/N+D ratio, THD and IMD which are important in signal 
processing applications. In addition, the AD679K, B and T 


_in measurement applications. 


The 14 data bits are accessed in two ead sis (8+6), with 
left justification. Data format is straight binary for unipolar 


mode and twos complement binary for bipolar mode. The input > 


has a full-scale range of 10 V with a full power bandwidth of 
1 MHz and a full linear bandwidth of 500 kHz. High input — 
impedance (10 MQ) allows direct connection to unbuffered 


sources without signal degradation. Conversions can be initiated 


either under microprocessor control or by an external clock 
asynchronous to thé system clock. 


This product i is fabricated on Analog Devices’ BiMOS process, 
combining low power CMOS logic with high precision, low 
noise bipolar circuits; laser-trimmed thin-film resistors provide. 
_ high accuracy. The converter utilizes a recursive subranging 
algorithm which includes error correction and flash converter 
circuitry to achieve high speed and resolution. 


The AD679 operates from +5 V and +12 V supplies and dissi- 
pates 560 mW’ (typ.). 28-pin plastic DIP, ceramic-DIP and 44 
J-leaded ceramic surface mount packages are available. 


*Protected by U.S. Patent Nos. 4,804,960; 4,814, 767; 4, 833,345; 4, 250; 445; 


4,808,908; a 30,586 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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EUNCTIONAL BLOCK DIAGRAM 


cS SC OE EOCEN SYNC 12/8 EOC 


posal 


REF oy7 QO CONTROL LOGIC 


REFw O 


D/A i leppinirsega fet 
etn LOGIC 


BIPOFF e 


4-BIT cad 


a: 
HOLD 


cad 


PRODUCT HIGHLIGHTS | 


1, COMPLETE INTEGRATION: The AD679 minimizes 


__ external component requirements by combining a high speed 
_ sample-hold amplifier (SHA), ADC, 5 V reference, clock 
_. and digital interface on a single chip. This provides a fully 
_ specified sampling A/D function unattainable with discrete 
designs. ; 


eee SPECIFICATIONS: The AD679K, B anal T grades provide 
grades are fully specified for dc parameters which are aaporant a 


fully specified and tested ac and dc parameters. The 

AD679J, A and S grades are specified and tested for ac 

parameters; dc accuracy specifications are shown as typicals. 

DC specifications (such as INL, gain and-offset) are impor- 

tant in control and measurement applications. AC specifica- 

tions (such as S/N+D ratio, THD and aioe are of value in 
. Signal processing. applications. 


3. EASE OF USE: The pinout is designed for easy board lay- 
out, and the two read output provides compatibility with 
8-bit buses. Factory trimming eliminates the need for 
calibration modes or external pains to achieve rated 

_ performance. 


4, RELIABILITY: The AD679 wales Analog Devices’ 


monolithic BiMOS technology. This ensures long term reli- 
ability compared to multichip and hybrid designs. 


5. UPGRADE PATH: The AD679 provides the same pinout as 
the 12-bit, 200 kSPS AD678 ADC. 


6. The AD679 is available in versions compliant with MIL- 
STD-883. Refer to the Analog Devices Military Products 
Databook or current AD679/883B data sheet for detailed 
specifications. 


REV. C 


SPECIFICATIONS AD679 


(Tw tO Tyaxs Voc = +12 V + 5%, Veg = —12 V + 5%, Vo = +5 V + 10%, fsuypie = 128 KSPS, 


AC SPECIFICATIONS fy = 10.009 kHz unless otherwise noted)! 


| _ AD679J/A/S AD679K/B/T 

Parameter | : | Min Typ Max Min Typ Max Units 
SIGNAL-TO-NOISE AND DISTORTION (S/N+D) RATIO : 

—0.5 dB Input (Referred to —0 dB Input) 78 79 80 81 dB 

—20 dB Input (Referred to —20 dB Input) 58 59 60 61 dB 

—60 dB Input (Referred to —60 dB Input) 18 19 dB 
TOTAL HARMONIC DISTORTION (THD) 

@ +25°C dB 

% 
—% 

PEAK SPURIOUS OR PEAK HARMONIC COMPONENT dB 
FULL POWER BANDWIDTH MHz 
FULL LINEAR BANDWIDTH © kHz 
INTERMODULATION DISTORTION (IMD)* ; 

2nd Order Products dB 

3rd Order Products dB 


DIGITAL SPECIFICATIONS can device types tyy to Tua Veo = +12 V + 5%, Ver = —12 V = 5%,Vop = +5 V+ 10%) 


LOGIC INPUTS 


Ving High Level Input Voltage V 
Vin Low Level Input Voltage Vv 

| oe High Level Input Current pA 
Ly Low Level Input Current pA 
Ge Input Capacitance pF 
LOGIC OUTPUTS _ 
Vou High Level Output Voltage Vv 
3 Vv 
VoL. Low Level Output Voltage V 
Ioz High Z Leakage Current pA 
Coz High Z Output Capacitance pF 

' NOTES 


1f.~ amplitude = —0.5 dB (9.44 V p-p) bipolar mode full scale unless otherwise indicated. All measurements referred toa —0 dB (9.997 V p-p) put signal 
unless otherwise noted. 
*f, = 9.08 kHz, fg = 9.58 kHz, with fg, qpr¢ = 100 kSPS. 


Specifications subject to change without notice. 
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(Twin tO Twax» Veo = +12 v * : 5% Ve = -12V.4 2 > Moo = = +5V + 10% unless | 


DC SPECIFICATIONS otherwise indicated) 


AD679J/A/S | AD679K/B/T 


Parameter ; a a in Typ = Min Typ Units 
TEMPERATURE RANGE i : 
J, K Grades i Oe 
A, B Grades Ome 
: S, T Grades °C 
ACCURACY . 
Resolution . Bits 
Integral Nonlinearity (INL) - LSB 
Differential Nonlinearity (DNL) Bits 
Unipolar Zero Error! (@ +25°C) % FSR* 
Bipolar Zero Error! (@ +25°C) % FSR 
Gain Error!’ 7 (@ +25°C). % FSR 
Temperature Drift 
Unipolar Zero? 
J, K Grades % FSR 
A, B Grades % FSR 
S, T Grades % FSR 
Bipolar Zero? 
J, K Grades % FSR 
_A, B Grades % FSR 
S, T Grades % FSR 
Gain? 
J, K Grades % FSR 
A, B Grades % FSR 
S, T Grades % FSR 
Gain* | 
J, K Grades % FSR 
A, B Grades % FSR 
S, T Grades % FSR 
~ ANALOG INPUT 
Input Ranges 
Unipolar Mode V 
Bipolar Mode V 
Input Resistance MQ 
Input Capacitance pF. 
Input Settling Time Ss. 
Aperture Delay ns 
Aperture Jitter ps 
INTERNAL VOLTAGE REFERENCE 
Output Voltage? V 
External Load 
Unipolar Mode mA. 
| Bipolar Mode mA: . 
POWER SUPPLIES 
Power Supply Rejection 
Voc = +12 V + 5% LSB 
Vez = —12 V + 5% LSB 
Vpp = +5 V = 10% LSB 
Operating Current 
loc mA 
IEE mA 
Ipp mA 
Power Consumption mW 


NOTES 
‘Adjustable to zero. 
Includes internal voltage reference error. 
Includes internal voltage reference drift. 
“Excludes internal voltage reference drift. 
*With maximum external load applied. 
*% FSR = percent of full-scale range. 
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TIMING SPECIFICATIONS 


(All device types Tain to Trax» Vee = +12 Vt 5%, Ver = -12V 
+ 9%, Von = +9 V + 10%) 


Parameter Units 


SC Delay 
Conversion Time 


-Symbot_[atin 


LS 
Conversion Rate! [LS 
Convert Pulse Width [LS 
Aperture Delay ns 
Status Delay ns 
Access Time?: ? ns 

ns 
Float Delay? ns 
Output Delay ns 
Format Setup ns 
OE Delay | ns 
Read Pulse Width ns 


Conversion Delay 
EOCEN Delay ~ 


NOTES 

'Includes Acquisition Time. 

2Measured from the falling edge of OE/EOCEN (0.8 V) to the time at which the 
data lines/EOC cross 2.0 V or 0.8 V. See Figure 4. 

*Caer = 100 pF. 

Cour = 50 pF. : 

5Measured from the rising edge of OE/EOCEN (2.0 V) to the time at which the 
output voltage changes by 0.5. See Figure 4; Coy;7 = 10 pF. 

Specifications subject to change without notice. 
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Temperature 
Range 


0°C to +70°C 
0°C to +70°C 
0°C to +70°C 
10°C to +70°C 
—40°C to +85°C |AC 


Model? _| Package 


AD679JN |28-Pin Plastic DIP 
AD679KN |28-Pin Plastic DIP 
AD679JD |28-Pin Ceramic DIP 
AD679KD)|28-Pin Ceramic DIP 
AD679AD | 28-Pin Ceramic DIP 


AD679BD | 28-Pin Ceramic DIP —40°C to 
AD679SD |28-Pin Ceramic DIP —55°C to +125°C|AC 
AD679TD |28-Pin Ceramic DIP —55°C to 
AD679AJ |44-Lead Ceramic JLCC!|—40°C to +85°C |AC 
AD679BJ |44-Lead Ceramic JL.CC}-—40°C to 


AD679SJ |44-Lead Ceramic JLCC 
AD679TJ |44-Lead Ceramic JLCC 


NOTES 
For parallel read (14-Bits) interface to 16-bit buses, see AD779. 

For details grade and package offerings screened in accordance with MIL- 
STD-883, refer to the Analog Devices Miliary Products Databook or current 
AD679/883B data sheet. 

3N = Plastic DIP; D = Ceramic DIP; J = J-Leaded Ceramic Chip Carrier. 
For outline information see Package Information section. 


~55°C to +125°C|AC 
—55°C to +125°C|AC + DC|J-44 


REV.C 


top 


CONTENT OF 
OUTPUT DATA 0 K | DATA 1 
REGISTER 


= 


NOTES 

1IN ASYNCHRONOUS MODE, STATE OF CS DOES NOT AFFECT OPERATION. 
SEE THE START CONVERSION TRUTH TABLE FOR DETAILS. 

2 EOCEN = LOW (SEE FIGURE 3). IN SYNCHRONOUS MODE, EOC IS A THREE- 
STATE OUTPUT. IN ASYNCHRONOUS MODE, EOC IS AN OPEN DRAIN OUTPUT. 

3DATA SHOULD NOT BE ENABLED DURING A CONVERSION. 


Figure 1. Conversion Timing 


LOW BYTE 


Figure 2. Output Timing 


| 
hee 


TE 
"EOC IS A THREE-STATE OUTPUT IN SYNCHRONOUS 
MODE AND AN OPEN DRAIN OUTPUT IN ASYNCHRO- 
NOUS. ACCESS (t,,) AND FLOAT (t,,) TIMING SPECIFI- 
CATIONS DO NOT APPLY IN ASYNCHRONOUS MODE 
WHERE THEY ARE A FUNCTION THE TIME CONSTANT 
FORMED BY THE 10 pF OUTPUT CAPACITANCE AND 
THE PULL-UP RESISTOR. 


EOCEN 


Figure 3. EOC Timing 


TEST 


ACCESS TIME HIGH Z TO LOGIC LOW 
FLOAT TIME.LOGIC HIGH TC HIGH Z 


Figure 4. Load Circuit for Bus Timing Specifications 
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AD679 


ABSOLUTE MAXIMUM RATINGS* _ 


With 
Respect 
To 


Specification * Units 


Vec (Note 1) © 
Vpp — . 
AGND | 
AIN, REF yy 
Digital Inputs 
Digital Outputs 
‘Max Junction 
Temperature 


aacccaecoe 


3 


ESD SENSITIVITY _ 


| With 
Respect 


Specification tes To 


Operating 
Temperature _ 
J and K Grades 
A and B Grades © 
S and T Grades 
Storage Temperature 
Lead Temperature 
(10 sec max) 


i °C : : 
. °C oe - 
°C 
°C 


NOTES 


*Stresses above those listed under “Absolute Maximum Ratings” may cause perma- 
nent darnage to the device. This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 


1The AD679 is not designed to operate from +15 V supplies. 


The AD679 features input protection circuitry consisting of large “distributed”’ diodes and | 
polysilicon series resistors to dissipate both high energy discharges (Human Body Model) and fast, | 


low energy. pulses (Charged Device Model). Per Method 3015.2 of MIL- STD-883C, the AD679 © 


has been classified as a Category 1 device. 


- Proper ESD precautions are strongly recommended to avoid functional damage or performance 
degradation. Charges as high as 4000 volts readily accumulate on the human body and test equip- 
ment and discharge without detection.. Unused devices must be stored in conductive foam or 


WARNING! 


arr 4 


ESD SENSITIVE DEVICE 


Wa | 


shunts, and the foam should be discharged to the destination socket before devices are removed. 
For further information on ESD precautions, refer to Analog Devices’ ESD Prevention Manual. 


PIN DESIGNATIONS | 


DIP Package 


AD679 


TOP VIEW 
(Not to Scale) 
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IDENTIFIER 


' AD679 


‘TOP VIEW 
” (Not to Scale) 


18 19 20 21 22 23 : 
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ANALOG -———-10-Bit 20 MSPS 
DEVICES | Monolithic A/D Converter 


AD773A 


FEATURES FUNCTIONAL BLOCK DIAGRAM 
Monolithic 10-Bit 20 MSPS A/D Converter | 2 
Low Power Dissipation: 1.0 W | REFIN REFGND AVpp AGND AVss DVpp DGND ORVpp DRGND 


Signal-to-Noise Plus Distortion Ratio 

fin = 1 MHz: 56 dB 

fin = 10 MHz: 54 dB Via 
Guaranteed No Missing Codes Vine 2) 
On-Chip Track-and-Hold Amplifier 
100 MHz Full Power Bandwidth 
High Impedance Reference Input 


Out of Range Output cLock @3) MING 
Twos Complement and Binary Output Data CORRECTION LOGIC 
Available in Commercial and Military Temperature 

Ranges (See Military/Aerospace Reference Manual 


for Specifications) 


@9)—(5)—() _(3) 
OTR MSB BIT1 BIT 10 
(MSB) (LSB) 
PRODUCT HIGHLIGHTS 
PRODUCT DESCRIPTION 1. On-board THA 
The AD773A is a monolithic 10-bit, 20 Msps analog-to-digital The high impedance differential input THA eliminates the 
converter incorporating an on-board, high performance track- need for external buffering or sample and hold amplifiers. 
and-hold amplifier (THA). The AD773A converts video band- The: THA offers the choice of differential or single-ended 
width signals without the use of an external THA. The AD773A inputs. Input current is typically 5 pA. 
implements a multistage differential pipelined architecture with 2. High Impedance Reference Input a ey 
output error correction logic. The AD773A offers accurate per- The high impedance reference input (200 kQ) allows direct 
formance and guarantees no missing codes over the full operat- connection with standard +2.5 V references, such as the 
ing temperature range. AD680, AD580 and REF43. | 
Output data is presented in binary and twos complement for- 3. Output Data Flexibility 
mat. An out of range (OTR) signal indicates the analog input Output data is available in bipolar offset and bipolar twos 
voltage is beyond the specified input range. OTR can be complement binary format. 


decoded with the MSB/MSB pins to signal an underflow or 
overflow condition. The high impedance reference input allows 
multiple AD773As to be driven in parallel from a single 
reference. | 


4. Out of Range (OTR) 
The OTR output bit indicates when the input signal is 
beyond the AD773A’s input range. 


The combined dc precision and dynamic performance of the 5. Military Temperature Range 


AD773A is useful in a variety of applications. Typical applica- 
tions include: video enhancement, HDTV, ghost cancellation, 
ultrasound imaging, radar and high speed data acquisition. 


The AD773A was designed using Analog Devices’ ABCMOS-1 
process which utilizes high speed bipolar and 2-micron CMOS 
transistors on a single chip. High speed, precision analog cir- 
cuits are now combined with high density logic circuits. Laser 
trimmed thin film resistors are used to optimize accuracy and 
temperature stability. 


The AD773A is packaged in a 28-pin ceramic DIP and is avail- 
able in commercial (0°C to +70°C) and military (—55°C to 
+125°C) grades. 
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/ADT73A—SPECIFICATIONS er 
DC SPECIFICATIONS Sens" 5,°5" 25 Max —Avs Mes 48V 5% 


AD773AJ ~ AD773AK 


Parameter | | 
RESOLUTION 
DC ACCURACY 
Integral Nonlinearity 
Tyan to Tyax 
. Differential Linearity Error | 
Tm tO Tyax . 
Zero Error 


- Gain Error . 
No Missing Codes 


ANALOG INPUT 
Input Range 
Input Current — 
Input Capacitance 
REFERENCE INPUT 
Reference Input Resistance 7 
Reference Input 


LOGIC INPUT | 
High Level Input Voltage 
Low Level Input Voltage 
High Level Input Current (V;, = DVpp) 
Low Level Input Current (V;, = 0 re 
Input Capacitance 


LOGIC OUTPUTS 
High Level Output Voltage (Ij;; = 0.5 mA) . 
Low Level Output Voltage (lot = = 1.6 mA) © 


POWER SUPPLIES | 
Operating wolaess 


DVpp, DRVpp 
Operating Current 
IAVpp . 
IAVss _ 
IDVpp 
IDRVpp' 


POWER CONSUMPTION? 

POWER SUPPLY REJECTION 

TEMPERATURE RANGE 
Specified (J/K) 

NOTES | 


Ce = 15 pF. 
2100% production tested. 


Specifications subject to change without notice. See Definition of Speaticanons for additional information. 
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(Ty tO Trax With AVypp = +5 V + 5%, AVoo = —5 V + 5%, DV), = +5 V + 5%, DRV,, = +5 V 
AC SPECIFICATIONS + 5%, Veep = +2.500 V unless otherwise indicated, fsampLe = 20 Msps, f,, amplitude = 05 dB) 


AD773AJ AD773AK 
7 Min i | Units 
DYNAMIC PERFORMANCE! | 


Signal-to-Noise plus Distortion 
(S/N+D) Ratio 


Parameter 


fin = 1 MHz dB 
fin = 10 MHz dB 
Effective Number of Bits (ENOB) 
fin = 1 MHz Bits 
fin = 10 MHz Bits 
Total Harmonic Distortion (THD) 
fin = 1 MHz dB 
fin = 10 MHz dB 
Spurious Free Dynamic Range? dB 
Full Power Bandwidth MHz 
Intermodulation Distortion (IMD)* 
Second Order Products dB 
Third Order Products dB 
Differential Phase Degree 
Differential Gain % 
Transient Response ns 
Overvoltage Recovery Time ns 
NOTES 
'For typical dynamic performance curves at fs, mpi = 20 Msps see Figures 2 through 7. 
f= 1 MHz. 


fa = 1.0 MHz, fb = 1.05 MHz. 
Specifications subject to change without notice. 


(for all grades Twin to Twax with AVop = +5 V = 5%, AV 5. = —5 V + 5%, DVon = +5 V + 5%, 


TIMING SPECIFICATIONS orv,, = +5 v + 5%, Veer = +2500 V unless otherwise indicated, fcuyp< = 20 Msps) 


Conversion Rate 


Clock Period ns 
Clock High ns 
Clock Low ns 
Output Delay ns 
Aperture Delay ns 
Aperture Jitter ps 


Pipeline Delay (Latency) Clock Cycles 


N 
fey | 
CLOCK N Net | 
|ton | ter | “ | = top 
BIT 1-10 DATA DATA 
MSB, OTR N Ne 


Figure 1. AD773A Timing Diagram 
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CAUTION ___-__ 


ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the AD773A features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 


ABSOLUTE MAXIMUM RATINGS* 


Parameter With Respect to Units 


wa 


ESD SENSITIVE DEVICE } 


PIN CONFIGURATION 
REFGND | 1 | 128] AGND 
REFIN | 2 | TTT Ve 
AVes [3 | 26] Vina | 
AVop [4 [25] AVgg 
AGND | 5 | _ ARLES 124] DVpp 
DGND | 6| ea ae) 23 | CLK | | 
DRV pp 122] DRVpp.- 
DRGND [8 _ _. [21] DREND 
BIT 10(LSB)| 9 | OTR 


BIT 9 19 | MSB 


AGND V 
AGND V 
ina> Vins AGND V 
DVpp; DRVpp DGND, DRGND V 
AGND DGND, DRGND V 
AVpp DVpp; DRVpp V 
CLK DVyp; DRVpp V 
REFIN REFGND, AGND V 
Junction Temperature °C 
Storage Temperature °C 
Lead Temperature 
(10 sec) °C 


| | 7 BIT 8 | 11| 148] BIT 1 (MSB) 

_ Stresses above those listed under “Absolute Maximum Ratings” may cause a eo. 
permanent damage to the device. This is a stress rating only and functional ay ane 
operation of the device at these or any other conditions above those indicated aes BIT 6 13 | 46 | BIT 3 
in the operational sections of this specification is not implied. Exposure to 

BITS [14] 5] era 


absolute maximum ratings for extended periods may affect device reliability. 


ORDERING GUIDE’ 
Package 
Model | 


Temperature 

Range __—i| Description | Option? 
AD773AJD_ }. 0°C to +70°C | 28-Pin Ceramic DIP D-28 
AD773AKD | 0°C to +70°C | 28-Pin Ceramic DIP | D-28 


NOTES 3 


1See Military/Aerospace Reference Manual for AD773ASD/883B _ 
specifications. 
2D = Ceramic DIP. For outline information see Package Information section. 
PIN DESCRIPTION 

Symbol } Pin No. | Type | Name and Function 

AGND Analog Ground. 

AVpp | +5 V Analog Supply. 

AVss —5 V Analog Supply. 
~ MSB Inverted Most Significant Bit. Provides twos complement output data format. 
OTR Out of Range is Active HIGH on the leading edge of Code 0 or the trailing edge of Code 1023. 

| | See Output Data Format Table II. | 
BIT 1 (MSB) Most Significant Bit. 
BIT 2-BIT 9 Data Bit 2 through Data Bit 9. 


BIT 10 (LSB) 
CLK 


Least Significant Bit. | | | 
Clock Input. The’'AD773A will initiate a conversion on the falling edge of the clock input. See the 
Timing Diagram for details. 


DVpp +5 V Digital Supply. se | 
DRVpp +5 V Digital Supply for the output drivers. 

~ DGND Digital Ground. - 
DRGND | Digital Ground for the output drivers. 
REFGND REFGND is connected to the ground of the external reference. | | 
REFIN REFIN is the external 2.5 V reference input, taken with respect to REFGND. 
Vina (+) Analog input signal to the differential input THA. 

— Vins (—) Analog input signal to the differential input THA. 


Type: AI = Analog Input; DI = Digital Input; DO = Digital Output; P = Power. 
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INTEGRAL NONLINEARITY (INL) 

Linearity, error refers to the deviation of each aaiedual code 
from a line drawn from “zero” through “full scale.” The point 
used as “zero” occurs 1/2 LSB before the first code transition. 
“Full scale” is defined as a level 1 1/2 LSB beyond the last code 
transition. The deviation is measured from the center of each 
particular code to the true straight line. 


DIFFERENTIAL LINEARITY ERROR ONE: NO 
MISSING CODES) 

An ideal ADC exhibits code transitions that are exactly 1 LSB 
apart. DNL is the deviation from this ideal value. 


ZERO EROR | 

The major carry transition should occur for an analog value 1/2 
LSB below analog common. Zero error is defined as the devia- 
tion of the actual transition from that point. . 


GAIN ERROR 

The first code transition should occur for an analog value 1/2 
LSB above nominal negative full scale. The last transition 
should occur 1 1/2 LSB below the nominal positive full scale. 
Gain error is the deviation of the actual difference between first 
and last code transitions and the ideal difference between first 
and last code transitions. 


POWER SUPPLY REJECTION 

One of the effects of power supply variation on the performance 
of the device will be a change in gain error. The specification 
shows the maximum gain error, deviation as the supplies are var- 
ied from their nominal values to their specified limits. 


SIGNAL- TO-NOISE PLUS DISTORTION (S/N+D) 
RATIO | 

S/N+D is the ratio of the rms value of the measured input sig- 
nal to the rms sum of all other spectral components including 
harmonics but excluding dc. The value for S/N+D is expressed 
in decibels. 


EFFECTIVE NUMBER OF BITS (ENOB) 
ENOB is calculated from the following expression: 


S/N+D = 6.02N + 1.76, where N is equal to the effective 
number of bits. 


TOTAL HARMONIC DISTORTION (THD) 

THD is the ratio of the rms sum of the first six harmonic com- 
ponents to the rms value of the measured input oie and is 
expressed asa percentage or in decibels. 


SPURIOUS FREE DYNAMIC RANGE 

The peak spurious or peak harmonic component is the largest 
spectral component excluding the input signal and dc. This 
value is expressed in decibels relative to the rms value of a full- 
scale input signal. 
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INTERMODULATION DISTORTION (IMD) 

With inputs consisting of sine waves at two frequencies, fa and 
fb, any device with nonlinearities will create distortion products, 
of order (m+n), at sum and difference frequencies of mfa+nfb, 
where m, n = 0, 1, 2,3... . Intermodulation terms are those 
for which m or n is not equal to zero. For example, the second 
order terms are (fa+fb) and (fa—fb) and the third order terms 
are (2fa+fb), (2fa—fb), (fa+2fb) and (fa—2fb). The IMD prod- 
ucts are expressed as the decibel ratio of the rms sum of the 
measured input signals to the rms sum of the distortion terms. 
The two signals are of equal amplitude and the peak value of 
their sums is —0.5 dB from full scale. The IMD products are 
normalized to a 0 dB input signal. 


DIFFERENTIAL GAIN 

The percentage difference between the output amplitudes of a | 
small high frequency sine wave at two stated levels of a low fre- 
quency signal on which it is superimposed. 


DIFFERENTIAL PHASE 

The difference in the output phase of a small high frequency 
sine wave at two stated levels of a low frequency signal on which 
it is superimposed. 


TRANSIENT RESPONSE : 
The time required for the AD773A to achieve its rated accuracy 
after a full-scale step function is applied to its input. 


OVERVOLTAGE RECOVERY TIME 

The time required for the ADC to recover to full accuracy after 
an analog input signal 150% of full scale is reduced to 50% of 
the full-scale value. 


APERTURE DELAY . . 
The difference between the switch delay and the analog delay of 
the THA. This effective delay represents the point in time, rela- 
tive to the falling edge of the CLOCK input, that the analog 
input 1s sampled. 


APERTURE JITTER 
The variations in aperture delay for successive samples. 


PIPELINE DELAY (LATENCY) 

The number of clock cycles between conversion initiation and 
the associated output data being made available. New output 
data is provided every clock cycle. 


FULL POWER BANDWIDTH 
The input frequency at which the amplitude of the recon- 
structed fundamental is reduced by 3 dB for a full-scale input. 
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manna Hh : 


0 ‘i 
1E+05 1E+06 1E+07 1E+08 1E+05 1E+06 1E+07 1E+08 1E+09 
FREQUENCY — Hz " FREQUENCY — Hz . , 


S/IN‘D-dB 
AMPLITUDE - dB 


Figure 2. S/N +D vs. Input Frequency, fork = 20 MSPS - Figure 5. Harmonic Distortion vs. Input Frequency, 
So | ae fork = 20 MSPS: Small Signal 


fiy AMPLITUDE = -0.5 


S/(N+D) = 56dB 


2ND HARMONIC = -78dB a ae 


3RD HARMONIC = -73dB 


CMR -dB 
AMPLITUDE-dB. 


1E+05 46406 — 1E407 1608 0 143 26 38 S11 64 77 #29 10 
| FREQUENCY — Hz 2 __ FREQUENCY - MHz 
Figure 3. CMR vs. Input Frequency, fork = 20 MSPS Figure 6. Typical FFT Plot of AD773A, four = 20 MSPS, 


fix, = 1 MHz at 1 V p—p 


py ee ae 
fy = 9.9MHz 


ain ~ fy AMPLITUDE = -0.5 
rs) a THD = -63dB 
ir = 40 S/(N+D) = 54dB 
ws a 
P e -* 
E Se 
5 B00 
< 4 
rip ACI | s 
GS SAN NAC -20 
3RD HARMONIC | -90 
2ND ceook : | 
-100 : 
1E+05 1E+06 1E+07 1E+08  1E+09 0 13 25 38 51 64 76 89 10 
FREQUENCY - Hz _. FREQUENCY - MHz 
Figure 4. Harmonic Distortion vs. Input Frequency, __ Figure 7. Typical FFT Plot of AD773A, for, = 20 MSPS, 
fork = 20 MSPS: Full Power fin = 9.9 MHz at 1 V p-p 
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Theory of Operation 


The AD773A uses a pipelined multistage architecture with a 
differential input, fast settling track-and-hold amplifier (THA). 
Traditionally, high speed ADCs have used parallel, or flash 
architectures. When compared to flash converters, multistage 
architectures reduce the power dissipation and die size by reduc- 


ing the number of comparators. For example, the AD773A uses | 


48 comparators compared to 1023 comparators for a 10-bit flash 
architecture. 


The AD773A’s main signal path transmits differential current 
mode signals. Low impedance current summing techniques are 
employed, increasing speed by reducing sensitivity to parasitic 
capacitances. Pipelining allows the stages to operate concurrently 
and maximizes system throughput. | 


The input THA is followed by three 4-bit conversion stages. At 
any given time, the first stage operates on the most recent sam- 
ple, while the second stage operates on a signal dependent on 
the previous sample. This process continues throughout all three 
stages. The twelve digital bits provided by the three 4-bit stages 
are combined in the correction logic to produce a 10-bit repre- 
sentation of the sampled analog input. 


Pipeline delay, or latency, is four clock cycles. New a data 
is provided every clock cycle and is provided in both binary and 
twos complement format. The AD773A will flag an out-of-range 
condition when the analog input exceeds the specified analog 
input range. 


Applying the AD773A 


DRIVING THE AD773A INPUT 

The AD773A may be driven in a single-ended or differential 
fashion. V;y,, 1s the positive input, and Vx, 1s the negative 
input. In the single-ended configuration either Vin, or Vyyp iS 
connected to Analog Ground (AGND) while the other input is 
driven with a full-scale input of +500 mV p-p. An inverted 
mode of operation can be achieved by amply interchanging the 
input connections. 


Both inputs of the AD773A, Vj, and Vyyp,, are high imped- 
ance and do not need to be driven by a low impedance source. 
Note, however, that as the source impedance increases, the 
input node becomes more susceptible to noise. The increased 
noise at the input will degrade performance. A 10 pF capacitor 
across Vix, and Vixp as Shown in Figure 8 is recommended to 
bypass mee frequency noise. | 


26 Vina 


AD773A 


Vins | 


- Figure 8. AD773A Single-Ended Input Connection 
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INPUT CONDITIONING 

In some cases, it may be appropriate to buffer the input source, 
add dc offset, or otherwise condition the input signal of the 
AD773A. Choosing an appropriate op amp will vary with system 
requirements and the desired level of performance. Some sug- | 
gested op amps are the AD9617, AD842, and AD827. . 


Figure 9 shows a typical application where a unipolar signal is 
level shifted to the bipolar input range of the AD773A. Note 
that the reference used with the AD773A can also provide a ° 
noise-free voltage source to generate the dc offset. 


2.49k2 


4992 
+2.5V 


ANALOG 
INPUT 
(0 TO +1V) 


Figure 9. Unipolar to Bipolar Input Connection 


DIFFERENTIAL INPUT CONNECTIONS 

Operating the AD773A with fully differential inputs. offers the 
advantage of rejecting common-mode signals. present on both 
Vina and Ving. The full-scale input range of Vj, and Ving 
when driven differentially is +250 mV p-p as shown. in Table I. 


Table I. AD7 73A’s Maximum Differential Input Voltage 
Vina-Vins 


—250 mV | +500 mV 
+250 mV 


In some applications it may be desirable to convert a single- 
ended signal to a differential signal before being applied to the 
AD773A. Figure 10.shows a single-ended to differential video 
line driver capable of driving doubly terminated cables. 


Vina 
+250 mV 
—250 mV 


Figure 10. Single-Ended to Differential Connection 
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REFERENCE INPUT 
The AD773A’s high impedance referee input alles aie 
connection with standard voltage references. Unlike the resistor. 


ladder requirements of a flash converter the AD773A’s single. 
pin, high impedance input can be driven from one low cost, low | 


power reference. The high impedance input allows multiple .. 


AD773A’s to be driven from one reference thus minimizing drift 


errors. 


Figure il shows the AD773A connected t to thé AD680: The . e 


AD680 is a single. supply, low power, low cost 2.5 V reference 
with performance specifications ideally suited for the AD773A. 
The low pass filter minimizes the AD680’s wideband noise. 
Other recommended 2.5 V references are the ADS80 and 
REF43. 


(2) ne IN 
AD773A 


(1) REF GND 


Figure 11. Recommended AD773A to AD680 Connection 


CLOCK INPUT 

The AD773A’s pipelined aca operates on bath the ris- 
ing and falling edges of the clock input. A low jitter, symmetri- 
cal clock will provide the highest level of performance. The’ 
recommended logic family to drive the clock input is HC. The 
AD773A’s minimum clock half cycle may necessitate the use 

of an external divide-by-two circuit as shown in Figure 12. 
Power dissipation will vary with input clock frequency as shown 
in Figure 13. ; 


Figure 12. Divide-by-Two Clock Circuit 
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1.08 
OT ean 


1.06 | 


1.02 : 
' .4.0E+07 2.06407, 


1.5E+07 
SAMPLE FREQUENCY — Hz 


peIgure: 13. Power Dissipation vs. Sample Frequency _ 


EQUIVALENT ANALOG INPUT CIRCUIT . 

The AD773A equivalent analog input circuit is shown in Fig-, 
ure 14. The typical input bias current is 5 wA, while input 
capacitance is typically 5 pF. In the single-ended input configu- 
ration one input is connected to AGND while the second input 
is driven to full scale (+500 mV). Under nominal conditions the | 
collector of the input transistor is at +1.15 V. This allows sig- _ 
nals to be offset by up to +0. 65 V without significantly degrad- 
ing performance. In the negative direction, the emitter of the — 
input transistor should not drop below —1. 25 V. Therefore, sig- 
nals can be offset by —0.65 V without significant performance _ 
degradation. Figure 15 shows Signal os -noise ratio vs. Common- 
mode input voltage. : 


+1.15V 


—ADT73A 


S/N+D - dB 


-1.4.-1.2 -1.0 -0.8 -0.6 -0.4 -0.2 00°02 04 06 08 1.0 
COMMON MODE INPUT VOLTAGE - V 
Figure 15. S/N+D vs. Common- Mode Input Voltage, 
pce 20 MSPS 
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EQUIVALENT REFERENCE INPUT CIRCUIT 

The AD773A is designed to have a reference to analog input 
voltage ratio of 2.5:1. When the AD773A is configured for 
single-ended operation a 2.5 volt reference input establishes a 
full-scale analog input voltage of 1 V p—p (+500 mV with 
respect to Vj,;,). Although the AD773A is specified and tested 
with Veer equal to 2.5 V and V,,, equal to +500 mV the refer- 
ence input voltage and analog input voltages can be changed. To 
optimize the AD773A’s performance the 2.5:1 ratio should be 
maintained. The simplified model of the AD773A’s reference 
input circuit is shown in Figure 16.: 


AD773A 


a 


Figure 16. Typical Reference Input Circuit 


The 2.5 V external reference is applied across resistor R1 pro- 
ducing a current which in turn generates a voltage Vpyas. Multi- 
ple reference currents are generated from Vx,;,s and are used 
throughout the converter. R3 is used to cancel errors induced by 
the input bias current of the REFGND buffer. Figure 17 shows 
the SNR performance as the reference voltage is varied from its 
nominal value of 2.5 V. The input full-scale voltage is defined 
by the following equation, 7 


Reference Voltage 
2.5 


The power dissipation is modulated by variations in the refer- 
ence voltage. Figure 18 shows the variation in power dissipation 
versus reference voltage. 


|__| 
HU eee 
PATE animale 


Input Full-Scale Voltage = 


S/N+D - dB 


- REFERENCE INPUT VOLTAGE - V 


_ Figure 17. S/N+D vs. Reference Input Voltage, 
fork = 20 MSPS, fin = 1 MHz 
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POWER - W 


Figure 18. Power Dissipation vs. Reference Input Voltage, 
fotock = 20 MSPS . 


TRANSIENT RESPONSE 

The fast. settling input THA accurately converts full-scale input 
voltage swings in under one clock cycle. The THA’s high 
impedance, fast slewing performance is critical in multiplexed’ or 
dc stepped (charge coupled devices, infrared detectors) systems. 
Figure 19 show the AD773A’s settling performance with an 
input signal stepped from —500 mV to 0 V. As can be seen, the 
output code settles to its final value in under one clock cycle. 


CODE 


Figure 19. Typical AD773A Settling Time 
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OUTPUT DATA FORMAT 

The AD773A provides both MSB and MSB outputs, delivering 
positive true offset: binary and twos complement output data. 
Table II shows the AD773A’s output data format. . 


Table Il. Output Data Format 


Analog Input Digital Output | 


‘Twos 


Vina-Vine Complement 


=499.5 mV 1 lilt 111i 01 1111 1111 1 
499 mV Wi O1 1111 1111 0 
0 mV 10 0000 0000 00 0000 0000 0 
—500 mV 00 0000 0000 10 0000 0000 0 
<—500.5 mV 10 0000 0000 1 


00 0000 0000 


OUT OF RANGE | 


An out-of-range condition exists when the analog input voltage 


is beyond the input range (+500 mV) of the converter. [Note 
the AD773A has a 4 clock cycle latency:] OTR (Pin 20) is set - 
low when the analog input voltage is within the analog input 
range. OTR is set HIGH and will remain HIGH when the ana- 
log input voltage exceeds the input range by 1/2 LSB from the . 
center of the. + full-scale output codes..OTR will remain HIGH 


until the analog input is within the input range. Note that if the : 


input is driven beyond +1.5 V, the digital outputs may. not stay 
at +FS, but may actually fold back to midscale. By logical 
ANDing OTR with the MSB and its complement, overrange 
high or underrange low conditions can be detected. Table III is 
a truth table for the over/under range circuit in Figure 20. Sys- 
tems requiring programmable gain conditioning prior to the . 
AD773A can immediately detect an out of range condition, thus 
eliminating gain selection iterations. 


OVER ="{" 
OTR — 

UNDER = wa" 
MSB 


Figure 20. Overrange or Underrange Logic 


Table III. Out-of-Range Truth Table | 


ANALOG INPUT IS 


In Range 
In Range 

Underrange 
Overrange 


=e © © 


2-90 ANALOG-TO-DIGITAL CONVERTERS 


GROUNDING. -AND LAYOUT RULES » a ee 
As is the case for any. high performance aes proper. arora: 
ing and layout. techniques are essential in achieving optimal per-. 


_ formance..(Note— — Figures. 22-26 are not to scale.) The analog. 


and digital grounds on the AD773A have been separated to opti- - 
mize the management of return currents in a system. It is rec- 
ommended that a,4- -layer printed circuit board (PCB) which . 
employs ground planes and power planes be used with the | 
AD773A. The use of ground and power plese offers distinct 
advantages: 


1. The minimization of the iss area aoe Be a our 


and its return path. 


2. The minimization of the impedance associated with ground 
and power paths. 


3. The inherent distributed capacitor formed by the power 
plane, PCB insulation, and ground plane. 


These characteristics result in both a reduction of electro- 
magnetic interference (EMI) ao an 1 overall improvement in 
performance. 


It is important to icons a vais which prevents noise from 
coupling onto the input signal. The wide input bandwidth of the 
AD773A permits noise’ outside the desired Nyquist bandwidth 


to be sampled along with the desired signal. This can result in a 


higher overall level of spurious noise in the digitized output. 
Digital signals should not be run in parallel with the circuitry. It 
is also suggested that the traces associated with Mina a and a Vins 


_ be the same length. 


Separate analog and digital grounds chad Ke ‘oined pear 
directly under the AD773A (see Figure 24). A solid ground 
plane under the: AD773A is also acceptable if care is taken in 
the management of the power and ground return currents. A 
general “rule-of-thumb” for mixed signal layouts dictates that ° 
the return currents from digital circuitry should not pass: 
through critical analog circuitry. 


POWER SUPPLY DECOUPLING 
The analog and digital supplies of the AD773A have been sepa- | 
rated to prevent the typically large transients associated with 
digital circuitry from coupling into the analog supplies (AVpp; 
AVss). Each analog power supply pin should be decoupled with 
a 0.1 wF capacitor located as close to the pin as possible. Addi- 
tionally, 0.22 F. capacitors for the DRVpp and DVpp supplies 
are required to adequately suppress high frequency noise. For . 
optimal performance, surface-mount capacitors are recom- 
mended. The inductance associated with the leads of through- 
hole ceramic capacitors typically render them ineffective at 
higher frequencies. A complete system will also incorporate tanta- 
lum capacitors in the 10-100 jF range to decouple low fre- 
quency noise and ferrite beads to limit high frequency noise. - 


The digital supplies have also been separated into DRVpp and 
DVpp. The DRVpp pins provide power for the digital output 
drivers of the AD773A and are likely to contain high energy 
transients. Pin 22 should be decoupled directly to Pin 21 
(DRGND) and Pin 7 should be decoupled directly to Pin 8 
(DRGND) to minimize the length of the return path for these 
transients. A single +5 V supply is all that is required for 
DRVpp and DVpp; but decoupling DVpp ee an RC filter 
network i iS suggested (see Figure 21). i 
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Figure 21. AD773A Evaluation Board Schematic 


Table IV. Components List 


Reference Designator 


~ R2, R4 


Resistor, 1%, 49.9 


R5, R6, R11-R22 Resistor, 5%, 22 0 14 
R7, R8 Resistor, 5%, 39 Z 
R9 Resistor, 5%, 75 Q 1 
P.10 | Resistor, 5%, 560 2) _ 1 

~~. Cl, C3-C8, C11, C14, C17-C21 | Chip Cap, 0.1 pF 14 
C2 , Capacitor, Tantalum, 10 F | 1 
C9, C12, C15 Chip Cap, 0.01 pF 3 
C10, C13, Cl6 Capacitor, Tantalum, 22 wF | 3 
Ul AD773A ] 
U2 ADV7122 | 
U3 AD680 ] 
U4 AD589 ] 
US 74AS04 1 
FB1-FB3 Ferrite Bead 3 
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Figure 22. Component Side PCB Layout 
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Figure 23. Solder Side PCB Layout 
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Figure 25. Power Layer PCB Layout 
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Figure 26. Silkscreen Layer PCB Layout 
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FEATURES 
CMOS 8-Bit 20 MSPS Sampling A/D Converter 
Low Power Dissipation: 60 mW 
+5 V Single Supply Operation 
Differential Nonlinearity: 0.3 LSB 
Differential Gain: 1% 
Differential Phase: 0.5 Degrees 
Three-State Outputs 
On-Chip Reference Bias Resistors 
Adjustable Reference Input 
Video Industry Standard Pinout 
Small Packages: 
24-Pin, 300 Mil SOIC Surface Mount 
24-Pin, 400 Mil Plastic DIP 


PRODUCT DESCRIPTION 

The AD775 is a CMOS, low power, 8-bit, 20 Msps sampling 
analog-to-digital converter (ADC). The AD775 features a built- 
in sampling function and on-chip reference bias resistors to pro- 
vide a complete 8-bit ADC solution. The AD775 utilizes a 
pipelined/ping pong two-step flash architecture to provide high 
sampling rates (up to 35 MHz) while maintaining very low 
power consumption (60 mW). 


Its combination of excellent DNL, fast sampling rate, low dif- 
ferential gain and phase errors, extremely low power dissipation, 
and single +5 V supply operation make it ideally suited for a 
variety of video and image acquisition applications, including 
portable equipment. The AD775’s reference ladder may be con- 
nected in a variety of configurations to accommodate different. 
input ranges. The low input capacitance (11 pF typical) provides 
an easy-to-drive input load compared to conventional flash 
converters. | 


The AD775 is offered in both 300 mil SOIC and 400 mil DIP 
plastic packages, and is designed to operate over an extended 
commercial temperature range (—20°C to +75°C). 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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PRODUCT HIGHLIGHTS | . 

Low Power: The AD775 has a typical supply current of 12 mA, ~ 
for a power consumption of 60 mW. Reference ladder current :; 
is also low: 6.6 mA typical, minimizing the reference power ._ . 
consumption. : , : 


Complete Solution: The AD775’s switched capacitor design fea- 
tures an inherent sample/hold function: no external SHA is ~ 
required. On-chip reference bias resistors are included to allow a 
supply-based reference to be generated without any external 
resistors. ae 


Excellent Differential Nonlinearity: The AD775 features a typi- | 
cal DNL of 0.3 LSBs, with a maximum limit of 0.5 LSBs. No 
missing codes is guaranteed. 


Single +5 V Supply Operation: The AD775 is designed to oper- 
ate on a single +5 V supply, and the reference ladder may be 
configured to accommodate analog inputs inclusive of ground. 


Low Input Capacitance: The 11 pF input capacitance of the 
AD775 can significantly decrease the cost and complexity of 
input driving circuitry, compared with conventional 8-bit flash 
ADCs. | | 
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AD775—SPECIFICATIONS tics 20 uterine ericsson 


Parameter oe _ Min Typ. - Max 7] * Units © 
RESOLUTION > 
‘DC ACCURACY. . | | : 
Integral Nonlinearity (INL) a ae oe arg +0.5.. | : | LSB. 
Differential Nonlinearity (DNL) _ 2 +0.3 — LSB 
No Missing Codes | GUARANTEED Nae Fe 
Offset | | - . #8 : #8 a ee ee ee 
To Top of Ladder Var oe : —35 | ) | mV 
- To Bottom of Ladder Vag aw y | +15 | | ~ mV 
VIDEO ACCURACY! a ion | oe eg 
Differential Gain Error es ee ee re cs, ae 
Differential Phase Error : |. Degrees 
ANALOG INPUT | 


Input Range (Va1-Vrs) 
Input Capacitance 


AC SPECIFICATIONS? |* 
Signal-to-Noise and Distortion aac: 
fix = 1 MHz 
fry = 5 MHz. ) 
Total Harmonic Distortion a 
fry = 1 MHz 
fin = 5 MHz 


REFERENCE INPUT 
Reference Input Resistance (Reger) ~ 
Case 1: Var = Vers; Vas = Vrss 
Reference Bottom Voltage (Vr) 
Reference Span (Vp7—Vprp) 
Reference Ladder Current (Iggp) 
Case 2: Var = Vars: Vrs = AVss 
Reference Span (Va7-Vpp) 
Reference Ladder Current (Ipgp) 


POWER SUPPLIES 
Operating Voltages ee _ f ; eS : : an ee 
AVpp | _ 7 of e205 Volts - 
DVpp | _o . . eo | POLS ok Volts. 
Operating Current | | | | | eS eee te 
IAVpp 
IDVpp 
IAVpp + IDVpp 


POWER CONSUMPTION Serer _ mW 


TEMPERATURE RANGE 
- Operating 


 Vpp 


NOTES. 
INSTC 40 IRE modulation ramp, CLOCK = 14.3 MSPS 
7f 4 amplitude = —0.3 dB full scale. 


Specifications subject to change without notice. See Definition of Specifications for additional information. 
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(TI, = +25°C with AVoo, DVo> = +5 V, AVec, DVcc = OV, Ver = 2.6V, Ver = +06 V, 
DIGITAL SPECIFICATIONS ctock = 20 Miz uniess otherwise noted) " 


AD775J 
Parameter i Typ Units 
LOGIC INPUT 
High Level Input Voltage V 
Low Level Input Voltage V 
High Level Input Current 
(Vis = DVpp) pA 
Low Level Input Current 
(Viz = 0V) pA 
Logic Input Capacitance pF 
LOGIC OUTPUTS 
High Level Output Current | 
OE = DVgss, Voy = DVpp—0.5 V mA 
OE = DVpp; Von = DVpp pA 
Low Level Output Current 
OE = DVgs; Voy = 0.4 V mA 
OE = DVpp; Vor = 0V pA 


TIMING SPECIFICATIONS 


Maximum Conversion Rate 
Clock Period 


ns 
Clock High ns 
Clock Low ns 
Output Delay ns 
Pipeline Delay (Latency) Clock Cycles 
Sampling Delay ns 


Aperture Jitter ps 


Specifications subject to change without notice. 


SAMPLE N+2 


VIN 


CLK 


OUT 


DATA N-3 DATA N-2 DATA N-1 


Figure 1. AD775 Timing Diagram 
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| oe PIN DESCRIPTION | 
Pin No. Type | Name and Function - _— a 
1 OE ; | OE = Low | OE = High -_ 
i a Normal Operating Mode. High Impedance Outputs. 
(2, 24 DVss_ Digital Ground. Note: DVgs and AVsg pins should share a common ground plane on the circuit board. — 
DO (LSB) Least Significant Bit, Data Bit0. | 

4-9 D1-D6 Data Bits 1 Through 6.. 

10 ~~ +| D7 (MSB) Most Significant Bit, Data Bit 7. 3 

11, 13 | DVpp +5 V Digital Supply. Note: DVpp and AVpp pins should share a common supply on the circuit board. 
12 CLK — Clock Input. ~ | | : 

16 Vats Reference Top Bias. Short to Vp for Self Bias. 

17 Vert Reference Ladder Top. 

23 | Vrp Reference Ladder Bottom. 

22° i) View Reference Bottom Bias. Short to Vpg for Self Bias. 


14, 15, 18 | AVpp +5 V Analog Supply. Note: DVpp and AVpp pins should share a common supply within 0.5 inches 


of the AD775. — | 

Analog Input. Input Span = Vp7—-Vap. | _— 

Analog Ground. Note: DVss and AVgg pins should share a common ground within 0.5 inches ‘of the 
AD775. 3 


19° Vin 
20, 21 AVss , 


NOTE . ee ee . 
Type: AI = Analog Input; DI = Digital Input; DO = Digital Output; P = Power. 
PIN CONFIGURATION MAXIMUM RATINGS* | Soa 
(DIP and SOIC) Supply Voltage (AVpp, DVpp) ....-.- 0. ee ee ee eet 
: Supply Difference (AVpp-DVpp) 6. jet eee s ee eee 0 V 
OE [ale 24] DVeg Ground Difference (AVss-DVss) ........ riage @.5 vee OV 
OVee [2 | Zs] V Reference Voltage (Vaz, Vas) --- eee eee eee Vpp to Vss 
a a Analog Input Voltage (Vjy) ..-.--.--- feageraccse! Vpp to Vss 
pomee): 13] 22] Vaes Digital Input Voltage (CLK) ............--- Vp to Ves 
get 21) AVss Digital Output Voltage (Vow,Vor) --- ++ .. Vpp to Vsg 
b2 | 5| an 20] AVgs Storage Temperature ..............4. ~—§5°C to +150°C 
ad ll TOP VIEW 19] Vin *Stresses above those listed under “Absolute Maximum Ratings” may cause 
D4 (Not to Scale) 18] AVop permanent damage to the device. This is a stress rating only and functional 
ps [8] 47] Ver _ operation of the device at these or any other conditions above those indicated 
, co. in the operational sections of this specification is not implied. Exposure to 
D6 | 9 | 16] Vars absolute maximum rating conditions for extended periods may affect device 
D7 (MSB) |10) 15] AVop reliability. , 
DVpp [11 14] AVpp | Gi 
CLK [12] 13] DVop ae . 
_ ORDERING GUIDE | 
. Temperature Package 
Range Description 
AD775JN|—20°C to +75°C|24-Pin 400 Mil Plastic DIP|N-24B 
AD775JR | —20°C to +75°C}24-Pin 300 Mil SOIC 4A 
*For Suiting information see Package Information section. 
CAUTION | 


ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the AD775 features ESD protection circuitry, permanent damage may occur on 
devices subjected to high energy electrostatic discharges. Therefore, proper ESD precautions 
are recommended to avoid performance degradation or loss of functionality. © 


| ar a 


ESD SENSITIVE DEVICE 
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S/(N + D) - dB 


Figure 2. S({N+D) vs. Input Frequency at 20 MSPS Clock 


0 1.0 20 30 40 50 60 70 8.0 ; 9.0 10.0 
_ FREQUENCY — MHz 


Figure 3. Typical FFT at 1 MHz Input, 20 MSPS Clock Rate 


DNL - LSB 


0.4 
-FULLSCALE | ; | #FULLSCALE 
Figure 4, Typical Differential Nonlinearity (DNL) 
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Figure 5. THD vs. Input Frequency at 20 MSPS Clock Rate 
(Vin, = —0.3 dB) | 


(0 10 20 30 40 50 60 70 80 90 100 
FREQUENCY - MHz * 


Figure 6. Typical FFT at 5 MHz Input, 20 MSPS Clock Rate 
(Vy = —0.5 dB) | | 


—FULLSCALE +FULLSCALE 


Figure 7. Typical Integral Nonlinearity (INL) ; 
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DEFINITIONS OF SPECIFICATIONS | 

Integral Nonlinearity (INL) | | 

Integral nonlinearity refers to the deviation of each individual . 
code from a Le drawn from “zero” through “full scale.” The 
point used as “zero” occurs 1/2 LSB before the first code transi- 
tion. “Full scale” is defined as a level 1 1/2 LSB beyond the last 
code transition. The deviation is measured from the center of 
each particular code. to the true straight line. 


Differential Nonlinearity (DNL, No Missing Codes) 

An ideal ADC exhibits code transitions that are exactly 1 LSB 
apart. DNL is the deviation from this ideal value. It is often 
specified in terms of the resolution for which no D missing codes 
(NMC) is guaranteed. | ? 


Offset Error 
The first code transition choad occur at a level 1/2 LSB above 
nominal negative full scale. Offset referred to the Bottom of 


Ladder Vag is defined as the deviation from this ideal. The last 


code transition should occur 1 1/2 LSB below the nominal posi- 
tive full scale. Offset referred to the Top of Ladder Vp- is 
defined as the deviation from this ideal. 


Differential Gain 

The percentage difference ne che: output amplitudes of a 
small high frequency sine wave at two stated levels of a low fre- 
quency signal on which it is superimposed. 


THEORY OF OPERATION 
The AD775 uses a pipelined two-step (subranging) flash archi- 
tecture to achieve significantly lower power and lower input 

_ capacitance than conventional full flash converters while still 
maintaining high throughput. The analog input is sampled by 
the switched capacitor comparators on the falling edge of the 
input clock: no external sample and hold is required. The. coarse 
comparators determine the top four bits (MSBs), and select the 
appropriate reference ladder taps. for the fine comparators. With 
the next falling edge of the clock, the fine comparators deter- 
mine the bottom four bits (LSBs). Since the LSB comparators 
require a full clock cycle between their sampling instant and 

. their decision, the converter alternates between two sets of fine 
comparators in a “ping-pong” fashion. This multiplexing allows 
a new input sample to be taken on every falling clock edge, 

_ thereby providing 20 Msps operation. Thé data is accumulated 
in the correction logic and output through a three-state output 
latch on the rising edge of the clock. The latency between input 
sampling and the corresponding converted output is 2:5 clock 
cycles. AG 8 


All three comparator banks utilize the same resistive ladder for 
their reference input. The analog input range is determined by 
the voltages applied to the bottom and top of. the ladder, and 
the AD775 can digitize inputs down to 0 V using a single sup- 
ply. On-chip application resistors are provided to allow the lad- 
der to be conveniently biased by the supply voltage. 


The AD775 uses switched capacitor auto-zeroing techniques to 
cancel the comparators’ offsets and achieve excellent differential 
nonlinearity performance: typically +0.3 LSB. The integral 
nonlinearity is determined by the linearity of the reference lad- 
der and is typically +0.5 LSB. 
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Differential Phase 


_ The difference in the output phase of a small high frequency. 


sine wave at two stated levels ore a low frequency signal on which 
it is superimposed. ; 


Pipeline Delay (Latency) 

The number of clock cycles between conversion initiation and 
the associated output data being made available. New output 
data is provided every clock cycle. | 


Signal-to-Noise Plus Distortion Ratio (S/N+D) 

S/N+D is the ratio of the rms value of the measured input sig-. 
nal to the rms sum of all other spectral components including 
harmonics but excluding dc. The value for S/N+D is expressed 
in decibels. 


Total Harmonic Distortion (THD) 

THD is the ratio of the rms sum of the first six harmonic com- 
ponents tothe rms value of the measured input signal ‘and is 
expressed as a percentage or in decibels. 


APPLYING THE AD775. 


REFERENCE INPUT 

The AD775 features ‘ a resistive reference ladder. dienilae to that 
found in most conventional flash converters. The analog input 
range of the converter falls between the top (Vp) and bottom 
(Veg) voltages of this ladder. The nominal resistance of the lad- 
der is 300 ohms, though this may vary from 230 ohms to 450 
ohms. The minimum recommended voltage for Vpz is 0 V; the 
linearity performance of the converter may deteriorate for input 
spans (Vpp-Vrp) below 1.8 V. While 2.8 V is the recommended 
maximum ladder top voltage (Vp-+), the top of the ladder may 
be as high as the positive supply voltage (AVpp) with minimal : 
linearity degradation. | 


*VALUES FOR 
RESISTANCE 
ARE TYPICAL | 


Figure 8. Reference Configuration: 0.64 V to 2.73 V 
To simplify biasing of the AD775, on-chip reference bias resis- 


tors are provided on Pins 16 and 22. The two recommended 
configurations for these resistors are shown in Figures 8 and 9. 
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In the topology shown in Figure 8, the top of the ladder (Vp+) 
is shorted to the top bias resistor (Vers) (Pin 17 shorted to Pin 
16), while the bottom of the ladder (Vp) is shorted to the bot- 
tom bias resistor (Vpgs) (Pin 23 shorted to Pin 22). This creates 
a resistive path (nominally 725 ohms) between AVpp and AVgg. 
For nominal supply voltages (5 V and 0 V respectively), this 
creates an input range of 0.64 V to 2.73 V. 


Both top and bottom of the reference ladder should be decou- 
pled, preferably with a chip capacitor to ground to minimize 
reference noise. 


The topology shown in Figure 9 provides a ground-inclusive 
input range. The bottom of the ladder (Vpg) is shorted to AVgg. 
(0 V), while the top of the ladder (Vp-,) is connected to the 
on-board bias resistor (Vpys). This provides a nominal input 
range of 0 V to +2.4 V for AVpp of 5 V. The Vaexs pin may be 
left floating, or shorted to AVgg. 


*VALUES FOR 
RESISTANCE 
ARE TYPICAL 


Figure 9. Reference Configuration: 0 V to +2.4 V 


More elaborate topologies can be used for those wishing to pro- 
vide an input span based on an external reference voltage. The 
circuit in Figure 10 uses the AD780 2.5 V reference to drive the 
top of the ladder (Vay), with the bottom (Vg) of the ladder 
grounded to provide an input span of 0 V to +2.5 V. This is 
modified in Figure 11 to shift the 2.5 V span up 700 mV. — 


0.1uF 


NC = NO CONNECT 


Figure 10. Reference Configuration: 0 V to 2.5V 


The AD775 can accommodate dynamic changes in the reference 
voltage for gain or offset adjustment. However, conversions that 
are in progress, including those in the converter pipeline, while 
the reference voltages are changing will be invalid. 
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Figure 11. Reference Configuration: 0.7 V to 3.2 V 


ANALOG INPUT 

The impedance looking into the analog input is essentially 
capacitive, as shown in the equivalent circuit of Figure 12, typi- 
cally totalling around 11 pF. A portion of this capacitance is 
parasitic; the remainder is part of the switched capacitor struc- 
ture of the comparator arrays. The switches close on the rising 
edge of the clock, acquire the input voltage, and open on the 
clock’s falling edge (the sampling instant). The charge that must 
be moved onto the capacitors during acquisition will be a func- 
tion of the converter’s previous two samples, but there should 
be no sample-to-sample crosstalk so long as ample driving 
impedance and acquisition time are provided. 


SWITCHES EACH 
4 CLOCK CYCLE 


| 4 . 
SWITCHES ON ALTERNATE 
{ CLOCK CYCLES 


kes 


C14+02+C3 ~ 11pF Z 


Figure 12. Equivalent Analog Input Circuit (Vp,) 


Vin 


For example, to ensure accurate acquisition (to 1/4 bit accuracy) 
of a full-scale input step in less than 20 ns, a source impedance 
of less than 100 ohms is recommended. Figure 13 shows one 
option of input buffer circuitry using the AD817. The AD817 
acts as both an inverting buffer and level shifting circuit. In 
order to level shift the ground-based input signal to the dc level 
required by the input of the AD775, the supply voltage is resis- 
tively divided to produce the appropriate voltage at the nonin- 
verting input of the AD817. For most applications, the AD817 
provides a low cost, high performance level shifter. The AD811 
is recommended for systems which require faster settling. times. 
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Figure 13. Level Shifting Input Buffer 


The analog input range is set by the voltage at the top and bot- 
tom of the reference ladder. In general, the larger the span 
(Ver- Vrs) the better the differential nonlinearity (DNL) of the 
converter; a 1.8 V span is suggested as a minimum to realize 
good linearity performance. As the input voltage exceeds 2.8 V 
(for AVpp = 4.75 V), the input circuitry may start to ae 
eceiece the ata penornances 


CLOCK INPUT 

The AD775’s internal control circuitry makes use of both piece 
edges to generate on-chip timing signals. To ensure proper 
settling and linearity performance, both tg,, and t., times 
should be 25 ns or greater. .For sampling frequencies at or near. 
20 Msps, a 50% duty cycle clock is recommended. For slower — 
sampling applications,:the AD775 can accommodate a wider — 
range of duty cycles, provided each clock phase is as least 25 ns. 


Under certain conditions, the AD775 can be operated at sam- 
pling rates above 20 Msps. Figure 14 shows the signal-to-noise 
plus distortion (S/(N+D)) performance of a typical AD775 ver- 
sus clock frequency. It is extremely important to note that the 
maximum clock rate will be a strong function of both temperature 
and supply voltage. In general, the part slows down with increas- 


ing temperature and ae supply voltage. 


S(N + D)- dB 


CLOCK FREQUENCY - Miz. 


Figure: 14, SIN+D) vs. Clock prequCney (Temperature = = 
(+25°C) _ 


A significant portion of Ge AD775? S power: dusipction is pro-, 
portional to the clock frequency: Figure 15 illustrates this trade- 
off for a typical part. 
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POWER DISSIPATION—mW 


. ‘CLOCK FREQUENCY - MHz 


Figure 15. Power Dissipation vs. Clock Frequency _ 


In applications sensitive to aperture jitter, the clock signal 

should have a fall time of less than 3 ns. High speed CMOS 

logic families (HC/HCT) are recommended for their symmetrical 
swing and fast rise/fall times. Care should be taken to minimize 
the fanout and capacitive loading of the clock input line. 


DIGITAL INPUTS AND OUTPUTS 

The AD775’s digital interface uses standard CMOS, with logic 
thresholds roughly midway between the supplies (DVss, 
DVpp). The digital output is presented in straight binary for- 
mat, with full scale (1111 1111) corresponding to Vj, = Vert; 
and zero (0000 0000) corresponding to Vin, = Vpg- Excessive 
capacitive loading of the digital output lines will increase the | 
dynamic power dissipation as well as the on-chip digital noise. 
Logic fanout and parasitic capacitance on these lines:should be — 
minimized for optimum noise performance. 


The data output lines may be placed in a high’ output impedance 
state by bringing OE (Pin 1) toa logic high. Figure 16 indicates 
typical timing for access and float delay times (ty; and toy 
respectively). Note that even when the outputs are in a high 
impedance state, activity on the digital bus can couple back to 


the sensitive analog portions of the AD775 and corrupt conver- © 


sions in progress. 


DATA ___.. 

DATA ACTIVE 
OUTPUT THREE- STATE oo ee 
(HIGH IMPEDANCE) 


top = 18ns TYPICAL 


ty, = 12ns TYPICAL 


Figure 16. High Impedance Output Timing 
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— _16-Bit 100 kSPS 
Oversampling ADC 
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FEATURES 

Monolithic 16-Bit Sigma-Delta ADC 
Third-Order Noise Shaping 

96 dB Dynamic Range 

90 dB SNR 

16-Bit 100 kHz Output from FIR Filter 
12-Bit 400 kHz Output from Comb Filter 
No Missing Codes 

<0.001 dB In-Band Ripple 


APPLICATIONS 

Digital Audio Disk/Tape 

Voice Bandwidth Communications 
ADC Support for ADSP-21XX 

High Accuracy Measurement Systems 


PRODUCT DESCRIPTION 
The AD776 is a 16-bit sigma-delta oversampled ADC, incorpo- 


rating a 1-bit third-order modulator and digital decimation filter. 


An on-chip voltage reference circuit is also included. 


The AD776 does not generally require the use of sample-hold 
circuits or complex antialiasing filters as a result of its sigma- 
delta architecture. The output is available both before and after 
the final Finite Impulse Response (FIR) decimation filter. This 
provides the flexibility of optimizing conversion speed or dy- 
namic range: 12-bit/400 kHz (from the comb filter) or 16-bit/ 
100 kHz (from the FIR filter). The serial port provides easy 
interface with a variety of standard processors including the 
ADSP-21XxX. 


The AD776 is specified for ac (or ““dynamic’’) parameters such 
as SNR, THD and IMD which are important in signal process- 
ing and audio applications. Third order noise shaping is 
employed using 64 times oversampling to provide 90 dB SNR 
and —100 dB peak spurious component for signal bandwidths 
up to 45 kHz. 


The AD776 operates from a single +5 V supply and typically 
consumes 350 mW during conversion. The device is packaged 
in 20-pin ceramic DIP (cerdip) and is offered in an industrial 
temperature grade (—40°C to +85°C). 
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FUNCTIONAL BLOCK DIAGRAM 


ANALOG 
FRONT 


4:1 
DECIMATION DECIMATION 
COMB FIR INTERFACE 
FILTER FILTER ; 


SYSTEM TIMING AND CONTROL 


PRODUCT HIGHLIGHTS 


l 


. Analog Front End. The analog input is differential providing | 


increased signal swing, increased power supply rejection 
ratio, and reduced sensitivity to clock jitter. Since the input 
signal is oversampled by a factor of 64, a complex anti- | 
aliasing filter is not needed. 


. Flexible Digital Interface. The AD776 has three output pins | 


for the serial interface: 1) serial data out (DOUT), 2) frame 
sync out (FSO), and 3) serial clock out (DOUT CLOCK). 
The serial port can interface with general purpose DSPs such 
as the ADSP-21XX, TMS320XX, and DSP56001/2 without 
additional “‘glue”’ logic. 


. Inherently Self-Sampling. The AD776 needs no external 


sample-and-hold amplifier to capture and freeze the analog 
input while the conversion takes place. 


. Speed/Performance Options. In addition to the standard 


16-bit resolution at 100 kHz, the output of the comb filter 
can be accessed to provide 12-bit resolution at 400 kHz. 
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AD776— SF ECIFICATIONS (Ty to me AVpp, DVpp = +5 V, FIR filter =_ mode unless athervise noted) 


Parameter _- ; Units 
RESOLUTION . » . Bits” 
TEMPERATURE RANGE “eC 
TOTAL HARMONIC DISTORTION (THD)!: *: 2 dB 
% 
SIGNAL-TO-NOISE RATIO (SNR) 2 ,f, = 48 ksps dB 
Signal to Noise Ratio (SNR)!*?, fg ‘= ~ 100 a dB 
Comb Filter Mode, CLKIN = 12. 8 MHz dB 


PEAK SPURIOUS OR PEAK HARMONIC COMPONENT dB 


INTERMODULATION DISTORTION (IMD)* 


2nd Order Products dB 
3rd Order Products : - dB 
VOLTAGE REFERENCE OUTPUT (Vper) ~(AVpp X 0.4) = 4%  AVpp X04V (AVpp X 0.4) + 4% 


MAXIMUM ANALOG INPUT RANGE? 
MAXIMUM INPUT SIGNAL® 


DC ACCURACY! 
Differential Nonlinearity 
INL 
Gain Error _ 
Midscale Error: 
_ DIGITAL FILTER CHARACTERISTICS. 
Passband Ripple . 
Stopband Attenuation. 


POWER SUPPLY REQUIREMENTS” 2 = c et ie 
Analog Supply Voltage (AVpp) A oe eit 248 . 5.0 © a 8s 55. ‘ 7) eee 


Digital Supply Voltage (DVpp) . = 4.5 : AVpp <>. V 
‘Analog Supply Current 20 | - .mA 
Digital Supply Current a ne ne 20 mA — 
Power Consumption® . wie a 300 ° 400 | = mW 


Power Supply Rejection” “ail a eS s. 70 ; . . I> @B- 


DIGITAL SPECIFICATIONS ee oe . ee 
Parameter a _— - Min 7 = : Typ Max_ ; iia 


LOGIC INPUTS Ps 
Vie _ High Level Input Voltage Vie 
Vin ~ . Low Level Input Voltage vow 
They High Level Input Current pA | 
Tins Low Level Input Current pA 
Cw Input Capacitance pF 
I, Hi-Z Input Current for SDO , pA - 

LOGIC OUTPUTS 4 AHR 2 ; 
Vou High Level Output Voltage Vv 
Vex Low Level Output Voltage Vv. 

NOTES 

TAt +25°C, 


2Analog Input = 1.2 Vrms @ 10 kHz, Vedas MODE = 2: 5 Vv, CLKIN = 6.4 MHz. 

3THD performance can be improved, depending upon the application, by making slight adjustments to the ag common mode voltage at the analog. inputs. 

4IMD measured at f, = 48 kHz and using 61.6 Hz and 986.4 Hz as the input tones (sum of the two peaks added to be —3 dB FS). 

>Applied differentially between AIN+ and AIN-. 

The input signal may be centered at any choice of dc offset voltage as long as peak values are bounded by the Maximum Analog Input Range value. Petfounance may be 
improved by reducing the maximum input signal by 3 dB. For nominal operation, 2.5 V dc offset is recommended. 

?The AD776 may be operated from a single +5 V supply. 

8AVpp, DVpp = 5.5 V; f = 12.8 MHz; Ta = +85°C. 

°With external voltage reference. 


Specifications subject to change without notice. 
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TIMING CHARACTERISTICS ay,,, ov,, = +5 V + 10%, Tym to Tyan) — see Figures 14 through 18. 


f ~ Clock in Frequency ae | 12.8 . MHz 
terK Clock in Period (= 1/f) 78 1000 ns 
tp Duty Cycle 0.475 tex 0:525 teri ns 
ter. Clock LOW 37 41 ns! 
475 525 ns” 
tan Clock HIGH 37 4] ns! 
475 525 ns” 
te _ Rise Time 5 ns 
tp Fall Time 5 ns 
trss Frame Sync Input Setup Time | = 20 78 ns 
oe Frame Sync Input Hold Time 20 =4 ns 
tesir. Frame Sync Input LOW Z tcLK 
tpop Data Output Clock Delay 2D 4 75 ns 
sop Data Output Clock Period 156 ns’ * 
| : 312 ns) 
Pease FSO Setup Time Before CLKIN , 130 ns’ 
focoue FSO Hold Time After CLKIN 130 ns” 
teeqes FSO Setup Time Before DOUT CLK 110 ns” 
(cen FSO HIGH to DOUT CLK Rising Edge 110 ns° 
tio FSI to FSO Delay Nt eae 
5 torK” 
tse; Data Output Setup Time 40 | ns* 
130 . ns 
“ten ~ Data Output Hold Time 40 ns* 

; 130 ns” 
top Data Delay Time 0 20 ns 
tpF Data Float Time 0 20 ——e ns 
NOTES 


1CLKIN = 12.8 MHz. 

*CLKIN = 1 MHz. 

3FSI must be deasserted for at least two CLKIN periods prior to being asserted. 
*Comb Filter mode. 

°FIR Filter mode. 


Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS* *Stresses greater than those listed under “Absolute Maximum Ratings” may 

AV toAGND ............2-.0 25 —0.3 Vto +7.0 V cause permanent damage to the device. This is a stress rating only and 
PP functional operation of the device at these or any other conditions above those 

DVpp to DGND @) We we. we, We Se) Ser eh Teh, eo “eco te er —0.3 V to +7.0 V 4 . Z P ; . ‘ ‘ , . 

indicated in the operational section of this specification is not implied. 

AGND tO DGND: @3.33 cee ace bie) eee ws eee =0.3.¥ Exposure to absolute maximum rating conditions for extended periods may 

Digital Inputs to DGND ............. —-0.3 Vto DVpp affect device reliability. ; 

Analog Inputs tt AGND .............. —0.3 V to AVpp 

REFIN to AGND .............000- —0.3 Vto +2.5 V 

soldering: Cl0:SeC) ..3.2:4.6 ieee eet Re tare +300°C 

Storage Temperature ............... ~, —55°C to +150°C 

CAUTION 


The AD776 features input protection circuitry consisting of large “distributed” diodes and polysili- 
con series resistors to dissipate both high energy discharges (Human Body Model) and fast, low 
energy pulses (Charged Device Model). Per Method 3015.2 of MIL-STD-883C, the AD776 has been 
classified as a Category 1 Device. 


WARNING! S| 
Proper ESD precautions are strongly recommended to avoid functional damage or performance Sarit 41 


degradation. Charges as high as 4000 volts readily accumulate on the human body and test equip- 
ment, and discharge without detection. Unused devices must be stored in conductive foam or shunts, 
and the foam discharged to the destination socket before devices are removed. For further informa- 
tion on ESD precaution, refer to Analog Devices’ ESD Prevention Manual. 


ESD SENSITIVE DEVICE 
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| | AD 776 PIN DESCRIPTION. 

Symbol Type | Name and Function | | 

AGND | ] Analog Ground. Return current for analog front end. No internal connection to DGND. 

AIN+ | 7 2 Analog Signal Input. Noninverting terminal. | 

AIN— 3 Analog Signal Input. Inverting terminal. 

CLKIN 4 Clock In. This TTL compatible input accepts clock frequencies in the range of 

; 1.0 MHz—12.8 MHz, with the output sample rate of the AD776 equal to CLKIN 
divided by 128 in FIR filter mode and 32 in comb filter mode. 

FSI. : 5 Frame Sync Input. FSI is an optional control pin used to synchronize internal 
circuits and to start or reset the serial output data. If FSI is grounded, frame syncs 
will be automatically generated internally. When FSI is brought HIGH, serial data 
is presented at the output (DOUT—Pin 11). The purpose of FSI is to control 
externally the phasing of the A/D conversion process. FSI should be a periodic 
signal occurring every 16 DOUT CLK clock cycles in the 12-bit/400 kHz mode and 
every 32 DOUT CLK clock cycles in the 16-bit/ 100 kHz mode. When utilized, 
FSI must be synchronized to CLKIN as defined in the timing specification (see 
Figure 17). FSI allows multiple AD776s to be synchronized using a common frame 
sync source, requiring a common CLKIN signal. 

FSEL 6 Filter Select. FSEL = “0” selects FIR output. FSEL = “1” selects comb filter output. 

SF 7 Serial Format. Selects output format of DOUT and FSO when FSEL = “0.” . 
See Figures 14b and 15b. | | 

DVpp 8 +5 V +10%. Digital Power Supply. 

FSO Frame Sync Output. Indicates beginning of serial data transmission on DOUT. 

See Timing Diagrams. : 

DOUT CLK 10 Serial Data Clock. See Figures 14a and 14b. In the FIR filter output mode 
(FSEL = 0), DOUT CLK is CLKIN divided by four; in the comb filter output 
mode (FSEL = 1), DOUT CLK is CLKIN divided by two. 

DOUT 11 Data Output. Serial data is transmitted MSB first, twos complement format, 

, once per FSO cycle with the data synchronous with DOUT CLK. 

DOE 12 Data Output Enable. Serial data (Pin 11) is an active output when DOE = “0.” 
Serial data is three stated when DOE = “‘1.” | ed 

DGND 13 Digital Ground. Return current for digital circuitry and pad drivers. 

TP3, TP2, TP, TPO | 14, 15, 16, 17 | Test Points. These pins must be connected to DGND. 

AVpp 18 e3i-V- +10%. Analog Power Supply. 

REFOUT +119 Internal Reference Output. Nominally +2 V with AVpp = +5.0 V. 

REFIN | | 20 Reference Input. +2 V maximum. » 

I = Input -_ | 

O = Output | 

PIN CONFIGURATION | ORDERING GUIDE 


Package - | 
Option* 


Q-20— 


_| Temperature Package 
‘| Range Description | 
—40°C to +85°C | 20-Pin Cerdip 


*For outline information see Package Information section. 


AD776AQ 


AD776 


TOP VIEW 
(Not to Scale) 
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TOTAL HARMONIC DISTORTION 

Total Harmonic Distortion (THD) is the ratio of the rms sum of 
the harmonic components to the rms value of a full-scale input 
signal and is expressed in percent (%) or decibels (dB). 


SIGNAL-TO-NOISE RATIO (SNR) 

Signal-to-Noise Ratio (SNR) is defined to be the ratio of the rms 
value of the measured input signal to the rms sum of all other 
spectral components below the passband. 


INTERMODULATION DISTORTION (IMD) 

With inputs consisting of sine waves at two frequencies, fa and 
fb, any device with nonlinearities will create distortion products, 
of order (m+n), at sum and difference frequencies of 

mfa+ nfb, where m,n = 0, 1, 2, 3. . ... Intermodulation terms 
are those for which m or n is not equal to zero. For example, 
the second order terms are (fa+fb) and (fa—fb), and the third 
order terms are (2fa+fb), (2fa—fb), (fa+2fb) and (fa—2fb). The 
IMD products are expressed as the decibel ratio of the rms sum 
of the measured input signals to the rms sum of the distortion 
terms. The two signals applied to the converter are of equal 
amplitude and the IMD products are normalized to a 0 dB input 
signal. : 


DIFFERENTIAL NONLINEARITY (DNL) 

In an ideal ADC, code transitions are one LSB apart. Differen- 
tial nonlinearity is the maximum deviation from this ideal value. 
It is often specified in terms of resolution for which no missing 
codes are guaranteed. 


INTEGRAL NONLINEARITY (INL) 

The ideal transfer function for an ADC is a straight line drawn 
between “zero” and “full scale.”” The point used as ‘‘zero” 
occurs 1/2 LSB before the most negative code transition. “‘Full 
scale’ is defined as a level 1 1/2 LSB beyond the most positive 
code transition. INL is the worst-case deviation of a code center 
average from the straight line. 


GAIN ERROR | | 

The last transition should ideally occur at an analog value 

1.5 LSB. below the nominal full scale. The gain error is the 
deviation of the actual difference between the first and last code 
transition from the ideal difference between the first and last 
code transition. 


GENERAL OVERVIEW 

The AD776 is a single supply (+5 V) ADC providing simple 
analog and digital interface requirements. A minimal number of | 
external connections are required to achieve the specified 
performance: , 


1. POWER 

2. GROUNDS 

3, CLOCKING 

4. INPUT BUFFER CIRCUIT 


These points will be further explored in the Application Infor- 
mation section. 


THEORY OF OPERATION 


The AD776 differs from traditional multi-bit ADCs through its 
use of sigma-delta conversion architecture. A 1-bit analog-to- 


REV.A 


we 


MIDSCALE ERROR 

Midscale error is the difference between the ideal midscale ana- 
log input voltage and the actual voltage producing the midscale 
output code. 


PASSBAND 

The passband is the region of the frequency spectrum unaf- 
fected by the attenuation of the decimation filter. In the case of 
the AD776, the passband is a function of the CLKIN frequency 
(see Table I). 


PASSBAND RIPPLE 

Passband ripple is defined as the variation in the amplitude 
response of the converter for input signal frequencies within the 
passband. 


STOPBAND 

The stopband is the region of the frequency spectrum in which 
the amplitude response is fully attenuated by the digital filter. 
In the case of the AD776, the stopband is a function of the 
CLKIN frequency (see Table I). 


STOPBAND ATTENUATION 

Stopband attenuation is defined to be the amount by which 
spectral components in the stopband are attenuated by the digi- 
tal filter relative to the full-scale input range of the converter. 


POWER SUPPLY REJECTION 

DC variations in the power supply voltage will affect the mid- 
scale transition point, resulting in offset error. Power supply 
rejection is the maximum change in the midscale. transition point 
due to a change in power-supply voltage from the nominal 
value. Additionally, there is another power supply variation to 
consider. AC ripple on the power supplies can couple noise into 
the ADC, resulting in degradation of dynamic performance. 


digital conversion is performed at a very high rate, which redis- 
tributes quantization noise to beyond the frequency band of 
interest (see Figure 1). The frequency band of interest is 


denoted by f., and f, is the sample frequency; f;/2 is the 


expanded noise spectrum resulting from oversampling. The total 
noise energy remains constant, but by spreading it over a wider 
spectrum, the amount in the frequency band of interest is 
reduced. Noise shaping, performed by the modulator, attenuates 
noise in the signal passband and pushes out the noise energy 
into the higher frequency range (Figure 2). The oversampled 


signal is presented to the digital filter circuitry for: 


— sophisticated averaging (filtering). 
— removing high frequency noise (quantization noise removal). 
— reducing sampling rate (decimation). 
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The resulting output data stream is presented in a format equiv- 
alent to a traditional ADC at a much reduced output.sample . 
rate. . : . 


FREQUENCY BAND 


: OF INTEREST _!_ 


AMPLITUDE 


QUANTIZATION 
NOISE 


fg /2 


FREQUENCY 


Figure 1. Noise Spectrum from Oversampling — 


_ FREQUENCY BAND 
OF INTEREST | 


‘TRANSFER FUNCTION OF 
’ DIGITAL LOW-PASS FILTER 


SHAPED |. 
QUANTIZATION - 
NOISE 


_ AMPLITUDE 


fc "fg /2 
FREQUENCY 


Figure 2. Noise Shaping 


Figure 3 provides a block diagram of the various sections of the 
AD776. The Analog Front End is comprised of three differen- 
tial switched-capacitor linear integrators which perform the 
noise-shaping function. Digital filter complexity of the AD776 is 
reduced by performing the filtering and decimation in two 
stages. The first section contains a 16:1 decimating comb filter 
stage with the output presented to a 4:1 decimating low-pass/ 

- compensation FIR filter, resulting i in a final decimation ratio of ' 


64:1. The decimation function is described i in detail in the DEC- 


IMATION paragraph. The output data is presented in twos | 


complement, MSB first serial data format, providing serial com- . 


munication to a host processor. 


This interface uses three dedicated pins: serial data output: 
(DOUT),.frame sync output (FSO), and serial:clock piitpAe 
(DOUT CLK). The serial interface format of operation is pin 
selectable. The timing diagrams for the serial interface are 
described in the DIGITAL. TIMING section. 
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REFOUT-G94 Vrer | 
REFIN fo — 


AIN+ e 
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AIN- END 
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DECIMATION 


COMB - FIR 
FILTER FILTER 


SYSTEM TIMING AND CONTROL 


INTERFACE 


eo E 
DECIMATION Ae SERIAL 


CLKIN rad 


FSI 


AGND ‘ DGND 
Figure 3. Block Diagram 


ANALOG FRONT-END 

The integrators of the third-order modulator front-end form a 
differential switched-capacitor network which results in 
increased signal swing, increased power supply rejection, and 
reduced sensitivity to clock jitter. Due to the nature of 
switched-capacitor circuits, the input impedance of AIN+, 
AIN-—, and REFIN will vary with clock frequency. More infor- 
mation about these inputs is given in Table II and Table III. 


The AD776 modulator is a third-order noise shaper which 
reduces quantization noise in the passband to the 16-bit level. 
The input signal is sampled at the rate of CLKIN/4. Since the. - 
input signal is oversampled by.a factor of 64, a complex anti- 
aliasing filter is not needed; a single-pole RC filter will generally . 
be sufficient. High quality polystyrene or NPO ceramic capaci- . 
tors should be used for this filter. . 


DIGITAL FILTER OVERVIEW _ . . 
The digital filters of the AD776 have two functions: high perfor- 
mance low-pass filtering and digital decimation. The shaped . 
quantization noise from the output of the modulator is low-pass : 
filtered to reduce the out-of-band noise components to a level 
which will not alias into the passband during the decimation 
process. Decimation then reduces the data rate to a manageable . 
level. 


DECIMATION 

The comb filter performs the fie -stage filtering of the analog 
front-end’s quantized and noise-shaped output and decimates 
the input sample rate by a factor of 16:1. The z-domain transfer 
function for the comb filter i is expressed by | 


(1 —3:- 16 
| (ee ae 3 
The frequency domain equivalent transfer function is 


sin (16 7 fT) 
sin (1 fT) | 


H(z) = 


] 
ia |r 


saniere oe = - Wf | 
f, = the input sample rate for the Analog pene End 
ee 6.4 pier : 
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The attenuation characteristics of the comb filter are shown in 
Figure 4. As illustrated, the frequency response in the passband 
region exhibits a nonflat behavior. In the 400 kHz mode, the 
output of the comb filter provides conversion data. The dynamic 
range is equivalent to approximately 72 dB, or 12 bits, in this 
mode. In the 16-bit/100 kHz mode, the comb filter serves as the 
input to the FIR filter. The FIR filter compensates for the pass- 
band roll-off of the comb filter and provides the final sharp cut- 
off required for stopband attenuation, removing the out-of-band 
noise components while partially serving as the system anti- 
aliasing filter. 


LOG MAGNITUDE —- dB 


800 1000 1200 1400 1600 | 
FREQUENCY - kHz , 


Figure 4. Comb Filter Response 


Figure 5 illustrates the low-pass response of the FIR filter and 
Figure 6 shows the compensation function of the filter. The 
255-tap FIR filter is low-pass with 9% transition-band, and with 
a CLKIN frequency of 12.8 MHz has a 45.5 kHz passband cut- 
off frequency, 50 kHz stopband frequency, 0.001 dB passband 
ripple, and a stopband ripple of —96 dB. 


LOG MAGNITUDE - dB 


aa" eae Tee 
PIAA 
40 80 120 160 
FREQUENCY - kHz 


~1 are 


Figure 5. FIR Filter, Low-Pass Response 
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LOG MAGNITUDE - dB 


FREQUENCY -— kHz 


Figure 6. FIR Filter, Compensation Function 


The passband and stopband frequencies of both the comb and 
FIR filters scale linearly with the CLKIN aTCQUENCY.: as shown 
in Table I. 


Table I. FIR and Comb Filter Characteristics 


Passband " 


CLKIN Stopband 
(MHz) (kHz) (kHz) 
12:8 45.5 50 

12.288 43.7 48 
11.2896 40.1 7 44.1 

10.0 35.5 39.1 


6.4 24.6 s (2851 


ANALOG INPUT | 

The input to the AD776, as previously deceipeds in the discus- — 
sion of the analog front end, uses a switched-capacitor structure. 
As a result, the input impedance of AIN+ and AIN— will vary 
with clock frequency. Table II gives the typical analog input 
impedance for some common CLKIN frequencies. The input 
impedance is equal to 210" /3fcLKIN>. where fo; xin 1S the input 
clock rate. 


Table II. Analog Input Impedance 


Output Analog 
Input Sample ‘Input 
Clock Rate Rate (kHz) Impedance 
(MHz) (FIR Filter Mode) (kQ) 
12.8 | 100 : 26 
6.4 | 50 52 
6.144 48 54.3 


5.6448 44.1 59 


The AD776 is designed to accept input signals of (2 X Vpgr) 
—0.5 V which can be centered at various dc offsets (common- 
mode inputs) as long as the signal peaks are bounded by +4.0 V 
and 0 V. Signal peaks outside this range will result in signal 
clipping and increased distortion products. 


Capacitive coupling between the CLKIN and AIN pins can 
cause degradation to dynamic performance. Special care should 
be taken with respect to the layout of the clock and analog 
inputs. 
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In consideration of the dynamic characteristics of the analog ee ee a | (NPO) 
input, an external op amp is generally required to provide alow .— . | - 
impedance drive. Care should be taken with op amp selection; 
even with modest loading conditions, most available op amps do 
not meet the low distortion requirements necessary to match the | - N, 
performance capabilities of the AD776. The AD712 op amp is a ae 
good choice for low noise and low distortion. = 


SINGLE-ENDED INPUT CONFIGURATIONS . 

The differential input of the AD776 provides a choice of several 
different input connections. Figure 7 shows a simple configura- 
tion for a single-ended input. AIN— is nominally biased at 45V 
+2.5 V by resistively dividing the +5 V power supply (AVpp). y 
Since the analog input impedance is a function of the input 
clock rate, determination. of bias resistor values to achieve a par- 


ticular bias voltage will vary with clock rate and AVpp. : "os V SiG GIGONNECE 
The circuit shown in Figure 7 is a low cost, minimal component _ 4 V 

solution, but may suffer from poor power supply rejection as | 

noise present on the power supply could be coupled directly into Figure 9. Single-Ended Input to Differential Circuit 
the AIN— pin. An improved input circuit 1s shown in Figure 8, | 
where the offset voltage is derived from the AD680 voltage ref- REFERENCE INPUT 

erence. The AD680 has 40 V/V line regulation which results in The AD776 has an on-chip 0.4 Vpp reference voltage circuit 
only a 20:yV error due to 10% supply fluctuation. This which can be used to drive REFIN, as shown in Figure 10. 
improves power supply rejection of AIN— input to approxi- Alternately, an external voltage reference may be used to supply 
mately 88 dB. | the required 2 V. REFIN exhibits characteristics similar to the 


‘Analog Input in that the input impedance is a function of the 
clock rate. This is illustrated in Table III. The minimum refer- ~ 
ence impedance is equal to 10'*/2.5 fo; ~, where fo; % is the 
input clock rate. 


Table III. Reference Input Impedance 


: a Reference 
10uF Input | | Output i Input 
J Clock Rate Sample _ Impedance 
| | (MHz) — Rate (kHz) (kQ, min) > 
AIN | : PROCESSOR _ 12.8 100 31.3 
Maer? \) a | 6.4 50 . 62.5 
6.144 48 0 65.1 
5.6448 ba 44.1 : 70.9 
100uF and — 
“Figure 7. Ie eee Ended PRO Circuit 
+5V 
0.1uF \7 - A ap ee gah 
— a : | | : Figure 10. Simple Reference Voltage Circuit | 
| | | . ae _ While the internal reference will be adequate for most applica- 
<2xVpeeP-P a rth tions, power supply rejection and overall regulation may be 
— ; oe ni @ 1. o a 4 improved through the use of an external reference. The process 
Figu re 8. Sin gle-Ended Input Circuit for Im proved PSRR of selecting an external voltage reference should include consid- 
| eration of drive capability, initial error, noise, and drift charac- 
For optimal performance i in n single- -ended input applications, ~ teristics. A suitable choice would be the AD680 as shown in | 
the circuit in Figure’9 may be used t to convert the input to a igure ll. 


differential signal. 
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NO CONNECT (19) REFOUT 


Figure 11. External Voltage Reference Circuit 


MULTIPLEXING 

The AD776 can also be used with an input multiplexer when 
the comb filter output is selected by setting FSEL = 1. If fay x 
= 12.8 MHz, the minimum multiplex intervals are (including 
the time to shift the data out from the serial interface): 


15 ps (if the FSI and mux are perfectly synchronized) 
17.5 ws (if the FSI and mux are not synchronized). 


CLOCK GENERATION | 

With sigma-delta converters, it is critical that clock jitter be 
minimized in order to achieve optimal performance. Figure 12 
illustrates a simple circuit used to derive a clock source for the 
AD776. An alternative would be to use an oscillator such as the 
CK1100 series from Cardinal Components (Montclair, NJ) or 
the F1100 from Fox Electronics. Compared with performance 
obtained with a typical crystal, use of an oscillator improves 
SNR by approximately 4 dB. | : 


6.144MHz 


ears TO AD776 


PIN 4 (CLKIN) 


ee 


74HCU04 


L 68pF 


Figure 12. Basic Clock Circuit 


BOARD LAYOUT 
Designing with high resolution data converters requires careful 


74HCU04 


attention to board layout. Trace impedance is a significant issue. 


A 1.22 mA current through a 0.5 © trace will develop a voltage 
drop of 0.6 mV, which is 20 LSBs at the 16 bit level for a 2 V 
full-scale span. In addition to ground drops, inductive and 
capacitive coupling need to be considered, especially when 

high accuracy analog signals share the same board with digital 
signals. 


Analog and digital signals should not share a common return 
path. Each signal should have an appropriate analog or digital 
return routed close to it. Using this approach, signal loops 
enclose a small area, minimizing the inductive coupling of noise. 
Wide PC tracks, large gauge wire, and ground planes are highly 
recommended to provide low impedance signal paths. Separate 
analog and digital ground planes are also desirable, with a single 
interconnection point at (or under) the part to minimize ground 
loops. This is preferred to interconnecting the grounds at the 
supplies. 
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Analog signals should be routed as far as possible from digital 
signals and should cross them, if at all, only at right angles. The 
AD776 may be treated as an analog component, with both 
AGND and DGND connected to a single analog ground plane. 
This helps to isolate the AD776 from large digital ground cur- 
rents. For these reasons, the use of wire wrap circuit construc- 
tion will not provide adequate performance; careful printed 
circuit board construction is preferred. 
POWER SUPPLIES AND DECOUPLING 

With high performance linear circuits, changes in the power 

supplies can produce undesired changes in the performance of 

the circuit. Optimally, well regulated power supplies with less 

than 1% ripple should be selected. The ac output impedance of 

a power supply is a complex function of frequency, but in gen- 

eral will increase with frequency. High frequency switching such 

as that encountered with digital circuitry requires fast transient 

currents which most power supplies cannot adequately provide. 

This results in voltage spikes on the supplies. To compensate | 

for the finite ac output impedance of the supplies, it is necessary 

to store “reserves” of charge in bypass capacitors. These capaci- 

tors can effectively lower the ac impedance presented to the 

AD776 power inputs which in turn will significantly reduce the 

magnitude of the voltage spikes. Decoupling capacitors, typi- 

cally 0.1 4tF, should be placed as close as possible to each power 

supply pin of the AD776. It is essential that these capacitors be 

placed physically close to the AD776 to minimize the inductance 

of the PCB trace between the capacitor and the supply pin. 


Additionally, it is beneficial to have large capacitors (>47 wF) 
located at the point where the power connects to the PCB with 
10 wF capacitors located in the vicinity of the ADC to further 
reduce low frequency ripple. 


The AD776 may be operated from a single +5 V supply. How- 
ever, performance is optimized by using separate analog (AV,p) 
and digital (DVpp) supplies. Separate supplies enable isolation 
of digital noise from the analog circuitry. When separate sup- 
plies are used, AVpp should be decoupled to analog ground 
(AGND) and DVypp should be decoupled to digital ground 
(DGND) with decoupling capacitors. 


When a single +5 V supply is used, the circuit shown in Fig- 
ure 13 provides adequate decoupling. 


+5V 


FERRITE 


Figure 13. Single Supply Decoupling 
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DIGITAL TIMING 
The CLKIN frequency and the choke of output. filter fede | 
(FIR or Comb) determine the output sample rate of the AD776. . 


With FSEL LOW, the FIR filter output is selected and the out-’ 


put rate is equal to CLKIN divided by 128. When FSEL is. 

HIGH, the Comb filter is selected and the output sample rate is. 
equal to CLKIN divided by 32. The input sample rate (or mod- 
ulator frequency) is always the CLKIN frequency divided by 2. 


The flexible serial data output interface of the AD776 may be © 


configured in one of three modes: MODE A and MODE Bare _ 


used when the FIR filter output is desired. MODE C should be 
selected when output from the comb filter is used. Output data 
is always transmitted as 16-bit, twos complement, MSB first, 


serial words. In all modes, the FSI pin may be asserted to reset — 
the serial data output and synchronize internal circuits. A DOE — 


pin is available to piace the DOUT pin in a high unpedinte 
state. 


Configuring the appropriate timing mode i is Gontrolled by the | 
FSEL and SF pins. The truth table i is shown i in Table IV. 


to 
feux 
CLKIN 
FSI 
4 tek 
| DOUT CLK | 
. 4 tesonc te 
FSO: HT cae \\ ; 
7 | tosu 
DOUT 


ZERO (AFTER PREVIOUS DO) , 


Table IV. Timing Mode Truth Table. 
FSEL SF Output Mode. a 


0 0 A- 
0 1 4B 
eM oO Se 


MODE A 

The timing diagrams for MODE A are shown in Figures | Vda 
and 14b. If MODE A is selected, an internal multiplexer routes 
serial data from the output of the FIR filter to the DOUT pin. 
The output sample rate isa function of the: clock present ¢ at the 
CLKIN pin where: Te NS i 


Output Sample Rate = CLKIN/ 128 | 

A continuous serial output. clock, DOUT CLK, is available with 
the bit rate determined by: : _- 
DOUT CLK = CLKINIA. 


Serial data. from the DOUT pin is valid-on the falling edges of 
DOUT CLK. A framing signal, FSO, occurs witha period — 
equal to the output sample rate (Figure 14b). The FSO signal ie 
HIGH during the falling edge of DOUT CLK prior to the 
Pessnning oF anew youtpur data word. . | 


ZAAATTAAATANATATNNTT ANNAN 


Figure 14a, Mode A Timing 


128 to, , CYCLES: 


CLKIN 


32 DOUT CLK CYCLES 


DOUT CLK 


| re lh 7 = \ i 


DOUT | _ VALIDFORFIRST16DOUT —, 


ZERO FOR LAST 16 DOUT. 


Figure 14b. Mode A Timing. 
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MODE B 


The timing diagrams for MODE B are shown in Figures 15a 


the bit rate determined by: 
DOUT CLK = CLKIN/4. 


and 15b. If Mode B is selected, the internal multiplexer routes 


serial data from the output of the FIR filter to the DOUT pin 
similar to MODE A. The output sample rate is a function of the 
clock present at the CLKIN pin where: 


Output Sample Rate = CLKIN/128. 


A continuous serial output clock, DOUT CLK, is available with 


MODE C 


The timing diagrams for MODE C are shown in Figure 16. If 
Mode C is selected, the internal multiplexer routes serial data 
from the output of the COMB filter to the DOUT pin, bypass- 
ing the FIR filter. The output sample rate is a function of the 
clock present at the CLKIN pin where: 


Output Sample Rate = CLKIN/32. 


CLKIN 


FSI 


ter 


JUL 
NNVAAANNAANNAVANANNAANAANNANNAANAAN NU ANNAN 


DOUT CLK diate =" 
tesoup 
LOW FOR D15 - DO 
8 tok teu 
DOUT _ZERO (AFTER PREVIOUS Do) = Yor fo 6s 6a 


DOUT CLK 


FSO 


DOUT 


Figure 15a. Mode B Timing 


32 DOUT CLK CYCLES 


LOW (ASSERTED) FOR FIRST 
16 DOUT CLK CYCLES 


VALID FOR FIRST 16 DOUT CLK CYCLES 


HIGH (DEASSERTED) FOR LAST 
16 DOUT CLK CYCLES 


ZERO FOR LAST 16 DOUT CLK CYCLES 


Figure 15b. Mode B Timing 


the bit rate determined by: 
DOUT CLK = CLKIN/2. 


A continuous serial output clock, DOUT CLK, is available with (D0), of the previous data word is valid. 
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CLKIN 


F 


+ 


DOUT CLK 


FSO 


DOUT © 


AUAUACR Nae 
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32 DOUT CLK CYCLES 
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tosu 
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Figure 16. Mode C Timing 
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Note that serial data present at the DOUT pin is valid on the 
rising edges of DOUT CLK. The framing signal, FSO, occurs 
with a period equal to the output sample rate. In MODE B, the 
FSO signal goes LOW at the beginning of the output data word 
and remains LOW until the entire word is transmitted. 


Serial output data is valid on the falling edges of DOUT CLK. 
The framing signal, FSO, occurs with a period equal to the out- 
put sample rate. The FSO signal is HIGH during the falling 
edge of DOUT CLK prior to transmission of the next output 
data word. Note that in MODE C, this is also when the LSB, 
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FSI Operation 
A frame sync input is sealable to the user on the FSI pin to 
reset the serial data output and synchronize internal circuits. 


Referring to Figure 17, the FSI pin is sampled on the falling 
edge of CLKIN. The FSI pin must adhere to several conditions 
depending on which mode is being used as follows: : 


FSI in MODE A, MODE B 
1. FSI should be a periodic signal occurring every 32 DOUT 
CLK periods. 


2. FSI must be deasserted for at least 2 CLKIN periods prior | to 
being asserted. 


3. FSI must be synchronized to CLKIN to meet the timing 
requirements outlined in Figure 17. — 


FSIlin MODEC .. 
1. FSI should be a periodic signal occurring every 16 DOUT 
CLK periods. 


2. FSI must be deasserted for at least 2 CLKIN periods prior to 
being asserted. 


3. FSI must be synchronized to CLKIN to meet the timing 
requirements outlined in Figure 17. 


ton 


teik 


DOUT CLK 


toon 


tckout 


Figure 17. Frame Sync Input (FSI) Timing {FIR Filter 
Output Mode) 


Synchronizing Two Channels 

The FSI pin is useful when multiple AD776s are used together 
and must be synchronized. In such a case, a single pulse may be 
applied to FSI inputs of the converters. This causes the internal 
‘‘state-machine”’ of the AD776 to be reset. Thus, the internal 
clocking for both the analog and digital circuitry of each individ- 
ual converter is synchronized and in-phase. In the case of a sin- 
gle FSI pulse, it must still adhere to the timing outlined in 
Figure 17. : 
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Three- -Stating the DOUT Pin (DOE) 

In all modes DOUT UT may be three-stated using the DOE pin. 
Operation of the DOE input is shown in Figure 18. When the © 
DOE input is HIGH, serial data will be present and active at 
the DOUT pin. When DOE is brought LOW, the DOUT pin 
is placed in a high-impedance state. DOE is completely asyn- 
chronous and independent of input and output clocks. DOUT 
loading will affect actual performance. 


_ DOE. 


DATA OUT 


Figure 18. Data Output Timing 


INTERFACING THE AD776 
The AD776 is designed for ease of interface with a variety of 
popular processors. The following diagrams illustrate typical 


configurations: 


AD776_ 
RFSO 


DRO 
SCLKO 


FSO 
DOUT 
DOUT CLK 


od 
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ADSP-21XX 


SF 


PCS5/FSR 
PC7/SRD 
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DSPS6001 


FSR 
DR 
CLKR 


DOUT 
-DOUT CLK 
TMS320C25 


SF DOE 


LOGICO = 


Figure 19. 
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14-Bit 128 kSPS 
Complete Sampling ADC 


AD779* 


FEATURES 

AC and DC Characterized and Specified (K, B, T 
Grades) 

128k Conversions per Second 

1 MHz Full Power Bandwidth 

500 kHz Full Linear Bandwidth 

80 dB S/N+D (K, B, T Grades) 

Twos Complement Data Format (Bipolar Mode) 

Straight Binary Data Format (Unipolar Mode) 

10 MQ Input Impedance 

16-Bit Bus Interface (See AD679 for 8-Bit Interface) 

On-Board Reference and Clock 

10 V Unipolar or Bipolar Input Range 

MIL-STD-883 Compliant Versions Available 


PRODUCT DESCRIPTION 

The AD779 is a complete, multipurpose 14-bit monolithic 
analog-to-digital converter, consisting of a sample-hold amplifier 
(SHA), a microprocessor compatible bus interface, a voltage 
reference and clock generation circuitry. 


The AD779 is specified for ac (or “‘dynamic’’) parameters such 
as S/N+D ratio, THD and IMD which are important in signal 
processing applications. In addition, the AD779K, B and T 
grades are fully specified for dc parameters which are important 
in measurement applications. 


The 14 data bits are accessed by a 16-bit bus in a single read 
operation. Data format is straight binary for unipolar mode and 
twos complement binary for bipolar mode. The input has a full- 
scale range of 10 V with a full power bandwidth of 1 MHz and 
a full linear bandwidth of 500 kHz. High input impedance 

(10 MQ) allows direct connection to unbuffered sources without 
signal degradation. 


This product is fabricated on Analog Devices’ BiMOS process, 
combining low power CMOS logic with high precision, low 
noise bipolar circuits; laser-trimmed thin-film resistors provide 
high accuracy. The converter utilizes a recursive subranging 
algorithm which includes error correction and flash converter 
circuitry to achieve high speed and resolution. 


The AD779 operates from +5 V and +12 V supplies and dissi- 
pates 560 mW (typ). Twenty-eight-pin plastic DIP and ceramic 
DIP packages are available. 


*Protected by U.S. Patent Numbers 4,804,960; 4,814,767; 4,833,345; 
4,250,445; 4,808,908; RE30,586. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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PRODUCT HIGHLIGHTS 

1. COMPLETE INTEGRATION: The AD779 minimizes 
external component requirements by combining a high speed 
sample-hold amplifier (SHA), ADC, 5 V reference, clock and 
digital interface on a single chip. This provides a fully speci- 
fied sampling A/D function unattainable with discrete 
designs. 


2. SPECIFICATIONS: The AD779K, B and T grades pro- 
vide fully specified and tested ac and dc parameters. The 
AD779]J, A and §S grades are specified and tested for ac 
parameters; dc accuracy specifications are shown as typicals. 
DC specifications (such as INL, gain and offset) are impor- 
tant in control and measurement applications. AC specifica- 
tions (such as S/N+D ratio, THD and IMD) are of value in 
signal processing applications. 


3. EASE OF USE: The pinout is designed for easy board lay- 
out, and the single cycle read output provides compatibility 
with 16-bit buses. Factory trimming eliminates the need for 
calibration modes or external trimming to achieve rated 
performance. 


4, RELIABILITY: The AD779 utilizes Analog Devices’ 
monolithic BiMOS technology. This ensures long term 
reliability compared to multichip and hybrid designs. 

5. The AD779 is available in versions compliant with MIL- 
STD-883. Refer to the Analog Devices Military Products 
Databook or current AD779/883B data sheet for detailed 
specifications. 
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AD779 — SPECIF ICATIONS 


nin to Tar Voc = +12 V + 5%, Vez = —12 V+ 5%, Von = +5 v3 + - 10%, tune = = 128 isrs, 


AC SPECIFICATIONS fn = 10. 009 kHz unless otherwise noted)' 


AD779J/A/S AD779K/B/T 


Pacamacien: a5 . Min Typ Max Min Typ Max Units 
SIGNAL-TO-NOISE AND DISTORTION (S/N+D) RATIO z | : | 
—0.5 dB Input (Referred to —0:dB Input) dB 
—20 dB Input (Referred to —20 dB Input) dB 
—60 dB Input (Referred to —60 dB Input) dB 

TOTAL HARMONIC DISTORTION (THD) | 
@ +25°C dB 
: 1 YW 
Tain to Tyrax dB 
‘ _ % 
PEAK SPURIOUS OR PEAK HARMONIC COMPONENT dB 
FULL POWER BANDWIDTH MHz 
FULL LINEAR BANDWIDTH kHz 
INTERMODULATION DISTORTION (IMD) “Fi 
2nd Order Products | —90 — 84 dB 
ee Order Products | —90 —84 dB 


DIGITAL SPECIFICATIONS (device types Ty Tne Voc = HI2Vt 9%, Veg = —I2V # 5% Voq = $5V 10%) 


LOGIC INPUTS 

Vix _—_—« High Level Input Voltage V 
Vin. Low Level Input Voltage V 
Tuy High. Level Input Current — pA 
Lr Low Level Input Current - Ao 
Cw Input Capecenc pF. 
LOGIC OUTPUTS» 2 
Vor ‘High Level Output Voltage ov 
Vo. _ Low Level Output Voltage Vv. 
loz High Z Leakage Current — pA 
Coz  HighZ ia paar pF 
NOTES 


fix; amplitude = —0.5 dB (9.44 V ae bipolar mode full scale eas otherwise indicated. All measurements refered toa —0 dB (9. 997 V son) input signal 
unless otherwise noted. |: 
7f, = 9.08 kHz, f, = 9.58 kHz, with fea = 128 kSPS. 


Specifications subject to change without notice. 


_ 2-116 ANALOG-TO-DIGITAL CONVERTERS | | REV. BD 


(Trin tO Tmax Vee = +12 V + 5%, Vep = —12 V + 5%, V = 45V+ 10% unless 
DC SPECIFICATIONS otherwise indicated) . ai 


AD779J/A/S AD779K/B/T 
Parameter Min Typ Max Min Typ Max Units 
TEMPERATURE RANGE | 
J, K Grades “CG 
A, B Grades ss 
S, T Grades °C 
ACCURACY 
Resolution Bits 
Integral Nonlinearity (INL) LSB 
Differential Nonlinearity (DNL) Bits 
Unipolar Zero Error! (@ +25°C) % FSR* 
Bipolar Zero Error! (@ +25°C) % FSR 
Gain Error’ 7 (@ +25°C) % FSR 
Temperature Drift 
Unipolar Zero? 
J, K Grades % FSR 
A, B Grades % FSR 
S, T Grades % FSR 
Bipolar Zero? 
J, K Grades % FSR 
A, B Grades % FSR 
S, T Grades % FSR 
Gain? 
J, K Grades % FSR 
A, B Grades % FSR 
S, T Grades % FSR 
Gain* 
J, K Grades % FSR 
A, B Grades % FSR 
S, T Grades % FSR 
ANALOG INPUT 
Input Ranges 
Unipolar Mode V 
Bipolar Mode V 
Input Resistance MQ 
Input Capacitance pF 
Input Settling Time WLS 
Aperture Delay ns 
Aperture Jitter ps 
INTERNAL VOLTAGE REFERENCE 
Output Voltage” V 
External Load 
Unipolar Mode mA 
Bipolar Mode mA 
POWER SUPPLIES 
Power Supply Rejection 
Veo = +12 V + 5% LSB 
Vez = —12V + 5% LSB 
Vpp = +5 V + 10% LSB 
Operating Current 
lec mA 
| mA 
Ipp | mA 
Power Consumption mW 


NOTES 

1Adjustable to zero. a 
Includes internal voltage reference error. 
3Includes internal voltage reference drift. 
*Excludes internal voltage reference drift. 
*With maximum external load applied. 
*% FSR = percent of full-scale range. 


Specifications subject to change without notice. 
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(All device typeS Trin 0 Taye Voc = +12 V + 5%, Veg = —12V 


Parameter 


Conversion Rate! 


Convert Pulse Width MLS 
Aperture Delay ns 
Conversion Time LS 
Status Delay ns 
Access Time? * ns 
“ns 
Float Delay? ns 
Output Delay ns 
OE Delay ns 
Read Pulse Width ns 
Conversion Delay 
NOTES 


‘Includes Acquisition Time. ae 

*Measured from the falling edge of OE/EOCEN (0.8 V) to the time at which 
the data lines/EOC cross 2.0 V or 0.8 V. See Figure 4. 

*Cocrt = 100 pF. 

“Cour = 50 pF. —_ 

>Measured from the rising edge of OE/EOCEN (2.0 V) to the time at which 
the, output voltage changes by 0.5 V. See Figure 4; C,.-- = 10 pF. 


Specifications subject to change without notice. 


ter 


te . 
tsp . 
EOC’ 7 | DB13-DB0 
fre 
CONTENT OF 
OUTPUT | DATAO = X DATA 1 
REGISTER 


| | | 
OE” \ / 
NOTES | 
‘EOCEN = LOW. 
DATA SHOULD NOT BE ENABLED DURING A CONVERSION. TEST 


ACCESS TIME HIGH Z TO LOGIC LOW 
FLOAT TIME LOGIC HIGH TO HIGH Z 


Figure 1. Conversion Timing 


Dour 


Figure 2. Output Timing | | Figure 4. Load Circuit for Bus Timing Specifications 
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ABSOLUTE MAXIMUM RATINGS!’ 


With 
Respect 


Specification Min 


Vec V 
Ver V 
Vec (Note 2) V 
Vpp V 
AGND V 
AIN, REF i, V 
Digital Inputs V 
Digital Outputs Vv 
Max Junction 
Temperature “C 
Operating Temperature 
J and K Grades °C 
_A and B Grades °C 
S and T Grades ‘Cc 
Storage Temperature °C 


Lead Temperature 
(10 sec max) 


NOTES 

Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 


?The AD779 is not designed to operate ae +15 V supplies. 


ESD SENSITIVITY 

The AD779 features input protection circuitry consisting of large ‘“‘distributed‘‘ diodes and 
polysilicon series resistors to dissipate both high energy discharges (Human Body Model) and fast, 
low energy pulses (Charged Device Model). Per Method 3015.2 of MIL-STD-883C, the AD779 has 


been classified as a Category 1 device WARNING! 
Proper ESD precautions are strongly recommended to avoid functional damage or performance Spiny AG 
degradation. Charges as high as 4000 volts readily accumulate on the human body and test equip- 

ment and discharge without detection. Unused devices must be stored in conductive foam or ee 
shunts, and the foam should be discharged to the destination socket before devices are removed. 

For further information on ESD precautions, refer to Analog Devices’ ESD Prevention Manual. 


ORDERING GUIDE’ — 
Package _ Tested and Specified Package Option® 

AD779JN 28-Pin Plastic DIP 0 to +70°C | “N-28 
AD779KN 28-Pin Plastic DIP 0 to +70°C N-28 
AD779JD 28-Pin Ceramic DIP 0 to +70°C D-28 
AD779KD 28-Pin Ceramic DIP 0 to +70°C D-28 
AD779AD 28-Pin Ceramic DIP —40°C to +85°C D-28 
AD779BD 28-Pin Ceramic DIP —40°C to +85°C D-28 
AD779SD 28-Pin Ceramic DIP —55°C to +125°C 


AD779TD 28-Pin Ceramic DIP 


—55°C to +125°C 


NOTES 


1For two cycle read (8+16 bits) interface to 8-bit buses, see AD679. 
?For details on grade and package offerings screened in accordance with MIL-STD-883, refer to the jhigice Devices Military Products Databook or current 
AD779/883B data sheet. 


*D = Ceramic DIP; N = Plastic DIP. For outline information see Package Information section. 
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AD779 PIN cara 


28-Pin DIP | 44-Lead JLCC | 
Symbol Pin No. | Pin No. ail Name and Function 


AGND Analog Ground. This is the ground return a for AIN only. 

AIN 4 Analog Signal Input. © 

BIPOFF Bipolar Offset. Connect to AGND for +10 V input unipolar mode and straight 
binary output coding. Connect to REFoy-y for +5 V input bipolar mode 
and twos-complement binary output Conn 

CS Chip Select. Active LOW. 

DGND Digital Ground. 

DB13-—DB0 | 28-15 43, 42, 40, 39, 37, Data Bits. These pins provide all 14 bits i in one 14 bit parallel output. 

36, 35, 34, 33,31, Active HIGH : 
30, 27, 26, 25 Sis | 

EOC End-of-Convert. EOC goes LOW when a conversion starts and goes HIGH 

when the conversion is finished. EOC is a three-state output. See EOCEN 
| pin for information on EOC gating. 

EOCEN End-of-Convert Enable. Enables EOC pin. Active LOW. | 

OE Output Enable. A down-going transition on OE enables data bits. Active LOW. 

REF, | Reference Input. +5 V input gives 10 V full scale range. 

REFour | +5 V Reference Output. Tied ‘to REF | for normal operation. 

Sc ‘| Start Convert. Active LOW. 

Voc +12 V Analog Power. 

Ver —12 V Analog Power. — 
Vpp 


+5 V Digital Power. 


Type: AI = Analog Input. 

AO = Analog Output. 
DI = Digital Input. 
DO = Digital Output. All DO pins are trees state drivers. 
P= Power., 


PIN CONFIGURATION © 
| DIP Package 


AD779 


TOP VIEW 
(Not to Scale) 
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DEVICES 


Complete 12-Bit 5 MSPS 
Monolithic A/D Converter 


AD871 


FEATURES 

Monolithic 12-Bit 5 MSPS A/D Converter 

Low Noise: 0.17 LSB RMS Referred to Input 

No Missing Codes Guaranteed 

Differential Nonlinearity Error: 0.5 LSB 

Signal-to-Noise and Distortion Ratio: 68 dB 

Spurious-Free Dynamic Range: 73 dB 

Power Dissipation: 1.03 W 

Complete: On-Chip Track-and-Hold Amplifier and 
Voltage Reference 

Pin Compatible with the AD872 

Twos Complement Binary Output Data 

Out of Range Indicator 

28-Pin Ceramic DIP or 44-Pin Surface Mount Package 


PRODUCT DESCRIPTION 
The AD871 is a monolithic 12-bit, 5 Msps analog to digital 
converter with an on-chip, high performance track-and-hold 
-amplifier and voltage reference. The AD871 uses a multistage 
differential pipelined architecture with error correction logic to 
provide 12-bit accuracy at 5 Msps data rates and guarantees no 
missing codes over the full operating temperature range. The 
AD871 is a redesigned variation of the AD872 12-bit, 10 Msps 
ADC, optimized for lower noise in applications requiring sam- 
pling rates of 5 Msps or less. The AD871 is pin compatible with 
the AD872, allowing the parts to be used interchangeably as 
system requirements change. 


The low-noise input track-and-hold (T/H) of the AD871 1s ide- 
ally suited for high-end imaging applications. In addition, the 
T/H’s high input impedance and fast settling characteristics 
allow the AD871 to easily interface with multiplexed systems 
that switch multiple signals through a single A/D converter. The 
dynamic performance of the input T/H also renders the AD871 
suitable for sampling single channel inputs at frequencies up to 
and. beyond the Nyquist rate. The AD871 provides both refer- 
ence output and reference input pins, allowing the on-board ref- 
erence to serve as a system reference. An external reference can 
also be chosen to suit the dc accuracy and temperature drift 
requirements of the application. A single clock input is used to 
control all internal conversion cycles. The digital output data is 
presented in twos complement binary output format. An out-of- 
range signal indicates an overflow condition, and can be used 
with the most significant bit to determine low or high 

overflow. 
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FUNCTIONAL BLOCK DIAGRAM 
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The AD871 is fabricated on Analog Devices ABCMOS-1 process 
which utilizes high speed bipolar and CMOS transistors on a 
single chip. High speed, precision analog circuits are now com- 
bined with high density logic circuits. 

The AD871 is packaged in a 28-pin ceramic DIP and a 44-pin 
leadless ceramic surface mount package and is specified for 
operation from 0°C to +70°C and —55°C to +125°C. 


PRODUCT HIGHLIGHTS | 

The AD871 offers a complete single-chip sampling 12-bit, 

5 Msps analog-to-digital conversion function in a 28-pin DIP or 
44-pin leadless ceramic surface mount package (LCC). 


Low Noise—The AD871 features 0.17 LSB referred-to-input 
noise, producing essentially a “1 code wide”’ histogram for a 
code-centered dc input. 


Low Power—The AD871 at 1.03 W consumes a fraction of the 
power of presently available hybrids. 


On-Chip Track-and-Hold (T/H)— The low noise, high impedance 
T/H input eliminates the need for external buffers and can be 
configured for single ended or differential inputs. 


Ease of Use—The AD871 is complete with T/H and voltage 
reference and is pin-compatible with the AD872 oe -bit, 10 
Msps monolithic ADC). 


Out of Range (OTR)—The OTR output bit indicates when the 
input signal is beyond the AD871’s input range. 
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AD871—SPECIFICATIONS 


(Tin tO Tyax With AVpp = +5, Noo = +5 V, DRVpp = +9 V, AVs5'= 5 V, foarte = 5:MHz unless o 


pc SPECIFICATIONS otherwise indicated) 


Parameter _Units 
RESOLUTION Bits min 
_ MAX CONVERSION RATE > MHz min 
_ INPUT REFERRED NOISE LSB rms typ 
ACCURACY | a. 
Integral Nonlinearity (INL) LSB typ 
_ Differential Nonlinearity (DNL) - LSB typ. 
~ No Missing Codes Bits. Guaranteed 
~ Zero Error (@ +25°C)’ % FSR max 
Gain Error (@ +25°C)* % FSR max. 
TEMPERATURE DRIFT? e 

Zero Error . % FSR max 

Gain Error * % FSR max 

Gain Error* > | % FSR max 

POWER SUPPLY REJECTION® 
AVpp> DVpp (+5 V + 0.25 V) % FSR max 
— AVss (-5 V + 0.25 V) % FSR max 
ANALOG INPUT | 

Input Range Volts max 

Input Resistance kQ) typ 

Input Capacitance pF typ 

INTERNAL VOLTAGE REFERENCE | 

Output Voltage . Volts typ 

Output Voltage Teta: -mV max 

Output Current (Available for External Loads) mA typ 
(External load should not change during conversion.) 

REFERENCE INPUT RESISTANCE kOQ typ 
POWER SUPPLIES —_ 

Supply Voltages | a a 
AVpp V (£5% AVpp Operating) 
AVss V (£5% AVgg Operating) _ 
DVpp V (£5% DVpp Operating) 
DRVpp’ V (+5% DRVpp Operating) 

Supply Current 
TAVpp mA max (82 mA typ) 
IAVss | -mA max (115 mA typ) © 
IDVpp ar | — mA max (7 mA typ) 
IDRVpp’ 7 | _ mA max 

POWER CONSUMPTION ft 1,03 : 1.03 Wtyp - 
. | 1.25 — 41.3 W max 
NOTES | | 


‘Temperature ranges are as follows: J Grade: 0°C to +70°C, $ Grade: —55°C to +125°C. 
?Adjustable to zero with external potentiometers (see Zero and Gain Error Calibration section). 
34+25°C to Tam and +25°C to Tyax- 
“Includes internal voltage reference error. 
°Excludes internal reference drift. 
©Change in Gain Error as a function of the dc supply voltage (Vv nominal to V min, V nominal to V max). 
7LCC package only. , 


Specifications subject to change without notice. 
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(Thin to Trax with AVop = +5 V, DVop = +5 V, DRV,5 = +5 V, AV c< = —5 V, fsamPLe = 5 Msps, 


AC SPECIFICATIONS untess otherwise noted)’ 


SIGNAL-TO-NOISE AND DISTORTION RATIO (S/N+D) 
finput = 750 kHz 
finpur = 1 MHz 
finput = 2.49 MHz 


TOTAL HARMONIC DISTORTION (THD) 
finput = | MHz 
finpuT = 2.49 MHz 


SPURIOUS FREE DYNAMIC RANGE (SFDR) 
finput = 750 kHz 
fiypur = | MHz 
finpur = 2-49 MHz 


INTERMODULATION DISTORTION (IMDY 
Second Order Products 
Third Order Products 


FULL POWER BANDWIDTH 

SMALL SIGNAL BANDWIDTH 
APERTURE DELAY 

APERTURE JITTER 

ACQUISITION TO FULL-SCALE STEP 
OVERVOLTAGE RECOVERY TIME 
NOTES 


68 
66 66 
63 


60 


73. 73 
70 70 
62 62 


Units 


dB typ 
dB typ 
dB min 
dB typ 


dB typ 
dB typ 


dB max 
dB typ © 


dB typ 
dB typ 
dB typ 


dB typ 
dB typ 


MHz typ 
MHz typ 
ns typ 

ps rms typ 
ns typ | 
ns typ 


‘fin amplitude = --0.5 dB full scale unless otherwise indicated. All measurements referred to a 0 dB (1 V pk) input signal unless otherwise indicated. 


*fa = 1.0 MHz, fb = 0.95 MHz with fsamprp = 5 MHz. 
Specifications subject to change without notice. 


DIGITAL SPECIF ICATIONS (Twin tO Trax With AVo5 = +5 V, DVo5p = +5 V, AVos = —5 V unless otherwise noted) 
[Somber S Grades 


Parameter 


LOGIC INPUTS 
High Level Input Voltage 
Low Level Input Voltage 
High Level Input Current (Vj_ = DVpp) 
Low Level Input Current (Vi, = 0 V) 
Input Capacitance __ 


LOGIC OUTPUTS 
High Level Output Voltage ([p;; = 0.5 mA) 
Low Level Output Voltage (Ip; = 1.6 mA) 
Output Capacitance | 
Leakage (Three-State, LCC Only) 


Specifications subject to change without notice. 
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AD871 
| ray t0 Tyay With Ao = +5 V, DVo, = +5°V, DRVy, = +5V, Wee = —5VV, = 08, 
SWITCHING SPECIF ICATIONS Vu = 20V, Vy = me V and Viy = 24 V) - i " 


Clock Period! 


ns min 
CLOCK Pulse Width High ns min 
CLOCK Pulse Width Low ns min | 
Clock Duty Cycle” % min (50% typ) 
% max . 
Output Delay ns min (20 ns typ) 
Pipeline Delay (Latency) Clock Cycles 
Data Access Time (LCC Package Only)? ns typ (100 pF Load) 


Output Float Delay (LCC Package Only)? ns typ (10 pF Load) 


NOTES | 

1Conversion rate is operational down to 10 kHz without degradation in specified performance. 
For clock periods of 200 ns or greater, see Clock Input Section. 

3See Section on Three-State Outputs for timing diagrams and application information. 


Specifications subject to change without notice. 
VIN . N+1 
CLOCK | 


BIT2-12 ys BATA DATA 
MSB, OTR Net 


Figure 1. Timing Diagram 


ABSOLUTE MAXIMUM RATINGS’ 


Parameter Wik Respestto [Min SMe ——SSS«dSSCat 


AVpp | | ee AGND 7 - +6.5 a Volts 
AVss -. | AGND : +0.5 | Volts 
DVpp; DRVpp ts . )) DGND, DRGND ; +6.5 Volts 
DRVpp’ | DVpp +6.5 a - Volts 
DRGND* DGND : +0.3 Volts 
AGND : | DGND ; +1.0 | Volts 
AVpp | | DVpp ; ; +6.5 — Molts 
Clock Input, OEN DGND ; : DVpp + 0.5 | Volts 
Digital Outputs DGND | ; DVpp + 0.3 | Volts — 
Vina> Ving REF IN . AGND +6.5 _ Volts. 
REF IN AGND AVpp - Volts: 
Junction Temperature : +150 . °C 
Storage Temperature +150 | °C 
Lead Temperature (10 sec) | +300 _ rx © 


NOTES | 

Stresses above those listed under “Absolute Masini Ratings” may cause permanent damage to re device. This is a stress rating only and functional operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure to absolute maximum 
ratings for extended periods may affect device reliability. 

2LCC Package Only. 
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PIN DESCRIPTION 


Symbol Name and Function 

AGND Analog Ground. 

AVpp +5 V Analog Supply. 

AVss —5 V Analog Supply. 

MSB Inverted Most Significant Bit. Provides twos complement output 
data format. 

MSB- Most Significant Bit. 

BIT 2-BIT 11 Data Bits 2 through 11. 


BIT 12 (LSB) 
CLK 


Least Significant Bit. 


Clock Input. The AD871 will initiate a conversion on the rising 
edge of the clock input. See the Timing Diagram for details. 


DVpp +5 V Digital Supply. 
DGND Digital Ground. 
DRVpp +5 V Digital Supply for the output drivers. 
DRGND Digital Ground for the output drivers. 

(See section on Power Supply Decoupling for details on 

DRVpp and DRGND.) 
OTR Out of Range is Active HIGH on the leading edge of code 0 or 

the trailing edge of code 4096. See Output Data Format Table III. 
OEN Output Enable. See the Three State Output Timing Diagram for details. 
REF GND Reference Ground. | 
REF IN Reference Input. +2.5 V input gives +1 V full-scale range. 
REF OUT +2.5 V Reference Output. Tie to REF IN for normal operation. 
Vina (+) Analog Input Signal on the differential input amplifier. 
Ving (—) Analog Input Signal on the differential input amplifier. 
NC 3, 4,7, 8, 14, 15, No Connect. | | 


28, 35, 37, 39, 44 


TYPE: AI = Analog Input; AO = Analog Output; DI = Digital Input; DO = Digital Output; P = Power; N/A = Not Available on 28-pin DIP. Only avail-* 
able on 44-pin surface mount package. _ . 


PIN CONFIGURATIONS 
28-Pin Ceramic DIP a 44-Pin LCC 
| Q -& 
4 z 6 3 
28] REFN | zziee 230 BEES 
‘27 REF ano DIEIGIBIBIDIIC 
126 | REF OUT 
iS NC : 391 nc 
AV 
oe NC 8 | 38 | AV pp’ 
24 | AGND ae AGND 9 | NC 
Elpee | Dano | 10] AD871 El ae 
AD871 — 22 DVop DRGND }11| TOP VIEW 35 NC 
TOP VIEW (NOT TO SCALE) . . 
" (Not to Scale) 121] CLK DRVpp | 12| . me [34] DRaND 


120 | OTR OEN | 13] 3 [33] PVo0 
19] MSB no [14] [32] DRVpp 
18 | BIT 2 =e Ne | 15] [31] ck 


BIT 3 


BIT 11 29 MSB 
16] BIT 4 | 
15] BITS 18} 19} | 20] | 21 |} 22} 23 |} 24 |} 25} 25] 
x) fo.) -) nS © its) zt o (."] oO 
RS =e, ae ae ~ ae = 
a [+8] fsa) m a a [va] a [+o} 


BIT 1 (MSB) 


NC = NO CONNECT 
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DEFINITIONS OF SPECIFICATIONS 

LINEARITY ERROR 

Linearity error refers to the deviation of each individual code 
from a line drawn from “negative full scale” through “positive 
full scale.” The point used as “negative full scale” occurs. 
1/2 LSB before the first code transition. “Positive full scale” is 
defined as a level 1 1/2 LSB beyond the last code transition. 
The deviation is measured from the middle of each particular 
code to the true straight line. , 


DIFFERENTIAL LINEARITY ERROR (DNL, NO 
MISSING CODES) 

An ideal ADC exhibits code transitions that are exactly 1 LSB 
apart. DNL is the deviation from this ideal value. Guaranteed 
no missing codes to 12-bit resolution indicates that all 4096 
codes must be present over all operating ranges. 


ZERO ERROR 

The major carry transition should occur for an analog value 

1/2 LSB below analog common. Zero error is defined as the 
deviation of the actual transition from that point. The zero error 
and temperature drift specify the initial deviation and maximum 
change: in the z zero error over temperature. 


GAIN ERROR 

The first code transition should occur for an analog value 1/2 
LSB above nominal negative full scale. The last transition — 
should occur for an analog value 1 1/2 LSB below the nominal 
positive full scale. Gain error is the deviation of the actual dif- 


ference between first and last code transitions and the ideal dif- 


ference between first and last code transitions. 


TEMPERATURE DRIFT | BS : 
The temperature drift for zero error and gain error specifies the 
maximum change from the initial (25°C) value to the value at. 


Tin OF Tmax: 


POWER SUPPLY REJECTION 

The specifications show the maximum change in the converter’s 
full-scale as the supplies are varied from nominal to min/max 
values. 


APERTURE JITTER 
Aperture jitter is the variation in aperture delay for successive 
samples and is manifested as noise on the input to the A/D. 


APERTURE DELAY 

Aperture delay is a measure of the Track-and-Hold Amplifier 
(THA) performance and is measured from the rising edge of the 
clock input to when the input signal is held for conversion. 
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| OVERVOLTAGE RECOVERY TIME 


Overvoltage recovery time is defined as that amount of time 


- required for the ADC to achieve a specified accuracy after an 
-overvoltage (50% greater than full-scale range), measured from 


the time the overvoltage signal reenters the converter’s range. 


- DYNAMIC SPECIFICATIONS 


SIGNAL-TO-NOISE AND DISTORTION (S/N+D) RATIO 
S/N+D is the ratio of the rms value of the measured input sig- 
nal to the rms sum of all other spectral components below the 
Nyquist frequency, including harmonics but excluding dc. The 
value for S/N+D is expressed in decibels. 


TOTAL HARMONIC DISTORTION (THD) 
THD is the ratio of the rms sum of the first six harmonic com- 


_ ponents to the rms value of the measured input signal and is 


expressed as a percentage or in decibels. 


INTERMODULATION DISTORTION (IMD) 
With inputs consisting of sine waves at two frequencies, fa and 
fb, any device with nonlinearities will create distortion products, 


of order (m + n), at sum and difference frequencies of 


mfa + nfb, where m, n = 0, 1, 2,3... . Intermodulation 


- terms are those for which m or n is not equal to zero. For exam- | 
' ple, the second order terms are (fa + fb) and (fa — fb), and the 


third order terms are (2 fa + fb), (2 fa — fb), (fa + 2 fb) and 


'. (2 fb — fa).. The IMD products are expressed as the decibel 


ratio of the rms sum of the measured input signals to the rms 


‘sum of the distortion terms. The two signals are of equal ampli- 


tude and the peak value of their sums is —0.5 dB from full _ 
scale. The IMD products are normalized to a 0 dB input signal. 


FULL-POWER BANDWIDTH Dg | 
The full-power bandwidth is that input oe at which the 


- amplitude of the reconstructed fundamental i is. reduced by 3 dB 


for a full-scale input. 


SPURIOUS FREE DYNAMIC RANGE 
The difference, in dB, between the rms amplitude of the input 
signal and the peak spurious signal. 


ORDERING GUIDE 


Temperature Range ; 


Package Option? * 


AD871JD 0°C to +70°C D-28 
AD871JE 0°C to +70°C E-44A 
AD871SD? —55°C to +125°C 


AD871SE? 


—5§°C to +125°C 


NOTES 

1D = Ceramic DIP, E = Leadless Ceramic Chip Carrier. 
2For outline information see Package Information section. 
3MIL-STD-883 version will be available; contact factory. 
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Dynamic Characteristics—Sampie Rate: 5 MSPS—AD871 
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Figure 2. AD871 S(N+D) vs. Input Frequency Figure 3. AD871 Distortion vs. Input Frequency, 


Full-Scale Input 


THD = -69dB 
S/(N+D) = 66dB 


15dB/ DIV 


. 15dB/ DIV 


Figure 5. AD871 Typical FFT, fy, = 1 MHz, fi, Amplitude = —6 dB 
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AD871—Dynamic Characteristics-Sample Rate: 5MSPS 


| fin = 750kHz a | . _ HARMONICS - dB 

[fy AMPLITUDE = -0.5dB° 2ND -81 * 
3RD  -73 

- 4TH  -94 

_ STH. *-85 

- 6TH = -90 
7TH, °-99° 


8TH -90 


15dB/ DIV 


fin = 2MHz HARMONICS - dB 
fy AMPLITUDE = -0.5dB 7 

THD = -63dB 

S/(N+D) = 61dB 

SFDR = 63dB 
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Figure 8. AD871 Output Code Histogram for DC Input Figure 9. AD871 Code Probability at a Transition 
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THEORY OF OPERATION 

The AD871 is implemented using a 4-stage pipelined multiple 
flash architecture. A differential input track-and-hold amplifier 

: (THA) acquires the input and converts the input voltage into a 
differential current. A 4-bit approximation of the input is made 
by the first flash converter, and an accurate analog representa- 
tion of this 4-bit guess is generated by a digital-to-analog con- 

. verter. This approximation is subtracted from the THA output 
to produce a remainder, or residue. This residue is then sam- 
pled and held by the second THA, and a 4-bit approximation is 
generated and subtracted by the second stage. Once the second 
THA goes into hold, the first stage goes back into track to 
acquire a new input signal. The third stage provides a 3-bit 
approximation/subtraction operation, and produces the final resi- 
due, which is passed to a final 4-bit flash converter. The 15 out- 
put bits from the 4 flash converters are accumulated in the 
correction logic block, which adds the bits together using the 
appropriate correction algorithm, to produce the 12-bit output 
word. The digital output, together with overrange indicator, is 
latched into an output buffer to drive the output pins. 


The additional THA inserted in each stage of the AD871 archi- 
tecture allows pipelining of the conversion. In essence, the con- 
verter is converting multiple inputs simultaneously, processing 
them through the converter chain serially. This means that 
while the converter is capable of capturing a new input sample 
every clock cycle, it actually takes three clock cycles for the con- 
version to be fully processed and appear at the output. This 
“pipeline delay”’ is often referred to as latency, and is not a con- 
cern in most applications, however there are some cases where it 
may be a consideration. For example, some applications call for 
the A/D converter to be placed in a high speed feedback loop, 
where its input is servoed to provide a desired result at the digi- 
tal output (e.g., offset calibration or zero restoration in video 
applications). In these cases the 3 clock cycle delay through the 
pipeline must be accounted for in the loop stability calculations. 
Also, because the converter is working on three conversions 
simultaneously, major disruptions to the part (such as a large 
glitch on the supplies or reference) may corrupt three data sam- 
ples. Finally, there will be a minimum clock rate below which 
the THA droop corrupts the signal in the pipeline. In the case 
of the AD871, this minimum clock rate is 10 kHz. 


The high impedance differential inputs of the AD871 allow a 
variety of input configurations (see APPLYING THE AD871). 
The AD871 converts the voltage difference between the Vina 
and Vig pins. For single-ended applications, one input pin 
(Vina Or Ving) may be grounded, but even in this case the dif- 
ferential input can provide a performance boost: for example, 
for an input coming from a coaxial cable, V;,;, can be tied to 
the shield ground, allowing the AD871 to reject shield noise as 
common mode. The high input impedance of the device mini- 
mizes external driving requirements and allows the user to exter- 
nally select the appropriate termination impedance for the 
application. | 


The AD871 clock circuitry uses both edges of the clock in its 
internal timing circuitry (see spec page for exact timing require- 
ments.) The AD871 samples the analog input on the rising edge 
of the clock input. During the clock low time (between the fall- 
ing edge and rising edge of the clock) the input THA is in track 
mode; during the clock high time it is in hold. System distur- 
bances just prior to the rising edge of the clock may cause the 
part to acquire the wrong value, and should be minimized. 
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AD871 


While the part uses both clock edges for its timing, jitter is only 
a significant issue for the rising edge of the clock (see CLOCK 
INPUT section). 


APPLYING THE AD871 
ANALOG INPUTS 


The AD871 features a high impedance differential input that 
can readily operate on either single-ended or differential input 
signals. Table I summarizes the nominal input voltage span for 
both single-ended and differential modes, assuming a 2.5 V ref- 
erence input. 


Table I. Input Voltage Span 


Single-Ended +1 V (Positive Full Scale) 
—1 V (Negative Full Scale) 
+1 V (Positive Full Scale) 


—1 V (Negative Ful] Scale) 


Differential 


-0.5V | +0.5 V 


Figure 10 shows an approximate model for the analog input cir- 
cuit. As this model indicates, when the input exceeds 1.6 V 
(with respect to AGND), the input device may saturate, causing 
the input impedance to drop substantially and significantly 
reducing the performance of the part. Input compliance in the 
negative direction is somewhat larger, showing virtually no deg- 
radation in performance for inputs as low as —1.9 V. 


Vina OR Ving 
+1V 


Figure 10. AD871 Equivalent Analog Input Circuit 


Figure 11 illustrates the effect of varying the common-mode 
voltage of a —0.5 dB input signal on total harmonic distortion. 


THD - dB 


CM INPUT VOLTAGE - Volts 


Figure 11. AD871 Total Harmonic Distortion vs. CM Input 
Voltage, fin, = 1 MHz, FS = 5 MSPS 
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Figure. 12 shows the common-mode rejection performance vs. 
frequency for a 1 V p-p common mode input. This excellent :° 
_ common-mode rejection over a wide bandwidth affords the user 
the opportunity to eliminate many potential sources of input 
noise as common mode by using the differential aed ‘structure 
of the AD871. 


Figure 15. Single- Ended to Differential Connections; 
U1, U2= AD811 or Meee 


_ CMR-dB 


The use of the differential input efi can help to minimize 
even-order distortion from the input THA where perormance 
beyond —70 dB is desired. 


Figure 16 shows the AD871 large signal (— —0.5 dB) and small 
signal (—20 me frequency rn: 


- 10k = 100k 1M 10M 
INPUT FREQUENCY - Hz 


Figure 12. Common- -Mode Rejection vs. Input Frequency, 
1V p-p Input. . 


Figures 13 and 14 illustrate typical input connections for spel 
ended inputs. 


FUND AMP — dB 


104 105 | 107 108 


Figure 13. AD871 Single-Ended Input Connection i a aL 


Figure 16. Full Power (—0.5 dB) and Small Signal . 
_ Response (—20 dB) vs. Input Frequency 


The AD871’s wide input bandwidth facilitates rapid acquisition 
of transient input signals: the input THA can typically settle to 
12-bit accuracy from a full-scale input step in less than 80 ns. 
Figure 17 illustrates the pica acquisition of a full-scale Pmput ‘: 
step. 


Figure 14. AD871 Single-Ended Input Connection Using a 
Shielded Cable 


- The cable shield is used as the ground connection for the Ving 
input, providing the best possible rejection of the cable noise _ 
from the input signal. Note also that the high input impedance 
of the AD871 allows, the user to select the termination imped- 
ance, be it 50 ohms, 75 ohms, or some other value. Further- 
more, unliké many flash converters, most AD871 applications 
will not require an external buffer amplifier. If such an amplifier 
is required, we suggest either the AD811 or AD9617. 


MAGNITUDE -LSB 


Figure 15 illustrates how external amplifiers may be used to 
convert a single-ended input into a differential signal. The resis- 
tor values of 536 © and 562 1 were selected to provide orn 

. mum phase matching between Ul and U2. 


40 60 
. . TIME-ns 
Figure 17. Typical.AD871 Settling Time 
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The wide input bandwidth and superior dynamic performance 
of the input THA make the AD871 suitable for sampling inpr 
at frequencies up to the Nyquist Rate. The input THA is 
designed to recover rapidly from input overdrive conditions, 
returning from a 50% overdrive in less than 100 ns. 


Because of the THA’s exceptionally wide input bandwidth, 
some users may find the AD871 is sensitive to noise at frequen- 
cies from 10 MHz to 50 MHz that other converters are incapa- 
ble of responding to. This sensitivity can be mitigated by careful 
use of the differential inputs (see previous paragraphs). Addi- 
tionally, Figure 18 shows how a small capacitor (10 pF-20 pF 
for 50 1 terminated inputs) may be placed between V,,;,4 and 
Ving to help reduce high frequency noise in applications where 
limiting the input bandwidth is acceptable. 


+1V 0 


10 OR 20pF 


Figure 18. Optional High Frequency Noise Reduction 


The AD871 will contribute its own wideband thermal noise. As 
a result of the integrated wideband noise (0.17 LSB rms, 
referred-to-input), applying a dc analog input may produce more 
than one code at the output. A histogram of the ADC output 
codes, for a dc input voltage, will be between 1 and 3 codes 
wide, depending on how well the input is centered on a given 
code and how many samples are taken. Figure 8 shows a typical 
AD871 code histogram, and Figure 9 illustrates the AD871’s 
transition noise. 


REFERENCE INPUT 

The nominal reference input should be 2.5 V, taken with 
respect to REFERENCE GROUND (REF GND). Figure 19 
illustrates the equivalent model for the reference input: there 
is no clock or signal-dependent activity associated with the 
reference input circuitry, therefore, no “kickback” into the 
reference. 


Figure 19. Equivalent Reference Input Circuit 
However, in order to realize the lowest noise performance of the 


AD871, care should be taken to minimize noise at the reference 
input. . 7 
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The AD871’s reference input impedance is equal to 5 kO 
(+20%), and its effective noise bandwidth is 10 MHz, with a 
referred-to-input noise gain of 0.8. For example, the internal 
reference, with an rms noise of 28 wV (using an external 1 pF 
capacitor), contributes 24 wV (0.05 LSB) of noise to the transfer 
function of the AD871. 


The full-scale peak-to-peak input voltage is a function of the 
reference voltage, according to the equation: 


(Vina — Ving) Full Scale = 0.8*(V ee — REF GND) 


Note that the AD871’s performance was optimized for a 2.5 V 
reference input: performance may degrade somewhat for other 
reference voltages. Figure 20 illustrates the S/(N+D) perfor- 
mance vs. reference voltage for a 1 MHz, —0.5 dB input signal. 
Note also that if the reference is changed during a conversion, 
all three conversions in the pipeline will be invalidated. 


S/(N + D) - dB 
3 3 


50 
1.5 2 2.5 3 3.5 


REFERENCE INPUT VOLTAGE -— Volts 


Figure 20. S/(N+D) vs. Reference Input Voltage, 
fin = 1 MHz, FS = 5 MHz 


Table II summarizes various 2.5 V references suitable for use 
with the AD871, including the onboard bandgap reference (see 
REFERENCE OUTPUT section). 


~ Table Hl. Suitable 2.5 V References 


Drift (PPM/°C) 


Initial Accuracy % 


REF-43B 6 (max) 0.2 
AD680JN 10 (max) 0.4 
Internal ~ 30 (typ) 


If an external reference is connected to REF IN, REF OUT 
must be connected to +5 V. This should lower the current in 
REF-GND to less than 350 A and eliminate the need for a 
1 wF capacitor, although decoupling the reference for noise 
reduction purposes is recommended. 


Alternatively, Figure 21 shows how the AD871 may be driven 
from other references by use of an external resistor. The exter- 
nal resistor forms a resistor divider with the on-chip 5 kQ resis- 
tor to realize 2.5 V at the reference input pin (REF IN). A trim 
potentiometer is needed to accommodate the tolerance of the 
AD871’s 5 k©) resistor. 
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' REF GND 


Figure 21. Optional +5 V Reference Input Circuit - 


REFERENCE GROUND | 
The REF GND pin provides the reference point for both the — 
reference input, and the reference output. When the internal _ 
reference is operating, it will draw approximately 500 wA of cur- 
rent through the reference ground, so a low impedance path to 

- the external common is desirable. The AD871 can tolerate a 
fairly large difference between REF GND and AGND, up to 
+1 V, without any performance degradation. | 


REFERENCE OUTPUT | 
The AD871 features an onboard, curvature compensated © 
bandgap reference that has been laser trimmed for both absolute 
value and temperature drift. The output stage of the reference 
was designed to allow the use of an external capacitor to limit 
the wideband noise. As Figure 22 illustrates, a 1 wF capacitor on 
the reference output is required for stability of the reference output 
buffer. Note: If used, an external reference may. become unstable 
with this capacitor in place. 


Figure 22. Typical Reference Decoupling Connection 


With this capacitor in place, the noise on the reference output is 
approximately 28 wV rms at room temperature. Figure 23 shows 
tthe typical temperature drift performance of the reference, while 


Figure 24 illustrates the variation in reference voltage with load — 


currents. = - 
The output stage is designed to provide at least 2 mA of output 


current, allowing a single reference to drive up to four AD871s, — 


or other external loads. The power supply rejection of the refer- 
ence is better than 54 dB at de. | - | 
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REFERENCE VOLTAGE - Volts 


. TEMPERATURE - °C 


Figure 23. Reference Output Voltage vs. Temperature 
2.50 


REFERENCE VOLTAGE - V 


1k : 10k 100k iM 
REFERENCE OUTPUTLOAD-Q° = 


Figure 24. Reference Output Voltage vs. Output Load 


DIGITAL OUTPUTS | - 
In 28-pin packages, the AD871 output data is presented in twos 
complement format. Table III indicates offset binary and twos 
complement output for various analog inputs. 


Table III.. Output Data Format 


Digital Output 


Offset Binary ‘Twos Complement 


Analog Input 


Vina-Vins 


=0.999756 V | 1111 1111 1111 | 0111 1111 1111 ] 
0.999268 V 1111 1111 1111 | 0111 1211 1111 0 
0V 1000 0000 0000 ; 0000 0000 0000 0 
aN 0600 0000 0000 | 1000 0000 0000 0 
—1.000244 V | 0000 0000 0000 | 1000 0000 0000 ] 


Users requiring offset binary encoding may simply invert the 
MSB pin. In the 44-pin surface mount packages, both MSB and 
MSB bits are provided. | 


The AD871 features a digital out-of-range (OTR) bit that goes _. 
high when the input exceeds positive full scale or falls below 
negative full scale. As Table III indicates, the output bits will be 
set appropriately according to whether it is an out-of-range high 
condition or an out-of-range low condition. Note that if the 
input is driven beyond +1.5 V, the digital outputs may not stay 
at +FS, but may actually fold back to midscale. 
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The AD871’s CMOS digital output drivers are sized to provide The input circuitry for the CLKIN pin is designed to accom- 
sufficient output current to drive a wide variety of logic families. modate both TTL and CMOS inputs. The quality of the logic 


However, large drive currents tend to cause glitches on the sup- input, particularly the rising edge, is critical in realizing the best 
plies and may affect S/(N+D) performance.. Applications requir- possible jitter performance for the part: the faster the rising 
ing the AD871 to drive large capacitive loads or large fanout edge, the better the jitter performance. 


may require additional decoupling capacitors on DRVj,p and 


As a result, careful selection of the logic family for the clock 
DVpp. In extreme cases, external buffers or latches could be 


driver, as well as the fanout and capacitive load on the clock 


used. line, is important. Jitter-induced errors become more pro- 
THREE-STATE OUTPUTS nounced at higher frequency, large amplitude inputs, where the 
The 44-pin surface mount AD871 offers three-state outputs. input slew rate is greatest. 


The digital outputs can be placed into a three-state mode by 
pulling the OUTPUT ENABLE (OEN) pin LOW. Note that 
this function is not intended to be used to pull the AD871 on 
and off a bus at 5 MHz. Rather, it is intended to allow the ADC 
to be pulled off the bus for evaluation or test modes, Also, to © 
avoid corruption of the sampled analog signal during conversion 
(3 clock cycles), it is highly recommended that the AD871 be 


The AD871 is designed to support a sampling rate of 5 Msps; 
running at slightly faster clock rates may be possible, although 
at reduced performance levels. Conversely, some slight perfor- 
mance improvements might be realized by clocking the AD871 
at slower clock rates. Figure 27 presents the S/(/(N+D) vs. clock 
frequency for a 1 MHz analog input. 


placed on the bus prior to the first sampling. 2 
OEN a 2 ee 
: 7 
a 
z 
77) 


Figure 25. Three-State Output Timing Diagram 
For timing budgetary purposes, the typical access and float 
delay times for the AD871 are 50 ns. 
55 | 


CLOCK INPUT : 8 
The AD871 internal timing control uses the two edges of the "FREQUENCY — MHz 

clock input to generate a variety of internal timing signals. The 

optimal clock input should have a 50% duty cycle; however, _ Figure 27. Typical S(N+D) vs. Clock Fr equency — 
sensitivity to duty cycle is significantly reduced for clock rates of fin = 1 MHz, Full-Scale Input 


less than 5 megasamples per second. The power dissipated by the correction logic and output buffers 


is largely proportional to the clock frequency; running at 
reduced clock rates provides a slight reduction in power con- 
sumption. Figure 28 illustrates this tradeoff. 


Figure 26. Divide-by-Two Clock Circuit 


Due to the nature of on-chip compensation circuitry, the duty "0.100 4.100 2.100 3.100 4.100 5.100 
cycle should, be maintained between 40% and 60% even for FREQUENCY - MHz | 
clock rates less than 5 Msps. One way to realize a 50% duty © 
cycle clock is to divide down a clock of higher frequency; as 


Figure 28. Typical Power Dissipation vs. Clock Frequency 
shown in Figure 26. | 


ANALOG SUPPLIES AND GROUNDS 


In this case, a 10 MHz clock is divided by 2 to produce the The AD871 features separate analog and digital supply and 
5 MHz clock input for the AD871. In this configuration, the ground pins, helping to minimize digital corruption of sensitive 
duty cycle of the. 10 MHz clock 1s irrelevant. analog signals. In general, AVs . and AVpp; the analog supplies, . 


REV. 0 | | ANALOG-TO-DIGITAL CONVERTERS 2-133 


AD871 


should. be decoupled to AGND, the analog common, as-close to ' 
the chip as physically possible::Care has been taken to minimize 


the signal dependence of the power supply currents; however, © 


the analog supply currents will be proportional to the reference © 


input. With REFIN at 2.5. V, the typical current into AVpp is’ 


82 mA, while the. typical current out of AVss 1 is. He mA. es . 


cally, 33 mA. will flow into the AGND pin. 


Careful design and the.use of differential circuitry sees the 
AD871 with excellent rejection of power supply: noise over a - 
wide range of frequencies, as illustrated in Figure 29. 


SUPPLY REJECTION-dB 


10k "400k 1M 10M 
FREQUENCY — Hz 


Figure 29. Power Supply Rejection vs. Frequency, 
100 mV p-p Signal on Power Supplies 


Figure 30 shows the degradation in SNR resulting from 100 mV 
of power supply ripple at various frequencies. As Figure 30 
shows, careful decoupling is required to realize the specified 
dynamic performance. Figure 34 demonstrates the recom- 
mended decoupling strategy for the supply pins. Note that in 
extremely noisy environments, a more elaborate supply filtering 
scheme ey ag eoneoesat : : 


10k 100k ~ 1M - 10M 
FREQUENCY — Hz 


Figure 30. SNR vs. isc Noise Frequency 


DIGITAL SUPPLIES AND GROUNDS A : 

The digital activity on the AD871 chip falls into two sical 

_ categories: CMOS correction logic, and CMOS output drivers. - 
The internal correction logic draws relatively small surges of 


current, mainly during the clock transitions; in the 44-pin pack- 


age, these currents flow through pins DGND and DVpp. The 
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output: drivers draw large current impulses while the output bits: 
are changing. The size and duration of these currents. is a func- 
tion of the load on.the output bits: large capacitive loads are to. 
be avoided. In the 44-pin package, the output drivers are‘sup-" - 
plied through dedicated pins DRGND and DRV pp. Pin count 
constraints in the 28-pin packages require that the digital and 
driver: supplies share package pins (although they have separate 
bond wires and on-chip routing). The decoupling shown in Fig- 
ure 34 is appropriate for a reasonable capacitive load on the digi- 
tal outputs (typically 20 pF -on each pin). Applications involving ~ 
greater digital loads should consider increasing the digital decou- 
pling roppronyels and/or ues external buffers/latches. » — 


APPLICATIONS | 


OPTIONAL ZERO AND GAIN TRIM 


The AD871 is factory trimmed to ‘minimize zero error, gain 
error and linearity errors. In some applications the. zero and gain 
errors of the AD871 need to be externally adjusted to zero. If. 
required, both zero error and gain error can be trimmed with — 
external potentiometers as shown in Figure 31. Note that gain 
error.adjustments must be made with an external reference. 


Zero trim should be adjusted first. Connect V;,yq to ground and 
adjust the 10 kQ, potentiometer such that a nominal digital out- 
put code of 0000 0000 0000 (twos.complement output) exists. 
Note that the zero trim should be decoupled and that the accu- 
racy of the +2. 5 V reference signals will directly affect the offset. 


Gain error may then be calibrated by adjusting the REF IN 
voltage.. The REF IN voltage should be adjusted such that a 
+1 V input on Vy, results in the digital output code 01111. 
1111 1111 (twos complement output). f 


 $2.5V: 


10k22 


(a) ZERO TRIM (b) GAIN TRIM 


Figure 31. Zero-and Gain Error Trims 


DIGITAL OFFSET CORRECTION | - | 
The AD871 provides differential inputs that may be used to cor- 


-rect for any offset voltages on the analog input. For applications 


where the input signal contains a dc offset, it may be advanta- 
geous to apply a nulling voltage to the Vjyp, input. Applying a- 
voltage equal to the dc offset will maximize the full-scale input 
range and therefore the dynamic range. Offsets ranging from 
—0.7 V to +0.5 V can be corrected. 


Figure 32 shows how a dc offset can be applied using the 

AD568 12-bit, high speed digital-to-analog converter (DAC). 

This circuit can be used for applications requiring ‘offset adjust- 
ments. on every clock cycle. The AD568 connection scheme is | 
used to provide a —0.512 V to +0. 512 V output range. The off- 
set voltage must be stable on the rising edge of the AD871 clock. 
input. 
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DIGITAL 
OFFSET 
WORD 


Figure 32. Offset Correction Using the AD568 


UNDERSAMPLING USING THE AD871 AND AD9100 
The AD871’s on-chip THA optimizes transient response while 
maintaining low noise performance. For super-Nyquist (under- 
sampling) applications it may be necessary to use an external 
THA with fast track-mode slew rate and hold mode settling 
time. An excellent choice for this application is the AD9100, 
an ultrahigh speed track-and-hold amplifier. 


In order to maximize the spurious free dynamic range of the 
circuit in Figure 33 it is advantageous to present a small signal 
to the input of the AD9100 and then amplify the output to the 
AD871’s full-scale input range. This can be accomplished with a 
low distortion, wide bandwidth amplifier such as the AD9617. 
The circuit uses a gain of 3.5 to optimize S//N+D). 


AD871 


The peak performance of this circuit is obtained by driving the 
AD871 + AD9100 combination with a full-scale input. For 
small scale input signals (-20dB, —40 dB), the AD871 performs 
better without the track-and-hold because slew-limiting effects 
are no longer dominant. To gain the advantages of the added 
track-and-hold, it is important to give the AD871 a full-scale 
input. 


An alternative to the configuration presented above is to use the 
AD9101 track-and-hold amplifier. The AD9101 provides a built- 
in post amplifier with a gain of 4, providing excellent ac charac- 
teristics in conjunction with a high level of integration. 


As illustrated in Figure 33, it is necessary to skew the AD871 


-sample clock and the AD9100 sample/hold control. Clock skew 


(ts) is defined as the time starting at the AD9100’s transition 
into hold mode and ending at the moment the AD871 samples. 
The AD871 samples on the rising edge of the sample clock, and 
the AD9100 samples on the falling edge of the sample/hold con- 
trol. The choice of ts is primarily determined by the settling 
time of the AD9100. The droop rate of the AD9100 must also 
be taken into consideration. Using these values, the ideal tg is 
17 ns. When choosing clock sources, it is extremely important 
that the front end track-and-hold sample/hold control is given a 
very low jitter clock source. This is not as crucial for the AD871 
sample clock, because it is sampling a dc signal. 


Vin CLOCK 2 
+V5 Vs C (9) IN 
Ry 
J AD9100 
? \/ 
CLOCK 1 5 
IN © _ 7 Q 19 AD871 
AD 
9} 96685 > | 3 18 | Aw EB 
10 2 
V , 3 | 
Vv s10S Sst0 [a 
10 | 
VV 
P13 | 
“Vs Vg 12 | 
+Vg = 5.0V r 41 
Vs = ~5.2V 
* OPTIONAL, SEE 
AD9617 DATASHEET vy, 10uF 
ALL CAPACITORS ARE 0.01.F b 
(LOW INDUCTANCE - DECOUPLING) 
UNLESS OTHERWISE NOTED. “Vg 
T = 200ns SV 
CLOCK 2 
—~ OV 
t = 171s 
+1V 
CLOCK 1 = 
-1V 


Figure 33. Undersampling Using the AD871 and AD9100 
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Figure 34. AD872/AD871 Evaluation Board Schematic 
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FEATURES 

Monolithic 12-Bit 10 MSPS A/D Converter 

Low Power Dissipation: 1.15 W 

No Missing Codes Guaranteed 

Differential Nonlinearity Error: 0.5 LSB 

Complete: On-Chip Track-and-Hold Amplifier and 
Voltage Reference 

Signal-to-Noise and Distortion Ratio: 65 dB 

Spurious-Free Dynamic Range: 72 dB 

Out of Range Indicator 

Twos Complement Binary Output Data 

28-Pin Ceramic DIP or 44-Pin Surface Mount Package 


PRODUCT DESCRIPTION 

The AD872 is a monolithic 12-bit, 10 Msps analog to digital 
converter with an on-chip, high performance track-and-hold 
amplifier and voltage reference. The AD872 uses a multistage 
differential pipelined architecture with output error correction 
logic to provide 12-bit accuracy at 10 Msps data rates and guar- 
antees no missing codes over the full operating temperature 
range. The AD872 combines a merged high speed bipolar/ 
CMOS process and a novel architecture to achieve the resolution 
and speed of hybrid implementations at a fraction of the power 
consumption. Additionally, the greater reliability of monolithic 
construction offers improved system reliability and lower costs 
than hybrid designs. 


The high input impedance, fast-settling input track-and-hold 
(T/H) amplifier is equally suited for both multiplexed systems 
that switch negative to positive full-scale voltage levels in succes- 
sive channels and sampling single-channel inputs at frequencies 
up to and beyond the Nyquist rate. The AD872’s wideband 
input combined with the power and cost savings over previously 
available hybrids will allow new design opportunities in commu- 
nications, imaging and medical applications. The AD872 pro- 
vides both reference output and reference input pins, allowing 
the onboard reference to serve as a system reference. An exter- - 
nal reference can also be chosen to suit the dc accuracy and tem- 
perature drift requirements of the application. A single clock — 


input is used to control all internal conversion cycles. The digi- | 


tal output data is presented in twos complement binary output 
format. An out-of-range signal indicates an overflow condition. 
It can be used with the most significant bit to determine low or 
high overflow. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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Complete 12-Bit 10 MSPS. 
Monolithic A/D Converter 


FUNCTIONAL BLOCK DIAGRAM 


DVpp DGND *DRV,, *DRGND 2 , 
e ©) @ 7 


AVpp AGND AVcg 
e 


AD872_ 
= > 717 
la ll 


eet CORRECTION LOGIC 
e 


REF OUT QO 


e 
‘OUTPUT OTR *MSB WSB-BIT 12 (LSB) 
ENABLE 


O 
REF GND 


* ONLY AVAILABLE ON 44 PIN SURFACE MOUNT PACKAGE. 


The AD872 is fabricated on Analog Devices ABCMOS-I process 
which utilizes high speed bipolar and CMOS transistors on a 
single chip. High speed, precision analog circuits are now com- 
bined with high density logic circuits. 


The AD872 is packaged in a 28-pin ceramic DIP and a 44-pin 
leadless ceramic surface mount package and is specified for 
operation from 0°C to +70°C and —55°C to +125°C. 


PRODUCT HIGHLIGHTS Bee | 

The AD872 offers a complete single-chip sampling 12-bit, 

10 Msps analog-to-digital conversion function in a 28-pin DIP or 
44-pin leadless ceramic surface mount package (LCC). 


Low Power—The AD872 at 1.15 W consumes a fraction of the 
power of presently available hybrids. 


Onboard Track-and-Hold (T/H)—The high impedance T/H input 
eliminates the need for external buffers and can be configured 
for single ended or differential inputs. 


Out of Range (OTR)—The OTR output bit indicates when the 
input signal is beyond the AD872’s input range. 


Ease-of-Use—The AD872 is complete with T/H and voltage 
reference. 


ANALOG-TO-DIGITAL CONVERTERS 2-137 


AD872— SPECIFICATIONS 


(Tyan t0 Tyay With AVpy = +5 V, DVsp = +5 V, AVgs = 5, feampue = 10-MHz unless otherwise — 


DC SPECIFICATIONS witout" 
Parameter - | Units 


RESOLUTION. Bits min 
MAX CONVERSION RATE MHz min 
ACCURACY | 
Integral Nonlinearity (INL) LSB typ 
. Differential Nonlinearity (DNL) LSB typ 
No Missing Codes ' Bits Guaranteed 
Zero Error (@ +25°C)* % FSR max 
Gain Error (@ +25°C)’ % FSR max 
TEMPERATURE DRIFT? 
Zero Error _ % FSR max 
~ Gain Error®: * % FSR max 
Gain Error* > % FSR max 
POWER SUPPLY REJECTION® 
AVpp> DVpp (+5 V + 0.25 V) % FSR max 
AVszs (—5 V + 0.25 V) % FSR max 
_ ANALOG INPUT 
Input Range Volts max 
Input Resistance kQ typ 
Input Capacitance pF typ © 
INTERNAL VOLTAGE REFERENCE : 
Output Voltage Volts typ 
Output Voltage Tolerance mV max 
Output Current (Available for External Loads) ‘mA typ 
(External load should not change during conversion. ) : 
REFERENCE INPUT RESISTANCE — kQ typ . 
~ POWER SUPPLIES 
Supply Voltages | z 
AVpp V (+5% AVpp Operating) 
AVss V (+5% AVsg Operating) 
DVpp V (£5% DVpp Operating) 
Supply Current | | 7 
IAVpp - mA max (78 mA typ) . 
IAVss mA max (134 mA typ) 
. IDVpp | mA max (15 mA typ) 
POWER CONSUMPTION _ | | 1.15 1.15 — Wtyp 
. ne : 1 oe . 1.3 W max 
| NOTES > 


‘Temperature ranges are as follows: J Grade: 0°C to +70°C, S Grade: —55°C to +125°C. 
2Adjustable to zero with external potentiometers (See Zero and Gain Error Calibration section). | 
3+25°C to Tym and +25°C to Tyax- 

‘Includes internal voltage reference error. 

°Excludes internal reference drift. 

Change in Gain Error as a function of the dc supply voltage. 


Specifications subject to change without notice. 
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AC SPECIFICATIONS (Twin tO Tax With AVop = +5 V, DVgp = +5 V, AVss = —5.V, fsampre = 10 Msps, unless otherwise 


noted)! 


Specifications subject to change without notice. 
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Units 
SIGNAL-TO-NOISE AND DISTORTION RATIO (S/N+D) 
finput = | MHz 65 64 dB typ 
61 61 dB min 
finput = 4-99 MHz 63 63 dB typ 
TOTAL HARMONIC DISTORTION (THD) | | 
. —63 —62 dB max 
SPURIOUS FREE DYNAMIC RANGE 
finput = 1 MHz 72 | 72 dB typ 
INTERMODULATION DISTORTION (IMD) dB typ 
SMALL SIGNAL BANDWIDTH MHz typ 
APERTURE JITTER ps rms typ 
OVERVOLTAGE RECOVERY TIME ns typ 
NOTES | 
'f,.. amplitude = —0.5 dB full scale unless otherwise indicated. All measurements referred to a 0 dB (1 V pk) input signal unless otherwise indicated. 
"fa = 1.0 MHz, fb = 0.95 MHz with fe, aipp; = 10 MHz, typical value for second and third order products. 
Specifications subject to change without notice. 
DIGITAL SPECIFICATIONS (1,,, to ty, with AVj> = +5 V, DV) = +5 V, AVgo = —5 V unless otherwise noted) 
_ Parameter jJ,s Grades Units 
LOGIC INPUTS 
High Level Input Voltage V min 
Low Level Input Voltage V max 
High Level Input Current (V;, = DVpp) pA max 
Low Level Input Current (V,,, = 0 V) pA max 
Input Capacitance pF typ 
LOGIC OUTPUTS 
- High Level Output Voltage (Ip;; = 0.5 mA) Vou +2.4 V min 
Low Level Output Voitage (Ip; = 1.6 mA) OL +0.4 V max 
Output Capacitance Cour 5 pF typ 
Leakage (Three-State, LCC Only) Z +10 A max 
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(Twain tO Traax with ioe = +5V, DVpp = 


SWITCHING SPECIFICATIONS va" 04 ant, = 240) 


Parameter 


Clock Period! 
CLOCK Pulse Width High 
CLOCK Pulse Width Low 
Clock Duty Cycle” 


Output Delay 

Pipeline Delay (Latency) | 
Data: Access Time (LCC Package Only)? 
Output Float Delay (LCC Package mall 


NOTES - 


1Conversion rate is operational down to 10 kHz without degradation in specified performance. 
For clock periods of 200 ns or greater, see Clock Input Section. : 
3See Section on Three-State Outputs for timing diagrams and application information. 


Specifications subject to change without notice. 


CLOCK 


BIT 2-12 te DATA 
MSB, OTR N+1 


Figure 1. Timing Diagram 


ABSOLUTE MAXIMUM RATINGS? 


AVpp AGND 
AVss AGND 
DVpp; DRVpp” *  DGND, DRGND 
DRVpy DVpp 
DRGND* — DGND 
AGND DGND 
AVpp | ~ DVpp 
Clock Input, OEN DGND 
Digital Outputs | DGND 
Vina> Ving REF IN -. AGND 
REF IN AGND 


Junction Temperature 
Storage Temperature 
Lead Temperature (10 sec) 


NOTES 


Units 


ns min 
ns min 
ns min 


+5, Wee = —5 Vs = O8Y, Vy = 20V, 


% min (50% typ) ~ 


% max 


ns min (20 ns typ) 
Clock Cycles max 

ns typ (100 pF Load) 
ns typ (10 pF Load) 


1Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure to absolute maximum 


ratings for extended periods may affect device reliability. 
2LCC Package Only. 
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| PIN DESCRIPTION 
Pave. | Pave. | te | 
Symbol Pin No. | Pin No. | Type | Name and Function 
AGND 5,24 9, 36 P Analog Ground. 
AVpp +5 V Analog Supply. | 
AVss —5 V Analog Supply. : | 
MSB Inverted Most Significant Bit. Provides twos complement output 
data format. 
MSB Most Significant Bit. 
BIT 2-BIT 11 ' Data Bits 2 through 11. 


BIT 12 (LSB) 
CLK | 


Least Significant Bit. 


Clock Input. The AD872 will initiate a conversion on the rising 
edge of the clock input. See the Timing Diagram for details. 


DVpp +5 V Digital Supply. 
DGND Digital Ground. 
DRVpp +5 V Digital Supply for the output drivers. 
DRGND Digital Ground for the output drivers. 
(See section on Power Supply Decoupling for details on 
DRVpp and DRGND.) 
OTR Out of Range is Active HIGH on the leading edge of code 0 or 
the trailing edge of code 4096. See Output Data Format Table III. 
. OEN Output Enable. See the Three State Output Timing Diagram for details. 
REF GND Reference Ground. 
REF IN Reference Input. +2.5 V input gives +1 V full-scale range. 
REF OUT +2.5 V Reference Output. Tie to REF IN for normal operation. 
Vina (+) Analog Input Signal on the differential input amplifier. 
Ving (—) Analog Input Signal on the differential input amplifier. 
NC 3, 4, 7, 8, 14, 15 No Connect. 


28, 35, 37, 39, 44 


TYPE: Al = Analog Input; AO = Analog Output; DI = Digital Input; DO = Digital Output; P = Power; N/A = Not Available on 28-pin DIP. Only avail- 
able on 44-pin surface mount package. 


. PIN CONFIGURATIONS 
28-Pin Ceramic DIP . 44-Pin LCC 
Via [1] ¢ 128 | REF IN 
Vine | 2| REF GND 
AVss | 3] [a6 | REF OUT 
AVpp [4 | 25 | -AVsg 
AGND | 5 | 124 | AGND 
DGND | 6 | 23] DGND | 
_ AD872 
DVpp AD872 22 | DVpop _< - TOP VIEW 
TOP VIEW = (NOT TO SCALE) 
BIT 12 (LSB) | 8 | (Nats Seale’ fat CLK 
BIT 11 | 9 | [a9] otr 


BIT 10 |10| '19| MSB 
BIT9 111] 18] BIT 2 


BIT 8 |12| | BIT 3 


BiIT7 [13 | 16 | BIT 4 


BIT6 145] BITS 


NC = NO CONNECT 
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DEFINITIONS OF SPECIFICATIONS 
LINEARITY ERROR 
Linearity error refers to the deviation of adh individual sie 
from a line drawn from “negative full scale” through “positive 
full scale.” The point used as “negative full scale” occurs | 
1/2 LSB before the first code transition. “Positive full scale” is 
defined as a level 1 1/2 LSB beyond the last code transition. © 
The deviation is measured from the middle of each particular © 
code to the true straight line. | 


DIFFERENTIAL LINEARITY ERROR (DNL, NO— 
MISSING CODES) 

An ideal ADC exhibits code transitions that are exactly 1 LSB 
apart. DNL is the deviation from this ideal value. Guaranteed 
no missing codes to 12-bit resolution indicates that all 4096 
codes must be present over all operating ranges. 


ZERO ERROR 

The major carry transition should occur for an analog value 

1/2 LSB below analog common. Zero error is defined as the 
deviation of the actual transition from that point. The zero error 
and temperature drift specify the initial deviation and maximum 
change in the zero error over temperature. | 


GAIN ERROR 

The first code transition should occur for an analog value 1/2 
LSB above nominal negative full scale. The last transition _ 
should occur for an analog value 1 1/2 LSB below the nominal 
positive full scale. Gain error is the deviation of the actual dif- 
ference between first and last code transitions and the ideal dif- 
ference between first and last code transitions. 


TEMPERATURE DRIFT 
The temperature drift for zero error and gain error specifies the 
maximum change from the initial (25°C) value to the value at 


Tan or Tmax: 


POWER SUPPLY REJECTION 

The specifications show the maximum change in the converter’s 
full scale as the supplies are varied from nominal to min/max 
values. 


APERTURE JITTER | 
Aperture jitter is the variation in aperture delay for successive 
samples and is manifested as noise on the input to the A/D. 


APERTURE DELAY 

Aperture delay is a measure of the Track-and-Hold Amplifier 
(THA) performance and is measured from the rising edge of the 
clock input to when the input signal is held for conversion. 
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OVERVOLTAGE RECOVERY TIME 


Overvoltage recovery time is defined as that amount of time 
required for the ADC to achieve a specified accuracy after an 
overvoltage (50% greater than full-scale range), measured .from 
the time the overvoltage signal reenters the converter’s range. 


~ DYNAMIC SPECIFICATIONS 


SIGNAL-TO-NOISE AND DISTORTION (S/N+D) RATIO 
S/N+D is the ratio of the rms value of the measured input sig- 
nal to the rms sum of all other spectral components below the 
Nyquist frequency, including harmonics but excluding dc. The 
value for S/N+D is expressed in decibels. 


TOTAL HARMONIC DISTORTION (THD) 


THD is the ratio of the rms sum of the first six harmonic com- 


ponents to the rms value of the measured input signal and is 
expressed as a percentage or in decibels. 


INTERMODULATION DISTORTION (IMD) 

With inputs consisting of sine waves at two frequencies, fa and 
fb, any device with nonlinearities will create distortion products, 
of order (m + n), at sum and difference frequencies of 

mfa + nfb, where m, n = 0, 1, 2,3... . Intermodulation 
terms are those for which m or n is not equal to zero. For exam- 
ple, the second order terms are (fa + fb) and (fa — fb), and the 


third order terms are (2 fa + fb), (2 fa — fb), (fa + 2 fb) and 


(2 fo — fa). The IMD products are expressed as the decibel 


_ratio of the rms sum of the measured. input signals to the rms 


sum of the distortion terms. The two signals are of equal ampli- 
tude and the peak value of their sums is —0.5 dB from full | 
scale. The IMD products are normalized to a 0 dB input signal. 


FULL-POWER BANDWIDTH 

The full-power bandwidth is that input Paanehes at which the 
amplitude of the reconstructed fundamental is reduced by 3 dB 
for a full-scale input. 


~ SPURIOUS FREE DYNAMIC RANGE 


The difference, in dB, between the rms amplitude of the input 
signal and the peak spurious signal. _ 


~ ORDERING GUIDE 


Temperature Range. 


Package Option! 


AD872JD 0°C to +70°C | D-28 
AD872JE 0°C to +70°C E-44A 
AD872SD? ~55°C to +125°C | 


AD872SE? —55°C to +125°C 


NOTES 

1D = Ceramic DIP, E = Leadless Ceramic Chip Carrier. For outline infor- 
mation see Package Information section. | 
2MIL-STD-883 and SMD versions available; contact factory. 
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REV. A ANALOG-TO-DIGITAL CONVERTERS 2-143 


AD872— Dynamic Characteristics-Sample Rate: 5 MSPS 
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Figure 6. AD872 S/(N+D) vs. Input Frequency Figure 7. AD872 Distortion vs. Input Frequency, Full-Scale 
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Figure 9. AD872 Typical FFT, Foie = 2 MHz 
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THEORY OF OPERATION 

The AD872 is implemented using a 4-stage pipelined multiple 
flash architecture. A differential input track-and-hold amplifier 
(THA) acquires the input and converts the input voltage into a 
differential current..A 3-bit approximation of the input is made 
by the first flash converter, and an accurate analog representa- 
tion of this 3-bit guess is generated by a digital-to-analog con- 
verter. This approximation is subtracted from the THA output 
to produce a remainder, or residue. This residue is then sam- 
pled and held by the second THA, and a 4-bit approximation is 
generated and subtracted by the second stage. Once the second 
THA goes into hold, the first stage goes back into track to 
acquire a new input signal. The third stage provides another 
4-bit approximation/subtraction operation, and produces the 
final residue, which is passed to a final 4-bit flash converter. 
The 15 output bits from the 4 flash converters are accumulated 
in the correction logic block, which adds the bits together using 
the appropriate correction algorithm, to produce the 12-bit out- 
put word. The digital output, together with overrange indicator, 
is latched into an output buffer to drive the output pins. 


The additional THA inserted in each stage of the AD872 archi- 
tecture allows pipelining of the conversion. In essence, the con- 
verter is converting multiple inputs simultaneously, processing 
them through the converter chain serially. This means that 
while the converter 1s capable of capturing a new input sample 
every clock cycle, it actually takes three clock cycles for the con- 
version to be fully processed and appear at the output. This 
“pipeline delay” is often referred to as latency, and is not a con- 
cern in most applications, however there are some cases where it 
may be a consideration. For example, some applications call for 
the A/D converter to be placed in a high speed feedback loop, 
where its input is servoed to provide a desired result at the digital 
output (e.g., offset calibration or zero restoration in video appli- 
cations). In these cases the 3 clock cycle delay through the pipe- 
line must be accounted for in the loop stability calculations. — 
Also, because the converter is working on three conversions 
simultaneously, major disruptions to the part (such as a large 
glitch on the supplies or reference) may corrupt three data sam- 
ples. Finally, there will be a minimum clock rate below which 
the THA droop corrupts the signal in the pipeline. In the case 
of the AD872, this minimum clock rate is 10 kHz. 


The high impedance differential inputs of the AD872 allow a 
variety of input configurations (see APPLYING THE AD872). 
The AD872 converts the voltage difference between the Vina 
and Ving pins. For single-ended applications, one input pin 
(Vina OF Ving) may be grounded, but even in this case the dif- 
ferential input can provide a performance boost: for example, 
for an input coming from a coaxial cable, Vip can be tied to 
the shield ground, allowing the AD872 to reject shield noise as 
common mode. The high input impedance of the device mini- 
mizes external driving requirements and allows the user to exter- 
nally select the appropriate termination impedance for the 
application. 


The AD872 clock circuitry uses both edges of the clock in its 
internal timing circuitry (see spec page for exact timing require- 
ments.) The AD872 samples the analog input on the rising edge 
of the clock input. During the clock low time (between the fall- 
ing edge and rising edge of the clock) the input THA is in track 
mode; during the clock high time it is in hold. System distur- 
bances just prior to the rising edge of the clock may cause the 
part to acquire the wrong value, and should be minimized. | 
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While the part uses both clock edges for its timing, jitter is only | 
a significant issue for the rising edge of the clock (see CLOCK 
INPUT section). 


APPLYING THE AD872 
ANALOG INPUTS 


The AD872 features a high impedance differential input that 
can readily operate on either single-ended or differential input 
signals. Table I summarizes the nominal input voltage span for 
both single-ended and differential modes, assuming a 2.5 V ref- 
erence input. 


Table I. Input Voltage Span 


Vina-Vins 


+1 V (Positive Full Scale) 
—1 V (Negative Full Scale) 
+1 V (Positive Full Scale) 

—1 V (Negative Full Scale) 


Single-Ended 


Differential 


Figure 10 shows an approximate model for the analog input cir- 
cuit. As this model indicates, when the input exceeds 1.6 V 
(with respect to AGND), the input device may saturate, causing 
the input impedance to drop substantially and significantly 
reducing the performance of the part. Input compliance in the 
negative direction is somewhat larger, showing virtually no deg- 
radation in performance for inputs as low as —1.9 V... . 


Vina OR Ving | 
+1V 


Figure 10. AD872 Equivalent Analog Input Circuit 


Figure 11 illustrates the effect of varying the common-mode 
voltage of a —1 dB input signal on total harmonic distortion. 


THD — dB 


CM INPUT VOLTAGE - Volts 


Figure 11. AD872 Total Harmonic Distortion vs. CM Input 
Voltage, fy = 1 MHz, FS = 10 MSPS 
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Figure 12 shows the common-mode rejection performance vs. 
frequency for a 1 V p-p common mode input. This excellent _ 


common-mode rejection out over a wide bandwidth affords the. 


user the opportunity to eliminate many potential sources of 
input noise as common mode by using the differential input 
structure of the AD872. 


Eo 
ann 


CMR ~ dB 


106 . 107 108 
INPUT FREQUENCY - Hz 


Figure 12. Common- Mode Rejection vs. ae Frequency, | 


1V p-p Input — 


Figures 13 and 14 illustrate pea input connections for single- - 


ended inputs. 


Figure 13. AD872 Single-Ended Input Connection 


Figure 14. AD872 Single-Ended Input ¢ Connection Using a 
enieiged Cable 


The cable shield is used as the gfcniid connection for the Vip 
input, providing the best possible rejection of the cable noise 
from the input signal. Note also that the high input impedance 
of the AD872 allows the user to select his own termination 
impedance, be it 50 ohms, 75 ohms, or some other value. Fur- 
thermore, unlike many flash converters, most AD872 2 applica- 
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— tions will not require an external buffer amplifier. If such an 


amplifier is required, we suggest either the AD811 or AD9617. 


Figure 15 illustrates how external amplifiers may be used to — 
convert a single-ended input into a differential signal. The resis- _ 
tor values of 536 2 and 562 2 were selected to provide opti- 
mum phase matching between Ul and U2. 


Figure 15. Single-Ended to Differential Connections; 
U1, U2 = AD811 or AD9617 


The use of the differential input signal can help to minimize 
even-order distortion from the input THA where performance 
beyond —70 dB is desired. 


| Figure 16 shows the AD872 large signal (—0.5 dB) and seoall 


signal (—20 dB) frequency response: 


FUND AMP - dB 


105 ; 106 107 108 10° 
. . INPUT FREQUENCY - Hz 


Figure 16. Full Power (—0.5 dB) and Small Signal 
Response (—20 dB) vs. Input Frequency 


The AD872’s wide input bandwidth facilitates rapid acquisition 
of transient input signals: the input THA can typically settle to 
12-bit accuracy from a full-scale input step in less than 40 ns. 
Figure 17 illustrates the typical acquisition of a full-scale mut 
step. 
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MAGNITUDE - LSB 


Figure 17. Typical AD872 Settling Time 


The wide input bandwidth and superior dynamic performance 
of the input THA makes the AD872 suitable for undersampling 
applications where the input frequency exceeds half the sam- 
pling frequency. The input THA is designed to recover rapidly 
from input overdrive conditions, returning from a 50% over- 
drive in less than 50 ns. 


Because of the THA’s exceptionally wide input bandwidth, 
some users may find the AD872 is sensitive to noise at frequen- 
cies from 50 MHz to 100 MHz that other converters are incapa- 
ble of responding to. This sensitivity can be mitigated by careful 
use of the differential inputs (see previous paragraphs). Addi- 
tionally, Figure 18 shows how a small capacitor (10 pF-20 pF 
for 50-ohm terminated inputs) may be placed between V,,,, and 
Vine to help reduce high frequency noise in applications where 
limiting the input bandwidth is acceptable. 


+1VO 


10 OR 20pF 


Figure 18. Optional High Frequency Noise Reduction 


The AD872 will contribute its own wideband thermal noise. As 
a result of the integrated wideband noise (1/2 LSB rms, 
referred-to-input), applying a dc analog input produces more 
than one code at the output. A histogram analysis of the AD872 
with a dc input will show a bell shaped curve consistent with 
the Guassian nature of the thermal noise. This histogram will be 
between 3 and 5 codes wide, depending on how well the input is 
centered on a given code and how many samples are taken. 


REFERENCE INPUT 

The nominal reference input should be 2.5 V, taken with 
respect to REFERENCE GROUND (REF GND). Figure 19 
illustrates the equivalent model for the reference input: there 
is no clock or signal-dependent activity associated with the 
reference input circuitry, therefore, no “kickback” into the 
reference. 7 
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Figure 19. Equivalent Reference Input Circuit 


The AD872’s input impedance is 5 kQ., with a tolerance of 
+20%. The effective noise bandwidth through the input channel 
is 10 MHz, and the referred-to-input noise gain is 0.4. For 
example, the internal reference, with peak-to-peak noise of 

180 V (using an external 1 wF capacitor), contributes 0.3 LSBs 
of noise to the transfer function of the AD872. 


The full-scale peak-to-peak input voltage is a function of the 
reference voltage, according to the equation: 


Note that the AD872’s performance was optimized for a 2.5 V 
reference input: performance will degrade somewhat for other 
reference voltages. Figure 20 illustrates the S/(N+D) perfor- 
mance vs. reference voltage for a 1 MHz, —0.5 dB input signal. 
Note also that if the reference is changed during a conversion, 
all three conversions in the pipeline will be invalidated. — 


S/(N + D) - dB 


REFERENCE INPUT VOLTAGE - Voits 


Figure 20. S/(N+D) vs. Reference Input Voltage, 
fin = 1 MHz, FS = 10 MHz 


Table II summarizes various 2.5 V references suitable for use 
with the AD872, including the onboard bandgap reference (see 
REFERENCE OUTPUT section). 


Table II. Suitable 2.5 V References 


Initial Accuracy 


REF-43B 
AD680JN 
Internal 


6 (max) 
10 (max) 
30 (typ) 
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If an external reference is connected to REF IN, REF OUT 
must be connected to +5 V. This should lower the current in 
REF GND to less than 350 A, and eliminate the need for a 

1 pF capacitor. % | 


Alternatively, Figure 21 shows how the AD872 may be driven 
from other references by use of an external resistor. The exter- 
nal resistor forms a resistor divider with the on-chip 5 k(Q resis- 
tor to realize 2.5 V at the reference input pin (REF IN). A trim 
potentiometer is.recommended to accommodate the tolerance of 
the AD872’s 5 kQ resistor. 


e Ry ee 


. 2.5V 
peas 
V REF GND 


Figure 21. Optional +5 V Reference Input Circuit 


REFERENCE GROUND | 

The REF GND pin provides the reference point for both the 
reference input, and the reference output. When the internal 
reference is operating, it will draw approximately 500 wA of cur- 
rent through the reference ground, so a low impedance path to 
the external common is desirable. The AD872 can tolerate a 
fairly large difference between REF GND and AGND, up to 

+1 V, without any performance degradation. 


REFERENCE OUTPUT 

The AD872 features an onboard, curvature compensated 
bandgap reference that has been laser trimmed for both absolute 
value and temperature drift. The output stage of the reference 
was designed to allow the use of an external capacitor to limit 
the wideband noise. As Figure 22 illustrates, a 1 wF capacitor on 
the reference output is required for stability of the reference output 
buffer. Note: If used, an external reference may become unstable 
with this capacitor in place. 


Figure 22. Typical Reference Decoupling Connection 


With this capacitor in place, the noise on the reference output is 
approximately 30 .V rms at room temperature. Figure 23 shows 
the typical temperature drift performance of the reference, while 
Figure 24 illustrates the variation in reference voltage with load 
currents. | 
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REFERENCE VOLTAGE — Volts 


_ TEMPERATURE ~ °C 


Figure 23. Reference Output Voltage vs. Temperature 


_ REFERENCE VOLTAGE -V 
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REFERENCE OUTPUTLOAD-Q 


Figure 24, Reference Output Voltage vs. Output Load 


The output stage is designed to provide at least 2 mA of output 


current, allowing a single reference to drive up to four AD872s, 


or other external loads. The power supply rejection of the refer- 
ence is better than 54 dB at dc. 


DIGITAL OUTPUTS 

In 28-pin packages, the AD872 output data is presented in twos 
complement format. Table III indicates offset binary and twos 
complement output for various analog inputs. 


Table III. Output Data Format 


Analog Input Digital Output 


Twos Complement | 


1111 1111 1111 | 0111 1111 1111 


Vin a-Vins 


=0.999756 V 


0.999268 V 1111 1111 1111 | 0111 1111 1111 0 
ov... 1000 0000 0000 | 0000 0000 0000 o- 
-1V_—_|_ 0000 0000 0000 | 1000 0000 0000 0 
~ 1.000244 V | 0000 0000 0000 | 1000 0000 0000 ] 


Users requiring offset binary encoding may simply invert the ~ 
MSB pin. In. the 44-pin surface mount packages, both MSB and 
MSB bits are provided. | 2 | 

The AD872 features a digital out-of-range (OTR) bit that goes | 
high when the input exceeds positive full scale or falls below = 
negative full scale. As Table III indicates, the output bits will be 
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set appropriately according to whether it is an out-of-range high 
condition or an out-of-range low condition. 


The AD872’s CMOS digital output drivers are sized to provide 
sufficient output current to drive a wide variety of logic families. 
However, large drive currents tend to cause glitches on the sup- 
plies and may affect S(N+D) performance. Applications requir- 
ing the AD872 to drive large capacitive loads or large fanout 
may require additional decoupling capacitors on DRVjpp and 
DV yp. In extreme cases, external buffers or latches could be 
used. 


THREE-STATE OUTPUTS 

The 44-pin surface mount AD872 offers three-state outputs. 
The digital outputs can be placed into a three-state mode by 
pulling the OUTPUT ENABLE (OEN) pin LOW. Note that 
this function is not intended to be used to pull the AD872 on 
and off a bus at 10 MHz. Rather, it is intended to allow the 
ADC to be pulled off the bus for evaluation or test modes. Also, 
to avoid corruption of the sampled analog signal during conver- 
sion (3 clock cycles), it is highly recommended that the AD872 
be placed on the bus prior to the first sampling. 


oo ee 


ACTIVE 


DATA 


OUTPUT THREE-STATE 


Figure 25. Three-State Output Timing Diagram 


For timing budgetary purposes, the maximum access and float 
delay times for the AD872 are 200 ns. 


CLOCK INPUT 

The AD872 internal timing control uses the two edges of the 
clock input to generate a variety of internal timing signals. The 
optimal clock input should have a 50% duty cycle; however, 
sensitivity to duty cycle is significantly reduced for clock rates of 
less than 10 megasamples per second. 


+5V 


Figure 26. Divide-by-Two Clock Circuit 


Due to the nature of on-chip compensation circuitry, the duty 
cycle should be maintained between 40% and 60% even for 
clock rates less than 10 Msps. One way to realize a 50% duty 
cycle clock is to divide down a clock of higher frequency, as 
shown in Figure 26. 
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In this case, a 20 MHz clock is divided by 2 to produce the 
10 MHz clock input for the AD872. In this configuration, the 
duty cycle of the 20 MHz clock is irrelevant. 


The input circuitry for the CLKIN pin is designed to accom- 
modate both TTL and CMOS inputs. The quality of the logic 
input, particularly the rising edge, 1s critical in realizing the best 
possible jitter performance for the part: the faster the rising 
edge, the better the jitter performance. 


As a result, careful selection of the logic family for the clock 
driver, as well as the fanout and capacitive load on the clock 
line, is important. Jitter-induced errors become more predomi- 
nant at higher frequency, large amplitude inputs, where the 
input slew rate is greatest. 


The AD872 is designed to support a sampling rate of 10 Msps; 
running at slightly faster clock rates may be possible, although 

at reduced performance levels. Conversely, some slight perfor- 

mance improvements might be realized by clocking the AD872 
at slower clock rates. Figure 27 presents the SNR vs. clock fre- 
quency for a 1 MHz analog input. 


S) (N+D) - dB 


FREQUENCY — MHz 


Figure 27. Typical S(N+D) vs. Clock Frequency 
fin, = 1 MHz, Full-Scale Input 


The power dissipated by the correction logic and output buffers 
is largely proportional to the clock frequency; running at 
reduced clock rates provides a slight reduction in power con- 
sumption. Figure 28 illustrates this tradeoff. 


FREQUENCY — MHz 


Figure 28. Typical Power Dissipation vs. Clock Frequency 
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ANALOG SUPPLIES AND GROUNDS ___- 

The AD872 features separate analog and digital supply and 
ground pins, helping to minimize digital corruption of sensitive 
analog signals. In general, AVsg and AVpp, the analog supplies, 
should be decoupled to AGND, the analog common, as close to 
the chip as physically possible. Care has been taken to minimize 
the signal dependence of the power supply currents; however, 
the analog supply currents will be proportional to the reference | 
input. With REFIN at 2.5 V, the typical current into AVpp is 


78 mA, while the typical current out of AVgg is 134 mA. Typi- 


cally, 55 mA will flow into the AGND pin. 


Careful design and the use of differential circuitry provide the 
AD872 with excellent rejection of power supply noise over a | 
wide range of frequencies, as illustrated in Figure 29. 


SUPPLY REJECTION - dB | 


FREQUENCY - Hz 


Figure 29. Power Supply Rejection vs. Frequency, 
- 100 mV p-p Signal on Power Supplies 


Figure 30 shows the degradation in SNR ratio resulting from 
100 mV of power supply ripple at various frequencies. As Fig- 
ure 30 shows, careful decoupling is required to realize the speci- 
fied dynamic performance. Figure 35 demonstrates the 
recommended decoupling strategy for the supply pins. Note that 
in extremely noisy environments, a more elaborate supply filter- 
ing scheme may be necessary. | 
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Figure 30. SNR vs. Supply Noise Frequency (fi, = 
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DIGITAL SUPPLIES AND GROUNDS 

The digital activity on the AD872 chip falls into two general — 
categories: CMOS correction logic, and CMOS output drivers. 
The internal correction logic draws relatively small surges of _ 
current, mainly during the clock transitions; in the 44-pin pack- 
age, these currents flow through pins DGND and DVpp. The © 
output drivers draw large current impulses while the output bits 
are changing. The size and duration of these currents is a func- 
tion of the load on the output bits: large capacitive loads are to 
be avoided. In the 44-pin package, the output drivers are sup- 
plied through dedicated pins DRGND and DRV,p. Pin count ~ 
constraints in the 28-pin packages require that the digital and 
driver supplies share package pins (although they have separate 
bond wires and on-chip routing). The decoupling shown in Fig- 
ure 35 is appropriate for a reasonable capacitive load on the digi- 
tal outputs (typically 20 pF on each pin). Applications involving 
greater digital loads should consider increasing the digital decou- 
pling proportionately. . 


APPLICATIONS ; 

OPTIONAL ZERO AND GAIN TRIM 

The AD872 is factory trimmed to minimize zero error, gain 
error and linearity errors. In some applications the zero and gain 
errors of the AD872 need to be externally adjusted to zero. If 
required, both zero error and gain error can be trimmed with 
external potentiometers as shown in Figure 31. Note that gain | 
error adjustments must be made with an external reference. 


Zero trim should be adjusted first. Connect V;,;, to ground and 
adjust the 10 kQ: potentiometer such that a nominal digital out- - 
put code of 0000 0000 0000 (twos complement output) exists. . 
Note that the zero trim should be decoupled and that the accu- 
racy of the +2.5 V reference signals will directly affect the offset. 


Gain error may then be calibrated by adjusting the REF IN. 
voltage. The REF IN voltage should be adjusted such that a 


+1 V input on Vix, results in the digital output code 01111 


1111 1111 (twos complement output). | 


+2.5V AD872 


10k22 


V 


(b) GAIN TRIM 


(a) ZERO TRIM 


Figure 31. Zero and Gain Error Trims 
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Figure 32. AD872 Evaluation Board Schematic 
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ANALOG 
DEVICES 


10-Bit 30 MSPS, 530 mW 
CMOS A/D la 


FEATURES 

Monolithic 10-Bit 30 MSPS A/D Converter 
Power Dissipation: 530 mW 

On-Chip Sample-and-Hold Amplifier 

+5 V Single-Supply Operation 
Signal-to-Noise Ratio f,, = 3.58 MHz: 53 dB 
Differential Nonlinearity: 0.8 LSB 
Adjustable Reference Input 

Differential Inputs 

24-Pin “Skinny” DIP and 28-Pin SOIC | 


PRODUCT DESCRIPTION 

The AD873 is a low power, single supply, CMOS 10-bit, 
30 Msps analog-to-digital converter (ADC). The AD873 com 
bines 10-bit video speed conversion with single-supply op 
tion. The AD873’s on-chip high impedance differenti 
sample-and-hold amplifier (SHA) allows direct conversion's 
video and HDTV bandwidth signals. The differential ihpu é 


SHA can be driven either differentially to reject high frequenc > 


noise coupled:on the analog inputs or single ended with one 
input set to a dc offset level. 


The AD873’s dynamic performance is ideal in a variety of appli- 


cations such as video enhancement, HDTV, ghost cancellation, | 


medical imaging and high speed data acquisition. The AD873’s 
30 Msps sampling rate allows eight times oversampling of a 
standard NTSC video color subcarrier. The AD873’s low 
power and single-supply operation are also suited for portable 
applications. 


The AD873 is available over the commercial temperature range 
(0°C to +70°C) and is packaged in a space saving sia plastic 
“skinny” DIP (JN) and 28-pin SOIC QR). 


This is a preliminary data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


_ FUNCTIONAL BLOCK DIAGRAM 


CLK _ AVnn PVnn DRVpp 


GAIN SHA GAIN 


C) BIT 1 (MSB) 


BIT 10 (LSB) 


D873 re a typical power consumption of 
ale dder current is also low: 5mA (typical), | 


Single +5 V Supply Operation: The AD873 is designed to. 
operate on a single +5 V supply. 


Small Size: The AD873 is available in a space saving one 
“skinny” DIP and pte SOIC. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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SPECIFICATIONS — AD873 


(Twin to Twax with AVop = +5 V, DVop = +5 V, ferock = 30 MHz, Vert = +3.0 V, Veerp = +1.5V 


DC SPECIFICATIONS unless otherwise noted) 


Parameter Units 
RESOLUTION Bits 
DC ACCURACY 
Linearity Error LSB 
Differential Linearity Error LSB 
Offset (+25°C) Yo FSR 
Gain Error (+25°C) % FSR 
ANALOG INPUT 
Input Range V p-p 
Input Current uA 
Input Capacitance pF 
REFERENCE INPUT 
Reference Input Resistance Q 
Reference Input Voltage, Top Vv 
Reference Input Voltage, Bottom V 
CLOCK INPUT 
High Level Input Voltage V 
Low Level Input Voltage V 
High Level Input Current (CLK = DVpp) pA 
Low Level Input Current (CLK = 0 V) WA 
Input Capacitance pF 
LOGIC OUTPUTS | 
High Level Output Voltage (oy = 0.5 mA). V 
High Level Output Voltage (loy = 50 UA) V 
Low Level Output Voltage (Io, = 0.6 mA) V 
Low Level Output Voltage (Io, = 50 WA) V 
POWER SUPPLIES 
Operating Voltages 
AVpp V 
DVpp | Vv 
Operating Current 7 
IAVpp mA 
IDVpp mA 
POWER SUPPLY REJECTION mV/V 
POWER CONSUMPTION . 530 TBD mW 
TEMPERATURE RANGE 
Specified 0 +70 °C 


Specifications subject to change without notice. See Definition of Specifications for additional information. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD873 
: (AVop = = +5V, DVpp = +5 V ferock = 30 MHz, Veer = = +3. 0 V, Vrere= =+1. 2 V, 


AC SPECIFICATIONS fix Amplitude = -0.9 dB, unless otherwise noted) 


Parameter | oH os be Min . Typ Max Units 


DYNAMIC PERFORMANCE 
Signal-to-Noise and Distortion (S/N+D) Ratio 
fin = 1.0 MHz | 
fin = 10 MHz 
Signal-to-Noise Ratio (S/N) 
fin = 1.0 MHz 
m fin = 10MHz . ’ 
Total Harmonic Distortion (THD) 
fin = 1.0 MHz j 
fin = 10 MHz 
Spurious Free Dynamic Range! 
Full Power Bandwidth 
Intermodulation Distortion (IMD)? 
Second Order Products 
Third Order Products 
Differential Phase 
‘Differential Gain 


NOTES » 

‘fy = = 1 MHz. 

2fa = TBD MHz, fb = TBD MHz. 
Specifications subject to change without notice. 


TIMING SPECIFICATIONS 


Units 
MAXIMUM CONVERSION RATE! Msps 
Clock Period ns 
Clock High ~ | 2 : | ns 
Clock Low tei | 16 ons 
Output Delay’ top 8 . | ms 
Aperture Delay : TBD - ns 
Aperture Jitter TBD ps 
Pipeline Delay (Latency) 5 Clock Cycles 
Output Rise Time’ tr 5 | HS. 4 ee 
Output Fall Time? tr 5 ns 
NOTES 


‘Conversion rate is operational down to xx kHz without aesiodsubu’ in specified performance. 
*C, = 25 pF. 
L= 4)P 


ee II 
he >| fe too | 


arrs0 XX X____Yoaran-aYoaransioaran 


ton tet 


This information applies toa product under. development. Its-characteristics and specifications are subject to ai without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to:in writing. «. 
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AD873 


PIN DESCRIPTION 
Symbol Name and Function 
AVss 6, 7 Analog Ground. 
AVpp 8 ,9 +5 V Analog Supply. 
BIT 1 (MSB) 12 14 Most Significant Bit. 
BIT 2-BIT 9 13-16, 21-24 15-18, 25-28 Data Bit 2 through Data Bit 9. 
BIT 10 (LSB) 1 l Least Significant Bit. 
CLK 1] 13 Clock Input. 
DVss 20 23, 24 Digital Ground. 
DVpp : 17 | 19, 20 +5 V Digital Supply. 
DRYVss 19 22 Digital Ground for the digital output drivers. 
DRVpp 18 21 +5 V Digital Supply for the digital output drivers. 
REFT 11 Reference Top Input. 
REFB 10 : Reference Bottom Input. 
Vina (+) Analog Input Signal to the differential input SHA. 
Ving (—) Analog Input Signal to the differential input SHA. 
CML Bypass pin for an internal bias point. 
NC No Connection. Connect to AVss. 


ORDERING GUIDE 


Temperature 
Range 


Package 


Description al eri (use) Sa) eer 
AD873JN| 0°C to +70°C | 24-Pin PlastieD | [23] BIT 8 ne [2 | BIT 8 
AD873JR | 0°C to +70°C 28-Pin SOIC | 2 mat [3 | 22] BIT 7 cu. [a] oo 
*For outline information see Package Information section. @ in 21) BIT 6 Vins 14 25] BIT6 
20) DVss Vina 5 | 24 | DVss 
. . DRV AV DV 3 
ABSOLUTE MAXIMUM RATINGS* _ Apeiadlaahas ee a AD873 ath 
$I e OSMAN EE VI TE CTR SOY 7 PS SE i SRDS OW ey Se AVop 7 | (Not to Scale) 18 DRVop AVss Kal TOP VIEW 22 DRVgs 
Parameter With Respect to Min Max Units REFB | 8 | DVop AVpp [8 | (Not to Scale) [21] DRVpp 
a age a eg ee eee REFT BIT 5 AV DV 
AVpp, DVpp | AVss,; DVss,; DRVsg_—-—-0..5 +6.5 Volts NC o se sh 2 20] DVop 
e 15| BIT 4 REFB [10] 19] DVpp 
AVss DVss, DRVss 1.0 +1.0 Volts eux fii] fa] BIT3 
Analog Inputs AVsg -0.5 +6.5 Volts BEET |i) 18] BIT 
CLK — DVss 0.5  +6.5 Volts oe ial ne [12] BIT 4 
Junction Temperature +150 °C. iO G ROME CLK [13 BIT 3 
Storage Temperature ~65 +150 °C a 14 15] BIT 2 
Lead Temperature (10 sec) +300 °C ie i 


NC = NO CONNECT 


*Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device reliability. 


CAUTION 

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. WARNING! we 
Although the AD873 features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 

precautions are recommended to avoid performance degradation or loss of functionality. 


ESD SENSITIVE DEVICE 


This information applies to a product under development. Its characteristics and specifications are subject to cacaue without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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§ ANALOG 
DEVICES 


10-Bit 15 MHz, 165 mW 
CMOS A/D Converter 


FEATURES — 

CMOS 10-Bit 15 MHz A/D Converter 

Low Power Dissipation: 185 mW 

+5 V Single-Supply Operation 

Differential Nonlinearity: 0.4 LSB 

Guaranteed No Missing Codes 

Power-Down (Standby) Mode: <50 mW 
Three-State Outputs 

Digital |/Os Compatible with +5 Vor +3.3V Peake 
Adjustable Reference Input | 
Small Size: 48-Pin Thin Quad Flatpack (TOFP) 


PRODUCT DESCRIPTION 

The AD875 is a CMOS, low power 10-bit, 15 MHz analog-to- 
digital converter (ADC). The AD875 combines high speed 
10-bit resolution and performance with low power and single- 
supply operation. By implementing a multistage pipelined archi- 
tecture with output error correction logic, the AD875 offers 
accurate performance and guarantees no missing codes over the 
full operating temperature range. To minimize external voltage 
drops, the reference ladder top and bottom 2 are provided with 
force and sense pins. 


The AD875’s digital I/Os can interface to either +5 Vv or +3.3 V 
logic. The AD875 can be placed into a standby mode of opera- 
tion reducing the power below 50 mW. Digital output data can 
be placed in a high impedance state and is offered in a variety of 
formats, including straight binary and twos complement output. 
The AD875 also provides both underrange and overrange output 
bits, indicating when the analog input has exceeded the analog 
input range. 


The AD875’s speed, ‘ecaltiniad and single-supply operation are 
ideally suited for a variety of applications in imaging, high speed 
data acquisition and communications. The AD875’s low power 
and single supply operation are required for high speed portable 
applications. Its speed and resolution are ideally suited for 
charge coupled device (CCD) input systems such as color scan- | 
ners, digital copiers, electronic still cameras and camcorders. 


The AD875 is packaged in a space saving 48-pin thin quad flat- 
pack (TQFP) and is specified over the commercial (0°C to 
+70°C) temperature range. 


This is an abridged data sheet. To obtain the most recent version or | 
complete data sheet, call our fax retrieval system at 1-800-446-6212. | 
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FUNCTIONAL BLOCK DIAGRAM 


CLK | AVpp DVop 
O O 


DRVpp 
O 


C) STBY 
AIN () MINV 
. O LINV 
C) TEST MODE — 
C) THREE-STATE 


REFTF C) 
REFTS © 
REFTQ © 
REFMID ©) 
REFBQ () . 
D9 (MSB)- 
REFBS () DO (LSB) 
 REFBF © | : CNR 


CML AVss_DVs5 


DRVg, 


- PRODUCT HIGHLIGHTS 


Low Power—The AD875 at 185 mW consumes a fraction of the 
power of presently available 10-bit, video-speed converters. | 
Power-down mode and single-supply operation further enhance 
its desirability in low power, battery operated applications such 
as electronic still cameras, camcorders and communication 
systems. 


Superior Differential Nonlinearity Performance—The AD875’s typ- 


ical DNL performance is 0.4 LSB and a maximum of 0. 8 LSBs 


for the 0 to 255 code range (ideal for imaging systems). No 
missing codes are guaranteed. 


Very Small Package—The AD875 is available in a 48-pin surface 


mount, thin quad flatpack. The TQFP package is ideal for very . 


tight, low headroom designs. ‘The AD875 is available in os 
and-reel. 


Digital I/O Functionality ~The AD875 offers several digital fea- 
tures which allow output data formatting, fixed output test pat- 
tern generation to facilitate in-circuit testing, three-state output 
control and over/underrange indicators. 
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SPECIFICATIONS 


(Tran tO Trax With AVyy = +5.0 V, DV, = +5.0 V, DRV,) = +3.3 V, Vecere = +4.0 V, 


DC SPECIFICATIONS Veerar = +2.0 V, ferocy = 15 MHz, unless otherwise noted) 


Parameter Min Typ Max 
RESOLUTION . 
DC ACCURACY 
Integral Nonlinearity (INL) +1.5 
Differential Nonlinearity (DNL) 
Codes 0 to 255 
Codes 256 to 1023 +0.4 
No Missing Codes GUARANTEED 
Offset 0.1 
Gain 0.2 
ANALOG INPUT 
Input Range 1.8 2 2:2 
Input Resistance 100 
Input Current 10 
Input Capacitance 5 


REFERENCE INPUT 
Reference Top Voltage 
Reference Bottom Voltage 
Reference Input Resistance 
Reference Input Current 
Force-Sense Offset 

Top 
Bottom 


POWER SUPPLIES 

Operating Voltages 
AVpp 
DVpp 
DRVpp 

_ Operating Current 

IAVpp 
IDVpp 
IDRVpp' 


POWER CONSUMPTION 


TEMPERATURE RANGE 
Operating 0 +70 


NOTES 
1C, = 20 pF 
Specifications subject to change without notice. See Definition of Specifications for additional information. 
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(Tum tO Tyax With AVpp = +5.0 V, DVpq = +5.0 V, DRVpy = +3.3 V, Veep = 44.0 v, 


DIGITAL SPECIFICATIONS Veerer = = +2. OV, fozex = = 15 Miz, G : = 20 pF unless otherwise noted) ina’ he 
Frame = Min Tp “Moe Unie 


LOGIC INPUT | 
High Level Input Voltage 


Low Level Input Voltage 


High Level Input Current 

Low Level Input Current 

Low Level Input Current (CLK Only) 
Input Capacitance 


LOGIC OUTPUTS 
High Level Output Voltage 
doy = 50 pA) 
(oy = 0.5 mA) 
Low Level Output Voltage | 
(lop = 50 pA) © 
(lo, = 0.6 mA) 


Output Capacitance 
Output Leakage Current 


Specifications subject to change without notice. 


(Tyan t0 Tyax With AVyy = +5.0 V, DVp) = +5.0 V, DRVpp = +3.3 V, Verrrp = +4.0V, 


TIMING SPECIFICATIONS Vecrpp = +2.0 V, forocx = 15 MHz, C, = 20 pF unless otherwise noted) : 
Min | Typ Max — Units 


Maximum Conversion Rate! 


MHz 
Clock Period ns 
’ Clock High ns 
Clock Low ns 
Output Delay? : ns _ 
Pipeline Delay (Latency) _ Clock Cycles 
Sampling Delay 1° “ns 
Sampling Delay 2? ‘ms 
External Settling Requirement* mV. 
NOTES 
oe is operational down to 10 kHz without degradation in specified performance. 
Eo pr. 


3See the section entitled “Driving the Analog Input.” 
Specifications subject to change without notice. 


, SAMPLE N+2 
SAMPLE N . 
AIN SAMPLE N+1 


CLK 


OUT DATA N-3 DATA N-2 DATA N-1 DATA N 


Figure 1. AD875 Timing Diagram 
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AD875 
PIN DESCRIPTION 


Symbol ae Name and Function D0-D9, UNR, OVR 


DO (LSB) Least Significant Bit 

D1-D4 Data Bits 1 Through 4 

D5-D8 Data Bits 5 Through 8 

D9 (MSB) Most Significant Bit 

UNR Underrange Output 

OVR Overrange Output 

TESTMODE| 19 DI |TESTMODE = LOW TESTMODE = HIGH 
1010... Pattern On or N/C 
D0-D9 Normal Operating Mode 

LINV 20 DI {Invert the Lower Order Output Bits TESTMODE, LINV, MINV, 
LINV = LOW LINV = HIGH or N/C THREE-STATE, STBY 
No Inversion Invert Low Order AVop 

Output Bits (D0—-D8) DRVp5 

MINV 21 DI {Invert the Most Significant Bit 
MINV = LOW MINV = HIGH or N/C 
No Inversion Invert MSB (D9) 

THREE- 23 DI |THREE-STATE = LOW THREE-STATE = HIGH 

STATE Normal Operating Mode or N/C 

High Impedance Outputs 

STBY 24 DI |STBY = LOW STBY = HIGH or N/C 
Normal Operating Mode Standby Mode 

CLK Clock Input 

CML Bypass Pin for an Internal Bias Point. A 10 F capacitor 
in parallel with a 0.1 .F capacitor must be connected to 
CML. CML is not to be used to drive external circuitry. 

REFTS Reference Top Sense 

- REFTF Reference Top Force 

REFTQ Reference Top Quarter Point (Bypass) 

REFMID Reference Midpoint (Bypass) 

REFBQ Reference Bottom Quarter Point (Bypass) 

REFBF Reference Bottom Force 

REFBS Reference Bottom Sense 

AIN Analog Input 

AVpp +5 V Analog Supply 

AVss- Analog Ground 

DVpp +5 V Digital Supply 

DVss Digital Ground 

DRVpp +3.3 V/+5 V Digital Supply. Supply for Digital 

Input and Output Buffers 

DRVszs +3.3 V/+5 V Digital Ground. Ground for Digital 
Input and Output Buffers 

TP Connect to AVgs (Analog Ground) 

TP2 Connect to DVsg (Digital Ground) 

N/C No Connect 


TYPE: AI = Analog Input; AO = Analog Output; DI = Digital Input; 
DO = Digital Output; 
P = Power 


Equivalent Circuits 
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AD875 


PIN CONFIGURATION 


TT] 45 DRVpp 
rT] 38 CML 
TT 37 AVpp 


38 
>> 
qa 
$y 
nial 
aia 


ox 
5 
$ 
_t 
5 


1141 NC 
[T_] 40 AIN 
| _1.139 AIN 


‘TYPICAL CHARACTERISTIC CURVES 


DO(LSB) 1 | N 1 IDENTIFIER 136 AVss . 
D1 2 [1135 REFBS % 
D2 3 T1434 REFBF t 
D3 4 . [133 REFBQ S 
D4 5. 32 REFMID 8 
ome § wee. | (ese ee 
20 7 woot) EBs mer 
D6 9 7) 28 TPI 
D7 10 [1127 DVs5_ 
D8 11 PT 26 DVpp 
~ D9 (MSB) 12 Sohn A [T1125 DVop 
Oe ee oo ~ FULL SCALE | + FULL SCALE 
H : HE H H : . . : H H ANALOG INPUT VOLTAGE 
i BI le Figure 2. Typical DNL 
GBB33 Sa2E4HR 
BaGEGE SISOS : 
” Ww 
Hg 
z 
_ ORDERING GUIDE | 
| 7 
- | Temperature | Package Package ‘ 4 
Range | Description Option* 3 
AD875JST 0°C to +70°C | 48-Pin TQFP 
AD875JST-Reel O°C to +70°C | 48-Pin TQFP 1 
(Tape and Reel 13”) 
*For outline information see Package Information section. 
-2 | 
~ FULL SCALE | +FULLSCALE — 
no ae ANALOG INPUT VOLTAGE a Saf? 
Figure 3. Typical INL 
ABSOLUTE MAXIMUM RATINGS* | | | 
AVpp ° | oD Volts 
DVpp> DRVpp Volts 
AAV ss Volts 
AIN. | Volts 
REFTS, REFTF, REFBS, REFBF Volts 
Digital Inputs, CLK Volts 
Junction Temperature °C 
Storage Temperature “C 
Lead Temperature (10 sec) 5 


*Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This j is a stress rating only and functional operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification.is not implied. Exposure to Speen maximum 


ratings for extended periods may affect device reliability. 


CAUTION 


ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the AD875 features proprietary ESD protection circuitry, permanent damage may 


WARNING! 


occur on devices subjected to high energy electrostatic discharges. Therefore, 
precautions are recommended to avoid performance degradation or loss of functionality. 
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proper ESD 


FSD SENSITIVE DEVICE 


ar 


REV. 0 


DEFINITIONS OF SPECIFICATIONS 

Integral Nonlinearity (INL) 

Integral nonlinearity refers to the deviation of each individual 
code from a line drawn from “zero” through “full scale.” The 
point used as “zero” occurs 1/2 LSB before the first code transi- 
tion. “Full scale” is defined as a level 1 1/2 LSB beyond the last 
code transition. The deviation is measured from the center of 
each particular code to the true straight line. 


Differential Nonlinearity (DNL, No Missing Codes) 

An ideal ADC exhibits code transitions that are exactly 1 LSB 
apart. DNL is the deviation from this ideal value. It is often 
specified in terms of the resolution for which no missing codes 
(NMC) are guaranteed. 


Offset Error 

The first transition should occur at a level 1/2 LSB above 
“zero.” Offset is defined as the deviation of the actual first code 
transition from that point. 


Gain Error 

The first code transition should occur for an analog value 

1/2 LSB above nominal negative full scale. The last transition 
should occur for an analog value 1 1/2 LSB below the nominal 
positive full scale. Gain error is the deviation of the actual dif- 
ference between first and last code transitions and the ideal dif- 
ference between the first and last code transitions. = 


Pipeline Delay (Latency) 

The number of clock cycles between conversion initiation and 
the associated output data being made available. New output 
data is provided every clock cycle. 


Reference Force/Sense Offset | 

Resistance between the reference input and comparator input 

tap points causes offset errors. These errors can be nulled out 
by using the force-sense connection as shown in the Reference 
Input section. 


THEORY OF OPERATION 

The AD875 uses a pipelined multistage architecture to achieve 
high sample rate with low power. The multistage approach dis- 
tributes the conversion over several smaller A/D sub-blocks, 
refining the conversion with progressively higher accuracy as it 
passes the results from stage to stage. As a consequence of the = 
distributed conversion, the AD875 requires only a small fraction 
_ of the 1023 comparators that would be required in a more tradi- 
tional 10-bit flash type A/D. A sample-and-hold (SHA) function 
_ within each of the stages permits the first stage to operate on a 
new sample of the input while the second and third stages oper- 
ate on the two preceding samples. This “‘assembly line’’ opera- 
tion on multiple samples, known as pipelining, allows higher 
throughput at the cost of some delay, referred to as latency. (See 
the output timing diagram.) 


The detailed operation is as follows: the first stage makes a 4-bit 
estimate of the analog input voltage by means of the first stage 
A/D sub-block. The first stage estimate is converted to analog 
form by the first stage D/A and subtracted from the original 
input signal. The remainder, or residue, is the difference 
between the first stage estimate and the actual analog input. 
Next, the residue is amplified and passed to the second stage 
where another A/D sub-block makes a 4-bit estimate of its 
value. Again the analog version of the estimate is subtracted 
from the signal, and an even finer residue is generated. Finally, 
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AD879 


the A/D sub-block in the last stage measures the value of this 
second stage residue. 


The A/D sub-blocks within each stage are actually 4-bit flash 
converters. Ideally 3 bits in the second and third stages would be 
sufficient for a 10-bit A/D. The additional bits allow for digital 
correction of errors in preceding stages, reducing the tolerances 
on the sub-block components and making a more robust A/D. The 
reference ladders for all three of these flash sub-blocks are wired 
in parallel and connected to the reference pins of the AD875. 


Inside the AD875 all signals are processed differentially. This not 
only enhances the internal dynamic range of the components but 
provides a high level of noise immunity in a digital environment. 


APPLYING THE AD875 

DRIVING THE ANALOG INPUT 

The high input resistance and low input capacitance features of 
the AD875 simplify the current and settling time demands 
placed on input drive circuitry. Figure 4 shows the equivalent 
input circuit of the AD875. 


The full-scale input range is set by the voltage span, REFTF-— 
REFBF (see “Driving the Reference” section). The recom- 
mended span should nominally be 2 V peak-to-peak. This span 
must remain bounded by the minimum and maximum input 
range (specified in the Analog Input section under DC Specifica- 
tions). Some example input ranges are given in Table I. 


O1 = CLK 
@2 = CLK 


Figure 4. AD875 Equivalent Input Structure 


Table I. Input Range Examples 


+Full Scale 
= REFTF 
(V) 


—Full Scale 
= REFBF 


_(V) 


While the input impedance of the AD875 is quite high, the 
switched-capacitor input structure results in a small dynamic 
input current. In order to prevent gain variations as a result of 
the input current, maintaining a source impedance of less than | 
or equal to 75 2 is suggested (Figure 5). In general, a low drive 
impedance is suggested to minimize noise coupled on the AIN 
inputs. 
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_ Figure 5. Simple AD875 Drive Requirements - 


For systems which must level shift a ground-referenced signal in 
order to comply with the input requirements of the AD875, a 
circuit like Figure 6 is recommended. The suggested op amp, an 
AD817 or AD818, is configured in inverting mode, where the ac 
gain of the input signal is —1. The amount of dc-level shifting is 
controlled by the dc voltage at the noninverting input of the op 
amp. The REFBF signal is attenuated by a resistive voltage | 
divider and then multiplied by 2. In the case where REFBF = 
1.6 V, the dc output level will be 2.6 V. The AD817 is a low 
cost, fast settling, single-supply op amp with a 29 MHz unity 
gain bandwidth. The AD818 is similar to the AD817 but has a 
50 MHz unity gain ‘bandwidth. 


Figure 6. DC Level Shift with Gain of —1x 


The AD875 samples the analog input voltage twice: once on the © 


rising edge of the clock (CLK) and once on the falling edge. 
The first sample, taken on the rising edge, is used to perform a. 
coarse estimate of the input. As indicated in Figure 7, the ana- 
log input voltage must be settled within Vcp (+16 mV) of its 

_ final value at this time and must remain within Vos, until the 
second sample has been taken. The second sample, taken on the 
falling edge of the clock, will determine the exact value digitized 
and should be accurate to within 10 bits (0.1%).. Note that the 
actual sample points are delayed by t,, and tg5. 


For applications where step input signals are expected (i.e., CCD 
or multiplexed outputs), the settling time of the input drive cir- 
cuitry should be examined carefully. In most cases, the settling 
time requirements placed on the input amplifier are easily met 
by the AD817 or AD818. For higher speed operation, it may be 
necessary to use faster op amps such as the AD810 or AD811. 


As a result of the AD875’s settling requirements, there is a max- 
imum slew rate limitation placed on the analog input signal. For 
applications using CCDs and other sampled analog systems, the | 
AD875 can be used directly. However, for continuous signal 
applications, Figure 7 implies a maximum: slew rate limitation _ 
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on the analog input: 


or aC en 
Slew Rate of Analog Input (maximum). = oer (V/sec) 
we ee Cg! CH . 


where tcy, is the “high” period of the‘sample clock in seconds, 


or one-half the full period when the clock is run with 50% duty 

cycle. For example, at 15 MHz clock rate, the maximum slew - 

rate is about 0.48 V/s. This corresponds to a maximum analog 

input frequency of 76 kHz when a full-scale (2 V peak-to-peak) 

sine wave is used. For input signals with higher slew rates, a 

sample-and-hold amplifier must be used for accurate digitization. 
Vooarse — 


— 


VFINAL — T eee 


ts 


CLK 


Figure 7, Analog Input Settling Requirement 


REFERENCE INPUT | 
Driving the Reference Terminals . 
The AD875 requires an external reference on pins REFTF and — 
REFBF. Reference sense pins REFTS and REFBS are also pro- 
vided for Kelvin connections to minimize voltage drops due to 
external and internal wiring resistances. A resistor ladder nomi- 
nally 400 © is connected ana between pins aeEe and — 
REFBF. 7 a 


The voltage drop across the internal resistor ladder feeniie . 
the input span of the AD875. The driving voltages required at the — 
REFTF and REFBF pins are nominally +4 V and +2 V respec- 
tively resulting in a 2 V input span. In order to maintain the requi- 
site 2 V drop across the internal ladder, the external reference 
must be capable of typically providing 5 mA of dc current. 


Transient current flows in and out of the REFTF and REFBF 


pins. Therefore, a low ac impedance is required at these termi- 


nals for proper operation. Bypassing each pin with suitable _ 
capacitive decoupling should effectively attenuate any transients. 
See the AD875 Evaluation Board Schematic for recommended 
values. Mid (REFMID) and quarter (REFTQ, REFBQ) ladder 
tap points are also available for additional decoupling if required. 
It is important to note that these tap points cannot be used to 
correct integral linearity as is sometimes done in a typical flash 
converters. a 


There are several reference eongamtions saieabie for he 
AD875 depending on the application, desired performance and 
cost trade-offs. The simplest configuration, shown in Figure 8, 
utilizes a resistor string to generate the reference voltages from 
the converter’s analog power supply. A 10 pF tantalum capaci- 
tor in parallel with a 0.1 yF ceramic capacitor will provide ade- 
quate decoupling for both the REFTF and REFBF pins. The _ 
0.1 F capacitors should be physically located within lcm of 
REFTF and REFBF. A 10 pF capacitor connected between 
REFTF and REFBF is also recommended for optimum perfor- 
mance. This reference configuration provides the lowest cost 
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solution but has several disadvantages including poor dc power 
_ supply rejection and poor accuracy due to the variability of the 
internal and external resistor values. 


NC 


165 (+1%) 


+5V O 


10pF 
340 (1%) 


PRE 


ne —(35) 


5 


NC = NO CONNECT 


Figure 8. Low Cost Reference Circuit 


A higher performance solution employs a voltage regulator to 
improve dc power supply rejection and absolute accuracy. Fig- 
ure 9 shows a LM317 adjustable regulator configured to gener- 
ate a 1.6 V output for REFBF. This output is also used to 
generate the 3.6 V REFTF signal by multiplying the REFBF 
signal by 2.25. Note that the AD817 op amp used to multiply 
REFBF has been compensated to ensure stability while driving 
the large capacitive load. The accuracy of this solution is limited 
by the external resistors and the initial accuracy of the reference. 


12.5k (1%) 


10k (+1%) 


NC = NO CONNECT 
Figure 9. Reference Circuit with Good PSRR 


For optimal performance, a force sense or Kelvin configuration 
can be used as shown in Figure 10. This circuit uses a high- 
accuracy reference (AD589) and a dual op amp (OP-295) to 
maintain accuracy and minimize voltage drops which are gener- 
ated in the wire connections to the REFTF and REFBF inputs. 
The output of the AD589 is increased to 1.6 V and 3.6 V at the 
outputs of the op amps as required. Both op amps are compen- 
sated to maintain stability while driving the decoupling capaci- 
tors required at the REFTF and REFBF pins. 


These outputs, being connected in a feedback loop, tend to can- 
cel any errors caused by the voltage drops in the wires. Note 
that if the REFTS and REFBS are not used in a force sense 
configuration, they should. be left unconnected and should not 
be connected to REFTF and REFBF. 


REV. 0 


20k (1%) 


*5V 40k (21%) 


Figure 10. High Performance Reference Circuit Using 
Kelvin Connections | 


Like any high resolution converter, the layout and decoupling of 
the reference is critical. The actual voltage digitized by the AD875 
is relative to the reference voltages. In Figure 11, for example, the 
reference returns and the bypass capacitors are connected to the 
shield of the incoming analog signal. Disturbances in the ground 
of the analog input, which will be common-mode to the REFTF, 
REFBF, and AIN pins because of the common ground, are effec- 
tively removed by the AD875’s high common-mode rejection. 


High frequency noise sources, V,,, and V,,, are shunted to 
ground by decoupling capacitors. Any voltage drops between the 
analog input ground and the reference bypassing points will be 
treated as input signals by the converter via the reference 
inputs. Consequently, the reference decoupling capacitors 


should be connected to the same analog ground point used to 
define the analog input voltage. (For further suggestions, see the 
. “Grounding and Layout Rules” section of the data sheet.) 


REFBF 


VINA VINB 


‘Figure 11. Recommended Bypassing for the Reference 
Inputs 


CLOCK INPUT 

The AD875 clock input is buffered internally with an inverter 
powered from the DRVjpp pin. This feature allows the AD875 
to accommodate either +5 V or +3.3 V CMOS logic input sig- 
nal swings with the input threshold for the CLK pin nominally 
at DRVpp/2. : 


The AD875’s pipelined architecture operates on both rising and 
falling edges of the input clock. To minimize duty cycle varia- 
tions the recommended logic family to drive the clock input is 
high speed CMOS (HC/HCT) logic. HCMOS logic provides 
both symmetrical voltage threshold levels and sufficient rise and 
fall times to support 15 MHz operation. The AD875’s minimum 
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_ clock half cycle may necessitate the use of an external divide-by- 
two circuit as shown in Figure 12. 


+5V 
O 


~o CLK 
(TO AD875) 


. 0 15 | 
_ CLOCK FREQUENCY ~ MHz 
Figure 13. Typical Power Dissipation vs. Clock Frequency 
aay oO yo _ . . 
Figure 12. Divide-By-Two Clock Input os set to +5 V all digital inputs readily interface with 5 V CMOS 


: logic. For interfacing with lower voltage CMOS logic, DRVpp 
The AD875 is designed to support a conversion rate of 15 MHz; can be set to 3.3 V effectively lowering the nominal input 
running the part at slightly faster clock rates may be possible, threshold of all digital inputs to 3.3 V/2 = 1.65 V. 

although at reduced performance levels. Conversely, some slight 
performance improvements might be realized by clocking the 
AD875 at slower clock rates. 


The AD875 provides several convenient digital input pins for 
controlling the converter output format. By utilizing digital 
input pins MINV and LINV, three digital output formats are 
_The power dissipated by the correction logic aad output buffers possible: binary, twos complement, and ones complement. 

is largely proportional to the clock frequency; running at reduced 
clock rates provides a reduction in poner consumption. Figite 
13 illustrates this trade-off. ; 


Another element of digital functionality is provided with the 
TEST MODE pin. To facilitate in-circuit testing of the digital 
vo _ portion of your application, a fixed digital pattern controlled by 

DIGITAL INPUTS AND OUTPUTS a a digital input is available. For TEST MODE = LOW, an 
Each of the AD875’s digital control inputs, MINV, LINV, alternating 1010101010 pattern is established. This pattern is 
TEST MODE, THREE-STATE, and STBY is buffered with an —_—_ further manipulated when used in conjunction with the LINV 


inverter powered from the kes aa pins. With DRVpp and MINV pins (see Output Data Format, Table II below). 


‘Table II. Output Data Format 


Approx TEST THREE- -(MSB) (LSB) 
AIN (V) MINV LINV | MODE | STATE D9 D7 D1 | DO 
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Also, a sleep mode feature is provided such that for STBY = 
HIGH and the clock disabled, the static power of the AD875 
will drop below 50 mW. The AD875 reaches rated accuracy 4 
clock cycles after STBY is brought LOW and the clock is 
started. 


DIGITAL OUTPUTS 

Each of the on-chip buffers for the AD875 output bits (D0-D9, 
OVR, UNR) is powered from the DRVpp supply pins, separate 
from AVpp or DVpp. The output drivers are sized to handle a 
variety of logic families while minimizing the amount of glitch 
energy generated. In all cases, a fan-out of one is recommended 
to keep the capacitive load on the output data iS below the 
specified 20 pF level. 


For DRVpp = 5 V, the AD875 output signal swing is compati- 
ble with both high speed CMOS and TTL logic families. For 
TTL, the AD875 on-chip, output drivers were designed to 
support several of the high speed TTL families (F, AS, S). 

For applications where the clock rate is below 15 MHz, other 
TTL families may be appropriate. For interfacing with lower 
voltage CMOS logic, the AD875 sustains 15 MHz operation 
with DRVpp = 3.3 V. In all cases, check your logic family 
data sheets for compatibility with the AD875 Digital Specifica- 
tion table. 


THREE-STATE OUTPUTS 

The digital outputs of the AD875 can be placed in a high 
impedance state by setting the THREE-STATE pin to HIGH. 
This feature is provided to facilitate in-circuit testing or evalua- 
tion. Note that this function is not intended for enabling/ 
disabling the ADC outputs from a bus at 15 MHz. Also, to _ 
avoid corruption of the sampled analog signal during conversion 
(three clock cycles), it is highly recommended that the AD875 
outputs be enabled on the bus prior to the first sampling. For 
.the purpose of budgetary timing, the maximum access and float 
delay times (tpp, tyyz,, shown in Figure 14) for the AD875 are 
150 ns. 


THREE-STATE 


DO-D9, 
UNR, OVR 


ACTIVE 


HIGH IMPEDANCE 


_ Figure 14. High Impedance Output Timing Diagram 


OUT OF RANGE 
As Table II indicates, an Underrange (UNR) or Overrange 
(OVR) condition exists when the analog input voltage is beyond 
the input range (nominally +2 V to +4 V) of the converter. 
UNR (Pin 46) is set LOW when the analog input voltage is 
within the analog input range. UNR is set HIGH (after account- 
ing for pipeline latency) and will remain HIGH when the analog 
input voltage is less than the input range by 1/2 LSB from the 
center of the negative full-scale output code. OVR (Pin 47) is set 
LOW when the analog input voltage is within the analog input 
range. OVR is set HIGH (after accounting for pipeline latency) 
and will remain HIGH when the analog input voltage is greater 
than the input range by 1/2 LSB from the center of the positive 
full-scale output code. 
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GROUNDING AND LAYOUT RULES 

As is the case for any high performance device, proper ground- 
ing and layout techniques are essential in achieving optimal per- 
formance. The analog and digital grounds on the AD875 have 
been separated to optimize the management of return currents 
in a system. It is recommended that a 4-layer printed circuit 
board (PCB) which employs a ground plane and power planes 
be used with the AD875. The use of ground and power planes 
offers distinct advantages: 


1. The minimization of the loop area encompassed by a signal 
and its return path. 


2. The minimization of the impedance associated with ground 
and power paths. 


3. The inherent distributed capacitor formed by the power 
plane, PCB insulation, and ground plane. 


These characteristics result in both a reduction of electro-. 
magnetic interference (EMI) and an overall improvement in 
performance. 


It is important to design a layout which prevents noise from 
coupling onto the input signal. Digital signals should not be run 
in parallel with the input signal traces and should be routed 
away from the input circuitry. 


Separate analog and digital grounds should be joined together 
directly under the AD875. A solid ground plane under the 
AD875 is also acceptable if care is taken in the management 
of the power and ground return currents. A general “‘rule-of- 
thumb” for mixed signal layouts dictates that the return cur- 
rents from digital circuitry should not pass through critical 
analog circuitry. 


POWER SUPPLY DECOUPLING | 
The analog and digital supplies of the AD875 have been sepa- 
rated to prevent the typically large transients associated with 

digital circuitry from coupling into the analog supply (AV,p). 


The digital supplies have also been separated into DRVjpy and 
DVpp. The DRVpp pins provide power for the digital I/O’s of 
the AD875 and are likely to contain high energy transients. Each 
power supply pin should be decoupled with a 0.1 wF capacitor 
located as close to the pin as possible. For optimal performance, 
surface-mount capacitors are recommended. The inductance 
associated with the leads of through-hole ceramic capacitors typ- 
ically render them ineffective at higher frequencies. A complete 
system will also incorporate tantalum capacitors in the 10-100 pF 
range to decouple low frequency noise and ferrite beads to limit 
high frequency noise. 


APPLICATIONS 
IMAGING SYSTEM OVERVIEW 


While the specifics of a particular imaging system will vary, 
most architectures will employ some or all of the building blocks 
shown in Figure 15. The image sensor, often a charged-coupled 
device (CCD), transforms light to electrical output. The result- 
ant pixel stream is conditioned by a clamp/sample-hold circuit 
which is sometimes referred to as a correlated double sampler 
(CDS). A gain block sets signal levels which maximize the 
utilization of the dynamic range of the A/D converter. DC 
restoration is often used to remove any static dc errors which 
may accumulate over time and temperature. The digitized 
signal is then processed by the application specific digital signal 
processor. 
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BLACK LEVEL CONTROL 
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-|SENSOR Fs 


GAIN CONTROL 
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DIGITAL 
PROCESSING 


A/D. CONVERTER F- 


Figure 15. Typical Imaging System Block Diagram 


For optimum performance the CDS j iS tailored to the sensor out- 
put characteristics. When used in conjunction with a CCD, the 
CDS acts to remove low frequency signal variations, kT/C noise, 
and other noise components, all of which are artifacts generated 
by the CCD. The output signal from the CCD is characterized 
by a series of pixels, each containing both a reset level and the 
actual video data. Aside from the various noise components, the 
video data is essentially a stream. of stepped dc signals. This 
pixel stream from the CCD is then ac-coupled through a capaci- 
tor to a switch (contained within the CDS block). ; 


This switch, in turn, is connected to. a clamp reference voltage. 
The. switch is closed during the reset portion of each pixel. As a 
result, the difference between the reset level of each pixel and _ 
the clamp reference voltage is stored on the coupling capacitor. 
When the switch is opened, the dc voltage stored on the cou- _ 
pling capacitor sets the dc level for the pixel stream. The video | 
portion of each pixel i is then sampled and held using traditional 


sample/hold (SHA) architectures. Since the CCD noise sources : 
are correlated between the reset and video portions of the pixel — 


stream, and the output of the SHA represents the difference 
between these two levels, the noise is effectively eliminated. 


The output of the CDS will generally require some form of ns | 


control in-order to maximize the full-scale input range of the 
A/D converter, In some applications, a fixed gain may be ade- 
quate while in many applications such as camcorders, variable 
gain control is used to automatically account for variations in 
scene brightness. Gain control can be achieved using analog or 
digital techniques and often times must be able to respond at a 
rate equivalent to the pixel rate. Gilbert multiplier cells and 
multiplying D/As are two common circuits used for Bos gain 
block. : 


The de restore block acts to set the final dc level of the signal — 
before digitization by the A/D converter. A fixed voltage level 


2-166 ANALOG-TO-DIGITAL CONVERTERS 


(equivalent to the black level or negative full scale) generated by 
the CCD is sampled by the dc restoration circuit usually at the 
beginning or end of a “scan line.” Any difference between the » 
sampled black level and the desired negative full scale is 
removed either by a servo loop or corrected digitally. To maxi- 
mize the use of the A/D’s input range, the error must be | 
removed prior to the A/D. This is generally accomplished by a | 
high dc-gain feedback path which servos any error detected at 
the output. The ‘dc restoration effectively removes dc level shifts 
which may occur as a result of long-term parameter shifts such 
as component drift and temperature. variations. 


The main criterion for choosing the A/D converter is generally 
based on resolution and speed. Resolution affects the signals-to- - 
noise ratio. of the system, dictates the maximum digital dyhamic 
range of the image, and is a consideration for round-off errors. 
produced in the digital signal processing. The speed of the A/D 
converter is related to the number of pixel elements and the 
pixel output rate of the:particular image sensor. Multichannel — 
systems may multiplex more than one pixel stream into a single | 
A/D, thus requiring faster conversion rates. Similarly, aréa 
CCDs (CCDs which capture video information: in two. dimen 
sions) operate at nusper rates than linear one dimensional) 
CCDs. : 


MULTICHANNEL IMAGE ACQUISITION SYSTEM _ 
The AD875’s fast conversion rate combined with the AD783 
sample/hold amplifiers (SHAs) and the AD9300 high speed mul- ’ 
tiplexer can be used to construct an analog front-end capable of 
acquiring and digitizing three or more analog signals at a rate of 
1 Msps. Figure 16 shows a typical circuit which employs three 
AD783s capable of acquiring a 2 V p-p oe input to:10-bit | - 
ACCU DEY in less than 350 ns. 
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Figure 16. Multichannel Image Acquisition System 


Referring to the timing diagram in Figure 17, the three analog 
inputs are simultaneously sampled on the falling edge of S/H. 
After allowing the SHAs to settle (250 ns), the R channel is dig- 
itized at the conversion rate of 12 MHz (83.3 ns). Next, the 
MUX is switched to the G channel, allowed to settle (83.3 ns), 
and digitized. The B channel is digitized similarly. While the B 
channel is converted, the R channel data becomes available at 
the output of the AD875 (due to the pipelined latency). The 
rising edges of the signals RDAV, GDAV, and BDAV are the 
signals which indicate when valid data is available at the output 
of the A/D converter. | 


RDAV | 
GDAV | | 
BDAV | | 


Figure 17. Timing Diagram for Figure 16 
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HIGH SPEED SAMPLE-AND-HOLD AMPLIFIER (SHA) 
A sample-hold amplifier is often needed as part of a correlated 
double sampler or when high bandwidth inputs such as video 
signals are to be converted by the AD875. For fast, precise sam- 
pling required for video signals, an integrated solution such as 
the AD9101 track-and-hold amplifier is suggested for optimum 
performance. However, the requirements of many 10-bit imag- 
ing systems can be achieved using a SHA architecture similar to 
the one shown in Figure 18. This discrete SHA can accurately 
acquire a 1 V input step within 1 mV accuracy in less than 

200 ns. Hold-mode settling within 1 mV is typically less than 
50 ns. The resultant throughput rate is 3.3 Msps. 


ANALOG-TO-DIGITAL CONVERTERS 2-167 


- AD875 


Figure 18. High Speed Discrete SHA 
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CIRCUIT DESCRIPTION 


The discrete SHA shown in Figure 13 is a closed-loop, nonin- 
verting architecture that accepts 1 V p-p inputs. The overall 
gain of the SHA is +2 in order to accommodate the 2 V input 
span of the AD875. The AD847, with 0.1% settling time of 

65 ns, is the suggested input buffer to the SHA. The circuit also 
employs an SD5001 that contains four ultrahigh speed DMOS 
switches (QI-Q4). The low cost, fast settling time and high 
CMRR of the AD817 op amp are critical features necessary for 
optimal performance and economy. 


In sample mode, Q1 and Q3 of the SDS5001 are closed (Q2 and | 
Q4 are open). C28 is charged to the input voltage level at a rate 
primarily determined by the time constant, R9 x C28, and the 
gain (2X). Simultaneously, C29 is connected to ground through 
a 250 C1 resistor. If C28 is equal to C29, charge injection from 
Q1 will be approximately equal to charge injection form Q3 
based on the symmetry of the circuit and the inherent matching 
of the switch capacitance. The resultant pedestal errors appear 
as a common-mode signal to the AD817 and are approximately 
canceled from the differential architecture. 


In hold mode, Q2 and Q4 are closed (Q1 and Q3 are open) to 
reduce feedthrough. The AD817 buffers the voltage held on C28 
and settles within the requisite 1 mV within 50 ns. The output 
of the AD817 must then be level-shifted in order to interface 
with the AD875 input span requirements. Throughput rates 

- greater than 3.3 Msps using this architecture are limited by the 
Ron of the $D5001. Faster sample rates require open-loop 
architectures or diode-bridge switching in order to reduce the 
on-resistance. 
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TIMING DESCRIPTION 


Figure 19 shows the timing requirements for the discrete SHA. 
The complementary S/H inputs are HCMOS-compatible 
although larger gate voltages will improve performance slightly 
by lowering the on resistances of the DMOS switches. The con- 
version is started as soon as the output of the SHA has settled 
within 16 mV of its final value. 


SHA | 7 
OUTPUT 7 | | ) 7 

I H 

g t 
sii 100ns —> 

200ns ——-—_ | 
ss : 4 
cLK r—\ To r— 
(10 MHz) a i 


Figure 19. Timing Diagram for Discrete SHA : 
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ANALOG 10-Bit 20 MSPS. 140 mW 
DEVICES _— CMOS A/D Converter 


AD876 


FEATURES FUNCTIONAL BLOCK DIAGRAM 

CMOS 10-Bit 20 MSPS Sampling A/D Converter 

Power Dissipation: 140 mW CLK AVnn = OVpn = DRVop 
O 


+5 V Single Supply Operation 

Differential Nonlinearity: 0.5 LSB 

Guaranteed No Missing Codes 

Power Down (Stand-By) Mode 

Three-State Outputs 

Digital |/Os Compatible with +5 V or +3.3 V Logic 

Adjustable Reference Input 

Small Size: 28-Pin SOIC or 48-Pin Thin Quad 
Flatpack (TQFP) 


PRODUCT DESCRIPTION GHLIGHTS 

The AD876 is a CMOS, 140 mW, 10-bit, 20 Msps analog-to; 2876 at 140 mW consumes a fraction of the 
digital converter (ADC). The AD876 has an on-chip i y available 10-bit, video-speed converters. 
sample-and-hold amplifier. The AD876’s digital I mode and single supply operation further enhance 
to either +5 V or +3.3 V logic. By implementin: i low power, battery operated applications such 
pipelined architecture with output error correction logic «cameras, camcorders and communication 
AD876 offers accurate performance and guarantees no 
codes over the full operating temperature range. To minimize 
external voltage drops, the reference ladder top and bottom are 


vi mall Package: The AD876 is available in both a 28-pin 
OIC and 48-pin surface mount, thin quad flat package. The 


provided with force and sense pins. TOQFP package is ideal for very tight, low headroom designs. 
The AD876 can be placed into a standby mode of operation re- Digital I/O Functionality: The AD876 offers three-state output 
ducing the power below 50 mW. Digital output data can be control. 

placed in a high impedance state and is offered in straight binary 

output. 


The AD876’s speed, resolution and single supply operation are 
ideally suited for a variety of applications in video, multimedia, 
imaging, high speed data acquisition and communications. The 
AD876’s low power and single supply operation are required for 
high speed portable applications. Its speed and resolution are 
ideally suited for charge coupled device (CCD) input systems 
such as color scanners, digital copiers, electronic still cameras 
and camcorders. 


The AD876 is packaged in a space saving 28-pin SOIC and 48- 
pin thin quad flatpack (TQFP) and is specified over the com- 
mercial (0°C to +70°C) temperature range. 


This is a preliminary data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD876-SPECIFICATI ONS ali iit 


Parameter 
RESOLUTION — Bits 
DC ACCURACY. | 
Integral Nonlinearity (INL) +1.0°. 0» LSB 
Differential Nonlinearity (DNL) . . +0.5 -.. LSB 
No Missing Codes Guaranteed 7 
Offset SO 0.5 | % FSR 
Gain | % FSR 
ANALOG INPUT 
Input Range V p-p 
Input Resistance kQ 
Input Current _ pA 
Input Capacitance pF 
REFERENCE INPUT 
Reference Top Voltage _ V 
Reference Bottom Voltage V 
Reference Input Resistance . Q 
Reference Input Current mA 
Reference Top Offset mV 
Reference Bottom Offset mV 
DYNAMIC PERFORMANCE 
Effective Number of Bits 
fin =1 MHz Bits 
fin = = 3.58 MHz Bits 
fin = 10 MHz Bits 
Signal-to-Noise and Distortion (S/N+D) Ratio 
fin = =1MHz © dB 
fry = 3.58 MHz dB 
fin = = 10 MHz dB 
Total Harmonic Distortion (THD) 
fy = = 1 MHz dB 
fin = 3.58 MHz dB 
fin = 10 MHz dB 
Spurious Free Dynamic Range dB 
Full Power Bandwidth MHz 
Intermodulation Distortion (IMD)! 
Second Order Products dB 
Third Order Products dB... 
Differential Phase Degree 
Differential Gain 4 
POWER SUPPLIES 
Operating Voltages 
AVpp Volts 
DVpp Volts 
DRVpp Volts 
_ Operating Current. 
IAVpp mA | 
IDVpp mA 
IDRVpp mA 
POWER CONSUMPTION mW 
TEMPERATURE RANGE | 
Specified | 0 +70 °C 
NOTES 


Ifa = 4.5 MHz, fb = 5.5 MHz 
Specifications subject to change without notice. See Definition of Speciicadoes for additional information. . 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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DIGITAL SPECIFICATIONS 


Parameter 


LOGIC INPUT 
High Level Input Voltage 


Low Level Input Voltage 


High Level Input Current 

Low Level Input Current 

Low Level Input Current (CLK Only) 
Input Capacitance 


LOGIC OUTPUTS | 
High Level Output Voltage 


(lon = 50 pA) 
Wop = 0.5 mA) 


‘Low Level Output mOraBe 
(lop = 50 HA) 


(Ioy, = 0.6 mA) 
Output Capacitance 
Output Leakage Current 


TIMING SPECIFICATIONS 


Maximum Conversion Rate! 
Clock Period 

Clock High 

Clock Low 

Output Delay 

Pipeline Delay (Latency) 
Aperture Delay Time 
Aperture Jitter 


NOTE 


tc 

tcu 
tc. 
top 


‘Conversion rate is operational down to 10 kHz without degradation in specified performance. 


OUT 


SAMPLE 


SAMPLE 


DATA N-3 DATA N-2 DATA N-1 


Figure 1. Timing Diagram 


AD876 


(Train to Twax With AVpp = +5.0 V, DVpp = +5.0 V, DRVpp = +3.3 V, Vers = +4.0V, Vrers = +2.0 V, 
fevock = 20 Msps, C, = 20 pF unless otherwise noted) 
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This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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SOIC PIN DESCRIPTIONS eS 2 —  BQUIVALENT CIRCUITS _ 
Symbol ] Pin No. Type Name and Function | | D0-D9 
DO (LSB) | Least Significant Bit. - ieee! oe | "7 
D1-D8 Data Bits 1 through 4. 
D9 (MSB) Most Siginificant Bit. ° | - 
THREE- THREE-STATE =LOW THREE-STATE = HIGH 
STATE or N/C a 
Normal Operating Mode High Impedance 
Outputs a 
STBY STBY=LOWorN/C STBY=HIGH 
Normal Operating Mode Standby Mode 2 
CLK Clock Input. | Three-State, STRY _ 
CML Bypass Pin for an Internal Bias Point. 2 | 22 AVop DRV,,, 
REFTF Reference Top Force. | 
REFBF Reference Bottom Force. 
REFTS Reference Top Sense. 
-REFBS Reference Bottom Sense. 
AIN Analog Input. — 
AVpp +5 V Analog Supply. | | | 
AVss Analog Ground. a | | DRV pp 
DVpp +5 V Digital Supply. | 
DVss Digital Ground. 
DRVpp +3.3 V/+5 V Digital Supp 
; input and output buff 
DRVss +3.3 V/+5 V Digital Gr 
input and output buffers. 
TP Connect to DVsgs. 


Type: AI = Analog Input; AO = Analog Output; DI = Digital Input; DO = Digital Output; pela 
P=Power. . 


REFTS 


REFBF 


AIN 
AVon +V 
ince 
AVog 


This information applies to a product under development: Its characteristics and. specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing: 
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ANALOG 
DEVICES 


Complete 14-Bit 2.2 MSPS 
Monolithic A/D Converter 


FEATURES 

Monolithic 14-Bit 2.2 MSPS A/D Converter 

Low Power Dissipation: 500 mW 

No Missing Codes Guaranteed 

Differential Nonlinearity Error: 0.5 LSB 

Complete: On-Chip Track-and-Hold Amplifier and 
Voltage Reference 

Signal-to-Noise and Distortion Ratio: 80 dB 

Spurious-Free Dynamic Range: 85 dB 

Out-of-Range Indicator 

44-Pin PLCC 


PRODUCT DESCRIPTION 

The AD878 is a monolithic 14-bit, 2.2 Msps analog-to-digital 
converter with an on-chip, high performance sample-and-hold 
amplifier and voltage reference. The AD878 uses a mii 
pipelined architecture with factory programmed cali 
cuitry and output error correction logic to pré 
racy at 2.2 Msps data rates. The AD878 combines a mer 
high speed bipolar/CMOS process and a novel architecture) 
achieve the resolution and speed of hybrid implementations at a 
fraction of the power consumption. Additionally, the greater re- 
liability of monolithic construction offers improved system reli- 
ability and lower costs than hybrid designs. 


The high input impedance, fast-settling input sample-and-hold 
(S/H) amplifier is well suited for both multiplexed systems that 
switch negative to positive full-scale voltage levels in successive 
channels and sampling single-channel inputs at frequencies up 
to the Nyquist rate. The AD878’s wideband input combined 
with the power and cost savings over previously available hy- 
brids will allow new design opportunities in communications, 
imaging and medical applications. The AD878 provides both 
reference output and reference input pins, allowing the on- 
board reference to serve as a system reference. An external ref- 
erence can also be substituted to suit the dc accuracy and 
temperature drift requirements of the application. A single 
clock input is used to control all internal conversion cycles. The 
digital output data is presented in binary output format. An 
out-of-range signal indicates an overflow condition. It can be 
used with the most significant bit to determine low or high 
overflow. 


This is a preliminary data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


FUNCTIONAL BLOCK DIAGRAM 


ACOM Vec Vee 


AGND DCOM  DVpp 


STAGE 1 AD878 
STAGE 6 
$6 3 
AINCOM STAGE| |STAGE] ISTAGE| |STAGE 
Ka pa HP TP dpe 
cLocK (_) 
REFIN( ) 
CORRECTION LOGIC 


TRIEN 


OTR 


high speed bipolar and CMOS transistors on a 
‘High speed, precision analog circuits are now com- 
h high“density logic circuits. | a 
78 is packaged in a 44-pin plastic leaded chip carrier 
C) package and is specified for operation from 0°C to 
0°C and -40°C to +85°C. : | 


PRODUCT HIGHLIGHTS 

The AD878 offers a complete single-chip sampling 14-bit, 
2.2 Msps analog-to-digital conversion function in a 44-pin 
PLCC surface mount package. 


Low Power: The AD878 at 650 mW max consumes a fraction 
of the power of presently available hybrids. 


On-Chip Sample-and-Hold (S/H): The high impedance S/H 
input eliminates the need for external buffers. 


Out of Range (OTR): The OTR output bit indicates when th 
input signal is beyond the AD878’s input range. . . 


Ease-of-Use: The AD878 is complete with S/H and voltage 
reference. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD878—SPECIF ICATIONS- 


(Tun to Tyay with Veg = +5 V, DVpp = +5 V, DRVpp = +5 V, Viz =—OV, tan =22 Mos : 


DC SPECIFICATIONS: unless otherwise noted) 


Parameter = J Grade! P Units 
RESOLUTION 14 ate Bits min 
MAX CONVERSION RATE ~ MHz min 
ACCURACY. 
Integral Nonlinearity (INL). LSB typ 
Differential Nonlinearity (DNL) LSB typ. . 
~ No Missing Codes © . Bits Guaranteed: 
- Zero Error (@ +25°C)? % FSR max 
_ Gain Error (@+25°C)* % FSR max 
TEMPERATURE DRIFT? Sh. ed 
Zero Error . | +TBD % FSR max — 
Gain Error”? 4 +TBD % FSR max 
Gain Error® ? +TBD % FSR max 
POWER SUPPLY REJECTION® 
Voc (+5 V + 0.25 V). +TBD % FSR max 
DVpp (+5 V + 0.25 V) +TBD o FSR max 


Ver (-5 V t 0.25 V) 


ANALOG INPUT 
Input Range © 
Input Resistance 
Input Capacitance 


INTERNAL VOLTAGE REFERENCE 
Output Voltage 
Output Voltage Tolerance 
Output Current (Available for External Loads) 


(External Load Should Not Change During Conversion) — 


% FSR max 


REFERENCE INPUT RESISTANCE kQ typ 
POWER SUPPLIES 
Supply Voltages , : 
Vec V (+5% Vcc Operating) 
VEE V (45% Veg Operating) 
DVpp; DRVpp V (t 5% DVpp; DRVpp Operating) 
Supply Current 
Vcc mA max — 
Ver ; mA max 
IDRVpp,. IDVpp = , mA max 
POWER CONSUMPTION 500. 500 | mW typ 
; ee 650 | 650 : mW max 
NOTES . | 


'Temperature ranges are as follows: J Grade: 0°C to +70°C; A Grade: -40°C to +85°C. 
Adjustable to zero with external potentiometers (See Zero and Gain Error Calibration section). 


3+25°C to Tm and +25°C to Tmax. 

‘Includes internal voltage reference error. 

*Excludes internal reference drift. 

°Change in Gain Error as a function of the dc supply voltage. 
Specification subject to change without notice. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no‘ obligation regarding future manufacture unless otherwise agreed to in writing. | . 


2-174. ANALOG-TO-DIGITAL CONVERTERS | _ 3 REV. 0 


(Twin tO Tax With Vee = +5 V, DVop = +9 V, DRVpp = +9 V, Veg = —9 V, fsampre = 2.2 Msps, 


AC SPECIFICATIONS uniess otherwise noted)! 


Parameters 


SIGNAL-TO-NOISE AND DISTORTION RATIO (S/N+D) 


80 dB typ 


finpur = 100 kHz 80 
TBD TBD dB min 
finpuT = 1 MHz TBD TBD dB typ 
TOTAL HARMONIC DISTORTION (THD) 
finput = 100 kHz -83 —83 dB typ 
TBD TBD | dB max 
finpuT = 1.0 MHz TBD TBD dB typ 


SPURIOUS FREE DYNAMIC RANGE (SFDR) 
finpuT = 100 kHz 


INTERMODULATION DISTORTION (IMD)? 
Second Order Products 


Third Order Products 
FULL POWER BANDWIDTH MHz typ 
SMALL SIGNAL BANDWIDTH MHz typ 
ApeRnORE DELAY a 
APERTURE JITTER . ps rms typ 
ACQUISITION TO FULL-SCALE STEP ns typ 
OVERVOLTAGE RECOVERY TIME TBD ns typ 
NOTES 
1f. amplitude = —0.5 dB full scale unless otherwise indicated. 5 V pk) input signal unless otherwise indicated. 
fa = 100 kHz, fb = 95 kHz with fsAMPLE = 2.2 MHz. 
Specifications subject to change without notice. 
(Tain to Trax with Vee = +95 V, DVpp = +5 V, DRVpp =+5 V, Veg = —9 V, fsamMpLe = 2.2 Msps, 
DIGITAL SPECIFICATIONS unless otherwise noted) 
Parameters Symbol J, A Grades Units 
LOGIC INPUTS 
High Level Input Voltage V min 
Low Level Input Voltage V max 
High Level Input Current (Vjy = DVpp) uA max 
Low Level Input Current (Vy, = 0 V) WA max 
Input Capacitance pF typ 
LOGIC OUTPUTS 
High Level Output Voltage (Io4 = 0.5 mA) | Vou +2.4 V min 
Low Level Output Voltage (Ip, = 1.6 mA) | My Vo. +0.4 V max 
Output Capacitance Cour | 5 pF typ 


Specifications subject to change without notice. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 


REV. 0 ANALOG-TO-DIGITAL CONVERTERS 2-175 


AD878 


Parameters 


Clock Period! 

CLOCK Pulse Width High 
CLOCK Pulse Width Low 
Clock Duty Cycle” 


Output Delay 

Pipeline Delay (Latency) 
Data Access Time 
Output Float Delay 


NOTES 


Cun to lw with Vee= = 45 V, se = = 45. Vv, DRVop = = 45 V, vem = 5 \; w= = 0. 95 V, Vw = = 


SWITCHING SPECIFICATIONS 3.8, Yo.= 04 Vand Yor = 240) 


AG 


‘Conversion rate is operational to TBD without degradation in specified performance. 
2See Clock Input section for clock periods of TBD ns or greater. 


Specifications subject to change without notice. 


AIN 


BIT 1-14, 
OTR 


Parameter Respect to Min Max Units 
Veo ACOM 0.5 = +6.5 | Volts 
VEE ACOM -6.5 — +0.5 : Volts 
DVpp . DCOM 05 +65 — Volts 
DRVpp DRCOM -0.5 +6.5 Volts 
ACOM DCOM | -1.0 +1.0 Volts 
AINCOM ACOM ~—1.0 +1.0 Volts 
-REFCOM ACOM = -1.0 ~— +1.0 Volts 
DRCOM DCOM ° -1.0 +1.0 Volts’ 
Vec DVypp —6.5 +6.5 Volts 
~ Clock Input DCOM > —0.5 DVpp + 0.5 =~ Volts 
Digital Outputs DCOM -0.5 DRVpp + 0.3. Volts 
AIN, REFIN AGND TBD TBD Volts 
REF IN Vec VeER 0 - Volts 
REFIN | VEE | 0 Vec Volts 
Junction Temperature +150 °C 
Storage Temperature -65 +150 °C 
Lead Temperature (10 sec) +300 i 


*Stresses above those listed under “Absolute Maximum Ratings” may cause 


permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. Exposure to absolute 
maximum ratings for extended periods may effect device reliability. 


‘Units — 


ns min 

ns min 

nsmin = 

% min (50% typ) 
%max } 

ns min 

Clock Cycles max 

ns typ (100 pF Load) 
ns typ (10 pF Load) 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 


Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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ANALOG 


Complete 12-Bit 1.25 MSPS 
DEVICES 


Monolithic A/D Converter 


AD1671 | 


FEATURES 

Conversion Time: 800 ns 

1.25 MHz Throughput Rate 

Complete: On-Chip Sample-and-Hold Amplifier and 
Voltage Reference 

Low Power Dissipation: 570 mW 

No Missing Codes Guaranteed 

Signal-to-Noise Plus Distortion Ratio 
fin = 100 kHz: 70 dB 

Pin Configurable Input Voltage Ranges 

Twos Complement or Offset Binary Output Data 

28-Pin DIP and 28-Pin Surface Mount Package 

Out of Range Indicator 


PRODUCT DESCRIPTION 

The AD1671 is a monolithic 12-bit, 1.25 MSPS analog-to-digital 
converter with an on-board, high performance sample-and-hold 
amplifier (SHA) and voltage reference. The AD1671 guarantees 
no missing codes over the full operating temperature range. The 
combination of a merged high speed bipolar/CMOS process and 
a novel architecture results in a combination of speed and power 
consumption far superior to previously available hybrid imple- 
mentations. Additionally, the greater reliability of monolithic 
construction offers improved system reliability and lower costs 
than hybrid designs. 


The fast settling input SHA is equally suited for both multi- 
plexed systems that switch negative to positive full-scale voltage 
levels in successive channels and sampling inputs at frequencies 
up to and beyond the Nyquist rate. The AD1671 provides both 
reference output and reference input pins, allowing the on-board 
reference to serve as a system reference. An external reference 
can also be chosen to suit the dc accuracy and temperature drift 
requirements of the application. 


The AD1671 uses a subranging flash conversion technique, with 
digital error correction for possible errors introduced in the first 
part of the conversion cycle. An on-chip timing generator pro- 
vides strobe pulses for each of the four internal flash cycles. A 
single ENCODE pulse is used to control the converter. The dig- 
ital output data is presented in twos complement or offset binary 
output format. An out-of-range signal indicates an overflow con- 
dition. It can be used with the most significant bit to determine 
low or high overflow. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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FUNCTIONAL BLOCK DIAGRAM 


SHA 
OUT UPO/BPO ENCODE Vcc ACOM Vee VYioaic DCOM 


AD1671 


Ome 
' BIT1-12 DAV 


REF COM OTR MSB 
The performance of the AD1671 is made possible by using high. 
speed, low noise bipolar circuitry in the linear sections and low 
power CMOS for the logic sections. Analog Devices’ ABCMOS-1 
process provides both high speed bipolar and 2-micron CMOS 
devices on a single chip. Laser trimmed thin-film resistors are 
used to provide accuracy and temperature stability. 


The AD1671 is available in two performance grades and three 


temperature ranges. The AD1671J and K grades are available 


over the 0°C to +70°C temperature range. The AD1671A grade 
is available over the —40°C to +85°C temperature range. The 
AD1671S grade is available over the —55°C to +125°C tempera- 
ture range. 


PRODUCT HIGHLIGHTS 

The AD1671 offers a complete single chip sampling 12-bit, 
1.25 MSPS analog-to-digital conversion function in a 28-pin 
package. 


The AD1671 at 570 mW consumes a fraction of the power of 
currently available hybrids. 


An OUT OF RANGE output bit indicates when the input sig- 
nal is beyond the AD1671’s input range. 


Input signal ranges are 0 V to +5 V unipolar or +5 V bipolar, 
selected by pin strapping, with an input resistance of 10 kQ. 
The input signal range can also be pin strapped for 0 V to 


-+2.5 V unipolar or +2.5 V bipolar with an input resistance of 
10 MQ. 


Output data is available in unipolar, bipolar offset or bipola 
twos complement binary format. | 
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AD1671—SPECIFICATIONS a: 
DC SPECIFICATIONS Cun to Tyuy With Voq = +5V 5%, Vince = +50 10% Ver = “BV 5%, unless’ otherwise note)’ 


: . AD1671J/A/S ADI671K - 
Parameter = ; Min . Typ Typ Units 


RESOLUTION i i _e_ien Bits 
CONVERSION TIME _ | | ae | 00 pO ns 
ACCURACY. . 
Integral Nonlinearity (INL). : é ; : +0.7 : LSB 
(S-Grade) : 
Differential Nonlinearity OM) i 11 _% Bits 
No Missing Codes Se , 11 Bits Guaranteed 12 Bits Guaranteed : 
Unipolar Offset! (+25°C) . . LSB 
Bipolar Zero! (+ 25°C) | . LSB 
Gain Error! ? (+25°C) a . 0.1 : ’ 0.1 35) % FSR 
TEMPERATURE COEFFICIENTS? . 
Unipolar Offset ppm/°C 
(S-Grade) 
ipo Zero - ppm/°C 
(S- Grade) 
Gain Error? ppm/°C 
 S- Grade) . 
Gain Error*. ~ ppm/°C 
POWER SUPPLY REJECTION? 
Vec (+5 V + 0.25 V) : LSB 
(S-Grade) : 
Viocic (+5 V +-0.25 V) LSB 
(S-Grade) | a 
Ver (-5 V + 0.25 V) - LSB 
(S-Grade) 
ANALOG INPUT 
Input Ranges 
Bipolar Volts. 
Volts 
Unipolar Volts 
Volts 
Input Resispanice ; 
(0 V to +2.5 V or 2.5 V Range) MQ 
(0 V to +5.0 V or +5:V Range). ka 
Input Capacitance pF 
Aperture Delay ns 
Aperture Jitter ps 
INTERNAL VOLTAGE REFERENCE 
Output Voltage . Volts 
Output Current . 
Unipolar Mode mA 
Bipolar Mode mA. 
LOGIC INPUTS 
High Level Input Voltage, V,,,; Volts 
Low Level Input Voltage, V,, Volts 
High Level Input Current, Ij; (Vix = yoo) pA 
Low Level Input Current, I,;, (Vin = 0 V) pA 
Input Capacitance, Cy, _pF 
LOGIC OUTPUTS - hae & | . 
High Level Output Voltage, yor (lox = 0.5 mA) 2.4 2.4 . Volts 
Low Level Output 2ouee OL (lor = 1.6.mA) 0.4 oO 0.4 ~ Volts 
POWER SUPPLIES | . . 
Operating Voltages : 
Voc | . Volts 
Viocic Volts 
BE Volts 
Operating Current 
loc _ mA 
Toaic® mA 
EE mA - 
POWER CONSUMPTION . mW 
TEMPERATURE RANGE (SPECIFIED) 
JK °C 
A “9 
S = & 
NOTES 


Adjustable to zero with external potentiometers. 

Includes internal voltage reference error. 

34.25°C to Tain and +25°C to Tmax: 

‘Excludes internal reference drift. 

>Change in gain error as a function of the de supply voltage. 

®Tested under static conditions. See Figure 15 for typical curve of Thoaic vs. load capacitance at maximum to 


Specifications subject to change without notice. 
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(Twin to Trax with Vee = +5V+ 5%, Viogic = +5 V+ 10%, Ver = —5 V+ 5%, fsamPLe = 1 MSPS, 


AC SPECIFICATIONS fivpur = 100 kHz, unless otherwise noted)! 


AD1671J/A/S AD1671K 
Parameter Min Typ Max Min Typ Max Units 


SIGNAL-TO-NOISE PLUS DISTORTION RATIO 


(S/N + D) | 
—0.5 dB Input 68 70 68 71 dB 
—20 dB Input | 50 51 dB 
TOTAL HARMONIC DISTORTION (THD) —80 =75 — 83 —75 dB 
PEAK SPURIOUS OR PEAK HARMONIC COMPONENT —80 =< 77 —8] —77 dB 
SMALL SIGNAL BANDWIDTH MHz 
FULL POWER BANDWIDTH MHz 
INTERMODULATION DISTORTION (IMD/)* 
2nd Order Products dB 
3rd Order Products dB 


NOTES 

fx amplitude = —0.5 dB (9.44 V p-p) bipolar mode full scale unless otherwise indicated. All measurements referred to a 0 dB (+5 V) input signal, unless 
otherwise indicated. 

26 = 99 kHz, fg = 100 kHz with fsampre = 1 MSPS. 


Specifications subject to change without notice. 


(For all grades Tyiy tO Trax With Vig = +5 V + 5%, Viggic = +9 V + 10%, 


SWITCHING SPECIFICATIONS v,, = —5v + 5%; v, =08V, V,, = 2.0V, Vy, = 04 V and Voy = 24V) - 
Parameters Min | Typ Max Units 


Conversion Time 


ns 
Sample Rate Msps 
ENCODE Pulse Width High (Figure 1a) ns 
ENCODE Pulse Width Low (Figure 1b) ns 
DAV Pulse Width ns 
ENCODE Falling Edge Delay ns 
Start New Conversion Delay ns 
Data and OTR Delay from DAV Falling Edge ns 
Data and OTR Valid before DAV Rising Edge ns 


NOTES 
1t yp is measured from when the falling edge of DAV crosses 0.8 V to when the output crosses 0.4 V or 2.4 V with a 25 pF load capacitor on each output pin. 
*t<, is measured from when the outputs cross 0.4 V or 2.4 V to when the rising edge of DAV crosses 2.4 V with a 25 pF load capacitor on each output pin. 


Specifications subject to change without notice. 


tenc : 
ENCODE ENCODE 


DAV 


DAV 


| top | tss | 
= | BIT 1-12 ~____DATAO(PREVIOUS) ok CDATAY 
5 = 6 . =. DATA 0 (PREVIOUS) DATA 1 MSB, OTR DATA 0 (PREVIOUS) DATA 1 


_ Figure 1a. Encode Pulse HIGH _ Figure 1b. Encode Pulse LOW 
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PIN DESCRIPTION 

Symbol ins Type Name and Function 

ACOM Analog Ground. _ 

AIN Analog Inputs, AIN] and AIN2. The AD1671 can be Pin strapped for four input ranges: 
Range Pin Strap Signal Input 
0 to +2.5 V, +2.5 V Connect AIN1 to AIN2 AIN1 or AIN2 
0to+5V,+5V Connect AIN1 or AIN2 to ACOM AIN1 or AIN2 

BIT 1 (MSB) | Most Significant Bit. 

BIT 2-BIT 11 Data Bits 2 through 11. 

BIT 12 (LSB) Least Significant Bit. | 

BPO/UPO Bipolar or Unipolar Configuration Pin. See section on Input Range Connections for details. 

DAV — Data Available Output. The rising edge of DAV indicates an end of conversion and can be used 
to latch current data into an external register. The falling edge of DAV can be used to latch. 

| previous data into an external register. 

DCOM Digital Ground. 

ENCODE _ The analog input is sampled on the rising edge of ENCODE. 

MSB Inverted Most Significant Bit. Provides twos complement output data format. 

OTR + Out of Range is Active HIGH when the analog input is out of range. See Output Data Porm 
Table ITI. 

REF COM REF COM is the internal reference ground pin. REF COM< should be connected as indicated in 
the Grounding and Decoupling Rules and Optional External Reference Connection Sections. 

REF IN REF IN is the external 2.5 V reference input. 

REF OUT _REF OUT is the internal 2.5 V reference output. | 

SHA OUT No Connect for bipolar input ranges. Connect SHA OUT to BPO/UPO for unipolar input ranges. 

Voc +5 V Analog Power. 

Ver —5 V Analog Power. 

Viocic +5 V Digital Power. 


TYPE: AI = Analog Input; AO = Analog Output; DI = Digital Input; DO = Digital Output; P = Power. 


PIN CONFIGURATION 


[28] Veo 
ACOM 
126 | BPO/UPO 
125 | SHA OUT 


124 | REF IN 
23] AIN1 


AD1671 22 | AIN2 


TOP VIEW 
(Not to Scale) 21 | REF OUT 


120 | REF COM 


119] DCOM 

18 | Viocic 
ENCODE — 
16 | DAV 

115] OTR. . 


CAUTION : ‘ | . ; 
ESD eae discharge) sensitive cena The digital control inputs are diode protected; WARNING! aa 


however, permanent damage may occur on unconnected devices subject to high energy electro- 


static fields. Unused devices must be stored in conductive foam or shunts. The protective foam ear 


should be discharged to the destination socket before devices are inserted. ESD SENSITIVE DEVICE 
Cr nm rn ene en 
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ABSOLUTE MAXIMUM RATINGS* 


Parameter With Respect to Min Max Units 
Voc ACOM —0.5 +6.5 Volts 
VEE ACOM —6.5 +0.5 Volts 
Vioaic DCOM —0.5 +6.5 Volts 
ACOM DCOM —1.0 +1.0 Volts 
Vec Viogic =6:5 +6.5 Volts 
ENCODE DCOM —0.5 Viocict9.5 Volts 
REFIN | ACOM —0.5 Vect0.5 Volts 
AIN ACOM —11.0 +11.0 Volts 
BPO/UPO ACOM —0.5 Vect+0.5 Volts 
Junction Temperature +150 *C 

Storage Temperature —65 +150 C 

Lead Temperature (10 sec) +300 a 


*Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. Exposure to 
absolute maximum ratings for extended periods may effect device reliability. 


ORDERING GUIDE 


Temperature 
Linearity Range 


Package 
Option”? 3 


AD1671JQ +2.5 LSB 0°C to +70°C Q-28 
AD1671KQ +2 LSB 0°C to +70°C Q-28 
AD1671JP +2.5 LSB | 0°C to +70°C P-28A 
AD1671KP +2 LSB 0°C to +70°C P-28A 
AD1671AQ +2.5 LSB —40°C to +85°C Q-28 
AD1671AP +2.5 LSB —40°C to +85°C P-28A 


AD1671SQ 
NOTES . . 
For details on grade and package offerings screened in accordance with 
MIL-STD-883, refer to Analog Devices’ Military Products Databook or cur- 
rent AD1671/883 data sheet. 

2P = Plastic Leaded Chip Carrier; Q = Cerdip. For outline information see 
Package Information section. 

Analog Devices reserves the right to ship side brazed ceramic packages in 
lieu of cerdip. 


DEFINITIONS OF SPECIFICATIONS 

INTEGRAL NONLINEARITY (INL) 

Integral nonlinearity refers to the deviation of each individual 
code from a line drawn from “zero” through “full scale.” The 
point used as “zero” occurs 1/2 LSB (1.22 mV for a 10 V span) 
before the first code transition (all zeros to only the LSB on). 
““Full-scale” is defined as a level 1 1/2 LSB beyond the last code 
transition (to all ones). The deviation is measured from the low 
side transition of each particular code to the true straight line. 


DIFFERENTIAL LINEARITY ERROR (NO MISSING 
CODES) 

An ideal ADC exhibits code transitions that are exactly 1 LSB 
apart. DNL is the deviation from the ideal value. Thus every 
code has a finite width. Guaranteed no missing codes to 11 or . 
12-bit resolution indicates that all 2048 and 4096 codes, respec- 
tively, must be present over all operating ranges. No missing 
codes to 11 bits (in the case of a 12-bit resolution ADC) also 
means that no two consecutive codes are missing. 


UNIPOLAR OFFSET 

The first transition should occur at a level 1/2 LSB above analog 
common. Unipolar offset is defined as the deviation of the actual 
from that point. This offset can be adjusted as discussed later. 
The unipolar offset temperature coefficient specifies the maxi- 


+3 LSB —55°C to +125°C 
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AD1671 


mum change of the transition point over temperature, with or 
without external adjustments. 


BIPOLAR ZERO 

In the bipolar mode the major carry transition (0111 1111 1111 
to 1000 0000 0000) should occur for an analog value 1/2 LSB 
below analog common. The bipolar offset error and temperature 
coefficient specify the initial deviation and maximum change in 

the error over temperature. 
GAIN ERROR 

The last transition (from 1111 1111 1110 to 1111 1111 1111) 

should occur for an analog value 1 1/2 LSB below the nominal 

full scale (4.9963 volts for 5.000 volts full scale). The gain error 

is the deviation of the actual level at the last transition from the 

ideal level. The gain error can be adjusted to zero as shown in 

Figures 4 through 7. 


TEMPERATURE COEFFICIENTS 

The temperature coefficients for unipolar offset, bipolar zero 
and gain error specify the maximum change from the initial 
(+25°C) value to the value at Ty or Tyax: 


POWER SUPPLY REJECTION 

One of the effects of power supply error on the performance of 
the device will be a small change in gain. The specifications 
show the maximum full-scale change from the initial value with . 
the supplies at the various limits. 


DYNAMIC SPECIFICATIONS 

SIGNAL-TO-NOISE PLUS DISTORTION (S/N+D) RATIO 
S/N+D is the ratio of the rms value of the measured input sig- 
nal to the rms sum of all other spectral components, including 
harmonics but excluding dc. The value for S/N+D is expressed 
in decibels. 


EFFECTIVE NUMBER OF BITS (ENOB) 
ENOB is calculated from the expression (S/N+D) = 6.02N + 
1.76 dB, where N is equal to the effective number of bits. 


TOTAL HARMONIC DISTORTION (THD) 

THD is the ratio of the rms sum of the first six harmonic com- 
ponents to the rms value of the measured input signal and is 
expressed as a percentage or in decibels. 


INTERMODULATION DISTORTION (IMD) 

With inputs consisting of sine waves at two frequencies, fa and 
fb, any device with nonlinearities will create distortion products 
of order (m+n), at sum and difference frequencies of mfa + . — 
nfb, where m,n = 0, 1, 2,3... . Intermodulation terms are 
those for which m or n is not equal to zero. For example, the 
second order terms are (fa + fb) and (fa — fb), and the third 
order terms are (2 fa + fb), (2 fa — fb), (fa + 2 fb) and (2fb — 
fa). The IMD products are expressed as the decibel ratio of the 
rms sum of the measured input signals to the rms sum of the 
distortion terms. The two signals are of equal amplitude and the 
peak value of their sum is —0.5 dB from full scale. The IMD 
products are normalized to a 0 dB input signal. 


PEAK SPURIOUS OR PEAK HARMONIC COMPONENT 
The peak spurious or peak harmonic component is the largest 


spectral component, excluding the input signal and dc. This 
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value is expressed in decibels relative to the rms value of a full- 
scale input signal. 


APERTURE DELAY 

Aperture delay is the difference between the switch clay and 
the analog delay of the SHA. This delay represents the point in 
time, relative to the rising edge of ENCODE input, that the 
analog input is sampled. 


APERTURE JITTER 
Aperture jitter is the variation in aperture delay for successive 
samples. 


FULL POWER BANDWIDTH 
The input frequency at which the amplitude of the recon- 
structed fundamental is reduced by 3 dB for a full-scale input. 


THEORY OF OPERATION | 

The AD1671 uses a successive subranging architecture. The 
analog-to-digital conversion takes place in four independent 
steps or flashes. The sampled analog input signal is subranged 
to an intermediate residue voltage for the final 12-bit result by 
utilizing multiple flashes with subtraction DACs (see the 
AD1671 functional block diagram). 


- The AD1671 can be configured to operate with unipolar (0 V to 
+5 V, 0 V to +2.5 V) or bipolar (+5 V, +2.5 V) inputs by 
connecting AIN (Pins 22, 23), SHA OUT (Pin 25) and BPO/ 
UPO (Pin 26) as shown in Figure 2. 


a. OV to +2.5 V Input Range b. +2.5 V Input Range 


TOO— SHA 


SHA OUT 
AD1671 
BPO/UPO 


REF IN 


REF OUT 


c. 0 V to +5 V Input Range 
Figure 2. AD1671 Input Range Connections 


-d, +5.V Input Range 


2-182 ANALOG-TO-DIGITAL CONVERTERS 


The AD1671 conversion cycle begins by simply providing an 
active HIGH level on the ENCODE pin (Pin 17). The rising 
edge of the ENCODE pulse starts the conversion. The falling 
edge of the ENCODE pulse is specified to operate within a win- 
dow of time, less than 50 ns after the rising edge of ENCODE 
or after the falling edge of DAV. The time window prevents 
digitally coupled noise from being introduced during the final 
stages of conversion. An internal timing generator circuit accu- 
rately controls SHA, flash and DAC timing. 


Upon receipt of an ENCODE command the input voltage is 
held by the front-end SHA and the first 3-bit flash converts the 
analog input voltage. The 3-bit result is passed to a correction 
logic register and a segmented current output DAC. The DAC 
output is connected through a resistor (within the Range/Span 
Select Block) to SHA OUT. A residue voltage is created by sub- 
tracting the DAC output from SHA OUT, which is less than 
one eighth of the full-scale analog input. The second flash has — 
an input range that is configured with one bit of overlap with 
the previous DAC. The overlap allows for errors during the 
flash conversion. The first residue voltage is connected to the 
second 3-bit flash and to the noninverting input of a high speed, 
differential, gain of eight amplifier. The second flash result is 
passed to the correction logic register and to the second seg- 
mented current output DAC. The output of the second DAC is 
connected to the inverting input of the differential amplifier. 
The differential amplifier output is connected to a two-step, 
backend, 8-bit flash. This 8-bit flash consists of coarse and fine 
flash converters. The result of the coarse 4-bit flash converter, 
also configured to overlap one bit of DAC 2, is connected to the 
correction logic register and selects one of 16 resistors from 
which the fine 4-bit flash will establish its span voltage. The fine 
4-bit flash is connected directly to the output latches. 


The internal timing generator automatically places the SHA into 
the acquire mode when DAV goes LOW. Upon completion of 
conversion (when DAV is set HIGH), the SHA has acquired the 
analog input to the specified level of accuracy and will remain in 
the sample mode until the next ENCODE command. 


The AD1671 will flag an out-of-range condition when the input 
voltage exceeds the analog input range. OTR (Pin 15) is active 
HIGH when an out-of-range high or low condition exists. Bits - 
1-12 are HIGH when the analog input voltage is greater than. 
the selected input range and LOW when the analog input is less 
than the selected input range. 


AD1671 DYNAMIC PERFORMANCE 

The AD1671 is specified for dc and dynamic performance. A 
sampling converter’s dynamic performance reflects both quan- 
tizer and sample-and-hold amplifier (SHA) performance. Quan- 
tizer nonlinearities, such as INL and DNL, can degrade 
dynamic performance. However, a SHA is the critical element 
which has to accurately sample fast slewing analog input signals. 
The AD1671’s high performance, low noise, patented on-chip 
SHA minimizes distortion and noise specifications. Nonlineari- 
ties are minimized by using a fast slewing, low noise architec- 
ture and subregulation of the sampling switch to provide 
constant offsets (therefore reducing input signal dependent 
nonlinearities). | | 
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Figure 3 is a typical 2k point Fast Fourier Transform (FFT) The AD1671’s SFDR performance is ideal for use in communi- 
plot of a 100 kHz input signal sampled at 1 MHz. The funda- cation systems such as high speed modems and digital radios. 
mental amplitude is set at —0.5 dB to avoid input signal clip- The SFDR is better than 84 dB with sample rates up to 1.11 
ping of offset or gain errors. Note the total harmonic distortion MHz and increases as the input signal amplitude is attenuated 
is approximately —81 dB, signal to noise plus distortion is 71 dB by approximately 3 dB. Note also the SFDR is typically better 
and the spurious free dynamic range is 84 dB. than 80 dB with input signals attenuated by up to —7 dB. 


SIGNAL AMPLITUDE - dB 


SPURIOUS FREE DYNAMIC RANGE - dB 


Bs FREQUENCY 666 714 769 833 909 1000 1111 1250 
SAMPLING FREQUENCY - kHz 


Figure 3. AD1671 FFT Plot, f,,, = 100 kHz, 


amas VMAZ Figure 6. Spurious Free Dynamic Range vs. Sampling 


Rate, fry = 100 kHz 


Figure 4 plots both S//N+D) and Effective Number of Bits 
_(ENOB) for a 100 kHz input signal sampled from 666 kHz to 
1.25 MHz. 


SPURIOUS FREE DYNAMIC RANGE - dB 


” 
ke 
71.5 ra 
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3 71 11.50 2 
| Ww 
a a 
) 70.5 = 
= 70 2 
“” Ww 
69.5 11.25 3 40 3 . 
69 © -50 -45 -40 -35 -30 -25 -20 -15 -10 -5 0 
rs ANALOG INPUT - dB 
68.5 uu 
ae ae a0 Figure 7. Spurious Free Dynamic Range vs. Input 
714 769 833 1 5 
Amplitude, fix, = 250 kHz 


SAMPLING FREQUENCY - kHz 


Figure 4. S/N+D) vs. Sampling Frequency, fix, = 100 kHz APPLYING THE AD1671 


Figure 5 is a THD plot for a full-scale 100 kHz input signal GROUNDING AND DECOUPLING RULES 
with the sample frequency swept from 666 kHz to 1.25 MHz. — Proper grounding and decoupling should be a primary design 
objective in any high speed, high resolution system. The | 


AD1671 separates analog and digital grounds to optimize the 
management of analog and digital ground currents in a system. © 
The AD1671 is designed to minimize the current flowing from 
REF COM (Pin 20) by directing the majority of the current | 
from Voc (+5 V—-Pin 28) to Veg (—5 V—Pin 1). Minimizing ana- 
log ground currents hence reduces the potential for large ground 
voltage drops. This can be especially true in systems that do not 
utilize ground planes or wide ground runs. REF COM is also 
configured to be code independent, therefore reducing input 

. dependent analog ground voltage drops and errors. Code depen- 
dent ground current is diverted to ACOM (Pin 27). Also critical 
in any high speed digital design is the use of proper digital 


THD -— dB 


666 714 769 833 909 1000 1111 1250 


SAMPLING FREQUENCY - kHz grounding techniques to avoid potential CMOS “ground 
bounce.” Figure 3 is provided to assist in the proper layout, 
Figure 5. THD vs. Sampling Rate, fi, = 100 kHz grounding and decoupling techniques. 
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+5V -5V +5V 


O.1nF | 10uF O1uF | 10uF, “O.1uF | 10uF 


30s 


es) | O)—€8) 
Vec Vee “Loaic 
+C (23) AIN1 : BIT 1 
AD1671 2) 
Vin (25V) . AIN2 BIT 12(2) 
-C @e REF COM 
AGP* eT nooM ENCODE (17) 
V DCOM 
GP* DAV (16) 
SHA OUT 
e | oTr (15) 
BPO/UPO — a 
eS mss (14) 
| o REF IN 
(21) REF OUT 


“9 


Figure 8. AD1671 Grounding and Decoupling 


*GROUND PLANE RECOMMENDED 


Table I is a list of grounding and decoupling rules that should 
be reviewed before laying out a printed circuit board. 


Table I. Grounding and Decoupling Guidelines 


Power Supply 


Decoupling Comment 


0.1 wF (Ceramic) and 1 pF 
(Tantalum) Surface Mount Chip 
Capacitors Recommended to 
Reduce Lead Inductance 


Capacitor Values 


Directly at Positive and Negative 
Supply Pins to Common Ground 


Capacitor Locations 


Plane 
Reference (REF OUT) 
Capacitor Value 1 pF (Tantalum) to ACOM 
Grounding a | | 
Ground Plane or Wide Ground | 


Analog Ground 
Return Connected to the Analog 
Power Supply 


Reference Ground Critical Common Connections 


(REF COM) Should be Star Connected to REF 
COM (as Shown in Figure 8) 
Digital Ground Ground Plane or Wide Ground ~ 


Return Connected to the Digital 
Power Supply 


Analog and Digital Ground | Connected Together Once at the 
AD1671 
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UNIPOLAR (0 V TO +5 V) CALIBRATION 

The AD1671 is factory trimmed to minimize offset, gain and 
linearity errors. In some applications the offset and gain errors 
of the AD1671 need to be externally adjusted to zero. This is © 
accomplished by trimming the voltage at AIN2 (Pin 22). The 
circuit in Figure 9 is recommended for calibrating offset and 
gain errors of the AD1671 when configured in the 0 V to +5 V 
input range. If the offset trim resistor R1 is used, it should be 
trimmed as follows, although a different offset can be set for a 
particular system requirement. This circuit will give approxi- 
mately +5 mV of offset trim range. Nominally the AD1671 is 
intended to have a 1/2 LSB offset so that the exact analog input 
for a given code will be in the middle of that code (halfway 
between the transitions to the codes above it and below it). 
Thus, the first transition (from 0000 0000 0000 to 0000 0000 
0001) will occur for an input level of - +1/2 LSB oO 61 mV for 

5 V range). 


The gain trim is done by applying a signal 1 2 LSBs below the 
nominal full scale (4.998 V for a 5 V range). Trim R2 to give 
the last transition (1111 1111 1110 to 1111 1111 1111). This cir- 
cuit will give approximately +0.5% FS of adjustment range. 


Vin. 
' OTO +5V 


OFFSET R1 
ADJ 10k 


Figure 9. Unipolar (0 V to +5 ) Calibration 


BIPOLAR (+5 V) CALIBRATION 
The connections for the bipolar +5 V input range is shown in 
Figure 10. 


Bipolar calibration is similar to dnipolat calibration. First, a sig-. 
nal 1/2 LSB. above negative full scale (—4.9988 V) is applied and - 
R1 is trimmed to give the first transition (0000 0000 0000 to 
0000 0000 0001). Then a signal 1 1/2 LSB below positive full 
scale (+4.9963 V) is applied and R2 is trimmed to give the last 
transition (1111 1111 1110 to 1111 1111 1111). 
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BIPOLAR (+2.5 V) CALIBRATION 
The connections for the bipolar +2.5 V input range is shown in 
SHA Figure 12. 


Vin 
—5V TO +5V 


OFFSET Rt 
ADJ 10k +18V 

SHA OUT 390Q 

GAIN Vin 

ADJ AD1671 —2.5V TO +2.5V OFFSET ADJ 
BPO/UPO ° 
REF IN GAIN R2 
ADJ 2k mr 
REF OUT 
1uF G 10k 
Figure 10. Bipolar (+5 V) Calibration AD1671 


UNIPOLAR (0 V TO +2.5 V) CALIBRATION 
The connections for the 0 V to +2.5 V input range calibration is 
shown in Figure 11. Figure 11 shows an example of how the 
offset error can be trimmed in front of the AD1671. The proce- 
dure for trimming the offset and gain errors is the same as for G 
the unipolar 5 V range. 

Figure 12. Bipolar (+2.5 V) Calibration 


+15V 
OUTPUT LATCHES 
Vin ee Figure 13 shows the AD1671 connected to the 74HC574 octal 
0 TO +2.5V OFFSET ADJ D-type edge-triggered latches with 3-state outputs. The latch 


can drive highly capacitive loads (i.e., bus lines, I/O ports) while 
maintaining the data signal integrity. The maximum setup and 
hold times of the 574 type latch must be less than 20 ns (tpp 
and ts, minimum). To satisfy the requirements of the 574 type 
latch the recommended logic families are $, AS, ALS, F or 
BCT. New data from the AD1671 is latched on the rising edge 
of the DAV (Pin 16) output pulse. Previous data can be latched 
by inverting the DAV output with a 7404 type inverter. 


AD1671 3-STATE 
CONTROL 


Figure 13. AD1671 to Output Latches 
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OUT OF RANGE : oe 
An out-of-range. condition exists when the re input ‘volt-. 
age is beyond the input range (0 V to +2.5 V, 0 V to +5 V, 
+2.5 V, +5 V) of the converter. OTR (Pin 15) is set low when 
the analog input voltage is within the analog input range. OTR 
is set HIGH and will remain HIGH when the analog input volt- 
age exceeds the input range by typically 1/2 LSB (OTR transi- 
tion is tested to +6 LSBs of accuracy) from the center of the 
+full-scale output codes. OTR will remain HIGH until the ana- 
log input is within the input range and another conversion is 
completed. By logical ANDing. OTR with the MSB and its com- 
plement, overrange high or underrange low conditions can be 
detected. Table II is a truth table for the over/under range 


circuit in Figure 14. Systems requiring programmable gain con-— 


ditioning prior to the AD1671 can immediately detect an out-of- 
range condition, thus eliminating gain selection iterations. 


Table III. GaeNeD Data Format 


‘Input 
Range 
0Vto +2.5V Straight Binary 
OVtot+S5V ‘| Straight Binary 
258 V to +25 V | Offset Binary. 
-5Vto +5 V Offset Binary 
= 2.5:V to +2.5-V Twos Complement 
| (Using MSB) 
—§Vto +5 V_ Twos Complement 
(Using MSB) 
NOTES 


OTR 


Table I. Out-of-Range Truth Table 


, Analog Input Is __ 


In Range 
In Range 
Underrange 
Overrange 


MSB 
. OVER = "1" 
OTR 


UNDER = "1" 


MSB 


Figure 14. Overrange or Underrange Logic | 


| Analog ; 
Coding | Input! 


= —0.0003 V 
0V | 
+2.5 V 

= +2.5003 V 


= —0.0006 V 
0V 

+5V 

= +5.0006 V 


—2.5006 V. 


—2.5V 
+2.5V 


> +2.4994 V 
= —5.0012 Vj. 


aS 'V 
+5. V 
= +4.9988 V 


= —2,.5006 V 
—-2.5V 
+2.5V 

= +2.4994 V 
< —5.0012 V 
-5V 

+5 V 


Voltages listed are with offset and gain errors adjusted to zero. 


lip performance. 


2-186 ANALOG-TO-DIGITAL CONVERTERS 


0000 0000 0000 


WWM iii 


| O1LL 1111 1111 
= +4.9988 V 


Digital 


Output OTR? . 


0000 0000 0000 
0000 0000 0000 
1111 1111 1111 
111 1111 1111 


0000 0000 0000 
0000 0000 0000 
1111 1111 1111 
1111 1111 1111 - 


0000 0000 0000 
Lili 1111 1111 


0000 0000 0000 
0000 0000 0000 
1111 1111 1111 
1111 1111 1111 


1000 0000 0000 
1000 0000 0000 
O111 1112 1111 
0111 1111 1111 


1000 0000 0000 
1000 0000 0000 


MOOK K COF/RFP CORR OOF RH OOF], RH OOF 


Oll1 1111 1111 
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OUTPUT DATA FORMAT 

The AD1671 provides both MSB and MSB outputs, delivering 
data in positive true straight binary for unipolar input ranges 
and positive true offset binary or twos complement for bipolar 
input ranges. Straight binary coding is used for systems that 
accept positive-only signals. If straight binary coding is used 
with bipolar input signals, a 0 V input would result in a binary 
output of 2048. The application software would have to subtract 
2048 to determine the true input voltage. Host registers typically 
perform math on signed integers and assume data is in that 
format. Twos complement format minimizes software overhead 
which is especially important in high speed data transfers, such 
as a DMA operation. The CPU is not bogged down performing 
data conversion steps, hence the total system throughput is 
increased. 


OPTIONAL EXTERNAL REFERENCE 

The AD1671 includes an on-board +2.5 V reference. The refer- 
ence input pin (REF IN) can be connected to reference output 
pin (REF OUT) or a standard external +2.5 V reference can be 
selected to meet specific system requirements. Fast switching 
input dependent currents are modulated at the reference input. 
The reference input voltage can be held with the use of a capaci- 
tor. To prevent the AD1671’s on-board reference from oscillat- 
ing when not connected to REF IN, REF OUT must be 
connected to +5 V. It is possible to connect REF OUT to +5 V 
due to its output circuit implementation which shuts down the 
reference. 7 


ILocic Vs- CONVERSION RATE 
Figure 15 is the typical logic supply current vs. conversion rate 
for various capacitor loads on the digital outputs. 


imncae’. 


. ECE EE a 


1k 10k 100k 1M 
CONVERSION RATE — Hz 


Figure 15. logic vS. Conversion Rate for Various 
Capacitive Loads on the Digital Outputs 
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APPLICATIONS 


AD1671 TO ADSP-2100A 
Figure 16 demonstrates the ADI671 t to ADSP- 2100A eerie. 


The 2100A with a clock frequency of 12.5 MHz can execute an 
instruction in one 80 ns cycle. The AD1671 is configured to 
perform continuous time sampling. The DAV output of the 
AD1671 is asserted at the end of each conversion. DAV can be 
used to latch the conversion result into the two 574 octal 
D-latches. The falling edge of the sampling clock is used to gen- 
erate an interrupt (IRQ3) for the processor. Upon interrupt, the 
ADSP-2100A starts a data memory read by providing an address 
on the DMA bus. The decoded address generates OE for the 
latches and the processor reads their output over the DMA bus. 
The conversion result is read within a single processor cycle. » 


DMRD 


DMA0:13 


Figure 16. AD1671 to ADSP-2100A Interface 


AD1671 TO ADSP-2101/2102 


Figure 17 is identical to the 2100A interface except the sampling 


clock is used to generate an interrupt (IRQ2) for the processor. 
Upon interrupt the ADSP-2100A starts a data memory read by 
providing an address on the address (A) bus. The decode 
address generates OE for the D-latches and the processor reads 
their output over the Data (D) bus. Reading the conversion 
result is thus completed within a single processor cycle. 


ADDRESS BUS 


ADSP-2101 


| / DATABUS 


SAMPLING 
CLOCK 


Figure 17, AD1671 to ADSP-2101/ADSP-2102 Interface 
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ANALOG 
DEVICES 


12-Bit 100 kSPS 
M0 Converter 


FEATURES a 

Complete Monolithic 12-Bit 10 ws Sampling ADC 

On-Board Sample-and-Hold Amplifier 

Industry Standard Pinout | 

8- and 16-Bit Microprocessor Interface 

AC and DC Specified and Tested 

Unipolar and Bipolar Inputs | 

+5 V, +10 V, 0-10 V, 0-20 V Input Bee 

Commercial, Industrial and Military Hompersture 
Range Grades 

MIL-STD-883 and SMD Compliant Versions Available 


PRODUCT DESCRIPTION 
The AD1674 is a complete, multipurpose, 12-bit sfidigeic: 
digital converter, consisting of a user-transparent on-board 
sample-and-hold amplifier (SHA), 10 volt reference, clock and — 
three-state output buffers for microprocessor interface. 


The AD1674 is pin compatible with the industry standard 
AD574A and AD674A, but includes a sampling function while 
delivering a faster conversion rate. The on-chip SHA has a wide 
input bandwidth supporting 12-bit accuracy over the full 
Nyquist bandwidth of the converter. 


The AD1674 is fully specified for ac parameters (such as 
S/(N+D) ratio, THD, and IMD) and dc parameters (offset, 
full-scale error, etc.). With both ac and dc specifications, the 
AD1674 is ideal for use in signal processing and traditional dc — 
measurement applications. 


The AD1674 design is re using Analog Devices’ 
BiMOS II process allowing high performance bipolar analog 
circuitry to be combined on the same = with digital CMOS 
logic. 


Five different temperature becaies are available. The AD1674J 


and K grades are specified for operation over the 0°C to +70°C - 


temperature range. The A and B grades are specified from _ 
—40°C to +85°C; the AD1674T grade is specified from —55°C 
to +125°C. The J and K grades are available in both 28-lead 
plastic DIP and SOIC. The A and B grade devices are available 
in 28-lead hermetically sealed ceramic DIP and 28-lead SOIC. 
The T grade is available in 28-lead hermetically sealed ceramic 
DIP. 7 


*Protected by U. S. Patent Nos. 4,962,325; 4,250,445; 4,808,908; RE30586. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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Be 


ibe DB11 (MSB) 
DBO (LSB) 

REF wae V_ 

BIP OFF 


20V in 


REGISTERS / 3-STATE OUTPUT BUFFERS 


PRODUCT HIGHLIGHTS 
Industry Standard Pinout: The AD1674 auilizes the pinout 
established by the industry standard ADS74A and AD674A. 


Integrated SHA: The AD1674 has an integrated SHA which 
supports the full Nyquist bandwidth of the converter. The SHA 
function is transparent to the user; no wait-states are needed for 


_ SHA acquisition. 


DC and: AC Specified: In addition to traditional de specifica- 
tions, the AD1674 is also fully specified for frequency 

domain ac parameters such as total harmonic distortion, signal- — 
to-noise ratio and input bandwidth. These parameters can be 
tested and guaranteed as a result of the on-board SHA. 


Analog Operation: The precision, laser-trimmed scaling and 
bipolar offset resistors provide four calibrated ranges: 0 to 
+10 V and 0 to +20 V unipolar, —5 V to +5 V and —10 V to 
+10 V bipolar. The AD1674 operates on +5 V and +12 V or 
+15 V power supplies. 


Flexible Digital Interface: On-chip multiple-mode three-state 
output buffers and interface logic allow direct connection to 
most microprocessors. 
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SPECIFICATIONS AD1674 


(Train to | Per Vee = +15V + 10% or +12 V + 5%, Viogic = +5V+ 10%, Ver = —15 V+ 10% or 


DC SPECIFICATIONS —12 V + 5% unless otherwise noted) 


seis pee 
Parameter Units 
INTEGRAL NONLINEARITY (INL) eo +1/2 LSB 
DIFFERENTIAL NONLINEARITY (DNL) 
(No Missing Codes) 12 12 Bits 
FULL-SCALE ERROR! ? @ 25°C 
(with Fixed 50 © Resistor from REF OUT to REF IN) 0.1 0.25 0.1 0.25 % of FSR | 
TEMPERATURE RANGE 0 +70 0 +70 °C 
TEMPERATURE DRIFT? 
Unipolar Offset” +2 +] LSB 
Bipolar Offset” +2 +] LSB 
Full-Scale Error? +6 +3 LSB 
POWER SUPPLY REJECTION 
Veo = 15V +1.5 Vorl2V+0.6V +2 LSB 
Viogic = 5 V+ 0.5 V +1/2 LSB 
Vem = —15 V+ 1.5 Vor -12V+0.6V +2 LSB 
ANALOG INPUT 
Input Ranges 
Bipolar Volts 
Volts 
Unipolar Volts 
Volts 
Input Impedance 
10 Volt Span kQ 
20 Volt Span kQ, 
POWER SUPPLIES 
Operating Voltages 
Vioaic Volts 
Vec Volts 
VEE Volts 
Operating Current 
TLoaic mA 
lec mA 
ler mA 
POWER DISSIPATION mW 
INTERNAL REFERENCE VOLTAGE Volts 
Output Current (Available for External Loads)* mA 


(External Load Should Not Change During Conversion) 


NOTES 

‘Adjustable to zero. 

Includes internal voltage reference error. 

*Maximum change from 25°C value to the value at T,,;, OF Tax: 
‘Reference should be buffered for +12 V operation. 


All min. and max specifications are guaranteed. 
Specifications subject to change without notice. 
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AD1674 
DC SPECIFICATIONS (Continued) 


: AD1674A pee AD1674T 
Parameter . . Typ. Max F eemeneien Typ Max Units 


RESOLUTION | ' Bits 
INTEGRAL NONLINEARITY (INL) @ 25°C LSB 
T win to ave LSB 
DIFFERENTIAL NONLINEARITY (DNL) 
(No Missing Codes) Bits 
UNIPOLAR OFFSET! @ 25°C LSB 
BIPOLAR OFFSET! @ 25°C LSB 
FULL-SCALE ERROR? 2 @ 25°C 
(with Fixed 50 0 Resistor from REF OUT to REF IN) % of FSR 
TEMPERATURE RANGE _ °C 
TEMPERATURE DRIFT? | 
Unipolar Offset? aD LSB 
Bipolar Offset? +2 LSB 
Full-Scale Error? +8 ‘LSB 
- POWER SUPPLY REJECTION , 
Voc = 15 V+ 1.5 Vorl2 V+0.6V +2 LSB 
Vioac = 5V +05 V fe LSB 
Vez = -15V + 1.5 Vor —-12V + 0.6V + LSB 
ANALOG INPUT _ 
Input Ranges es 
Bipolar Volts 
oe Volts 
Unipolar . Volts 
Volts 
Input Impedance a 
10 Volt Span kQ 
20 Volt Span kQ 
POWER SUPPLIES 
Operating Voltages 
Viosic Volts 
Vcc Volts 
VEE — Volts 
Operating Current 
TLogic mA 
lec mA 
Teg - mA 
POWER DISSIPATION 
INTERNAL REFERENCE VOLTAGE | : 10.0 10.1 ; 10.0 10.1 : - 10.0 10:1 - 


Output Current (Available for External Loads)* 2.0 2.0. 2:0 
(External Load Should Not Change During Conversion) 
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SPECIFICATIONS AD1674 


(Trin tO Trax» With Veg = +15 V + 10% or +12 V + 5%, Viggic = +5 V + 10%, Vee = —15 V + 10% 
AC SPECIFICATIONS or —12 Ve 3%, ee =. 100 KSPS, fi, = 10 kHz, stand-alone mode unless otherwise noted)" 


AD1674J/A AD1674K/B/T 
Parameter Min Typ Max Min Typ Max Units 
69 70 70 71 


Signal to Noise and Distortion (S/N+D) Ratio” ? dB 
Total Harmonic Distortion (THD)* —90 — 82 —90 —§82 dB 

0.008 0.008 % 
Peak Spurious or Peak Harmonic Component —92 -82 192 —82 dB 
Full Power Bandwidth 


Full Linear Bandwidth 


Intermodulation Distortion (IMD)° 
Second Order Products . - 


Third Order Products 

SHA (specifications are included in overall timing specifications) 
Aperture Delay 50 50 ns 
Aperture Jitter 250 250 ps 
Acquisition Time ] 1 Ws 


(for all grades Trin tO Tray» With Veg = +15 V + 10% or +12 V + 5%, Voge = +5 V + 10%, 


DIGITAL SPECIFICATIONS v., = —15v + 10% or —12 v + 5%) 


LOGIC INPUTS ar 

Vin High Level Input Voltage Viocic +0.5 V V 
Vin Low Level Input Voltage ; +0.8. Vv 
lie High Level Input Current (V;,, = 5 V) Vin = Viocic +10 wA 
I. Low Level Input Current (V,,, = 0 V) Vin = 0V +10 | pA 
Cw Input Capacitance 10 pF 
LOGIC OUTPUTS : a ¢ 

Vou High Level Output Voltage Ion = 0.5 mA ; | V 
VoL Low Level Output Voltage Io, = 1.6 mA | V 
Ioz High-Z Leakage Current Vin = 0 to Vy oaic pA 
Coz High-Z Output Capacitance pF 
NOTES 


'f,,, amplitude = —0.5 dB (9.44 V p-p) 10 V bipolar mode unless otherwise noted. All measurements referred to —0 dB (9.997 V p-p) input signal unless 
otherwise noted. 

Specified at worst case temperatures and supplies after one minute warm-up. 

3See Figures 12 and 13 of full-length data sheet for other input frequencies and amplitudes. 

‘See Figure 11 of full-length data sheet. 

*fa = 9.08 kHz, fb = 9.58 kHz with fy,mprz = 100 kHz. See Definition of Specifications section and Figure 15. 

All min and max specifications are guaranteed. 


Specifications subject to change without notice. 
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AD1674 


ABSOLUTE MAXIMUM RATINGS* 7 Junction Temperature .......... eb eee 2g Se ELIS 


Voc to Digital Common ........ weueee.e.0to +16.5 VV Power Dissipation .......... Stine ath eats cao 82> TW 

Ver to Digital Common ...........:..... 0 to -16.5 V Lead Temperature, Soldering ............. 300°C, 10 sec 

Viocic to Digital Common ............ ees 0to +7 V Storage Temperature ................ —65°C to +150°C 

Analog Common to Digital Common pe Mee eee peer oN cer A +1V _ *§Stresses above those listed under “Absolute Maximum Ratings” may cause 

Digital Inputs to Digital Common . . —0.5 V to Viogic +0.5 V. permanent damage to the device. This is a stress rating only and functional 

Analog Inputs to Analog Common ........... Ver to Voc operation of the device at these or any other conditions above those indicated 

20 Vin to Analog Common .......... rae Ver to +24 V in the operational section of this specification is not implied. Exposure to 

REF OUT ........-.0cceee In definite Short to Common Sate maximum rating conditions for extended periods may affect device 
Ee ee ae eden ha ede Momentary Short to Voc " 

CAUTION 353 2 a et baa 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; WARNI NG! 1 

however, permanent damage may occur on unconnected devices subject to high energy electro- 

static fields. Unused devices must be stored in conductive foam or shunts. The protective foam rh 4 

should be discharged to the destination socket before devices are inserted. ESD SENSITIVE DEVICE 


ORDERING GUIDE 


INL 
(Train to T aias) 


+1 LSB. 


SAN+D) Package 
(Tin tO Tyax) Description 


Plastic DIP 


| Package 
Temperature Range Option’ 


~0°C to +70°C 


AD1674]N 


AD1674KN 0°C to +70°C +1/2 LSB Plastic DIP N-28 
AD1674JR 0°C to +70°C +1 LSB Plastic SOIC R-28 
AD1674KR 0°C to +70°C _ +1/2 LSB Plastic SOIC —-R-28 
AD1674AR | -40°C to +85°C +1 LSB Plastic SOIC R-28 
AD1674BR —40°C to +85°C +1/2 LSB Plastic SOIC R-28 
AD1674AD —40°C to +85°C +1 LSB Ceramic DIP D-28 
AD1674BD —40°C to +85°C +1/2 LSB Ceramic DIP D-28 


AD1674TD —55°C to +125°C +1 LSB Ceramic DIP 


NOTES | 

For details on grade and package offerings screened in accordance with MIL-STD-883, refer to the Analog Devices Military/Aerospace Rosas Manual Prod- 
ucts Databook or current AD1674/883B data sheet. SMD is also available. 

2N = Plastic DIP; D = Hermetic Ceramic DIP; R = Plastic SOIC. For outline information see Package Information section. 


PIN CONFIGURATION 


STS 


Vioaic [1] ¢ 
12/8 DB11(MSB) 
cs 26] DB10 
Ao 125] DBO 
R/C 124] DBS 
CE 123! DB7 
Voc AD1674 22] DBE 
REF OUT hea 21) DBS 
AGND 20} DB4 
REF IN (19) DB3 
Vee 18] DB2 
BIP OFF DB1 
10Vin DBO(LSB) 
20V iN 15| DGND 
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ANALOG 
DEVICES 


16-Bit 100 kSPS 
Sampling ADC 


AD1876 


FEATURES 

Autocalibrating 

0.002% THD 

90 dB S/(N+D) 

1 MHz Full Power Bandwidth 

On-Chip Sample & Hold Function 

2x Oversampling for Audio Applications 
16-Pin DIP Package 

Serial Twos Complement Output Format 
Low Input Capacitance —typ 50 pF 
AGND Sense for Improved Noise Immunity 


PRODUCTION DESCRIPTION 

The AD1876 is a 16-bit serial output sampling A/D converter 
which uses a switched capacitor/charge redistribution archi- 
tecture to achieve a 100 kSPS conversion rate (10 ps total 
conversion time). Overall performance is optimized by 
digitally correcting internal nonlinearities through on-chip 
autocalibration. 


The circuitry of the AD1876 is partitioned onto two monolithic 
chips, a digital control chip fabricated with Analog Devices’ 
DSP CMOS process and an analog ADC chip fabricated with 
the BiMOS II process. Both chips are contained in a single 
package. 


The serial output interface requires an external clock and sample 
command signal. The output data rate may be as high as 2.08 
MHz, and is controlled by the external clock. The twos comple- 
ment format of the output data is MSB first and is directly com- 
patible with the NPC SM5805 digital decimation filter used in 
consumer audio products. The AD1876 is also compatible with 
a variety of DSP processors. 


' The AD 1876 is packaged in a space saving 16-pin plastic DIP 
and operates from +5 V and +12 V supplies; typical power con- 
sumption is 235 mW. The digital supply (Vpp) is isolated from 
the linear supplies (Ve, and V<-) for reduced digital crosstalk. 
Separate analog and digital grounds are also provided. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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FUNCTIONAL BLOCK DIAGRAM 


= 6-BIT 
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AD1876 _ 
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ADI 8/6— SPECIFICATIONS (Tin tO Tax Veo = +12 V + 5%, Veg = —12| Ve 5%, tes 3 +5V + + 10%) 


ADIS76) _ gh 


Parameter ie ‘ in Typ ae fax | Ga 
TEMPERATURE RANGE | Goa 
TOTAL HARMONIC DISTORTION (THD)? | 
~-0.05dB Input | dB 
: % ‘ 
~20 dB Input ‘dB. 
| % 
—60 dB Input . dB 
D-RANGE, —60 dB; A-WEIGHTED > . | dB 
SIGNAL-TO-NOISE AND DISTORTION (SIN+D) RATIO? | 
—0.05 dB Input, A-Weighted - | | dB 
—0.05 dB Input, 48 kHz Bandwidth + dB 
—20 dB Input, A-Weighted — dB 
—20 dB Input, 48 kHz Bandwidth dB 
—60 dB Input, A-Weighted > dB 
—60 dB Input, 48 kHz Bandwidth dB 
PEAK SPURIOUS OR PEAK HARMONIC COMPONENT dB 
INTERMODULATION DISTORTION (IMD)* 
2nd Order Products | dB 
3rd Order Products dB 
FULL POWER BANDWIDTH Gs | | MHz 
VOLTAGE REFERENCE INPUT RANGE? Wrer) 3 5 | 10.0. . MV 
ANALOG INPUT® | | | | 
Input Range Vinx) V 
Input Impedance 
Input Capacitance During Sunil pF 
Aperture Delay ns. 
Aperture Jitter ps - 
POWER SUPPLIES ? 
Operating Current ; 
lec mA. 
ler mA 
Inp mA | 
Power Consumption mW . 


NOTES . . | , 

1Vaer = 5.00 V; conversion rate = 96 kSPS; fix = 1.06 kHz; aie —0.05 dB unless otherwise indicated. All measurements referred to a 0 dB - 
(10 Vpp) input signal. Values are post calibration. 

Includes first 19 harmonics. 

3Minimum value of S//N+D) corresponds to 5.0 V reference; typical values of SAN+D) correspond to'10.0 V reference. 

“f, = 1008 Hz; f, = 1055 Hz. See Definition of Specifications section and Figure 14. 

See Applications section for recommended voltage reference circuit and Figure 11 for performance with shee clea voltage values. 

®See Applications section for recommended input buffer circuit. 

*For explanation of input characteristics, see “Analog Input” section. 


Specifications subject to change without notice. 


Specifications shown in boldface are tested on all devices at final electrical test at worst case temperature. Results from those tests are used to calculate outgoing 
_ quality levels. All min and max specifications are guaranteed, although only those shown in boldface are tested. 


ORDERING GUIDE 


Package 
Option* 


Temperature | THD | Package 
Range dB Description 


0°C to +70°C Plastic 16-Pin DIP 


*N = Narrow Plastic DIP. For outline information see Package Information section. 


Model 
AD1876JN 
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| | ; AD1876 
DIGITAL SPECIFICATIONS (qin t© Tyas Von, = +12 V 2 5%, Veg = —12V 2 8%, Vop = +5V-+ 10%) 


Parameter Min ‘ Typ Max Units 


LOGIC INPUTS 

Vig ‘High Level Input Voltage V 

Vin Low Level Input Voltage V 

La High Level Input Current pA 

li Low Level Input Current pA 

Cw Input Capacitance pF 

LOGIC OUTPUTS 

Vou High Level Output Voltage V 
V 

Vo. Low Level Output Voltage V 


Specifications subject to change without notice. 


Specifications shown in boldface are tested on all devices at final electrical test at worst case temperature. Results from those tests are used to calculate outgoing 
quality levels. All min and max specifications are guaranteed, although only those shown in boldface are tested. 


ABSOLUTE MAXIMUM RATINGS* 


VeetON pe astm Wi Ce) at Bs wR Ds —0.3 V to +26.4 V DOMMCHING eer us 8 een lsd iene oe eke GAR +300°C, 10 sec 
Vino tO DGND! x s.3b4~ wire tates aes -—0.3 Vto +7 V Storage Temperature ................ —60°C to +100°C 
Vec to AGND Ce ee —0.3 Vv to +18 V a . ee . . - 
VeOAGN Ds cs wade beds caked be bien —18V to +0.3V Stresses greater than those listed under Absolute Maximum Ratings may 
GND +03V cause permanent damage to the device. This is a stress rating only and 
AGND toDGND ..... 6. eee eee eee eee : functional operation of the device at these or any other conditions above those 
Digital Inputs to DGND ................. 0OVt05.5V indicated in the operational section of this specification isnot implied. 
Analog Inputs, Veer to AGND ......... (Vec + 0.3 V) to Exposure to absolute maximum rating conditions for extended periods may 


(Vex —0.3 V) affect device reliability. 


ESD SENSITIVITY 
The AD1876 features input protection circuitry consisting of large “distributed” diodes and | see 
polysilicon series resistors to dissipate both high energy discharges (Human Body Model) and WW ARNING! ee 5] 


fast, low energy pulses (Charged Device Model). Per Method 3015.2 of MIL-STD-883C, the ar 


AD1876 has been classified as a Category 1 Device. 

Proper ESD precautions are strongly recommended to avoid functional damage or performance ESD SENSITIVE DEVICE 
degradation. Charges as high as 4000 volts readily accumulate on the human body and test | _ 
equipment, and discharge without detection. Unused devices must be stored in conductive foam 

or shunts, and the foam discharged to the destination socket before devices are removed. For 

further information on ESD precaution, refer to Analog Devices’ ESD Prevention Manual. 


TIMING SPECIFICATIONS 6 ,,, tot... Voc = +12 ¥ = 5%, Ver = —12 V + 5%, Vpp = +5.V + 10%, Vere = 5.00 V) 
Parameter Min Typ Max Units 


Sampling Rate” kSPS 
Sampling Period’ WS 
Acquisition Time (Included in tg) [LS 
Calibration Time tc 
CLK Period ns 
CAL to BUSY Delay ns 
CLK to BUSY Delay ns 
CLK to Doyr Hold Time ns 
CLK HIGH ns 
CLK LOW ns 
Dour CLK LOW ns 
SAMPLE LOW to Ist CLK Delay ns 
CAL HIGH Time tc 
CLK to Doyr CLK ns 
SAMPLE LOW ns 
NOTES 


1See Figure 1 and Figure 2 and the Conversion Control and Autocalibration sections for detailed explanations of the above timing. 
?Depends upon external clock frequency; includes acquisition time and conversion time. The minimum sampling rate/maximum sampling period is specified to 
account for droop of the internal sample/hold. Operation at slower rates than specified may degrade performance. 
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ANALOG: 
DEVICES | 


Le?M0s 
Complete, 8 Bit Analog 1/0 System 


FEATURES | 

2yus ADC with Track/Hold 

tps DAC with Output Amplifier 
AD7569, Single DAC Output 
AD7669, Dual DAC Output 

On-Chip Bandgap Reference 

Fast Bus Interface . 

Single or Dual 5V Supplies 


GENERAL DESCRIPTION 

The AD7569/AD7669 is a complete, 8-bit, analog I/O svatetn on 
a single monolithic chip. The AD7569 contains a high speed 
successive approximation ADC with 2s conversion time, a 
track/hold with 200kHz bandwidth, a DAC and output buffer 
amplifier with ls settling time. A temperature-compensated 
1.25V bandgap reference provides a precision reference voltage 
for the ADC and the DAC. The AD7669 is similar but contains 
two DACs with output buffer amplifiers. 


A choice of analog input/output ranges is available. Using a 
supply voltage of +5V, input and output ranges of zero to 
1.25V and zero to 2.5 volts may be programmed using the RANGE 
input pin. Using a +5V supply, bipolar ranges of + 1.25V or 
+2.5V may be programmed. 


Digital interfacing is via an 8-bit I/O port and standard micro- 
processor control lines. Bus interface timing is extremely fast, 
allowing easy connection to all popular 8-bit microprocessors. A 
separate start convert line controls the track/hold and ADC to 
give precise control of the sampling period. 


The AD7569/AD7669 is fabricated in Linear-Compatible CMOS 
(LC?MOS), an advanced, mixed technology process combining 
precision bipolar circuits with low power CMOS logic. The 
AD7569 is packaged in a 24-pin, 0.3” wide “skinny” DIP, a 24- 
terminal SOIC and 28-terminal PLCC and LCCC packages. The 
AD7669 is available in a 28-pin, 0.6” plastic DIP, 28-terminal 
SOIC, and 28-terminal PLCC package. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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_AD7669 FUNCTIONAL BLOCK DIAGRAM 
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PRODUCT HIGHLIGHTS 

1. Complete Analog I/O on a Single Chip. | 
The AD7569/AD7669 provides everything necessary to 
interface a microprocessor to the analog world. No external 
components or user trims are required, and the overall _ 
accuracy of the system is tightly specified, eliminating the - 
need to calculate error budgets from individual component 
specifications. 


2. Dynamic Specifications for DSP Users. | 
In addition to the traditional ADC and DAC specifications | 
the AD7569/AD7669 is specified for AC parameters, including 
signal-to-noise ratio, distortion and input bandwidth. 


3. Fast Microprocessor Interface. 
The AD7569/AD7669 has bus interface timing compatible 
with all modern microprocessors, with bus access and relinquish 
times less than 75ns and Write pulse width less than 80ns. 


REV. B 


SPECIFICATIONS | AD7569/AD7669 
DAC SPECIFICATIONS’ 


(Woo = +5V 25%; Vox” = RANGE = AGNDyac = AGNDapyc = DGND = OV; R, = 2k, C, = 100pF to AGNDaye mere Rewrse satel: 
All specifications Tyrin tO Tmax unless otherwise stated.) 


AD7569 
J, A Versions 
AD7669 


3 


AD7569 AD7569 AD7569 


Parameter J Version K,B Versions | S Version T Version Units Conditions/Comments 
STATIC PERFORMANCE 
Resolution* 8 8 Bits 
Total Unadjusted Error? +2 +3 LSB typ 
Relative Accuracy* +1 +} LSB max 
Differential Nonlinearity” +1 +) LSB max Guaranteed Monotonic 
Unipolar Offset Error DAC data is all 08; Vss = OV 
@ 25°C LSB max Typical tempco is 10uV/°C for + 1.25V range 
Tin tO Tmax LSB max 
Bipolar Zero Offset Error DAC data is all 0s; Vsg = — 5V 
@ 25°C LSB max Typical tempco is 20, V/°C for + 1.25V range 
Tin tO Tynax LSB max 
Full-Scale Error® (AD7569 Only) Vpp =5V 
25°C ‘LSB max 
Tin tO T max LSB max 
Full-Scale Error® (AD7669 Only) Vpp = 5V 
@ 25°C LSB max 
Tmin to Tmax LSB max 
DACA/DACB Full Scale Error Match® 
(AD7669 Only) LSB max Vpp = 5V 
AFull Scale/AVpp, Ta = 25°C LSB max Vout = 2. 5V;3 AVpp = = +5% 
AFull Scale/AVss, Ta= 25°C LSB max Vout = —2.5V; AVss = +5% 


Load Regulation at Full Scale LSB max Ry = 2kN. w0/C 


DYNAMIC PERFORMANCE 
Signal-to-Noise Ratio® (SNR) 
Total Harmonic Distortion® (THD) 
Intermodulation Distortion’ (IMD) 


Vout = 20kHz full-scale sine wave with fs AMPLING = 400kHz 
Vout = 20kHz full-scale sine wave with fs AMPLING = 400kHz 
fa= 18.4kHz, fb = 14.5kHz with fsAMPLING = 400kHz 


ANALOG OUTPUT 
Output Voltage Ranges 
Unipolar Oto + 1.25/2.5 Volts Vpp= + 5V, Vss =0V 
Bipolar +1.25/+2.5 Volts Vpp = +5V, Vss= —5V 
LOGIC INPUTS 
CS, A/B, WR, RANGE, RESET, DB0-DB7 
Input Low Voltage, Vint 0.8 0.8 
Input High Voltage, Vinu 2.4 2.4 
Input Leakage Current 10 10 Vin = 0 to Vpp 
Input Capacitance’ 10 10 
DBO-—DB7 


Input Coding (Single Supply) 
Input Coding (Dual Supply) 


ACCHARACTERISTICS’ 
Voltage Output Settling Time 


2s Complement 


Settling time to within + 1/2LSB of final value 


Positive Full-Scale Change 2 2 js max Typically lps 
Negative Full-Scale Change (Single Supply)| 4 4 ps max Typically 2us 
Negative Full-Scale Change (Dual Supply) | 2 2 ps max Typically ls 
Digital-to-Analog Glitch Impulse° 15 15 nV secs typ 
Digital Feedthrough? 1 1 nV secs typ 
Vin to Vout Isolation 60 60 dB typ Vin = +2.5V, 50kHz Sine Wave 
DAC to DAC Crosstalk° (AD7669 Only) 1 nV secs typ 
DACA to DACB Isolation® (AD7669 Only) — 70 dB max 
POWER REQUIREMENTS 
Vpp Range 4.75/5.25 4.75/S.25 4.75/5.25 4.75/5.25 For Specified Performance 
Vsg Range (Dual Supplies) — 4,75/—5.25 ~4.75/—5.25 —4.75/ — 5.25 —4.75/—5.25 Specified Performance also applies to Vss=0V 
for unipolar ranges. 
Ipp Vout = Vin = 2.5V; Logic Inputs = 2.4V; CLK = 0.8V 
(AD7569) 13 13 13 13 Output unloaded 
(AD7669) 18 Outputs unloaded 
Iss (Dual Supplies) Vout = Vin = —2.5V; Logic Inputs = 2.4V; CLK =0.8V 
(AD7569) 4 4 4 Output unloaded 
(AD7669) 6 Outputs unloaded 
DAC/ADC MATCHING 
Gain Matching® Vin to Vout match with Vig = +2.5V, 
@25°C 1 % typ 20kHz sine wave 
Trin tO Tmax 1 %typ 
NOTES 


'Specifications apply to both DACs in the AD7669. Vour applies to both VoyrA and VoyrB of the AD7669. 
?Except where noted, specifications apply for all output ranges including bipolar ranges with dual supply operation. 
3Temperature ranges are as follows: J, K versions; 0 to + 70°C 
A, B versions; — 40°C to + 85°C 
S, T versions; — 55°C to + 125°C 
*1LSB =4.88mV for 0 to +1.25V output range, 9.76mV for 0 to +2.5V and +1.25V ranges and 19.5mV for +2.5V range. 
5See Terminology. 
‘Includes internal voltage reference error and is calculated after offset error has been adjusted out. Ideal unipolar full-scale voltage is (FS — 1LSB); ideal bipolar positive 
full-scale voltage is (FS/2 — 1LSB) and ideal bipolar negative full-scale voltage is — FS/2. 
7Sample tested at 25°C to ensure compliance. 


Specifications subject to change without notice. 
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AU /bY/AU /669 — SPELIFIGAIIUNS 
ADC SPECIFICATIONS 


(Vop = + 5V 5%; Veg! = RANGE = AGNDyae = AGNDape = = DGND = OV: foxx = 5MHz external unless otherwise Stated. 
All specifications Trnin tO Trax unless otherwise stated.) Specifications ane Mode 1 interface. | 


AD7569 
J,A Versions” a 7 
; AD7669 . AD7569 AD7569_ . } .AD7569 es 
Parameter J Version K,B Versions {| S Version T Version i Conditions/Comments 


DC ACCURACY 
Resolution? 
Total Unadjusted Error* 
Relative Accuracy* 
Differential Nonlinearity* 
Unipolar Offset Error 
@25°C 
Train to Tmax 
Bipolar Zero Offset Error 
@25°C 
Tin tO Tmax 
Full-Scale Error? 
@25°C 
Tmin tO Tmax 
AFull Scale/AVpp, Ta = 25°C 
AFull Scale/AVss, Ta = 25°C 


DYNAMIC PERFORMANCE 
Signal-to-Noise Ratio’ (SNR) 
Total Harmonic Distortion* (THD) 
Intermodulation Distortion* (IMD) 
Frequency Response 
Track/Hold Acquisition Time’ 


ANALOG INPUT 
Input Voltage Ranges 
‘Unipolar Oto + 1.25/+2.5 Vpp = +5V; Vss = 0V 
Bipolar +1.25/+2.5 Vpp = +5V3Vss= —5V 
Input Current + 300 + 300 + + See equivalent circuit Fig. 5 
Input Capacitance , 
LOGIC INPUTS 
CS, RD, ST, CLK, RESET, RANGE 
Input Low Voltage, Vin 
Input High Voltage, Vinu 
Input Capacitance® 
CS, RD, ST, RANGE, RESET 
Input Leakage Current 
CLK 
Input Current: 
~ Inn 
linn 


LOGIC OUTPUTS 
DBO0-DB7, INT, BUSY 
Vox, Output Low Voltage 
Vou, Output High Voltage 
DBO-DB7 . 
Floating State Leakage Current 
Floating State Output Capacitance 
_ Output Coding (Single Supply) 
~ Output Coding (Dual Supply) 


CONVERSION TIME 
With External Clock 
With Internal Clock, T4 = 25°C 


No Missing Codes 
Typical tempco is 10%.V/°C for + 1.25V range; Vss =0V 


. Typical tempco is 20,.V/°C for + 1.25V range; Vss = —5V 
Vpp =5V 


Vin = +2.5V;AVpp = +5% 
Vin = —2.5V;AVss = +5% 


Vin = 100kHz full-scale sine wave with fsampLinG = 400kHz® 
Vin = 100kHz full-scale sine wave with fsampLinc = 400kHz® 
fa = 99kHz, fb = 96.7kHz with fsa MPLING = 400kHz 

Vin = +2.5V, dc to 200kHz sine wave 


Vyx = 0 to Vpp 


' Vin=0V 
Vin = Vpp 


Is~vx =].6mA 
Isource = 200nA 


8 


fork = 5MHz 
Using recommended clock components shown in Fi ig- 
ure 21. Clock frequency can be adjusted by varying Rc; x. 


POWER REQUIREMENTS As per DAC Specifications 


NOTES 
-1 Except where noted, specifications apply for all ranges including bipolar ranges with dual supply operation. 
?Temperature ranges are as follows: J, K versions; 0 to + 70°C 
A, B versions; — 40°C to + 85°C 
S, T versions; —55°C to + 125°C 
31 LSB =4.88mV for 0 to +1.25V eae 9.76mV for 0 to +2. 5V and +1.25V ranges and 19. SmV for +2.5V range. 
“See Terminology. 
5Includes internal voltage reference error and is calculated after offset error has been adjusted out. Ideal unipolar 
last code transition occurs at (FS — 3/2LSB); Ideal bipolar last code transition occurs at (FS/2 — 3/2LSB). 
®Exact frequencies are 101kHz and 384kHz to avoid harmonics coinciding with sampling frequency. 
7Rising edge of BUSYto falling edge of ST. The time given refers to the acquisition time which gives a 3dB 
_ degradation in SNR from the tested figure. 
®Sample tested at 25°C to ensure compliance. 


Specifications subject to change without notice. 


CAUTION 
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; how- WARNING! 
ever, permanent damage may occur on unconnected devices subjected to high energy electrostatic 


fields. Unused devices must be stored in conductive foam or shunts. The foam should be discharged yp 486 
to the destination socket before devices are removed. ESD SENSITIVE DEVICE 
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TIMING CHARACTERISTICS" (sec Figures 8,10, 12. pp = 5V 25% Vag = OV or — BV 25%) AD7569/AD7669 


Limit at 
Tins a ae 


Limit at 
Taw DT nas 


Limit at 


Parameter 25°C (All Grades) | (J, K, A, B Grades) (S, T Grades) Units Test Conditions/Comments 
DAC Timing ee 
ty 80 WR Pulse Width 
tz 0 CS, A/B to WR Setup Time 
t3 0 CS, A/B to WR Hold Time 
t4 60 Data Valid to WR Setup Time 
ts 10 Data Valid to WR Hold Time 
ADC Timing 
te 50 ST Pulse Width 
t7 110 ST to BUSY Delay 
tg 20 BUSY to INT Delay 
to 0 BUSY toCS Delay 
tio 0 CS to RD Setup Time 
th 60 RD Pulse Width. Determined by t)3. 
ti2 0 CS to RD Hold Time . 
tis? 60 Data Access Time after RD; Cy, = 20pF 
95 Data Access Time after RD; Cy = 100pF 
ba 10 Bus Relinquish Time after RD 
60 | 
tis 65 RD to INT Delay 
te 120 RD to BUSY Delay 
ti 60 Data Valid Time after BUSY; Cy = 20pF 
90 Data Valid Time after BUSY; C; = 100pF 
NOTES 


Sample tested at + 25°C to ensure compliance. All input control signals are specified with tp =tp = 5Sns (10% to 90% of +5V) and imed from a voltage level of 1.6V. 
its and t7 are measured with the load circuits of Figure 1 and defined as the time required for an output to cross either 0.8V or 2.4V. 
314 is defined as the time required for the data line to change 0.5V when loaded with the circuit of Figure 2. 


Specifications subject to change without notice. 


+5V +5V 
3k | 3kQ 
DBN DBN DBN DBN 
3kQ L CL CL 3k 10pF TOpF 
DGND b.. Wy = OGND 
a. High-Z to Vor b. High-Z to Vo, a. Von to High-Z b. Vo, to High-Z 
Figure 1. Load Circuits for Data Access Time Test Figure 2. Load Circuits for Bus Relinquish Time Test 
ABSOLUTE MAXIMUM RATINGS* 
Vpp to AGNDpac or AGNDanc .......-- —0.3V, +7V Power Dissipation (Any Package) to +75°C ..... 450mW 
Vip tO DGND: 25:5 66 4 6 hE —0.3V, +7V Derates above 75°C by .........-2-2400- 6mW/°C 
Wisp tO Vises cv See we ae he SOK we —0.3V, +14V Operating Temperature Range 
AGNDpac or AGNDapc to DGND .. —0.3V, Vpp +0.3V Commercial (J, K) .......... Ac fe 8 0 to +70°C 
AGNDpac to AGNDapc .... 2.22 ee ee ee ee +5V Industrial (A, B) ............2. — 40°C to + 85°C 
Logic Voltage to DGND ........ —0.3V, Vpp +90.3V Extended (S, T).. ss. 6500 «eee ses — 55°C to + 125°C 
CLK Input Voltage to DGND ..... —0.3V, Vpp +0.3V Storage Temperature Range ......... —65°C to + 150°C 
Vout (VoutA; VourB) to Lead Temperature (Soldering, 10 Secs) ........ ~+300°C 
1 a 

V eee Ue Ves ei eee gee 3 se = poy soles *Stresses above those listed under “Absolute. Maximum Ratings” may 

IN [0 a so ae a DD ; cause permanent damage to the device. This is a stress rating only and 
NOTE functional operation of the device at these or any other condition above 


1 ‘ . those indicated in the operational sections of this specification is not 
Output may be shorted to any voltage in the range Vss to Vpp provided that implied. Exposure to absolute maximum rating conditions for extended 
the power dissipation of the package is not exceeded. Typical short circuit periods may affect device reliability. 

current for a short to AGND or Vszs is 50mA. 
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AD7569/AD7669 


AD7569 PIN CONFIGURATIONS 


DIP, SOIC PLCC LCCC 
AGNDoue [7] © [24] Voo ae ee. 
y 2 | 23 | Ven: > > < $ > >? g 
is wee 4 3 2 1 28 27 26 
Vss 3 | sees ‘“AGNDaoc 
RANGE [ 4 CLK LJ 
RESET | 5 | fo} iNT 
087 ‘AD7569_ “BUSY o 
is TOP view = - es AD7569 
{Not to Scaie ST TOP Vv TOP VIEW 
da a - (Not to Scale) (Not to Scale) 
pes | 8 117] RD 
pes | 9| 16] CS 
pes [19] is) we 
DB2 | 11] 14 | DBO 12 13 14 18 16 17 18 
van [iF fa] oe 222825 
: (=) 


NC = NO CONNECT 


AD7669 PIN CONFIGURATIONS 
DIP, SOIC | 


AD7569JN 0°C to + 70°C 
AD7569JR O°C to +70°C : 
AD7569AQ | —40°Cto +85°C. 
~AD7569SQ? —55°Cto + 125°C 
AD7569BN — 40°C to + 85°C 
ee AD7569KN 0°C to + 70°C 
sania AD7569BR — 40°C to + 85°C 
(Not to Scale) AD7569BQ — 40°C to + 85°C 
AD7569TQ? —55°C to +125°C 
AD7569JP 0°C to +70°C 
AD7569SE2 — 55°C to + 125°C 
AD7569KP 0°C to + 70°C 
AD7569TE2 — 55°C to + 125°C 
AD7669AN 40°C to + 85°C 
AD7669JN 0°C to +70°C 
AD7669JP 0°C to +70°C 
AD7669AR — 40°C to + 85°C 


AD7669JR 


‘NOTES 


NC = NO CONNECT 


ORDERING GUIDE 


Relative 
Temperature Accuracy 
Range Tman— Tmax 


0°C to + 70°C 


1E = Leadless Ceramic Chip Carrier; N = Plastic DIP; P = Plastic Leaded 
Chip Carrier; Q = Cerdip; R = Small Outline SOIC. For outline» ; 
information see Package Information section. _—_ a 
- *To order MIL-STD-883, Class B processed parts, add /883B to. part 
number. Contact your local sales office for military data sheet. 


AD7669 


TOP VIEW 
_ (Not to Scale) 


NC = NO CONNECT 
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PIN FUNCTION DESCRIPTION 
(Applies to the AD7569 and AD7669 unless otherwise stated.) 


Pin 
Mnemonic 
AGNDpac 


Vout 
(VoutA, VoutB) 


RANGE 


Description 


Analog Ground for the DAC(s). Seca 
ground return paths are provided for the 
DAC(s) and ADC to minimize crosstalk. 


Output Voltage. Vout Is the buffered output 
voltage from the AD7569 DAC. VoyrA and 
VoutB are the buffered DAC output voltages 
from the AD7669. Four different output 
voltage ranges can be achieved (see Table I). 


Negative Supply Voltage (— 5V for dual supply 
or OV for single supply). This pin is also used 
with the RANGE pin to select the different 
input/output ranges and changes the data 
format from binary (Vss = 0V) to 2s comple- 
ment (Vss = — 5V) (see Table I. 


Range Selection Input. This is used with the 
Vss input to select the different ranges as per 
Table I. The range selected applies to both 

the analog input voltage of the ADC and the 


_ output voltage from the DAC(s). 


RESET 


DB7 
DB6-DB2 
DGND 
DBI 

DBO 

WR 


Reset Input (Active Low). This is an asyn- 
chronous system reset which clears the DAC 
register(s) to all Os and clears the INT line of 
the ADC (i.e., makes the ADC ready for new 
conversion). In unipolar operation this input 
sets the output voltage to OV; in bipolar oper- 
ation it sets the output to negative full scale. 


Data Bit 7. Most Significant Bit (MSB). 
Data Bit 6 to Data Bit 2. 


Digital Ground. 
Data Bit 1. 
Data Bit 0. Least Significant Bit (LSB). 


Write Input (Edge triggered). This is used in 
conjunction with CS to write data into the 


~ AD7569 DAC register. It is used in conjunction 


REV. B 


with CS and A/B to write data into the selected 
DAC register of the AD7669. Data is trans- 
ferred on the rising edge of WR. 


Input/Output 
Voltage Range 


0 Oto +1.25V 
1 fi Oto +2.5V 
0 -5V } +1.25V 

] -5V | +2.5V 


Pin 
Mnemonic 
CS 


RD 


INT 


A/B(AD7669 
Only) 


CLK 


AGNDanc 
Vin 


Vpp 


DBO-DB7 
Data Format 


Binary 
Binary 


Table |. Input/Output Ranges 
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AD7569/AD7669 


Description 


Chip Select Input (Active Low). The device 
is selected when this input is active. 


READ Input (Active Low). This input must © 
be active to access data from the part. In the 
Mode 2 interface, RD going low starts con- 
version. It is used in conjunction with the CS 
input (see Digital Interface Section). 


Start Conversion (Edge triggered). This is 
used when precise sampling is required. The 
falling edge of ST starts conversion and drives 
BUSY low. The ST signal is not gated with 
CS. 


BUSY Status Output (Active Low). When 
this pin is active the ADC is performing a 
conversion. The input signal is held prior to 
the falling edge of BUSY (see Digital Inter- 
face Section), 


INTERRUPT Output (Active Low). INT 
going low indicates that the conversion is 
complete. INT goes high on the rising edge 
of CS or RD and is also set high by a low 
pulse on RESET (see Digital Interface 
Section). 


DAC Select Input. This input selects which 
DAC register data is written to under control of 
CS and WR. With this input low data is written 
to the DACA register; with this input high data 
is written to the DACB register. 


A TTL compatible clock signal may be used 
to determine the ADC conversion time. Internal 
clock operation is achieved by connecting a 
resistor and capacitor to ground. 


Analog Ground for the ADC. 


Analog Input. Various input ranges can be 
selected (see Table I). 


Positive Supply Voltage (+ 5V). 


2s Complement 
2s Complement 
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| ANALOG 
DEVICES | 


LC2M0s 


5s 8-Bit ADC with Track/Hold 


FEATURES | 

Fast Conversion Time: 5s 

On-Chip Track/Hold | 
Low Total Unadjusted Error: 1LSB 
Full Power Signal Bandwidth: 50kHz 
Single +5V Supply “5 
100ns Data Access Time 

Low Power (15mW typ) 

Low Cost 2) et | 
Standard 18-Pin DIPs or 20-Terminal 

Surface Mount Packages 


GENERAL DESCRIPTION | 

The AD7575 is a high-speed 8-bit ADC with a built-in track/hold 
function. The successive approximation conversion technique is 
used to achieve a fast conversion time of 5ys, while the built-in 
track/hold allows full-scale signals up to 50kHz (386mV/ys slew 
rate) to be digitized. The AD7575 requires only a single +5V 
supply and a low-cost, 1.23V bandgap reference in order to 
convert an input signal range of 0 to 2Vpgr. ms 


The AD7575 is designed for easy interfacing to all popular 8-bit 
microprocessors using standard microprocessor control signals 
(CS and RD) to control starting of the conversion and reading 
of the data. The interface logic allows the AD7575 to be easily 
configured as a memory mapped device and the part can be 
interfaced as SLOW-MEMORY or ROM. All data outputs of 
the AD7575 are latched and three-state. buffered to allow direct 
connection to a microprocessor data bus or I/O port. 


The AD7575 is fabricated in an advanced, all ion-implanted 
high speed Linear Compatible CMOS (LC?MOS) process and is 
available in a small, 0.3” wide, 18-pin DIP or in 20-terminal 
surface mount packages. | a 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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Vop 


PRODUCT HIGHLIGHTS 


1. 


Fast Conversion Time/Low Power 

The fast, 5s conversion time of the AD7575 makes it suitable 
for digitizing wideband signals at audio and ultrasonic fre- 
quencies, while retaining the advantage of low CMOS power 
consumption. : 


. On-Chip Track/Hold 


The on-chip track/hold function is completely self-contained 


and requires no external hold capacitor. Signals with slew 


rates up to 386mV/ys (e.g., 2.46V peak-to-peak 50kHz sine 
waves) can be digitized. with full accuracy. | 


. Low Total Unadjusted Error 


The zero, full-scale and linearity errors of the AD7575 are so — 
low that the total unadjusted error at any point on the transfer 
function is less than 1LSB and offset and gain adjustments 
are not required. | > 3 4 


. Single Supply Operation _- ? 


Operation from a single +5V. supply with a low-cost + 1.23V 
bandgap reference allows the AD7575 to be used in 5V 


. microprocessor systems without any additional power 


supplies. _— : 


. Fast Digital Interface , 


Fast interface timing allows the AD7575 to interface easily to 


the fast versions of most popular microprocessors such as the 


Z80H, 8085A-2, 6502B, 68B09 and the DSP processor, the 
TMS32010. : ae 
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SPECIFICATIONS 


Parameter 


ACCURACY 
Resolution 
Total Unadjusted Error 
Relative Accuracy 
Minimum Resolution for which 
No Missing Codes is Guaranteed 
Full Scale Error 
25°C 
Tmin to Tuy 
Offset Error? 
25°C 
Tinin 0° T pax 
ANALOG INPUT 
Voltage Range 
DC Input Impedance 
Slew Rate, Tracking 
SNR? 


REFERENCE INPUT 
Vrer (For specified Performance) 
IREF 
LOGICINPUTS 
CS,RD 
VinL» Input Low Voltage 
Vinup Input High Voltage 
In; Input Current 
25°C 
Twin tO Tmax 
Cyn; Input Capacitance? 


CLK 
ViInL; Input Low Voltage — 
Vinup Input High Voltage 
linc» Input Low Current 
Inne, Input High Current 


LOGIC OUTPUTS 
BUSY, DBO to DB7 
Vo.» Output Low Voltage 
Vou, Output High Voltage 
DBO to DB7 
Floating State Leakage Current 
Floating State Output Capacitance? 


CONVERSION TIME* 
With External Clock 
With Internal Clock, T 4 = 25°C 


POWER REQUIREMENTS? 
Vpp 
Ipp 
Power Dissipation 
Power Supply Rejection 


NOTES 

‘Temperature Ranges are as follows: 
J, K Versions; 0 to + 70°C 
A, B Versions; — 25°C to + 85°C 
S, T Versions; ~ 55°C to + 125°C 


(Vop = +5V, Veer = +1.23V, AGND = DGND = OV; fo, = 4MHz external; 
All specifications T,,,, tO Tmax unless otherwise specified) 


| J,AVersions!| K,BVersions| Version | TVersion | Units | 


Bits 
LSB max 
LSB max 


Bits max 


LSB max 
LSB max 


LSB max 
LSB max 


5 5 5 5 [LS 

5 5 ws min 
15 |b) 15 15 pis max 
+5 +5§ +5 +5 Volts 
6 6 7 7 mA max 
15 15 15 15 mW typ 
VY, +V% +% +V% LSB max 


*Offset error is measured with respect to an ideal first code transition which occurs at 1/2LSB. 


3Sample tested at 25°C to ensure compliance. 


“Accuracy may degrade at conversion times other than those specified. 
*Power supply current is measured when AD7575 is inactive i.e. when CS = RD = BUSY = logic HIGH. 


Specifications subject to change without notice. 
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AD7575 


Conditions/Comments 


Full Scale TC is typically Sppm/°C 


Offset TC is typically Sppm/°C 


1LSB = 2Vprep/256; See Figure 16 


Vin = 2.46V p-p @ 10kKHz; See Figure 11 


+5% 


Vin =Qor Vpp 
Vin =Qor Vpp 


Vin. =0V 
Vinn= Vpp 


IsiInk =1.6mA 
TsourcE = 40pA 


Vout =0to Vpp 


folk = 4MHz 
Using recommended clock 
components shown in Figure 15. 


+ 5% for Specified Performance 
Typically 3mA with Vpp = +5V 


4.75VSVpp=5.25V 
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AD79575 


TIMING SPECIFICATIONS? i= ¥-5 p= +120, 120 ae = 


tg 


NOTES. 


Limit at Tiny Tmax 


Limit at + 25°C | Limit at Tin, Tmax 
(All Versions) (J,.K,A, B Versions) (S, T Versions) 


Conditions/Comments 


CStoRD Setup Time 

RD to BUSY Propagation Delay 
Data Access Time after RD 

RD Pulse Width 

| CStoRD Hold Time 

Data Access Time after BUSY 
Data Hold Time 


BUSY toCS Delay 


'Timing Specifications are sample tested at +25°C to ensure compliance. All input control signals are s specified with tr=tf=20ns (10% to 90% of + 5V) 


anid timed from a voltage level of 1.6V. 


7t; and t, are measured with the load circuits of Figure 1 and defined as the time required for an output to cross 0.8V or 2. av. 
+t, is defined as the time required for the data lines to change 0.5V when loaded with the circuits of Figure 2. 


Specifications subject to change without notice. 


Test Circuits 


+5V 


DBN 


DBN 
100pF 


4. 


b. High-Z to Vor 


L 


DGND 
a. High-Z to Vou 


Figure 1. Load Circuits for Data Access Time Test 


ABSOLUTE MAXIMUM RATINGS* 


Vpp toAGND. ........-..02.-2 —0.3V, +7V 
Vpp to DGND .. GP a a EE Ae RR ee -0.3V, +7V 
AGND toDGND................ —0.3V, Vpp 


Digital Input Voltage to DGND 
Digital Output Voltage to DGND 


. —0.3V, Vpp +0.3V 
.. —0.3V, Vpp +0.3V 


CLK Input Voltageto DGND ..... -—0.3V, Vpp +0.3V 
VreF to: AGND 638 65k. -3 ee eA ES ~—0.3V, Vpop 
AINtoAGND ....... to netge gh aster enter o —0.3V, Vpp 
Operating Temperature Range 
Commercial (J, K Versions) .......... 0to +70°C 
Industrial (A, B Versions) ........ — 25°C to + 85°C 
Extended (S, T Versions). ........ — 55°C to + 125°C 
CAUTION 


ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 
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+5V 


_ DBN DBN 


; 10pF . 
i" DGND 


b. Vo. toHigh-Z 


~ DGND 


a. Voy to High-Z 


Figure 2. Load Circuits for Data Hold Time Test | 


Storage Temperature Range......... = 65°C to + 150°C 


Lead Temperature (Soldering, 10sec) ..... ee ee 6 +300°C 
Power Dissipation (Any Package) to +75°C ..... 450mW 
Derates above + 75°C by .....-......... 6mMW/C 


*Stresses above those listed under “Absolute Maximum Ratings” may cause 


permanent damage to the device. This is a stress rating only and functional _ 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended pee may affect 
device reliability. 


WARNING! 


ar te — 


ESD SENSITIVE DEVICE 


REV. A 


AD7575JN 


AD7575 


TOP VIEW 
(Not to Scale) 


AD7979 


PIN CONFIGURATIONS 


BUSY 4 
CLK 5 

DB7 (MSB) 6 
DB6 7 

DBS 8 


NC = NO CONNECT 


ORDERING GUIDE 


Temperature 
Range 


Oto + 70°C 


Relative 
Accuracy 
(LSB) 


AD7575KN | Oto +70°C | N-18 
AD7575JP Oto + 70°C P-20A 
AD7575KP Oto + 70°C P-20A 
AD7575AQ — 25°C to + 85°C Q-18 
AD7575BQ — 25°C to + 85°C Q-18 
AD7575SQ__s | — 55°C to + 125°C © Q-18 
AD7575TQ —55°C to + 125°C Q-18 
AD7575SE — 55°C to + 125°C E-20A 


(Not to Scale) 


AD7575TE — $5°C to + 125°C 


NOTES 

1To order MIL-STD-883, Class B process parts, add /883B to part 
number. Contact local sales office for military data sheet. For U.S. 
Standard Military Drawing (SMD), see DESC drawing #5962-87762. 

2E = Leadless Ceramic Chip Carrier; N = Plastic DIP; P = Plastic 
Leaded Chip Carrier; Q = Cerdip. For outline information see ee 
Information section. 
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18 AIN 
17 AGND 
16 DBO (LSS) AD7575 
15 DBI TOP VIEW 
(Not to Scale) 
14 DB2 
Q 
B 3 22 3 
NC = NO CONNECT 
TERMINOLOGY 


LEAST SIGNIFICANT BIT (LSB) 

An ADC with 8-bits resolution can resolve 1 part in 2° (i.e., 
256) of full scale. For the AD7575 with +2.46V full scale one 
LSB is 9.61mV. 


TOTAL UNADJUSTED ERROR | | 
This is a comprehensive specification which includes full scale _ 
error, relative accuracy and offset error. 


RELATIVE ACCURACY 

Relative Accuracy is the deviation of the ADC’s actual code 
transition points from a straight line drawn between the devices 
measured first LSB transition point and the measured full scale | 
transition point. | 


SNR 

Signal-to-Noise Ratio (SNR) is the ratio of the desired signal to 
the noise produced in the sampled and digitized analog signal. 
SNR is dependent on the number of quantization levels used in 
the digitization process; the more levels, the smaller the quanti- 
zation noise. The theoretical SNR for a sine wave input is given 


by SNR = (6.02N + 1.76)dB 
where N is the number of bits in the ADC. 


FULL SCALE ERROR (GAIN ERROR) 

The gain of a unipolar ADC is defined as the difference between 
the analog input levels required to produce the first and the last 
digital output code transitions. Gain error is a measure of the 
deviation of the actual span from the ideal span of FS — 2LSB’s. 


ANALOG INPUT RANGE 

With Vagr= + 1.23V the maximum analog input voltage range 
is 0 to +2.46V. The output data in LSB’s is related to the 
analog input voltage by the integer value of the following 
expression: 


256 AIN 


Data (LSB’s) = av 
REF 


+0.5 


SLEW RATE 

Slew Rate is the maximum allowable rate of change of input 
signal such that the digital sample values are not in error. Slew 
Rate limitations may restrict the analog signal bandwidth for 
full-scale analog signals below the bandwidth allowed from 
sampling theorem considerations. 
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5 ANALOG 
DEVICES 


LC?M0S 
16-Bit A/D Converter 


AD7701 


FEATURES 
Monolithic 16-Bit ADC 
0.0015% Linearity Error 
On-Chip Self-Calibration Circuitry: 
Programmable Low Pass Filter 
0.1 Hz to 10 Hz Corner Frequency 
0 to +2.5 V or +2.5 V Analog Input Range 
4 kSPS Output Data Rate 
Flexible Serial Interface 
Ultralow Power 


APPLICATIONS 

Industrial Process Control 
Weigh Scales 

Portable Instrumentation — 
Remote Data Acquisition | 


GENERAL DESCRIPTION 
The AD7701 is a 16-bit ADC which uses a sigma delta conver-— 


sion technique. The analog input is continuously sampled by an | 


analog modulator whose mean output duty cycle is proportional 
to the input signal. The modulator output is processed by an 
on-chip digital filter with a six-pole Gaussian response, which: ' 
updates the output data register with 16-bit binary words at 
word rates up to 4 kHz. The sampling rate, filter corner fre- 
quency and output word rate are set by a master clock input > 
that may be supplied externally, or by a crystal-controlled on- 
chip clock oscillator. 


The inherent linearity of the ADC is excellent, and end-point 
accuracy is ensured. by self-calibration of zero and full-scale 


which may be initiated at any time. The self-calibration scheme _ 
can also be extended to null system offset and gain errors in the 


input channel. 


The output data is weeessed through a flexible serial port, shih 


has an asynchronous mode compatible with UARTs and two 
synchronous modes suitable for interfacing to shift registers or 
the serial ports of industry- standard microcontrollers. 


CMOS construction insures low power dissipation, and a. power 
down mode reduces the idle power consumption to only 10 pW. . 


This is an abridged data sheet. To obtain the most recent version or 


complete data sheet, call our fax retrieval system at 1-800-446-6212. 


2-206 ANALOG-TO-DIGITAL CONVERTERS 


FUNCTIONAL BLOCK DIAGRAM 


Aw 16-BIT A/D CONVERTER 


penne G-POLE GAUSSIAN 
Veer MOOUEATOR aan ree 


AGND 
‘CLOCK 
GENERATOR 


DGND 


()—2) 


CLKIN CLKOUT MODE Cc DRDY 


PRODUCT HIGHLIGHTS 


l. 


The AD7701 offers 16-bit resolution. aes with stand: 
ing 0.0015% accuracy. 


. No missing codes ensures true, usable, 16-bit rerer range, 


removing the need for programmable gain and level- “setting 
circuitry. 


. The effects of temperature drift are eliminated by on-chip 


self-calibration, which removes zero and gain error. External 
circuits can also. be included i in the calibration loop to remove 
system offsets and gain errors. 


. A flexible synchronous/asynchronous interface sits he 


AD7701 to interface directly to UARTs or to the serial ports 
of industry-standard microcontrollers. 


. Low operating power consumption and an ultralow power 


standby mode make the AD7701 ideal for loop-powered re- 
mote sensing applications, or battery-powered portable in- 
struments. 
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(T, = +25°C; AVop = DVop = +5 \; AV ss = DV.. = —5 V; Veer = +2.5 \; 
SPECIFIC ATIONS ferxin = 4.096 MHz; Bipolar Mode; MODE = +5 V; A, Source Resistance = 
750 ©!' with 1 nF to AGND at A,y, unless otherwise stated.) 


AD7701 


STATIC PERFORMANCE 
Resolution 16 Bits 
Integral Nonlinearity 
Te TOT 3 +0.0007 % FSR typ 
+0.003 +0.0015 % FSR max 
Differential Nonlinearity 
Train tO Trnax +0.125 +0.125 LSB typ Guaranteed No Missing Codes: 
+0.5 +0.5 LSB max 
Positive Full-Scale Error? +0.13 +0.13 LSB typ 
+0.5 +0.5 LSB max 
Full-Scale Drift* +1.2 (+2.3 S Version) +]1.2 (+2.3 T Version) LSB typ 
Unipolar Offset Error? +0.25 +0.25 LSB typ 
+] =) LSB max 
Unipolar Offset Drift* +1.6 (+3/—25 S Version) +1.6 (+3/—25 T Version) LSB typ 
Bipolar Zero Error? +0.25 +0.25 LSB typ 
+] +] LSB max 
Bipolar Zero Drift* +0.8 (+1.5/—12.5 S Version) | +0.8 (+1.5/—12.5 T Version) | LSB typ 
Bipolar Negative Full-Scale Error’ +0.5 +0.5 LSB typ 
+2 a2 LSB max 
Bipolar Negative Full-Scale Drift* +0.6 (+1.2 S Version) +0.6 (+1.2 T Version) LSB typ 
Noise (Referred to Output) 0.1 0.1 LSB rms typ 
DYNAMIC PERFORMANCE 
Sampling Frequency, f; forxin/256 for xin/256 
Output Update Rate, foyr forKtn/1024 for xn/1024 
Filter Corner Frequency, f_3 ap for Kn/409,600 for Kin/409,600 
Settling Time to +0.0007% FS 507904/for xin 507904/for xIN For Full-Scale Input Step 
SYSTEM CALIBRATION Applies to Unipolar and 
Positive Full-Scale Overrange Veer +0.1 Vrer +0.1 Bipolar Ranges. After Cali- 
Positive Full-Scale Overrange Veer +0.1 Veer +0.1 bration, If Ay > Ver, the 
Negative Full-Scale Overrange —(Verr +0.1) —(Vperr +0.1) Device Will Output All 1s 
Maximum Offset Calibration Range* ° If Ay <O (Unipolar) or 
Unipolar Input Range —(Veer +0.1) —(Verr +0.1) —Vper (Bipolar), the Device 
Bipolar Input Range —0.4 Vege to +0.4 Verr —0.4 Veg to +0.4 Vagr | Will Output All 0s. 
Input Span’. 0.8 Veer 0.8 Vane = 2 
2 Vrrr +0.2 2 Verr +0.2 
ANALOG INPUT ; 
Unipolar Input Range 0 to +2.5 . 0 to +2.5 
Bipolar Input Range +2.5 2235 
Input Capacitance 10 10 
Input Bias Current’ 1 
LOGIC INPUTS 
All Inputs Except CLKIN 


Vint> Input Low Voltage 
~ Vine» Input High Voltage 
CLKIN 

Vin.» Input Low Voltage 

Vinu> Input High Voltage 
Ty, Input Current 


LOGIC OUTPUTS 
Voz» Output Low Voltage 
Vor, Output High Voltage ° 
Floating State Leakage Current 
-Floating State Output Capacitance - 


Igwk — 1.6 mA . 
Isource = 100 pA 
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Parameter A,S Versions?> = = = =~—*| B, T Versions? 7 | Units ~ Test Conditions/Comments ' 
POWER REQUIREMENTS® 

Power Supply Voltages 
Analog Positive Supply (AVpp) 
Digital Positive Supply (DVpp) 
Analog Negative Supply (AVss) 
Digital Negative Supply (DVss) 
Calibration Memory Retention 

_ Power Supply Voltage __ 

DC Power Supply Currents® 
Analog Positive Supply (AI pp) 
Digital Positive Supply (DIpp) 
Analog Negative Supply (Al<s) 
Digital Negative Supply (DI<s) 

Power Supply Rejection” | 
Positive Supplies 
Negative Supplies 

Power Dissipation 
Normal Operation 


Typically 2 mA 
Typically 1 mA 
Typically 2 mA _ 
Typically 0.03 mA 


SLEEP = Logic 1, 

a, ite Typically 25 mW _ 

Standby Operation! | 20 (40 S Version) 20 (40 T Version) SLEEP = Logic 0, 
Typically 10 pW 


NOTES 
1The Ay pin presents a very high impedance dynamic load which varies with clock frequency. 
?Temperature ranges are as follows: A, B Versions; —40°C to +85°C; S, T Versions; —55°C to +125°C. 
Apply after calibration at the temperature of interest. Full-scale error applies for both unipolar and bipolar input ranges. 
“Total drift over the specified temperature range since calibration at power-up at ‘+25°C, This is guaranteed by design and/or characterization. Recalibration at 
any temperature will remove these errors. 
‘In unipolar mode the offset can have a negative value (— Vrer) such that the unipolar mode can mimic bipolar mode operation. 
The specifications for input overrange and for input span apply additional constraints on the offset calibration range. 
"For unipolar mode, input span is the difference between full-scale and zero scale. Fir bipolar mode, input span is the difference between positive and negelivs 
full-scale points. When using less than the maximum input span, the span range may be placed anywhere within the range of +(Vprr +0.1). 
SAll digital outputs unloaded. All digital inputs at 5 V CMOS levels. 
*Applies in 0.1 Hz to 10 Hz bandwidth. PSRR at 60 Hz will exceed 120 dB due to the digital filter. 
°CLKIN is stopped. All digital inputs are grounded. 


Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS’ Industrial Cerdip (A, B Versions) ...... . —40°C to +85°C 


(T, = +25°C unless otherwise noted) | 7 Extended Cerdip (S, T Versions) ....,. . —55°C to +125°C 
DV np tO AGND:. ofgsc cts ag wae Gok —0.3 Vto +6V Storage Temperature Range ........ -... ~65°C to +150°C 
DV pp OAV pp: 695 8 ae ee we ew —0.3 Vto +0.3.V Lead Temperature (Soldering, 10 secs) ...:.......: +300°C 
DVs, to AGND ....... E dineeer Ss ee +0.3Vto—-6V_ Power Dissipation (Any Package) to +75°C ....... 450 mW 
AVpp toAGND ............ re eae -0.3 Vto +6V —° Derates above +75°C by .......... goes ... 10 mW/C © 
AV GMO: AGND gas 5 oi eieiued sea aes +0.3Vto-6V — NoTEs ees 
AGND to DGND ................. —-0.3 Vto +0.3 V 1Stresses above those listed under “Absolute Maximum Ratings” may cause- 


Digital Input Voltage to DGND ...-—0.3 V to DVpp +0.3 V permanent damage to the device. This is a stress rating only and functional 
Analog Input operation of the device at these or any other conditions above those listed in the 


Voltage to AGND AV 0.3 V to AV +0.3V operational sections of this specification is not implied. Exposure to absolute 
ee © © © oo Ss “~VUe DD ° 


: maximum rating conditions for extended periods may affect device reliability. 
Input Current to Any Pin Except Supplies” ....... +10 mA *Transient currents of up to 100 mA will not cause SCR latch-up. 
Operating Temperature Range | 
Commercial Plastic (A, B Versions) ..:.... —40°C to +85°C 
CAUTION a science os | , 
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; WARNING! Wa 
however, permanent damage may occur on unconnected devices subject to high energy electro- 


static fields. Unused devices must be stored in conductive foam or shunts. The protective foam. Sprit 4 
should be discharged to the destination socket before devices are removed. ESD SENSITIVE DEVICE 
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AD7701 
PIN FUNCTION DESCRIPTION 


Pin | Mnemonic | Description 


Selects the Serial Interface Mode. If MODE is tied to —5 V, the AD7701 will operate in the asynchronous 
communications (AC) mode. The SCLK pin is configured as an input, and data is transmitted in two bytes, 
each with one start bit and two stop bits. If MODE is tied to DGND, the synchronous external clocking (SEC) 
mode is selected. SCLK is configured as an input, and the output appears without formatting, the MSB coming | 
first. If MODE 1s tied to +5 V, the AD7701 operates in the synchronous self-clocking (SSC) mode. SCLK is Pa 
| configured as an output, with a clock frequency of fo; x1n/4 and 25% duty-cycle. 

CLKOUT | Clock Output to generate an Internal Master Clock by connecting a crystal between CLKOUT and CLKIN. If 
an external clock is used, CLKOUT is not connected. 


CLKIN Clock Input for External Clock. 


SC1, SC2 System Calibration Pins. The state of these pins, when CAL is taken high, determines the type of calibration 
performed. 


DGND Digital Ground. Ground reference for all digital signals. 

DVss Digital Negative Supply, —5 V nominal. 

AVsgs Analog Negative Supply, —5 V nominal. 

AGND Analog Ground. Ground reference for all analog signals. 

Aw Analog Input. | 

VREF Voltage Reference Input, +2.5 V nominal. This determines the value of positive full-scale in the unipolar mode 
and of both positive and negative full-scale in the bipolar mode. 

SLEEP Sleep mode pin. When this pin is taken low, the AD7701 goes into a low-power mode with typically 10 pW 
power consumption. 

BP/UP Bipolar/Unipolar Mode Pin. When this pin is low, the AD7701 is configured for a unipolar input range going 

| from AGND to Vpygp. When Pin 12 is high, the AD7701 is configured for a bipolar input range, +Vperrp. 

CAL Calibration Mode Pin. When CAL is taken high for more than 4 cycles, the AD7701 is reset and performs a 
calibration cycle when CAL is brought low again. The CAL pin can also be used as a strobe to synchronize the 
operation of several AD7701s. 

AVpp Analog Positive Supply, +5 V nominal. 

DVpp Digital Positive Supply, +5 V nominal. 

CS Chip Select Input. When CS is brought low, the AD7701 will begin to transmit serial data in a format 
determined by the state of the MODE pin. . 

DRDY Data Ready output. DRDY is low when valid data is available in the output register. It goes high after transmission 


of a word is completed. It also goes high for four clock cycles when a new data word is being loaded into the output 
register, to indicate that valid data is not available, irrespective of whether data transmission is complete or not. 


Serial Clock Input/Output. The SCLK pin in configured as an input or output, dependent on the type of serial 
data transmission that has been selected by the MODE pin. When configured as an output in the synchronous 
self-clocking mode, it has a frequency of fo; x:n/4 and a duty cycle of 25%. 


Serial Data Output. The AD7701’s output data is available at this pin as a 16-bit serial word. The transmission 
format is determined by the state of the MODE pin. 


PIN CONFIGURATION ORDERING GUIDE 


Temperature Linearity 
Range Error (%FSR) 


Package 
‘Options? 


AD7701AN 0.003 N-20 
AD7701BN N-20 
= AD7701AR R-20 
ay AD7701BR R-20 
(Not to Scale) AD770 1 AQ Q-20 
AD7701BQ Q-20 

AD7701SQ? 

AD7701TQ? 


NOTES | 

1To order MIL-STD-883B, Class B processed parts, add /883B to part num- 
ber. Contact your local sales office for military data sheet. 

2N = Plastic DIP; Q = Cerdip; R = SOIC. For outline information see 
Package Information section. 

Available to /883B processing only. 
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AD7701 Oo | 
= DVpp = +5V + 10%; AVgs = DVgg = —5 V + 10%; AGND = DGND = OV; 


TIMING CHARACTERISTICS" 2 ede = 4.096 MHz; Input Levels: Logic 0 = 0 V, Logic 1 = DVyq) 


Limit at Tino Tmax | Limit at Twins Tmax | 
Parameter | (A, B Versions) (S, T Versions) | Units | | Conditions/Comments 


feed kHz min | Master Clock Frequency: Internal Gate Oscillator 
+8 MHz max | Typically 4.096 MHz | 
kHz min Master Clock Frequency: Externally Supplied 
| MHz max 
t3 ns max Digital Output Rise Time. Typically 20 ns 
ts ns max Digital Output Fall Time. Typically 20 ns 
t, ns min SC1, SC2 to CAL High Setup Time 
tp ns min SC1, SC2 Hold Time After CAL Goes High 
ts ns min SLEEP High to CLKIN High Setup Time 
SSC Mode 
ty" 3/foL KIN 3/for KIN Data Access Time (CS Low to Data Valid) 
ts 100 100 SCLK Falling Edge to Data Valid Delay (25 ns typ) 
te 250 250 MSB Data Setup Time. Typically 380 ns 
oo 300 300 SCLK High Pulse Width. Typically 240 ns 
tg 790 790 SCLK Low Pulse Width. Typically 730 ns 
ts form +200 I/forem +200 SCLK Rising Edge to Hi-Z Delay (1/for xm +100 ns typ) 
tages (4lffor xm) +200 | (4/fer xm) +200 CS High to Hi-Z Delay 
SEC Mode 
feces Serial Clock Input Frequency 
ti SCLK Input High Pulse Width 
ti SCLK Low Pulse Width 
ty37 1° Data Access Time (CS Low to Data Valid). Typically 80 ns 
ta SCLK Falling Edge to Data Valid Delay. Typically 75 ns 
tie” CS High to Hi-Z Delay 
tie SCLK Falling Edge to Hi-Z Delay. Typically 100 ns 
AC Mode | 
ty CS Setup Time. Typically 20 ns 
tis Data Delay Time. Typically 90 ns 
tio SCLK Falling eae to Hi-Z Delay. Typically 100 ns 
NOTES 


1Sample tested at +25°C to ensure compliance. All input signals are specified with t, = t; = 5 ns (10% to 90% of 5 V) and ve from a voltage level of 1.6 V. 
See Figures 1 to 5. 

3CLKIN Duty Cycle range is 20% to 80%. CLKIN must be supplied whenever the AD7701 is not in SLEEP mode. If no clock is present in this case, the 
device can draw higher current than specified and possibly become uncalibrated. 

“The AD7701 is production tested with fork at 4.096 MHz. It is guaranteed by characterization to operate at 200 kHz. 

*Specified using 10% and 90% points on waveform of interest. 

®In order to synchronize several AD7701s together using the SLEEP pin, this specification is met. 

7t, and t,, are measured with the load circuit of Figure 1 and defined as the time required for an output to cross 0.8 V or 2.4 V. 

8t,, tio. ty; and t,, are derived from the measured time taken by the data outputs to change 0.5 V when loaded with the circuit of Figure 1. The measured 
number is then extrapolated back to remove the effects of charging or discharging the 100 pF capacitor. This means that the time quoted in the Timing Char- 
acteristics is the true bus relinquish time of the part and as such as independent of external bus loading capacitance. 

Tf CS i is returned high before all 16 bits are output, the SDATA and SCLK outputs will complete the current data bit and then go to high impedance. 

101f CS is activated asynchronously to DRDY, CS will not be recognized if it occurs when DRDY is high for four clock cycles. The propagation delay time may 
‘be as great as 4 CLKIN cycles plus 160 ns. To guarantee proper clocking of SDATA when using asynchronous cS, the SCLK input should not be taken high 
sooner then 4 CLKIN cycles plus 160 ns after CS goes low. 

ISDATA is clocked out on the falling edge of the SCLK input. 
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CAL (1) 


SC1, SC2 (1) 


Figure 1. Load Circuit for Access 
Time and Bus Relinquish Time 


DATA 


SDATA (0) VALID 


SDATA (0) 


Figure 3. SSC Mode Data Hold Time 


cuKn FUPLELULLPLULUL ALLL 


cs 


SCLK 


Figure 5. SSC Mode Timing Diagram 


TERMINOLOGY 


LINEARITY ERROR 

This is the maximum deviation of any code from a straight line 
passing through the endpoints of the transfer function. The end- 
points of the transfer function are Zero-Scale (not to be con- 
fused with Bipolar Zero), a point 0.5 LSB below the first code 
transition (000 .. . 000 to 000... . 001) and. Full-Scale, a 
point 1.5 LSB above the last code transition (111. . . 110 to 
111... 111). The error is expressed as a percentage of 

full scale. 


DIFFERENTIAL LINEARITY ERROR 

This is the difference between any code’s actual width and the 
ideal (1 LSB) width. Differential Linearity Error is expressed in 
LSBs. A differential linearity specification of +1 LSB or less 
guarantees monotonicity. 


POSITIVE FULL-SCALE ERROR 

Positive Full-Scale Error is the deviation of the last code transi- 
tion (111 ...110to 111... 111) from the ideal (Vppp —3/2 
LSBs). It applies to both positive and negative analog input 
ranges and it is expressed in microvolts. 


UNIPOLAR OFFSET ERROR 

Unipolar Offset Error is the deviation of the first code transition 
from the ideal (AGND + 0.5 LSB) when operating in the uni- 
polar mode. It is expressed in microvolts. 
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$C1,SC2 VALID 


2a. Calibration Control Timing 


DATA 
VALID 


Figure 4a. SEC Mode Data Hold Time 


AD7701 


CLKIN (1) 
ts 


SLEEP (1) 


2b. SLEEP Mode Timing 


Figure 4b. SEC Mode Timing Diagram 


DRDY PN cee See 


cs 
ti §$ 


SCLK (0) 
DIA 4 / Y \/ = 


HI-Z START ¢ HI-z 
SDATA ACD Sd) SOE 


HIGH BYTE LOW BYTE 


Figure 6. AC Mode Timing Diagram 


BIPOLAR ZERO ERROR 

This is the deviation of the mid-scale transition (0111... 111 
to 1000 . . . 000) from the ideal (AGND — 0.5 LSB) when op- 
erating in the bipolar mode. It is expressed in microvolts. 


BIPOLAR NEGATIVE FULL-SCALE ERROR 

This is the deviation of the first code transition from the ideal 
(—Vprrer + 0.5 LSB), when operating in the bipolar mode. It is 
expressed in microvolts. 


POSITIVE FULL-SCALE OVERRANGE 

Positive Full-Scale Overrange is the amount of overhead avail- 
able to handle input voltages greater than + Vprp ( for example, 
noise peaks or excess voltages due to system gain errors in sys- 
tem calibration routines) without introducing errors due to over- 
loading the analog modulator or overflowing the digital filter. It 
is expressed in millivolts. 


NEGATIVE FULL-SCALE OVERRANGE 


This is the amount of overhead available to handle voltages be- 


low —Vpgr Without overloading the analog modulator or over- 
flowing the digital filter. Note that the analog input will accept 
negative voltage peaks even in the unipolar. mode. The overhead 
is expressed in millivolts. 
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ANALOG 
i DEVICES 


LC?M0s 
20-Bit A/D Converter 
AD7703 


FEATURES or 
Monolithic 20-Bit ADC 
0.0003% Linearity Error 
20-Bit No Missed Codes 
On-Chip Self-Calibration Circuitry. 
Programmable Low-Pass Filter 
.0.1 Hz to 10 Hz Corner Frequency 
0 to +2.5 V or 2.5 V Analog Input Range 
4 kSPS Output Data Rate 
Flexible Serial Interface 
Ultralow Power | 


APPLICATIONS 

industrial Process Control | 
Weigh Scales 

Portable Instrumentation 
Remote Data Acquisition 


GENERAL DESCRIPTION — 

The AD7703 is a 20-bit ADC which uses a sigma delta conver- 
sion technique. The analog input is continuously sampled by an 
analog modulator whose mean output duty cycle is proportional 
to the input signal. The modulator output is processed by an 
on-chip digital filter with a six-pole Gaussian response, which 
updates the output data register with 20-bit binary words at 
word rates up to 4 kHz. The sampling rate, filter corner fre- 
quency and output word rate are set by a master clock input 
that may be supplied externally, or by an on-chip gate oscillator. 


The inherent linearity of the ADC is excellent, and endpoint 
accuracy is ensured by self-calibration of zero and full scale 
which may be initiated at any time. The self-calibration scheme 
can also be extended to null system offset and gain errors in the 
input channel. ge | 


The output data is accessed through a serial port, which has two 
synchronous modes suitable for interfacing to shift registers or © 
the serial ports of industry standard microcontrollers. 


CMOS construction ensures low power dissipation, and a power 
down mode reduces the idle power consumption to only 10 pW. 


‘This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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_ FUNCTIONAL BLOCK DIAGRAM 


20-BIT CHARGE BALANCE A/D 
CONVERTER - 


Pe 6-POLE GAUSSIAN 
MODULATOR LOW PASS 
DIGITAL FILTER : 


SERIAL INTERFACE 
pomcane To 
i6)—(18) 


CS DRDY 


-  CLKIN CLKOUT MODE 


PRODUCT HIGHLIGHTS So 
1. The AD7703 offers 20-bit resolution coupled with outstand- 
ing 0.0003% accuracy. 


2. No missing codes ensures true, usable, 20-bit dynamic range, 
removing the need for programmable gain and level-setting 
circuitry. : | a 


3. The effects of temperature drift are eliminated by on-chip «_ 
self-calibration, which removes zero and gain error. External 
circuits can also be included in the calibration loop to remove 
system offsets and gain errors. 


4. A flexible synchronization allows the AD7703 to interface 
directly to the serial ports of industry standard microcontrol- 
lers and DSP processors. ° hs 2 a 


5. Low operating power consumption and an ultralow power 
standby mode make the AD7703 ideal for loop powered _ 
remote sensing applications, or battery-powered portable 
instruments. oS - 
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SPECIFICATIONS 


Parameter 


STATIC PERFORMANCE 
Resolution 
Integral Nonlinearity, T 
+25°C 
eta to AT ase 
Differential Nonlinearity, T 
Positive Full-Scale Error? 


min to Tnnax 


min 


Full-Scale Drift* 
Unipolar Offset Error? 


Unipolar Offset Drift* 
Bipolar Zero Error? 


Bipolar Zero Drift* 


Bipolar Negative Full-Scale Error? 


Bipolar Negative Full-Scale Drift* 
Noise (Referred to Output) 


DYNAMIC PERFORMANCE 
Sampling Frequency, fs; 
Output Update Rate, foy-r, 
Filter Corner Frequency, f_3 gp 
Settling Time to +0.0007% FS 


SYSTEM CALIBRATION 
Positive Full-Scale Calibration Range 
Positive Full-Scale Overrange 
Negative Full-Scale Overrange 
Maximum Offset Calibration Range” © 
Unipolar Input Range 
Bipolar Input Range 
Input Span’ 


ANALOG INPUT 
Unipolar Input Range 
Bipolar Input Range 
Input Capacitance 
Input Bias Current! 


LOGIC INPUTS 

All Inputs except CLKIN 
Vin» Input Low Voltage 
Vinu> Input High Voltage 

CLKIN 
Vint» Input Low Voltage 
Vinu> Input High Voltage 

In, Input Current 


LOGIC OUTPUTS 
VoL, Output Low Voltage 
Von; Output High Voltage 
Floating State Leakage Current 
Floating State Output Capacitance 


POWER REQUIREMENTS? 
Power Supply Voltages 

Analog Positive Supply (AVpp) 
Digital Positive Supply (DVpp) 
Analog Negative Supply (AVs¢) 
Digital Negative Supply (DVgs) 
Calibration Memory Retention 
Power Supply Voltage 
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to Tyax 


(Ty = +25°C; AVyy = Vp) = +5 Vs AVcs 
750 ©' with 1 nF to AGND at A,, unless otherwise stated.) 


DV., = —5 Vs Verp = +25 V; 
+5 V; Ay, Source Resistance = 


AD7703 


20 
+0.0015 
+0.003 
+0.003 
+0.5 

+4 

+16 

+ 19/+37 


+48/—400 


for xin/1024 


fe xin/409,600 


507904/foy xin 


Vege 04 
ee 
—(Vrer + 0.1) 


~(Vrer + 0.1) 

0.4 Veer to +0.4 Veer 
0.8 Vag 
2 Vice 02 


0 to +2.5 
+2.5 

20 

1 


20 
+0.0007 
+0.0015 
+0.0015 
+0.5 

+4 

+16 


for xrn/409,600 
507904/for erm 


Ve Ol 
VREF + 0.1 


—(Vper + 0.1) 

204 Vises to 4 0.4 Vas 
0.8 Veer 

OV 02 


0 to +2.5 
+2.5 
20 


‘dl 


20 
+0.0003 
+0.0008 
+0.0012 
+0.5 
+4 

+16 
+19 

+4 


for xrn/1024 
for xrn/409,600 
507904/for xan 


Vie 04 
Veer + 0.1 
—(VreF Sadie 0.1) 


—(Vrer + 0.1) 

—0.4 VREF to +0.4 VreEF 
0.8 VREF 

2 Varr + 0.2" 


0 to +2.5 
2/5 

20 

1 


Bits 

% FSR typ 
% FSR max 
% FSR max 
LSB typ 
LSB typ 
LSB max 
LSB typ 
LSB typ 
LSB max 
LSB typ 
LSB typ 
LSB typ 
LSB max 
LSB typ 
LSB typ 
LSB typ 
LSB max 
LSB typ 
LSB rms typ 


Guaranteed No Missing Codes 


Temp Range: 0 to +70°C 
Specified Temp Range 


Temp Range: 0 to +70°C 
Specified Temp Range 


For Full-Scale Input Step 


System Calibration Applies to 
Unipolar and Bipolar Ranges. 
After Calibration, if Ayy>Verrr; | 
the Device Will Output All 1s. 

If Ayy<0 (Unipolar) or —Varr 
(Bipolar), the Device Will 

Output all 0s 


Igink = 1.6 mA 
source = 100 pA 


V min/V max | For Specified Performance 
V min/V max 
V min/V max 
V min/V max 


V min 
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Parameter - A/S Versions? | B Version” Test Conditions/Comments 


STATIC PERFORMANCE 


DC Power Supply Currents* 
Analog Positive Supply (AI));)) 
Digital Positive Supply (DI,51) 
Analog Negative Supply (AI...) 
Digital Negative Supply (DI,,) 

Power Supply Rejection” 

Positive Supplies 

Negative Supplies 
Power Dissipation 
Normal Operation 


Typically 2 mA 
Typically 1 mA 
Typically 2 mA 
Typically 0.03 mA 


SLEEP = Logic 1, 
Typically 25 mW 
SLEEP = Logic 0 
Typically 10 pW 


Standby Operation!” 
A, B,C 
S 


NOTES 

'The A, pin presents a very high sapedanee dynamic load which varies with clock frequency. A ceramic q nF capacitor from the A,,, to AGND is necessary. 
Source resistance should be 750 ( or less. 

Temperature Ranges are as follows: A,B, C Versions: —40°C to +85°C; S Version: —55°C to +125°C, 

*Applies after calibration at the temperature of interest. Full-Scale Error applies for both unipolar and bipolar input ranges. 

*Total drift over the specified temperature range after calibration at power-up at +25°C. This is guaranteed by design and/or characterization. Recalibration at 
any temperature will remove these errors. . 

‘In unipolar mode the offset can have a negative value (—Vp,) such that the unipolar mode can mimic bipolar mode operation. 

©The specifications for input overrange and for input span apply additional constraints on the offset calibration range. 
’For unipolar mode, input span is the difference between full scale and zero scale. For bipolar mode, input span is the difference between positive and nepauve 
full-scale points. When using less than the maximum input span, the span range may be placed anywhere within the range of +(Vpgp + 0.1). 

SAll digital outputs unloaded. All digital inputs at 5 V CMOS levels. 

°Applies in 0.1 Hz to 10 Hz bandwidth. PSRR at 60 Hz will exceed 120 dB due to the digital filter. 

'°CLKIN is stopped. All digital inputs are grounded. 


Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS* ORDERING GUIDE 
(T, = +25°C unless otherwise noted) 
Ms oh sede id, th eee ya Geese ne Os a Oe = 20 
eee ava oy 
DVgg to AGND .... 00.0. eee eee +0.3 V to -6V Range (% FSR) 
AV eStOcAGND: i642: pene eee ees -0.3 Vto +6 V AD7703AN | —40°C to +85°C | 
AV << t0 AGND 3.65.645 5 se ee pose es +0.3 Vto -6V AD7703BN | —40°C to +85°C N-20 
AGND to DGND ...............5- —0.3 Vto +0.3 V AD7703CN | —40°C to +85°C N-20 
Digital Input Voltage to DGND ... —0.3 V to DVpp + 0.3 V AD7703AR | —40°C to +85°C R-20 
Analog Input Voltage to AGND .......... AVss —0.3 V to AD7703BR | —40°C to +85°C R-20 . 
| AVpp + 0.3 V AD7703CR | —40°C to +85°C R-20 

Input Current to any Pin Except Supplies’ ........ +10mA AD7703AQ | —40°C to +85°C Q-20 
Operating Temperature Range AD7703BQ | —40°C to +85°C Q-20 

Industrial (A, B, C Versions) .......... —40°C to +85°C AD7703CQ | —40°C to +85°C Q-20 

Extended (S Version) ...........--- ~§5°C to +125°C }~=— AD7703SQ’ | —55°C to +125°C 
Storage Temperature Range ..........-.- —65°C to +150°C NOTES 
Lead Temperature (Soldering, 10 secs) ........... + 300°C IN = Plastic DIP; R = SOIC; Q = Cerdip. For outline information see 
Power Dissipation (DIP Package) to +75°C ....... 450 mW Package Information section. | 
Derates above +75°C by «2.0... ee ee ee ee es 10 mW/°C Available to /883B processing only. Contact local sales office for military 
Power Dissipation (SOIC Package) to +75°C....... 250 mW _data sheet. | 
Derates above +75°C by ........2 02 eee ence 15 mW/°C 
NOTES 


*Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

'Transient currents of up to 100 mA will not cause SCR latch-up. 


CAUTION 
ESD (electrostatic iba) sensitive device. The > digital control inputs are diode Laie WARNIN G! 


however, permanent damage may occur on unconnected devices subject to high energy~electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam Sprit 


should be discharged to the destination socket before devices are removed. ESD SENSITIVE DEVICE 
CE ee eee erent ere ee 
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1 2 (AVop = DVnp = +5 V + 10%; AV cc = DV << = —5 V + 10%; AGND = DGND — 0 \; foukin 


TIMING CHARACTERISTICS "= 4.096 MHz; Input Levels: Logic 0 = 0 V, Logic 1 = DV,); unless otherwise stated.) 


Limit at Tino Vmax | Limit at Tyins Tmax 
Parameter (A, B, C Versions) (S Version) Units Conditions/Comments 
fae | kHz min | Master Clock Frequency: Internal Gate Oscillator 
MHz max | Typically 4096 kHz 
kHz min Master Clock Frequency: Externally Supplied 
MHz max 
i ns max Digital Output Rise Time. Typically 20 ns 
te ns max Digital Output Fall Time. Typically 20 ns 
ty ns min SC1, SC2 to CAL High Setup Time 
t ns min SC1, SC2 Hold Time After CAL Goes High 
ts ns min SLEEP High to CLKIN High Setup Time 
SSC MODE | | 
ty’ Sevens Sitericns Data Access Time (CS Low to Data Valid) 
ts 100 100 SCLK Falling Edge to Data Valid Delay (25 ns typ) 
te 250 250 i MSB Data Setup Time. Typically 380 ns 
ty 300 300 SCLK High Pulse Width. Typically 240 ns 
ty 790 790 SCLK Low Pulse Width. Typically 730 ns 
ty M/feprxm + 200 I/forximm + 200 SCLK Rising Edge to Hi-Z Delay (l/far xin + 100 ns typ) 
tio A/for erm + 200 Alfor xin + 200 CS High to Hi-Z Delay 
SEC MODE 
fsciK Serial Clock Input Frequency 
ty SCLK High Pulse Width 
iis SCLK Low Pulse Width | 
t,3”° 1° Data Access Time (CS Low to Data Valid). Typically 80 ns 
tia SCLK Falling Edge to Data Valid Delay. Typically 75 ns 
tic? CS High to Hi-Z Delay 
tien SCLK Falling Edge to Hi-Z Delay. Typically 100 ns 
NOTES 


1Sample tested at +25°C to ensure compliance. All input signals are specified with tr = tf = 5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 
*See Figures | to 6. 

3CLKIN duty cycle range is 20% to 80%. CLKIN must be supplied whenever the AD7703 is not in SLEEP mode. If no clock is present in this casé, the 
device can draw higher current than specified and possibly become uncalibrated. 

4The AD7703 is production tested with fo; «yy at 4.096 MHz. It is guaranteed by characterization to operate at 200 kHz. 

*Specified using 10% and 90% points on waveform of interest. 

In order to synchronize several AD7703s together using the SLEEP pin, this specification must be met. 

’t, and t,, are measured with the load circuit of Figure 1 and defined as the time required for an output to cross 0.8 V or 2.4 V. 

8tg, tios ts and t,, are derived from the measured time taken by the data outputs to change 0.5 V when loaded with the circuit of Figure 1. The measured 
number is then extrapolated back to remove the effects of charging or discharging the 100 pF capacitor. This means that the time quoted in the Timing Char- 
acteristics is the true bus relinquish time of the part and as such is independent of external bus loading capacitances. 

ati CS i is returned high before all 20 bits are output, the SDATA and SCLK outputs will complete the current data bit and then go to high impedance. 

101f CS is activated asynchronously to DRDY, CS will not be recognized if it occurs when DRDY is high for four clock cycles. The propagation delay time may 
be as great as 4 CLKIN cycles plus 160 ns. To guarantee proper clocking of SDATA when using asynchronous CS, The SCLK input should not be taken 


high sooner than 4 CLKIN cycles plus 160 ns after CS goes low. 
ISDATA is clocked out on the falling edge of the SCLK input. 
a Ae | 
CAL(1) At. | 


Figure 2. Calibration Control Timing 


TO OUTPUT 
PIN 


100pF | 
CLKIN(1) | 

tb 
SLEEP(1) a 


Figure 1. Load Circuit for Access Time Figure 3. Sleep Mode Timing 
and Bus Relinquish Time 
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ition 


t ay 
! 
SDATA(0) DATA \_tl 2 


Figure 4. SSC Mode Data Hold Time 


SCLK 


Figure 5b. SEC Mode Timing Diagram © 


TERMINOLOGY 

LINEARITY ERROR 

This is the maximum deviation of any see from a straight line 
passing through the endpoints of the transfer function. The end- 
points of the transfer function are zero-scale (not to be confused 
with bipolar zero), a point 0.5 LSB below the first code transi- 
tion (000. . . 000 to 000. . . 001) and full scale, a point 1.5 
LSB above the last code transition (111... 110 to 111... 111). 
The error is expressed as a percentage of full scale. 


DIFFERENTIAL LINEARITY ERROR 

This is the difference between any code’s actual width and the 
ideal (1 LSB) width. Differential linearity error is expressed in 
LSBs. A differential linearity specification of +1 LSB or less 
guarantees mp nOVONNeLy: 


POSITIVE FULL-SCALE ERROR 

Positive full-scale error is the deviation of the last code transi- 
tion (111... .110to 111... 111) from the ideal (Vpgp - 
3/2 LSBs). It applies to both positive and negative analog input 
ranges. 


UNIPOLAR OFFSET ERROR 

Unipolar offset error is the deviation of the first code transition 
from the ideal (AGND + 0.5 ee when operating in the uni- 
polar mode. 


BIPOLAR ZERO ERROR 

This is the deviation of the midscale | transition (0111... 111 to 
1000 . . . 000) from the ideal (AGND — 0.5 LSB) een operat- 
ing in the bipolar mode. 


BIPOLAR NEGATIVE FULL-SCALE ERROR 
This is the deviation of the first code transition from the ideal 
— (—Vpgr + 0.5 LSB), when operating in the bipolar mode. 
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CS ity 5 : 
| be 
SDATA(O) DATA Hi-Z 


Figure 5a. SEC Mode Data Hold Time 


SDATA 


Figure 6. SSC Mode Timing Diagram 


POSITIVE FULL-SCALE OVERRANGE 
Positive full-scale overrange is the amount of overhead available 


to handle input voltages greater than + Vppp (for example, noise 
_ peaks or excess voltages due to system gain errors in system cali- 
_ bration routines) without introducing errors due to overloading 


the analog modulator or overflowing the digital filter. 


NEGATIVE FULL-SCALE OVERRANGE 

This is the amount of overhead available to handle voltages 
below —Vpgrr without overloading the analog modulator or 
overflowing the digital filter. Note that the analog input will 
accept negative voltage peaks even in the unipolar mode. 


OFFSET CALIBRATION RANGE | 
In the system calibration modes (SC2 Low) the AD7703 cali- 
brates its offset with respect to the Ay, pin. The offset calibra- 
tion range specification defines the range of voltages that the. 
AD7701 can accept and still calibrate offset accurately. 


FULL-SCALE CALIBRATION RANGE 
This is the range of voltages that the AD7703 can accept in the 
system calibration mode and still calibrate full scale correctly. 


INPUT SPAN | 

In system calibration schemes, two voltages applied in sequence 
to the AD7703’s analog input define the analog input range. 
The input span specification defines the minimum and maxi- 
mum input voltages from zero to full scale that the AD7703 can 
accept and still calibrate gain accurately. 
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PIN FUNCTION DESCRIPTION 
Pin Mnemonic Description | 
l MODE Selects the Serial Interface Mode. If MODE is tied to DGND, the Synchronous External Clocking (SEC) 
mode is selected. SCLK is configured as an input, and the output appears without formatting, the MSB 


coming first. If MODE is tied to +5 V, the AD7703 operates in the Synchronous Self-Clocking (SSC) mode. 
SCLK is configured as an output, with a clock frequency of foy xyn/4 and 25% duty cycle. 


2 CLKOUT — Clock Output to generate an Internal Master Clock by connecting a crystal between CLKOUT and CLKIN. If 
an external clock is used, CLKOUT is left open circuit. 


3 CLKIN Clock Input for External Clock. 
4,17 SCl, SC2 System Calibration Pins. The state of these pins, when CAL is taken high, determines the type of calibration 


performed. 
5 DGND Digital Ground. Ground reference for all digital signals. 
6 DVss Digital Negative Supply, —5 V nominal. 
7 AVss Analog Negative Supply, —5 V nominal. 
8 AGND Analog Ground. Ground reference for all analog signals. 
9 Aw Analog Input. 
10 VreF Voltage Reference Input, +2.5 V nominal. This determines the value of positive full scale in the unipolar 
mode and of both positive and negative full-scale in the Bipolar Mode. | 
11 SLEEP Sleep mode pin. When this pin is taken Low, the AD7703 goes into a low-power mode with typically 10 pW 
power consumption. 
12 BP/UP Bipolar/Unipolar mode pin. When this pin is low the AD7703 is configured for a unipolar input range of — 
AGND to Vref. When Pin 12 is High, the AD7703 is configured for a bipolar input range, +Vpgr. 
13 CAL Calibration mode pin. When CAL is taken High for more than 4 master clock cycles, the AD7703 is reset and 


performs a calibration cycle when CAL is brought Low again. The CAL pin can also be used as a strobe to 
synchronize the operation of several AD7703s. 


14 AVpp Analog Positive Supply, +5 V nominal. 

15 DVpp Digital Positive Supply, +5 V nominal. 

16 CS Chip Select Input. When CS is brought low, the AD7703 will begin to transmit serial data in a format 
determined by the state of the MODE pin. 

18 DRDY Data Ready Output. DRDY is low when valid data is available in the output register. It goes High after 


transmission of a word is completed. It also goes High for four clock cycles when a new data word is being 
loaded into the output register, to indicate that valid data is not available, irrespective of whether data 
transmission is complete or not. 


19 SCLK - Serial Clock Input/Output. The SCLK pin in configured as an input or output, dependent on the type of 
: serial data transmission that has been selected by the MODE pin. When configured as an output in the 
Synchronous Self-Clocking mode, it has a frequency of fo; «1/4 and a duty cycle of 25%. 


20 SDATA Serial Data Output. The AD7703’s output data is available at this pin as a 20-bit serial word. 


PIN CONFIGURATION 


UNIPOLAR MODE BIPOLAR MODE 
LSBs | % FS — ppm FS | LSBs ppm FS 


0.0000238 
0.0000477 


MODE 
0.24 CLKOUT 


0.0000119 
0.0000238 


0.0000954 0.0000477 | 0.48 CLKIN 
0.0001907 0.0000954 Sct 
0.0003814 0.0001907 Seis AD7703 


TOP VIEW 


Table |. Bit Weight Table (2.5 V Reference Voltage) _ DVss (Not to Scale) 
AVss 


AGND 
Ain 


Vrer 
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DEVICES 


L¢’M0s 
| _Signal Conditioning ADCs 


FEATURES 7 
Charge Balancing ADC | 
- 24 Bits No Missing Codes’ 
+0.0015% Nonlinearity 
Two-Channel Programmable Gain Front End 
Gains from 1 to .128 
Differential Input for Low Level Channels 
High-Level Input on AD7712 
Low-Pass Filter with Programmable Filter Cutoffs _ 
Ability to Read/Write Calibration Coefficients 
Bidirectional Microcontroller Serial Interface 
Internal/External Reference Option 
Single or Dual Supply Operation 
Low Power (25 mW typ) with Power-Down Mode 


APPLICATIONS. . 

Weigh Scales 
Thermocouples | 

Process Control 

Smart Transmitters 

Portable Industrial Instruments 


GENERAL DESCRIPTION 

The AD7710/AD7712 is a complete analog front and for ioe 
frequency measurement applications. The device has two analog 
input channels and accepts either low level signals directly from 
a transducer or high level (+4 < Vppgp for AD7712 AIN2) sig- 
nals and outputs a serial digital word. It employs a sigma-delta 
conversion technique to realize up to 24 bits of no missing codes 
performance. The input signals are applied to a proprietary pro- 
grammable gain front end based around an analog modulator. 
The modulator output is processed by an on-chip digital filter. 
The first notch of this digital filter can be programmed via the 
on-chip control register allowing adjustment of the filter cutoff 
and settling time. 


Normally, one of the channels will be used as the main channel 
with the second channel used as an auxiliary input to periodi- _ 
cally measure a second voltage. The part can be operated from a 
single supply (by tying the Vsg pin to AGND) provided that the 
input signals on the low level analog inputs are more positive 
than —30 mV. By taking the Vs, pin negative, the part can con- 
vert signals down to —Vpgp on the low level inputs. The low- 


level inputs, as well as the reference input, features differential — 


input capability. 


The AD7710/AD7712 3 is ideal for use in seine. jiciecouwolled: 
based systems. Input channel selection, gain settings and signal 
polarity can be configured i in software using the bidirectional 
serial port. The AD7710/AD7712 also contains self-calibration, 
system calibration and background calibration options and also 
allows the user to read and to write the pachip calibration 
registers. 


*Protected by U.S. Patent No. 5,134,401. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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: AD7710 FUNCTIONAL BLOCK DIAGRAM 


“REF REF 
ae me) Ve 
C) 


CHARGING BALANCING A/D 
‘CONVERTER 


aan 


DIGITAL| | 
FILTER 


SERIAL INTERFACE 


_ | CONTROL OUTPUT 
| | REGISTER REGISTER 
AGND DGND Vg, RFS TFS MODE SDATA SCLK DRDY AO - 


AD7712 FUNCTIONAL BLOCK DIAGRAM | 


. REF REF | 
AVpp Von IN(-) IN(s) —_Vauas 
O O O —O 


REF OUT 
O 


CHARGE-BALANCING A/D 


AINt(s) eae ) CONVERTER 
AIN1(-) ipaaeran yas DIGITAL ©) SYNC 
os Pe FILTER 
MODULATOR -) STRDEY 
MCLK 


AIN2 © Nok Seas © IN 


SERIAL INTERFACE 


. CONTROL OUTPUT 
REGISTER | REGISTER 
TTT tel 


AGND DGND Vsg RFS TFS MODE SDATA SCLK DRDY AO. 


€MOS construction ensures low power dissipation and a power- 
» down‘ mode reduces the standby power consumption to only 


100 pW typical (AD7712) and 7 wW typical (AD7710). The’ 


_ part is available in a 24-pin, 0.3 inch wide, plastic and hermetic 
-.dual-in-line package (DIP) as well as a 24-lead small outline 


(SOIC) bias 
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AD7712-SPECIFICATIONS 


Parameter 


STATIC PERFORMANCE 
No Missing Codes 


Output Noise 
Integral Nonlinearity 
@ 25°C 
Tain to Tmax 
Positive Full-Scale Error” ? 
Full-Scale Drift 


Unipolar Offset Error’ 
Unipolar Offset Drift® 


Bipolar Zero Error’ 
Bipolar Zero Drift° 


Bipolar Negative Full-Scale Error? 
Bipolar Negative Full-Scale Drift° 


ANALOG INPUTS/REFERENCE INPUTS 
Normal Mode 50 Hz Rejection® 
Normal Mode 60 Hz Rejection® 
AINV/REF IN 
DC Input Leakage Current® @ +25°C 
Tan to Tyax 
Sampling Capacitance® 
Common-Mode Rejection (CMR) 
Common-Mode 50 Hz Rejection® 
Common-Mode 60 Hz Rejection® 
Common-Mode Voltage Range’ 
Analog Inputs® 
Input Sampling Rate, fs 
AIN]1 Input Voltage Range” 


AIN2 Input Voltage Range? 


AIN2 DC Input Impedance 
AIN2 Gain Error?! 
AIN2 Gain Drift 
AIN2 Offset Error! 
Reference Inputs 
REF IN(+) — REF IN(—) Voltage!” 
Input Sampling Rate, fs 


NOTES 


1Temperature ranges are as follows: A Version, —40°C to +85°C; S Version, —55°C to +125°C. 


AD7710/AD7712 


(AVop = +5 V + 5%; DVpp = +5 V + 5%: Veg = OVOr —5V + 5%: 


24 
22 
18 
15 
12 
See Tables I & II 


+0.0045 
+0.0075 
See Note 4 
3/GAIN 
0.35 

See Note 4 
2.5/GAIN 
0.3 

See Note 4 
2.5/GAIN 
0.3 
+0.006 
4/GAIN 
0.5 


10 

] 

20 

92 

150 

150 

Vss to AVpp 


See Table III 


0 to Vee 
+Vper 


0 to +4 X Vag)? 


+4 X Veer 
30 

+0.05 

1 

15 


+2.5 to +5 


?Applies after calibration at the temperature of interest. 


3Positive full-scale error applies to both unipolar and bipolar. input ranges. 


REF IN(+) = +2.5 V; REF IN(—) = AGND; MCLK IN = 
Stated. All specifications Ty, to Tyay, unless otherwise noted.) 


Bits min 
Bits min 
Bits min 
Bits min 
Bits min 


% of FSR max 
% of FSR max 


LV/C typ 
uV/°C typ 


pV/°C typ 
pV/C typ 


pwV/PC typ 
pV/°C typ 
% of FSR max 
wVP°C typ 
pV/°C typ 


dB min 
dB min 


pA max 
nA max 
pF max 
dB min 
dB min 
dB min 
V min to V max 


V max 
V max 


V max 

V max 

kQ min 

% typ 
ppm/°C typ 
mV max 


V min to V max 


*These errors will be of the order of the output noise of the part, as shown in Table I. 
>Recalibration at any temperature or use of the background calibration mode will remove these drift errors. 
These numbers are guaranteed by design and/or characterization. 
?This common-mode voltage range is allowed provided that the absolute value of the input voltage on AIN1(+) and AINI(— ) does not exceed AVppy + 30 mV 


and Vo, — 30 mV. 


10 MHz unless otherwise 


Guaranteed by Design. For Filter Notches = 60 Hz 
For Filter Notch = 100 Hz 

For Filter Notch = 250 Hz 

For Filter Notch = 500 Hz 

For Filter Notch = 1 kHz 

Depends on Filter Cutoffs and Selected Gain 


Filter Notches < 60 Hz; Typically +0.0015% 
Filter Notches = 60 Hz 

Excluding Reference 

Excluding Reference. For Gains of 1, 2, 4, 8 
Excluding Reference. For Gains of 16, 32, 64, 128 


For Gains of 1, 2, 4, 8 
For Gains of 16, 32, 64, 128 


For Gains of 1, 2, 4, 8 

For Gains of 16, 32, 64, 128 

Excluding Reference; Typically +0.0015% 
Excluding Reference. For Gains of 1,2,4,8  . 
Excluding Reference. For Gains of 16, 32, 64, 128 


For Filter Notches of 10 Hz, 25 Hz, 50 Hz, +0.02 X fyorcu 
For Filter Notches of 10 Hz, 30 Hz, 60 Hz, +0,02 * fyorcn 


At DC ae oe 
For Filter Notches of 10, 25, 50 Hz, +0.02 X fyorcy - 
For Filter Notches of 10, 30, 60 Hz, +0.02 < fyotcH 


For Normal Operation. Depends on Gain Selected 
Unipolar Input Range (B/U Bit of Control Register = 1) 
Bipolar Input Range (B/U Bit of Control Register = 0) 
For Normal Operation. Depends on Gain Selected 
Unipolar Input Range (B/U Bit of Control Register = 1) 
Bipolar Input Range (B/U Bit of Control Register = 0) 


Additional Error Contributed by Resistor Attenuator 
Additional Drift Contributed by Resistor Attenuator 
Additional Error Contributed by Resistor Attenuator 


For Specified Performance. Part Functions with Lower 


Vrer Voltages 


®The AIN1 analog input presents a very high impedance dynamic load which varies with clock frequency and input sample rate. The maximum recommended 
source resistance depends on the selected gain (see Tables IV and V). 

°The analog input voltage range on the AIN1(+) input is given here with respect to the voltage on the AIN1(—) input. The input voltage range on the AIN2 
input is with respect to AGND. The absolute voltage on the AIN1 input should not go more positive than AVpp + 30 mV or more negative than 


Vss Be 30 mV. 
lov =p = REF IN(+) — REF IN(-). 
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ADTT12-SPECIFICATIONS 


Parameter . 


REFERENCE OUTPUT 
Output Voltage | 
Initial Tolerance. 

Drift 

Output Noise 

Line Regulation (AVpp) 
Load Regulation 
External Current 


Varas INPUT? 
Input Voltage Range 


Varas Rejection 


~LOGIC INPUTS 

Input Current 

All Inputs Except MCLK IN 
Vint» Input Low Voltage 
Vins» Input High Voltage 

MCLK IN Only 
Vin.» Input Low. Voltage 
Vinu> Input High Voltage 


LOGIC OUTPUTS 
Vo; Output Low Voltage 
Vor Output High Voltage 
Floating State Leakage Current 
Floating State Output Capacitance!* 


TRANSDUCER BURN-OUT 
Current 
Initial Tolerance 
Drift 
SYSTEM CALIBRATION 
AIN1 . 
Positive Full-Scale Calibration Limit?® 
Negative Full-Scale Calibration Limit!® 
Offset Calibration Limit!® 17 
Input Span!° 


AIN2 
Positive Full-Scale Calibration Limit!’ 
Negative Full-Scale Calibration Limit?» 
Offset Calibration Limit!’ 
Input Span 


AVpp oes 0.85 x VreF 
or AVpp — 3 


. or AVpp nee 2.1 


or Vss + 3 


or Vgg + 2.1 


(1.05 X Vgze/GAIN 
—(1.05 X Vere /GAIN 
—(1.05 X Vere /GAIN 
0.8 X VarGAIN 
(2.1 X Vaze/GAIN 


(4.2 X VageVGAIN 
~(4.2 X Vazp/GAIN 
~(4.2 X Vzp/GAIN 
3.2 X Varp/GAIN 
(8.4 X VazrV/GAIN 


pk-pk Noise; 0.1 Hz to 10 Hz Bandwidth 


Maximum Load Current 1 mA 


See Vgras Input Section 
Whichever Is Smaller; +5 V/—5 V or +10 V/0 V 
Nominal AVpp/Vss 


Whichever Is Smaller; +5 V/0 V Nominal AVpp/Vss. 


See Vpzas Input Section | 
Whichever Is Greater; +5 V/—5 V or +10 V/0 V 
Nominal AVpp/Vss 

Whichever Is Greater; +5 V/0 V Nominal AVpp/Vss 
Increasing with Gain 


oe - 100 pA 


GAIN Is the Selected PGA Gain (Between 1 and 128) 
GAIN Is the Selected PGA Gain (Between 1 and 128) 
GAIN Is the Selected PGA Gain (Between 1 and 128) 
GAIN Is the Selected PGA Gain (Between 1 and 128) 


GAIN Is the Selected PGA Gain (Between 1 and 128) 


GAIN Is the Selected PGA Gain (Between 1 and 128) 


GAIN Is the Selected PGA Gain (Between 1 and 128) 
GAIN Is the Selected PGA Gain (Between 1 and 128) 
GAIN Is the Selected PGA Gain (Between 1 and 128) 


GAIN Is the Selected PGA Gain (Between 1 and 128) 


This error can be removed using the system calibration capabilities of the AD7712. This error is not removed by the epTles self-calibration feature. The 
offset drift on the AIN2 input is 4 times the value given in the STATIC PERFORMANCE section. 
The reference voltage range may be restricted by the input voltage range requirement on the Vp;,s input. 
The AD7712 is tested with the following Vpy,5 voltages. With AVpp = +5 Vv and Mss = 0 V, Vers = +2. 5 V; with AVpp = +10 Vand 1 = 0 V; Vou 


= +5 V and with AVpp = +5 V and Vg, = 
4Sample tested at +25°C to ensure compliance. 


—5 V, Vailas = 0V. 


‘5After calibration, if the analog input exceeds positive full scale, the converter will output all 1s. If the analog input is less dears negative full scale, then the . 


device will output all 0s. 


16These calibration and span limits apply weoenied the absolute voltage on the AIN1 analog input does not exceed AV, + 30 mV or does not go more negative 


than Veg — 30 mV. 


The offset calibration limit applies to both the unipolar zero point and the bipolar zero. point. 


Specifications subject to change without notice. 
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Parameter 


POWER REQUIREMENTS 
Power Supply Voltages 
AVpp Voltage'® 
DVpp Voltage’? 
AVpp —Vss Voltage 


AD7710/AD7712 


+5% for Specified Performance 
+5% for Specified Performance 
For Specified Performance 


Power Supply Currents 
AVpp Current 
DVpp Current 


Vss Current Vss = —5 V 

Power Supply Rejection”° Rejection w.r.t. AGND. Assumes Vgras Is Fixed 
Positive Supply (AVpp) See Note 21 
Negative Supply (Vss) 90 

Power Dissipation 


Normal Mode . 45 
Normal Mode 525 


AVpp = DVpp = +5 V; Vss = 0 V; Typically 25 mW 
AVpp = DVpp = +5 V; Vss = —5 V; Typically 30 mW 
AVpp = DVpp = +5 V; Vss = 0 V or —5 V3 Typically 100 
Standby (Power-Down) Mode?? 200 wW 


*8The AD7712 is specified with a 10 MHz clock for AVpp voltages of +5 V + 5%. It is specified with an 8 MHz clock for AVpp voltages greater than 5.25 V 
and less than 10.5 V. Operating with AV,p voltages in the range 5.25 V to 10.5 V is only guaranteed over the 0°C to +70°C temperature range. 

The +5% tolerance on the DVpp input is allowed provided DVpy does not exceed AV, by more than 0.3 V. 

20Measured at dc and applies in the selected passband. PSRR at 50 Hz will exceed 120 dB with filter notches of 10 Hz, 25 Hz or 50 Hz. PSRR at 60 Hz will 
exceed 120 dB with filter notches of 10 Hz, 30 Hz or 60 Hz. 

21PSRR depends on gain: gain of 1 = 70 dB typ; gain of 2 = 75 dB typ; gain of 4 = 80 dB typ; gains of 8 to 128 = 85 dB typ. These numbers can be 
improved (to 95 dB typ) by deriving the V,,,5 voltage (via Zener diode or reference) from the AVpp supply. 

2Using the hardware STANDBY pin. Standby power dissipation using the software standby bit (PD) of the Control Register is 5 mW typ. 


Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS* 


(T, = +25°C unless otherwise noted) 


Digital Input Voltage to DGND ...—0.3 V to AVpp + 0.3 V 
Digital Output Voltage to DGND . . —0.3 V to DVppy + 0.3 V 


AVpp toDVpp ...----+5- Me dvdts Saito -0.3Vto +12 V Operating Temperature Range 

AN wy 10-¥ 66 aed Bark oe oy a Daal ee ena -0.3Vto +12 V Commercial (A Version) ............. —40°C to +85°C 
AV Gp 10 AGND 4.4 s454 3 wwe orewe woos —-0.3 Vto +12 V Extended (S Version) .............. —55°C to +125°C 
AVpp to. DGND 2 oc. ee ee hee ees -0.3 Vto +12 V Storage Temperature Range ........... —65°C to +150°C 
DVpp toAGND .......... 2.2 cee ees —0.3 V to +6 V Lead Temperature (Soldering, 10 secs) ........... +300°C 
OV 5 tOUOGND: 56 cack wees aorta Be 6 -—0.3 Vto +6V Power Dissipation (Any Package) to +75°C ....... 450 mW 
Vss tO AGND «0... ee eee eee +0.3 V to -6 V *Stresses above those listed under “Absolute Maximum Ratings” may cause 
Vee tO“DGN DD: ranches eA eee L eRe S +0.3 V to -6 V permanent damage to the device. This is a stress rating only and functional 


AIN1 Input Voltage to AGND . Vogp — 0.3 V to AVpp + 0.3 V 
Reference Input Voltage to AGND 

fe ts Laat chk ach ease Ves — 0.3 V to AVpp + 0.3 V 
REF OUT to AGND ............00-- ~0.3 V to AVpp 


operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 


WARNING! 


ee 


ESD SENSITIVE DEVICE 


ORDERING GUIDE 


Temperature Range 


Package Option* 


AD7712AN —40°C to +85°C 
AD7712AR —40°C to +85°C R-24 
AD7712AQ —40°C to +85°C Q-24 


AD7712SQ =5)°C to + 125°C 


*N = Plastic DIP; Q = Cerdip; R = SOIC. For outline information see 
Package Information section. 
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ADTT\0-SPECIFICATIONS 


Parameter 


STATIC PERFORMANCE 
No Missing Codes 


Output Noise 
Integral Nonlinearity 
@ 25°C 
Twin to Tmax 
Positive Full Scale Error? 3 
Full- -Scale Drift? 


Unipolar Offset Error” 
Unipolar Offset Drift’ _ 


Bipolar Zero Error? 
Bipolar Zero Drift’ 


Bipolar Negative Full-Scale Error? 
Bipolar Negative Full-Scale Drift? 


ANALOG INPUTS/REFERENCE INPUTS 

- Common-Mode Rejection (CMR) | 
Common-Mode Voltage Range® 
Normal Mode 50 Hz Rejection’ 
Normal Mode 60 Hz Rejection’ 

-Common-Mode 50 Hz Rejection’ 
Common-Mode 60 Hz Rejection’ 

DC Input Leakage Current’ @ +25°C 

Twn to Tyax 

’ Sampling Capacitance’ 

- Analog Inputs® | 

Input Voltage Range” 


Input Sampling Rate, fs 


(AVyp = +5V + 


5%; DVynp = +5 V 
REF IN(+) = +2.5 V; REF IN(—) = AGND; MCLK IN = 10 MHz unless 
otherwise stated. All specifications Twin to Tay, unless otherwise noted.) 


9%; Vso = OVor —5 V + 5%; 


Tables I & II - 


+0.0045 
+0.0075 
See Note 4 
3/GAIN __ 
0.35 

See Note 4 
2.5/GAIN 
0.3 

See Note 4 


+VreF 


See Table III 


Bits min 
Bits min 
Bits min 


Bits min 


Bits min 


% of FSR max 
% of FSR max 


pV/°C typ 
VPC typ 


wVPC typ 
pV/°C typ 


wVPC typ 
pV/°C typ 


'% of FSR max 
“{pV/°C typ 


’ {dB min 
V min to V max 


Guaranteed by Design. For Filter Notches = 60 Hz 
For Filter Notch = 100 Hz | 

For Filter Notch = 250 Hz 

For Filter Notch = 500 Hz 

For Filter Notch = 1 kHz . 
Depends on Filter Cutoffs and Selected Gain 


Filter Notches = 60 Hz; Typically +0.0015% _ 
Filter Notches = 60 Hz - 
Excluding Reference 

Excluding Reference. For Gains of 1, 2, 4, 8 
Excluding Reference. For Gains of 16, 32, 64, 128 


For Gains of 1, 2, 4, 8 
For Gains of 16, 32, 64, 128 


For Gains of 1, 2, 4, 8. 

For Gains of 16, 32, 64, 128 

Excluding Reference; Typically +0.0015% 
Excluding Reference. For Gains of 1, 2, 4, 8 
Excluding Reference. For Gains of 16, 32, 64, 128 — 


At DC 


For Filter Notches of 10, 25, 50 Hz, +0.02 X fyorer 


|For Filter Notches of 10, 30, 60 Hz, +0.02 X fyorcH 


For Filter Notches of 10, 25, 50 Hz, +0.02 X fyorcy 
For Filter Notches of 10, 30, 60 Hz, +0.02 X fyorcH 


For Normal Operation. Depends on Gain Selected 
Unipolar Input Range (B/U Bit of Control Register = 1) 
Bipolar Input Range (B/U Bit of Control Register = 0) 


Reference Inputs 


REF IN(+) — REF IN(—) Voltage” +2.5 to +5 


a Input: Sampling Rate, fs 


REFERENCE OUTPUT 
* Output Voltage ; 

_ Initial Tolerance 

~ Drift 
Output Noise 
Line Regulation (AVpp) 
Load Regulation 
External Current 


_ NOTES 


~}mV/mA max 


Voltages 


ppm/°C typ 
pV typ 
mV/V max 


pk-pk Noise 0.1 Hz to 10 Hz Bandwidth 


. Maximum Load Current lmA 
mA max 


'Temperature ranges are as follows: A Version, 40°C to +85°C; 5 Version, —55°C to + 125°C. See also Note 16. 


Applies after calibration at the temperature of interest. 


Positive full-scale error applies to both unipolar and bipolar input ranges. 


‘These errors will be of the order of the output noise of the part as shown in Table I. 
>Recalibration at any temperature or use of the background calibration mode will remove these drift errors. 
6This common-mode voltage range is allowed provided that the input voltage on AIN(+) and AIN(—) does not exceed AVpp + 30 mV and Vg, — 30 mV. 


7These numbers are guaranteed by design and/or characterization. 


For ‘Specified Performance. Part Functions with Lower Veou 


8The analog inputs present a very high impedance dynamic load which varies with clock frequency and input sample rate. The maximum recommended source 


resistance depends on the selected gain (see Tables IV and V). 


°The analog input voltage range on the AIN1(+) and AIN2(+) inputs is given here with respect to the voltage on the AIN1(—) and AIN2(—) inputs. The abso- 
lute voltage on the analog inputs should not go more positive than AV,, + 30 mV or go more negative than V,, — 30 mV. 


10y pp = REF IN(+) - REF IN(-). 


11The reference input voltage range may be restricted by the input voltage range requirement on the Vz; input. 
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AD7710/AD7712 
Parameter Conditions/Comments 


Varas INPUT” 
Input Voltage Range AVpp — 0.85 X Vegr See Vgras Input Section 
or AVpp — 3 Whichever Is Smaller; +5 V/—5 V or +10 V/0 V 
Nominal AVpp/Vss 
or AVpp — 2.1 Whichever Is Smaller; +5 V/0 V Nominal AVpp/V Ss 
Vss + 0.85 X Vere See Vpras Input Section 
or Vsg + 3 i Whichever Is Greater; +5 V/—5 V or +10 V/0 V 
Nomirial AVpp/Vss 


or Vs + 2.1 i Whichever Is Greater; +5 V/0 V Nominal AVpp/Vss 


Varas Rejection Increasing with Gain 


LOGIC INPUTS 

Input Current 

All Inputs Except MCLK IN 
Vin.» Input Low Voltage 
Vine» Input High Voltage 

MCLK IN Only 
Vinz> Input Low Voltage 
Vinup Input High Voltage 


LOGIC OUTPUTS 
VoL,» Output Low Voltage 
Von, Output High Voltage 
Floating State Leakage Current 
Floating State Output Capacitance 


TRANSDUCER BURN-OUT 
Current nA nom 
Initial Tolerance = % typ 
Drift ; %/°C typ 


COMPENSATION CURRENT 
Output Current 
Initial Tolerance 
Drift 
Line Regulation (AVpp) 
Load Regulation 
Output Compliance 


lonK = 1.6 mA 
Isource = 100 pA 


13 


SYSTEM CALIBRATION . 
Positive Full-Scale Calibration Limit!* (1.05 X Veep /GAIN GAIN Is the Selected PGA Gain (Between 1 and 128) 
Negative Full-Scale Calibration Limit!* —(1.05 * Vppr/GAIN GAIN Is the Selected PGA Gain (Between 1 and 128) 
Offset Calibration Limit! —(1.05 X Ver /GAIN GAIN Is the Selected PGA Gain (Between 1 and 128) 
Input Span?> 0.8 X Verp/GAIN GAIN Is the Selected PGA Gain (Between 1 and 128) 

(2.1 X Ver /GAIN GAIN Is the Selected PGA Gain (Between 1 and 128) 

NOTES 


The AD7710 is tested with the following Vg;,5 voltages. With AVp, = +5 V and Veg = 0 Vs Varas = +2.5 V3 with AVpp = +10 V and Vs, = 0 V; 
Varas = +5 V and with AV,, = +5 V and Vss = —5 Vs Vers = 0 V. 
13Sample tested at +25°C to ensure compliance. 


14 After calibration, if the analog input exceeds positive full scale, the converter will output all 1s. If the analog input is less than negative full scale then the 
device will output all Os. 


1SThese calibration.and span limits apply provided the absolute voltage on the analog inputs does not exceed AVp, + 30 mV or go more negative ian 
Vsg — 30 mV. The offset calibration limit applies to both the unipolar zero point and the bipolar zero point. 
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AD7710-SPECIFICATIONS 


POWER REQUIREMENTS _ | 
Power Supply Voltages 
AVpp Voltage’® 
DVpp Voltage!” 


AVpp-Vss Voltage 
Power Supply Currents 
AVpp Current 
DVpp Current 
Vss Current 
Power Supply Rejection!® 
Positive Supply (AVpp) 
Negative Supply (Vgs) 
Power Dissipation 
Normal Mode 
Normal Mode 
Standby (Power-Down) Mode 


NOTES 


| Conditions/Comments 


+5% for Specified Performance 
+5% for Specified Performance 
For Specified Performance 


Rejection w.r.t. AGND; Assumes Vpyas Is Fixed 


AVpp = DVpp = +5 Vs Vgg = 0 V3 Typically 25 mW 
AVpp = DVpp = +5 V; Vss = —5 V; Typically 30 mW 
AV pp = DVpp = +5 V, Vsg = 0 V or —5 V3 Typically 7 mW 


©The AD7710 is specified with a 10 MHz clock for AVpp voltages of +5 V + 5%. It is specified with an 8 MHz clock for AVpy seraiee greater than 5.25 V 


and less than 10.5 V. Operation with AVpp voltages in the range 5.25 V to 10.5 V is only guaranteed over the 0 to +70°C temperature punge: 

“The +5% tolerance on the DVpp input is allowed provided that DV,, does not exceed AVpp by more than 0.3 V. 

18Measured at dc and applies in the selected passband. PSRR at 50 Hz will exceed 120 dB with filter notches of 10 Hz, 25 Hz or 50 Hz. PSRR at “oy Hz will 
exceed 120 dB with filter notches of 10 Hz, 30 Hz or 60 Hz. 

°PSRR depends on gain: Gain of 1: 70 dB typ; Gain of 2: 75 dB typ; Gain of 4: 80 dB typ; Gains of 8 to 128: 85 dB typ. These numbers can be improved 
(to 95 dB typ) by deriving the V,;,, voltage (via Zener diode or reference) from the AVpp supply. 


Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS*. Digital Input Voltage to DGND 


.-0.3 V to AVpp + 0.3 V 


(T, = +25°C, unless otherwise noted) 


Digital Output Voltage to DGND .. -0.3 V to DVp, + 0.3 V 


AVpp LOS DY 5s ev i it eo FE a Ss —0.3 Vto +12 V —- Operating Temperature Range | 
AN is t0 Vases 4 anne ucs & Asada baer -—0.3 Vto +12 V Commercial (A Version) ............. —40°C to +85°C 
AV 5p to:AGND «© ws een Wee otets Seas -—0.3Vto +12 V Extended (S Version) ........... we) C to. 125°C 
A Viss 10 DGND .. 4.5504 6224s ee ae —0.3 Vto +12 V —_— Storage Temperature Range ........... —65°C to +150°C 
DVpp te-AGND: cic 5 che ee ee Se eee a —-0.3 Vto +6 V Lead Temperature (Soldering, 10 secs) ........ ...  +300°C 
DV 56 1t0-DGND: s6 4c a eee —0.3 Vto +6 V Power Dissipation (Any Package) to +75°C ....... 450 mW 
Vest AGND a6 64:55 k wed Saad ...+0.3Vto-6V — Derates Above +75°C ... ee ees 6 mW/°C 
Vss to DGND Be NR BORA OY OIE EN ee Se +0.3 V to -6V *Stresses above those listed under “Absolute Maximum Ratings” may cause 
Analog Input Voltage to AGND | | | permanent.damage to the device. This is a stress rating only and functional 
Aidt filed steed oe ae "See eeceee es Veg 70.3 V to AVn + 0.3 V operation of the device at these or any other conditions above those listed in the 
Reference Input Voltage to AGND operational sections of the specification is not implied. Exposure to absolute 
A aes See Ves — 0.3 V to AVpp + 0.3 V maximum rating conditions for extended periods may affect device reliability. 
REF OUT to AGND ..............5. —0.3 V to AVpp 
CAUTION 


ESD clecseante discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected:devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 


WARNING! 


oe 


ORDERING GUIDE 


Temperature Range 


Package Option” 


AD7710AN —40°C to +85°C N-24 
AD7710AR —40°C to +85°C R-24 
AD7710AQ —40°C to +85°C Q-24 


AD7710SQ 


NOTES 

’To order MIL-STD-883B, Class B processed parts, add /883B to part number. 
Contact our local sales office for military data sheet and availability. 

2N = Plastic DIP; Q = Cerdip; R = SOIC. For outline information see Package 
Information section. : 


=o GC to. F1Z5°C 
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(DV5p = +5 V + 5%; AVonp = +5 Vor +10 V® + 5%; Veg = OV or —5V + 5%; 
AGND = DGND = 0 V; foxy = 10 MHz; Input Logic 0 = 0 V, Logic 1 = DV,,, 


TIMING CHARACTERISTICS": 2 unless otherwise stated.) 


Limit at Tygn, Tmax 
Parameter (A, S Versions) Units Conditions/Comments 


fee Master Clock Frequency: Crystal Oscillator 
or Externally Supplied 
400 AVpp = +5 V + 5% 
10 For Specified Performance 
8 AVpp = +5.25 V to +10.5 V 
tcLK IN LO 0.4 X torn IN Master Clock Input Low Time; tar x iw = Mfere mn 
teLK IN HI 0.4 X torn IN Master Clock Input High Time 
t,° 50 Digital Output Rise Time; Typically 20 ns 
oy 50 Digital Output Fall Time; Typically 20 ns 
ty 1000 SYNC Pulse Width 
Self-Clocking Mode 
to 0 DRDY to RFS Setup Time; top x iw = Wferx in 
ts 0 DRDY to RFS Hold Time 
ty ee Cee AO to RFS Setup Time 
ts 50 AO to RFS Hold Time 
ts AM epee RFS Low to SCLK Falling Edge 
t AO Tete Data Access Time (RFS Low to Data Valid) 
ts’ teracan/2 SCLK Falling Edge to Data Valid Delay 
terx n/2 + 30 
to terK w/2 SCLK High Pulse Width 
tio 3 X terK w/2 SCLK Low Pulse Width 
tia 10 RFS/TFS to SCLK Falling Edge Hold Time 
terk in/2 ade 
tio 3X tore m/2 + 20 RFS/TFS to SCLK Delay 
tise | 3X torx wi2 + 20 RFS to Data Valid Hold Time 
tig 0 AO to TFS Setup Time 
tis 0 A0 to TFS Hold Time 
tig AX tee ay TFS to SCLK Falling Edge Delay Time 
tir 7 as ee TFS to SCLK Falling Edge Hold Time 
tis 0 Data Valid to SCLK Setup Time 
tio 10 Data Valid to SCLK Hold Time 


TO OUTPUT 


PIN +2.1V 


Figure 1. Load Circuit for Access Time and Bus Relinquish Time 


REV. 0 ANALOG-TO-DIGITAL CONVERTERS 2-225 


AD7710/AD7712 


Limit at Tya~> Tmax | 


Parameter yee “SE A - (A, S Versions) wa : Units. — ~~ Conditions/Comments 
External Clocking Mode | . Sa, ee 
fang: Vac: | _ | MHz max © Serial Clock Input Frequency 
Ge 07 ee te ns min DRDY to RFS Setup Time 
toy we - BA 0 i : ns min DRDY to RFS Hold Time 
to a; 2 Xt 3 ns min AO to RFS Setup Time 
is ? 50 ee ns min A0 to RFS Hold Time 
to,” 3 4X tore we ; | ms max Data Access Time (RFS Low to Data Valid) 
ti? . eee d2. _ ms min SCLK Falling Edge to Data Valid Delay 
7 a 2 X tare m + 20 | ns max : | 
ty 7 - 2 X teLK IN | ns min SCLK High Pulse Width 
toe "i AEN tec | ns min SCLK Low Pulse Width 
tog ian terx In + 10 | ns max SCLK Falling Edge to DRDY High 
ts" — 0 7 “| ns min DRDY to Data Valid Hold Time 
| 20 | ns max 
tap 10 | ns min RES/TFS to SCLK Falling Edge Hold Time 
ts : cee 7 5 X tar. x m2 + 20 ms max RFS to Data Valid Hold Time 
t32 0 7 - ns min A0 to TFS Setup Time 
t33 0. ns min AO to TFS Hold Time 
ty AX taps ay - ns min . SCLK Falling Edge to TFS Hold Time 
t35 5 Xx toLK ini? — SCLK High =| — ns min Data Valid to SCLK Setup Time 
tag ne oo, Se! 2 BO ns min Data Valid to SCLK Hold Time 
NOTES | 


iSample tested at +25°C to ensure compliance. All input signals are specified with Re = tp = 5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 

?See Figures 6 to 9. 

>The AD7710/AD7712 is specified with a 10 MHz clock for AVpp voltages of +5 V + 5%. It is specified with an 8 MHz clock for AVpp voltages greater than 
5.25 V and less than 10.5 V. Operation with AVpp voltages in the range 5.25 V to 10.5 V is only guaranteed over the 0°C to +70°C temperature range. 

‘CLK IN duty cycle range is 45% to 55%. CLK IN must be supplied whenever the AD7710/AD7712 is not in STANDBY mode. If no clock is present in this 
case, the device can draw higher current than specified-and possibly become uncalibrated. 

‘The AD7710/AD7712 is production tested with fo, « yw at 10 MHz (8 MHz for AVpp < +5.25 V). It is guaranteed by characterization to operate at 400 kHz. 

Specified using 10% and 90% points on waveform of interest. 

7These numbers are measured with the load circuit of Figure 1 and defined as the time required for the output to cross 0.8 V or 2.4 V. 

®These numbers are derived from the measured time taken by the data output to change 0.5 V when loaded with the circuit of Figure 1. The measured number 
is then extrapolated back to remove effects of charging or discharging the 100 pF capacitor. This means that the times quoted in the timing characteristics are 
the true bus relinquish times of the part and, as such, are independent of external bus loading capacitances. 


_ PIN CONFIGURATION 
DIP and SOIC 
scLK | 1| @ | 24] DGND . scLK | 1] ® 
MCLK IN | 2| | 23] DV pp : MCLK IN | 2} 
MCLK OUT | 3| | 22] SDATA | | MCLK OUT | 3| 
10 [7 =] aaa 7 "aa [a 
Sync [5]  AD7710 [20] RFs , ‘sync [5]  AD7712 
MODE | 6] ropview _—[ 19 TFs _ MODE | 6. TOP VIEW 
AIN1(+) (Not to Scale) 18 | AGND : AIN1(+) (Not to Scale) 
AIN1(-) | 8| lout AIN1(-) | 8| 
AIN2(+) [9] REFOUT STANDBY | 9| 
AIN2(-) [70| 795] REF IN(+) on TP fio] 
Vss 14} REF IN(-) Vss 
AV pp 13] Vers | AV pp [12] 
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MCLK IN 


MCLK OUT 


AO 
SYNC 
MODE 


AIN1(+) 


AIN1(—) 
AIN2(+) 


STANDBY 


AIN2(—) 


REF IN(—) 


REF IN(+) 
REF OUT 


lout’ 


AIN2 ~ 


AGND 


AD7710/AD7712 


PIN FUNCTION DESCRIPTION 


Function 


Serial Clock. Logic Input/Output depending on the status of the MODE pin. When MODE is high, the 
device is in its self-clocking mode and the SCLK pin provides a serial clock output. This SCLK 
becomes active when RFS or TFS goes low and it goes high impedance when either RFS or TFS 
returns high or when the device has completed transmission of an output word. When MODE is low, 
the device is in its external clocking mode and the SCLK pin acts as an input. This input serial clock 
can be a continuous clock with all data transmitted in a continuous train of pulses. Alternatively, it can 
be a noncontinuous clock with the information being transmitted to the AD7710/AD7712 in smaller 
batches of data. 


~ Master Clock signal for the device. This can be provided in the form of a crystal or external clock. A 


crystal can be tied across the MCLK IN and MCLK OUT pins. Alternatively, the MCLK IN pin can 
be driven with a CMOS-compatible clock and MCLK .OUT left unconnected. The clock input 
frequency is nominally 10 MHz. 

When the master clock for the device is a crystal, the crystal is connected between MCLK IN and 
MCLK OUT. 

Address Input. With this input low, reading and writing to the device is to the control register. With 
this input high, access is to either the data register or the calibration registers. 

Logic Input which allows for synchronization of the digital filters when using a number of 
AD7710/AD7712s. It resets the nodes of the digital filter. 

Logic Input. When this pin is high, the device is in its self-clocking mode; with this pin low, the device 
is in its external clocking mode. 
Analog Input Channel 1. Positive input of the programmable gain differential analog input. ‘The 
AIN1(+) input is connected to an output current source which can be used to check that an external 
transducer has burnt out or gone open circuit. This output current source can be turned on/off via the 
control register. 

Analog Input Channel 1. Negative input of the programmable gain differential analog input. . 
AD7710 Only. Analog Input Channel 2. Positive input of the programmable gain differential analog 
input. 

AD7712 Only. on att Taking this pin low shuts down the internal analog and digital circuitry, 
reducing power consumption to less than 50 pW. 

AD7710 Only. Analog Input Channel 2. Negative input of the programmable gain differential analog 
input. | 

AD7712 Only. Test Pin. Used when testing the device. Do not connect anything to this pin. 

Analog Negative Supply, 0 V to —5 V. Tied to AGND for single supply operation. The input voltage 
on AINI should not go > 30 mV negative w.r.t. Vsg for correct operation of the device. 

Analog Positive Supply Voltage, +5 V to +10 V. 

Input Bias Voltage. This input voltage should be set such that Vgras + 0.85 X Vegp < AVpp and 
Varas ~ 0.85 X Var > Ves where Vagrr iS REF IN(+) — REF IN(—). Ideally, this should be tied 
halfway between AVpp and Vs. Thus, with AVpp = +5 V and Veg = 0, it can be tied to REF OUT; 
with AVpp = +5 V and Vs, = —5 V, it can be tied to AGND, while with AVpp = +10 V, it can be 
tied to +5 V or to REF OUT. 

Reference Input. The REF IN(—) can lie anywhere between AVpp ad Vss erevieed REF INCH) j iS. 
greater than REF IN(—). : 

Reference Input. The reference input is differential providing that REF IN(+) is greater than REF 
IN(—). REF IN(+) can lie anywhere between AVpp and Vsgs. 

Reference Output. The internal +2.5 V reference is provided at this pin. This 1 isa single-ended output 
which is referred to AGND. 

AD7710 Only. Compensation Current Output. A 20 »A constant current is provided at this pin. This 
current can be used in conjunction with an external thermistor to provide cold junction compensation. 
AD7712 Only. Analog Input Channel 2. High level analog input which accepts an analog input voltage 
range of +4 x Vice UN, At the nominal Vpgr of +2.5 V and a gain of 1, ne AIN2 input voltage 
range is +10 V. 

Ground reference point for analog circuitry. 
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Function 


Transmit Frame Synchronization. Active low logic input used to write serial data to the device with 
serial data expected after the falling edge of this pulse. In the self-clocking. mode, the serial clock 
becomes active after TFS goes low. In the external clocking mode, TFS must go low before the first bit 
of the data word is written to the part. 

Receive Frame Synchronization. Active low logic input used to access serial data from the device. In the 
self-clocking mode, the SCLK and SDATA lines both become active after RFS noes low. In the external 
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. bipolar inputs. 
23 


24 


TERMINOLOGY 
INTEGRAL NONLINEARITY | 

This is the maximum deviation of any code from a straight line 
passing through the endpoints of the transfer function. The end- 
points of the transfer function are zero scale (not to be confused 
with bipolar zero), a point 0.5 LSB below the first code transi- 
tion (000. . . 000 to 000 . . . 001) and full-scale, a point 0.5 LSB 
above the last code transition (111 ...110to 111... 111). 
The error is expressed as a percentage of full scale. 


POSITIVE FULL-SCALE ERROR | 
Positive full-scale error is the deviation of the last code transi- 
tion (111 ...110to 111... 111) from the ideal input full-scale 
voltage. For AIN(+),* the ideal full-scale input voltage is 
(AIN(—) + Vegr/GAIN —3/2 LSBs); for AIN2 of AD7712, the 
ideal full-scale voltage is +4 X Vpgr/GAIN —3/2 LSBs. Positive 
full-scale error applies to both unipolar and bipolar analog input 
- ranges. : 


UNIPOLAR OFFSET ERROR 
Unipolar offset error is the deviation of the first code transition 
from the ideal input voltage. For AIN(+), the ideal input 
voltage is (AIN(—) +0.5 LSB); for AIN2. of AD7712, the ideal 
input is 0.5 LSB when operating in the unipolar mode. 


BIPOLAR ZERO ERROR 

This is the deviation of the midscale transition (0111. . . 111 to 
1000 . . . 000) from the ideal input voltage. For AIN(+), the 
ideal input voltage is (AIN(—) —0.5 LSB); for AIN2 of 
AD7712, the ideal input voltage is —0.5 ae when operating in 
the bipolar mode. 


BIPOLAR NEGATIVE FULL-SCALE ERROR | 

This is the deviation of.the first code transition from the ideal 
input voltage. For AIN(+), the ideal input voltage is (AIN(—) 
—Vrer/GAIN + 0.5 LSB); for AIN2 of AD7712, the ideal 
input voltage is (—4 X Vppp/GAIN+0.5 LSB) when operating 
in the bipolar mode. 
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clocking mode, the SDATA line becomes active after RFS goes low. 


Logic output. A falling edge indicates that a new output word is available for transmission. The DRDY 
pin will return high upon completion of transmission of a full output word. DRDY is also used to 
indicate when the AD7710/AD7712 has completed its on-chip calibration sequence. 


Serial Data. Input/Output with serial data being written to the control register or the calibration 
registers and serial data being accessed from the control register, calibration registers or the data 
register. During an output data read operation, serial data becomes active after RFS goes low (provided 
DRDY is low). During a write operation, valid serial data is expected on the rising edges of SCLK 
when TFS is low. The output data coding is natural binary for unipolar inputs and offset binary for 


Digital Supply Voltage, +5 V. DVpp should never exceed AVpp by more than 0.3 V. If DVpp powers 
up before AVpp, or if DVpp can exceed AVpp by more than 0.3 V at any other time, the protection 
~ scheme outlined in Figure 5 should be used. 


Ground reference point for digital circuitry. 


POSITIVE FULL-SCALE OVERRANGE 


‘Positive full-scale overrange is the amount of overhead’ avail- 


able to handle input voltages on AIN(+) input greater than 
(AIN(—)+ Vegp/GAIN) or on AIN2 of AD7712 of greater than 
+4 X Vprp/GAIN (for example, noise peaks or excess voltages 
due to system gain errors in system calibration routines) without 
introducing errors due to overloading the analog modulator or 
overflowing the digital filter. 


NEGATIVE FULL-SCALE OVERRANGE 

This is the amount of overhead available to handle voltages on 
AIN(+) below (AIN(—)—Vpgpr/GAIN) or on AIN2 of AD7712: 
below —4 X Vpgp/GAIN without overloading the analog modu- 
lator or overflowing the digital filter. Note that the analog input 
will accept negative voltage peaks on AIN1(+) even in the uni- 
polar mode provided that AIN(+) is greater than AIN(—) and 


_ greater than Vso —30 mV. 


OFFSET CALIBRATION RANGE 
In the system calibration modes, the AD7710/AD7712 calibrates 


its offset with respect to the analog input. The offset calibration 


range specification defines the range of voltages that the 
AD7710/AD7712 can accept and still calibrate offset accurately. 


FULL-SCALE CALIBRATION RANGE 

This is the range of voltages that the AD7710/AD7712 can 
accept in the system calibration mode and still calibrate full 
scale correctly. 


INPUT SPAN 

In system calibration schemes, two voltages applied in sequence 
to the AD7710/AD7712’s analog input define the analog input. __ 
range. The input span specification defines the minimum and 
maximum input voltages from zero to full-scale that the 
AD7710/AD7712 can accept and still calibrate gain accurately. 


*AIN(+) refers to AIN1(+) and AIN2(+) of AD7710 and AIN1(+) of 


AD7712. AIN(—) refers to AIN1(—) and AIN2(—) of AD7710 and 
AIN1(—) of AD7712. 
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CONTROL REGISTER (24 BITS) 


A write to the device with the AO input low writes data to the control register. A read to the device with the AO input low accesses 
the contents of the control register. The control register is 24-bits wide and when writing to the register 24 bits of data must be writ- 
ten otherwise the data will not be loaded to the control register. In other words, it is not possible to write just the first 12-bits of data 
into the control register. If more than 24 clock pulses are provided before TFS returns high, then all clock pulses after the 24th clock 
pulse are ignored. Similarly, a read operation from the control register should access 24 bits of data. 


MSB 


[bz [MDi[MDO[ G2 [Gi [ao [cH [PD [wi [10 [wo [eo 


LSB 


‘Don’t Care on AD7712. 
?Must always be 0 to ensure correct operation of the part. 


Operating Mode 
MD2 | MD1 | MDO | Operating Mode 


Normal Mode. This is the normal mode of operation of the device whereby a read to the device accesses 
data from the data register. This is the default condition of these bits after the internal power-on reset. 


Activate Self-Calibration. This activates self-calibration on the channel selected by CH. This is a one-step 
calibration sequence, and when complete the part returns to Normal Mode (with MD2, MD1, MD0 of the 
control registers returning to 0,0,0). The DRDY output indicates when this self-calibration is complete and 
valid data is available in the output register. For this calibration type, the zero scale calibration is done inter- 
nally on shorted (zeroed) inputs and the full-scale calibration is done on Vpgr. 


Activate System Calibration. This activates system calibration on the channel selected by CH. This is a two- 
step calibration sequence, with the zero scale calibration done first on the selected input. channel and DRDY 
indicating when this zero scale calibration is complete. The part returns to Normal Mode at the end of this 
first step in the two-step sequence. 

Activate System Calibration. This is the second step of the system calibration sequence with full-scale cali- 
bration being performed on the selected input channel. Once again, DRDY indicates when this full-scale 
calibration is complete. When this calibration is complete, the part returns to Normal Mode. 


Activate System-Offset Calibration. This activates system-offset calibration on the channel selected by CH. 
This is a one-step calibration sequence and when complete the part returns to Normal Mode with DRDY 
indicating when this system offset calibration is complete. For this calibration type, the zero scale calibration 
is done on the selected input channel and the full-scale calibration is done internally on Vpgr. 

Activate Background Calibration. This activates background calibration on the channel selected by CH. If 
the background calibration mode is on, then the AD7710/AD7712 provides continuous self-calibration of the 
reference and shorted (zeroed) inputs. This calibration takes place as part of the conversion sequence, 
extending the conversion time and reducing the word rate by a factor of six. Its major advantage is that the 
user does not have to worry about recalibrating the device when there is a change in the ambient tempera- 
ture. In this mode, shorted (zeroed) inputs and Vpgr, as well as the analog input voltage, are continuously 
monitored and the calibration registers of the device are automatically updated. 


Read/Write Zero-Scale Calibration Coefficients. A read to the device with AO high accesses the contents of 
the zero scale calibration coefficients of the channel selected by CH. A write to the device with AO high 
writes data to the zero scale calibration coefficients of the channel selected by CH. The word length for 
reading and writing these coefficients is 24 bits regardless, of the status of the WL bit of the control regis- 
ter. Therefore, when writing to the calibration register, 24 bits of data must be written, otherwise the new 
data will not be transferred to the calibration register. 


Read/Write Full-Scale Calibration Coefficients. A read to the device with AO high accesses the contents of 
the full-scale calibration coefficients of the channel selected by CH. A write to the device with AO high 
writes data to the full-scale calibration coefficients of the channel selected by CH. The word length for read- 
ing and writing these coefficients is 24 bits, regardless of the status of the WL bit of the control register. 
Therefore, when writing to the calibration register, 24 bits of data must be written, otherwise the new data 
will not be transferred to the calibration register. 
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PGA Gain 

G2 Gl G0 = Gain | 

0 0 0 i (Default Condition After the Internal Power-On Reset) _ 
0 0 1 2 as a os 
0 1. “0° «40 

0 1 1 8 

1 0 0 16 

l 0 1 37: .. 

l 1 0 64 


] ] ] 128 


Channel Selection |. 
CH Channel 


0 AIN1 Low Level Input (Default Condition After the Internal Power-On Reset) 
1 AIN2 High Level Input is 


Power-Down 

PD 

0 Normal Operation (Default Condition After the Internal Power-On Reset) 
1 Power-Down 

Word Length 

WL Output Word Length : 

0 16-Bit (Default Condition After Internal Power-On Reset) 

1 24-Bit _ 

Output Compensation Current (AD77 10 Only) 

IO. 

0. Off (Default Condition After Internal Power-On Reset). 

1 On a : | , 
Burn-Out Current 

BO. . - 2 

0 Off (Default Condition After Internal Power-On Reset) 

1 On | : | 
Bipolar/Unipolar Selection (Both Inputs) 

BU s 2 3 . & 
0 Bipolar .. (Default Condition After Internal Power-On Reset) 

1 Unipolar _. . 


Filter Selection (FS11-FS0) 

The on-chip digital filter provides a Sinc? Gi (Sinx/x)*) filter response. The 12 bits of data programmed into these bits determine the 
filter cutoff frequency, the position of the first notch of the filter and the data rate for the part. In association with the gain selection, 
it also determines the output noise (and hence the effective resolution) of the device. 


The first notch of the filter occurs at a frequency determined by the relationship: filter first fatcli frequency = (forx my/512)/code - 
where code is the decimal equivalent of the code in bits FSO to FS11 and is in the range 19 to 2,000. With the nominal for x my of 
10 MHz, this results in a first notch frequency range from 9. .76 Hz to 1.028 kHz. To ensure correct operation of the part, the value 
of the code loaded to these bits must be within this range. Failure to do this will result in unspecified operation of the device. 


Changing the filter notch frequency, as well as the selected gain, impacts resolution. Tables I and II show. the effect of the filter 
notch frequency and gain on the effective resolution of the part. The output data rate (or effective conversion time) for the device is 
equal to the frequency selected for the first notch of the filter. For example, if the first notch of the filter is selected at 50 Hz, then a 
new word is available at a 50 Hz rate or every 20 ms. If the first notch is at 1 kHz, a new word is available every 1 ms. 


The settling time of the filter to a full-scale step input change is -worst case 4 x 1/(output data rate). This settling time is to 100% of 
the final value. For example, with the first filter notch at 50 Hz, the settling time of the filter to a full-scale step input change is 

80 ms max. If the first notch is at 1 kHz, the settling time of the filter to a full-scale input step is 4 ms max. This settling time can 
be reduced to 3.x I/(output data rate) by synchronizing the step input change to a reset of the digital filter. In other words, if the 
step input takes place with SYNC low, the settling time will be 3 x 1/(output data rate). If a change of channel takes place, the set- 
tling time is 3 x 1/(output data rate) regardless of the SYNC input, but DRDY does not stay high for 3 X L/output rate. 


The —3 dB frequency i is determined by the programmed first notch frequency according to the relationship: filter —-3 dB frequency 
= 0.262 x first notch frequency, but DRDY does not stay high for 3 x 1/output rate. 
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Tables I and II show the output rms noise for some typical notch and —3 dB frequencies. The numbers given are for the bipolar 
input ranges with a Vpgp of +2.5 V. These numbers are typical and are generated with an analog input voltage of 0 V. The output 
noise from the part comes from two sources. First, there is the electrical noise in the semiconductor devices used in the implementa- 
tion of the modulator (device noise). Secondly, when the analog input signal is converted into the digital domain, quantization noise 
is added. The device noise is at a low level and is largely independent of frequency. The quantization noise starts at an even lower 
level but rises rapidly with increasing frequency to become the dominant noise source. Consequently, lower filter notch settings 
(below 60 Hz approximately) tend to be device noise dominated while higher notch settings are dominated by quantization noise. 
Changing the filter notch and cutoff frequency in the quantization noise dominated region results in a more dramatic improvement in 
noise performance than it does in the device noise dominated region as shown in Table I. Furthermore, quantization noise is added 
after the PGA, so effective resolution is independent of gain for the higher filter notch frequencies. Meanwhile, device noise is added 
in the PGA, and therefore effective resolution suffers a little at high gains for lower notch frequencies. 


At the lower filter notch settings (below 60 Hz), the no missing codes performance of the device is at the 24-bit level. At the higher 
settings, more codes will be missed until at 1 kHz notch setting, no missing codes performance is only guaranteed to the 12-bit level. 
However, since the effective resolution of the part is 10.5 bits for this filter notch setting, this no missing codes performance should 
be more than adequate for all applications. 


The effective resolution of the device is defined as the ratio of the output rms noise to the input full scale. This does not remain con- 
stant with increasing gain or with increasing bandwidth. Table II shows the same table as Table I except that the output is now 
expressed in terms of effective resolution (the magnitude of the rms noise with respect to 2 X Vpr-/GAIN, i.e., the input full scale). 
It is possible to do post filtering on the device to improve the output data rate for a given —3 dB frequency and also to further reduce 
the output noise (see Digital Filtering section). 


Table I. Output Noise vs. Gain and First Notch Frequency 


First Notch of Typical Output RMS Noise (wV) 
Filter and O/P | —3 dB tid of — of ao of an of a of | Gain of | Gain of | Gain of 
Data Rate? Frequency 128 
10 Hz? ; 0.36 
25 Hz’? 0.36 
30 Hz? 0.36 
50 Hz? 0.45 
60 Hz? 0.45 
100 Hz? 0.65 
250 Hz? 1.7 
500 Hz? ; 0.26 x 10° 8 

1 kHz? . 1.6 x 10? 0.29 x 10? 40 
NOTES | 


1The default condition (after the internal power-on reset) for the first notch of filter is 60 Hz. 

For these filter notch frequencies, the output rms noise is primarily dominated by device noise and as a result is independent of the value of the reference volt- 
age. Therefore, increasing the reference voltage will give an increase in the effective resolution of the device (i.e., the ratio of the rms noise to the input full 
scale is increased since the output rms noise remains constant as the input full-scale increases). 

>For these filter notch frequencies, the output rms noise is dominated by quantization noise and as a result is proportional to the value of the reference voltage. 


Table II. Effective Resolution vs. Gain and First Notch Frequency 


First Notch of Effective Resolution’ (Bits) 

Filter and O/P —3 dB as of ea of = of — of a of Gain of | Gain of Gain of 
Data Rate Frequency 32 64 128 

10 Hz : aa 5 7 5 a 5 ; : ; ‘ 16.5 — 
25 Hz ' : i : : 16.5 
30 Hz 16.5 
50 Hz 16.5 
60 Hz 16.5 
100 Hz 16 
250 Hz 14.5 
500 Hz 12.5 

1 kHz 10 
NOTE 


‘Effective resolution is defined as the magnitude of the output rms noise with respect to the input full scale (i.e., 2 < Vags/GAIN). The anove table applies for 
a Veer Of +2.5 V and resolution numbers are rounded to the nearest 0.5 LSB. 
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CIRCUIT DESCRIPTION | | ae 
The AD7710/AD7712 is a sigma-delta AD converter wie i‘ 
on-chip digital filtering, intended for the: measurement of wide 
dynamic range, low frequency signals such as those in industrial 
control or process control applications. It contains a-sigma-delta 
(or charge balancing) ADC, a calibration microcontroller with. 
on-chip static RAM, a clock oscillator, a digital filter and a bidi- 
rectional serial communications port. 


The part contains two programmable gain analog input chan- 
nels. The gain range on both inputs is from 1 to 128. For the 
differential inputs, this means that the input can accept unipolar 
signals of between 0 mV to +20. mV and 0 mV to +2.5 V or. 
bipolar signals in the range from +20 mV to’ +2:5 V when the 
reference input voltage equals +2.5.V. The input voltage range 
for the AIN2 input of the AD7712 is +4 X Vpgp/GAIN and is 
+10 V with the nominal reference of +2.5 V and a gain of 1. 
The input signal to the selected analog input channel is continu- 
ously sampled at a rate determined by the frequency of the mas- 
ter clock, CLK IN, and the selected gain (see Table III). A 
charge balancing A/D converter (Sigma-Delta Modulator) con- 
verts the sampled signal into a digital pulse train whose duty 
cycle contains the digital information. The programmable gain 
function on the analog input is also incorporated in this sigma- 
delta modulator with the input sampling frequency being modi- 
fied to give the higher gains..A sinc’ digital low-pass filter 
processes the output of the sigma-delta modulator and updates 
the output register at a rate determined by the first notch fre- 
quency of this filter. The output data can be read from the 
serial port randomly or periodically at any rate up to the output 
register update rate. The first notch of this digital filter (and 
hence its —3 dB frequency) can be programmed via an on-chip 
control register. The programmable range for this first notch 
frequency is from 9.76 Hz to 1.028 kHz, giving a programmable 
range for the —3 dB frequency of 2.58 Hz to 269 Hz. 


The AD7710/AD7712 provides a number of calibration options 
which can be programmed via the on-chip control register. A 
calibration cycle may be initiated at any time by writing to this 
control register. The part can perform self-calibration using the 
on-chip calibration microcontroller and SRAM to store calibra- 
tion parameters. Other system components may also be included 
in the calibration loop to remove offset and gain errors in the 
input channel using the system calibration mode. Another | 
option is a background calibration mode where the part continu- 
ously performs self-calibration and updates the calibration coeffi- 
cients. Once the part is in this mode, the user does not have to 
worry about issuing periodic calibration commands to the device 
or asking the device to recalibrate when there is a change 1 in the 
ambient temperature or power supply voltage. 
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- The AD7710/AD7712 gives the user access to the on-chip cali- 


bration registers allowing the microprocessor to read the device’s 
calibration coefficients and: also to write its:own calibration’ coef- 


ficients to the part from prestored values in E7PROM. This 
-gives the microprocessor much greater control. over the part’s 


calibration procedure. It also means that the user can verify that 
the device has performed its calibration correctly by comparing - 


the coefficients after calibration with ee values in . 
E?PROM. - / 


_ The AD7710/AD7712 can be peaiel in single supply systems 
provided that the analog input voltage on the differential inputs 
. does not go more negative than —30 mV. For larger bipolar sig- 


nals on the differential inputs, a Vg, of —5.V is required by the 
part. For battery operation or low power systems, the part offers 
a standby mode that reduces idle power consumption to typi- 
cally 100 «W on AD7712 and 7 wW on AD7710. 


The AD7710/AD7712 uses a second-order sigma-delta modula- - 
tor and.a digital filter that provides a rolling average of the sam- 
pled. output. After power-up, or if there is a-step change in the ~ 
input voltage, there is a settling time that must elapse before 
valid data is obtained. 


Input Sample Rate 

The modulator sample frequency on the device remains at 

fork m/512 (19.5 kHz @ fork iw = 10 MHz) regardless of _ 
the selected gain. However, gains greater than <1 are achieved 
by a combination of multiple input samples per modulator cycle 
and a scaling of the ratio of reference capacitor to input capaci- 
tor. As a result of the multiple sampling, the input sample rate © 
of the device varies with the selected gain (see Table ITI). The 
effective input impedance i is 1/C * fs where C is the input sam- 
pling capacitance and fg is the input sample rate. 


Table Til. Input Sampling beequciey vs. Gain 


Input Sampling Frequency (fs) 


for x y/512 (19.5 kHz @ fore iw = 10 MHz) » 
2 X forx w/512 (39 kHz @ fo. x in = 10 MHz) 


4 4 fork in/512 (78 KHz @ fox my = 10 MHz) 
8X fork m/512 (156 kHz @ for x i = 10 MHz) 

16 8X fore i/512 (156 KHz @ for x ww = 10 MHz) 

32 8 X fork m/512 (156 kHz @ for x iw = 10 MHz) 


8 X forge q/512 (156 KHz @ for x ry = 10 MHz) 
8 X for m/512 (156 KHz @ for x in = 10 MHz) 
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DIGITAL FILTERING 
The part’s digital filter behaves like a similar analog filter, with 
a few minor differences. 


First, since digital filtering occurs after the A-to-D conversion 
process, it can remove noise injected during the conversion pro- 
cess. Analog filtering cannot do this. 


On the other hand, analog filtering can remove noise superim- 
posed on the analog signal before it reaches the ADC. Digital 
filtering cannot do this and noise peaks riding on signals near 
full-scale have the potential to saturate the analog modulator and 
digital filter, even though the average value of the signal is 
within limits. To alleviate this problem, the part has over-range 
headroom built into the sigma-delta modulator and digital filter 
which allows overrange excursions of 5% above the analog input 
range. If noise signals are larger than this, consideration should 
be given to analog input filtering, or to reducing the input chan- 
nel voltage so that its full-scale is half that of the analog input 
channel full-scale. This will provide an overrange capability 
greater than 100% at the expense of reducing the dynamic range 
by 1 bit (50%). 


Filter Characteristics 

The cutoff frequency of the digital filter is determined by the 
value loaded to bits FSO to FS11 in the control register. At the 
maximum clock frequency of 10 MHz, the minimum cutoff fre- 
quency of the filter is 2.58 Hz while the maximum programma- 
ble cutoff frequency is 269 Hz. 


Figure 2 shows the filter frequency response for a cutoff fre- 
quency of 2.62 Hz which corresponds to a first filter notch fre- 
quency of 10 Hz. This is a (sinx/x)* response (also called sinc’) 
that provides >100 dB of 50 Hz and 60 Hz rejection. Program- 
ming a different cutoff frequency via FSO-FS11 does not alter 
the profile of the filter response, it changes the frequency of the 
notches as outlined in the Control Register section. 
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Figure 2. Frequency Response of AD7710/AD7712 Filter 


REV. 0 


AD7710/AD7712 


Since the AD7710/AD7712 contains this on-chip, low-pass filter- 
ing, there is a settling time associated with step function inputs 
and data on the output will be invalid after a step change until 
the settling time has elapsed. The settling time depends upon 
the notch frequency chosen for the filter. The output data rate 
equates to this filter notch frequency and the settling time of the 
filter to a full-scale step input is 4 times the output data period. 
In applications using both input channels, the settling time of 
the filter must be allowed to elapse before data from the second 
channel is accessed. 


Post Filtering 

The on-chip modulator provides samples at a 19.5 kHz output 
rate. The on-chip digital filter decimates these samples to pro- 
vide data at an output rate which corresponds to the pro- 
grammed first notch frequency of the filter. Since the output 
data rate exceeds the Nyquist criterion, the output rate for a 
given bandwidth will satisfy most application requirements. 
However, there may be some applications which require a 
higher data rate for a given bandwidth and noise performance. 
Applications which need this higher data rate will require some 
post filtering following the digital filter of the AD7710/AD7712. 


For example, if the required bandwidth is 7.86 Hz but the 
required update rate is 100 Hz, the data can be taken from the 
AD7710/AD7712 at the 100 Hz rate giving a —3 dB bandwidth 
of 26.2 Hz. Post filtering can be applied to this to reduce the 
bandwidth and output noise, to the 7.86 Hz bandwidth level, 
while maintaining an output rate of 100 Hz. 


Post filtering can also be used to reduce the output noise from 
the device for bandwidths below 2.62 Hz. At a gain of 128, the 
output rms noise is 420 nV. This is essentially device noise or . 
white noise, and since the input is chopped, the noise has a flat. 
frequency response. By reducing the bandwidth below 2.62 Hz, 
the noise in the resultant passband can be reduced. A reduction 
in bandwidth by a factor of 2 results in a \/2 reduction in the 
output rms noise. This additional filtering will result in a longer 
settling time. 


Antialias Considerations : 
The digital filter does not provide any rejection at integer multi- 
ples of the modulator sample frequency (n < 19.5 kHz, where n 
= 1,2,3...). This means that there are frequency bands, 
+f; gp wide (f; gp is cutoff frequency selected by FSO to FS11) 
where noise passes unattenuated to the output. However, due to 
the AD7710/AD7712’s high oversampling ratio, these bands 
occupy only a small fraction of the spectrum and most broad- 
band noise is filtered. In any case, because of the high oversam- 
pling ratio a simple, RC, single pole filter is generally sufficient 
to attenuate the signals in these bands on the analog input and 
thus provide adequate antialiasing filtering. 
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If passive components are placed in front. of the differential 
inputs, care must be taken to ensure that the source impedance 
is low enough so as not to introduce gain errors in the system. 
The dc input impedance for the differential inputs is over 1 GQ. 
The input appears as a dynamic load which varies with the clock 
frequency and with the selected gain (see Figure 3). The input 
sample rate, as shown in Table III, determines the time allowed. 
for the analog input capacitor, C,,,, to be charged. External 
impedances result in a longer charge time for this capacitor and 
this may result in gain errors being introduced on the analog 
inputs. Table IV shows the allowable external resistance/ 
capacitance values such that no gain error to the 16-bit level is _ 
introduced while Table V shows the allowable external 
resistance/capacitance values such that no gain error to the. 
20-bit level is introduced. Both inputs of the differential input 
channels look into similar input circuitry. 


IMPEDANCE 
>1GQ 


| SWITCHING FREQUENCY DEPENDS ON 
Foik in AND SELECTED GAIN 


Figure 3. Differential Inputs Impedance 


- Table IV. Typical External Series Resistance Which Will Not. 


Introduce 16-Bit Gain Error 


External Capacitance (pF) 
100 500 1000 


27.1kQ 7.3kQ0 4.1k0 
13.2kQ 3.6kQ 2.0 kO 
63kQ 1.7kQ 9700 

2.9kQ 7900 4400- 


50 


45.3 kO 
22.1 kO 
10.6 kO 
4.8 kO 


1.1 kO 
560 2 
270 Q 
120 0 
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Table V. Typical External Series Resistance oer Will Not 
Introduce 20-Bit Gain Error . 


External “Capacitance (pF) 
100° 500 1000 


20.4kQ 5.2kQ 2.8 kO 
Oko 25kQ 1.4k0. 
48kQ 1.2kQ 6700 

22kQ. 5500 3000 


50 


34.5 kO 
16.9 kO 
8.0 kQ . 
3.6 kO 


350 0 
170 © 


The numbers in the above tables assume a full-scale change on 
the analog input. In any case, the error introduced due to longer 
charging times is a gain error which can be removed using the 
system calibration capabilities of the AD7710/AD7712 provided 
that the resultant span is within the span limits of the system 
calibration techniques for the AD7710/AD7712. 


The AIN2 input of the AD7712 contains a resistive attenuation 
network as outlined in Figure 4. The typical input impedance: 
on this input is 44 kQ. Asa result, the AIN2 input of the _ 
AD7712 should be driven from a low impedance source. 


Ain2 ( ) 


MODULATOR 


CIRCUIT 


Figure 4. AIN2 of AD7712 Input Impedance 
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Analog Input Ranges 
The analog inputs on the AD7710/AD7712 provide the user 


with considerable flexibility in terms of analog input voltage 
ranges. One of the inputs is a differential, programmable gain, 
input channel which can handle either unipolar or bipolar input 
signals. The common mode range of this input is from Vgz. to 
AVpp provided that the absolute value of the analog input volt- 
age lies between Veg —30 mV and AVpjpj+30 mV. The second 
analog input is a single-ended, programmable gain high level 
input which accepts analog input ranges of 0 to +4 X Vppp/ 
GAIN or +4 X Vpgp/GAIN. 


The dc input leakage current on the AIN1 input is 10 pA maxi- 
mum at 25°C (+1 nA over temperature). This results in a dc 
offset voltage developed across the source impedance. However, 
this dc offset effect can be compensated for by a combination of 
the differential input capability of the part and its system cali- 
bration mode. The dc input current on the AIN2 input depends 
on the input voltage, For the nominal input voltage range of 
+10 V, the input current is +225 pA typ. 


Burn-Out Current 

The AIN1(+) input of the AD7710/AD7712 contains a 1 pA 
current source which can be turned on/off via the control regis- 
ter. This current source can be used in checking that a trans- 
ducer has not burnt-out or gone open circuit before attempting 
to take measurements on that channel. If the current is turned 
on and is allowed flow into the transducer and a measurement of 
the input voltage on the AIN1 input is taken, it can indicate 
that the transducer is not functioning correctly. For normal 
operation, this burn-out current is turned off by writing a 0 to 
the BO bit in the control register. 


Bipolar/Unipolar Inputs 

The two analog inputs on the AD7710/AD7712 can accept either 
unipolar or bipolar input voltage ranges. Bipolar or unipolar 
options are chosen by programming the B/U bit of the control 
register. This programs both channels for either unipolar or 
bipolar operation. Programming the part for either unipolar or 
bipolar operation does not change any of the input signal condi- 
tioning; it simply changes the data output coding. The data cod- 
ing is binary for unipolar inputs and offset binary for bipolar 
inputs. 


Both analog inputs on the AD7710 and the AIN1 input channel 
of the AD7712 are differential and, as a result, the voltage to 
which the unipolar and bipolar signals are referenced is the volt- 
age on the AJIN(—) input. For example, if AIN(—) is +1.25 V 
and the part is configured for unipolar operation with a gain of 
1 and a Veer of +2.5 V, the input voltage range on the AIN(+) 
input is +1.25 V to +3.75 V. If AIN(—) is +1.25 V and the 
part is configured for bipolar mode with a gain of 1 and a Vaz 
of +2.5 V, the analog input range on the AIN(+) input is 
—1.25 V to +3.75 V. For the AIN2 input of the AD7712, the 
input signals are referenced to AGND. 
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REFERENCE INPUT/OUTPUT 

The AD7710/AD7712 contains a temperature compensated 

+2.5 V reference which has an initial tolerance of +4%. This 
reference voltage is provided at the REF OUT pin and it can be 
used as the reference voltage for the part by connecting the REF 
OUT pin to the REF IN(+) pin. This REF OUT pin is a 
single-ended output, referenced to AGND, which is capable of 
providing up to lmA to an external load. In applications where 
REF OUT is-connected directly to REF IN(+), REF IN(—) 
should be tied to AGND to provide the nominal +2.5 V refer- 
ence for the AD7710/AD7712. 


The reference inputs of the AD7710/AD7712, REF IN(+) and 
REF IN(—), provide a differential reference input capability. 
The common mode range for these differential inputs is from 
Vss to AVpp. The nominal differential voltage, Veer 

(REF IN(+)—REF IN(—)), is +2.5 V for specified operation, 
but the reference voltage can go to +5 V with no degradation in 
performance provided that the absolute value of REF IN(+) and 
REF IN(-—) does not exceed its AVpy and Vg¢ limits and the 
Vaiss input voltage range limits are obeyed. The part is also 
functional with Vp-p voltages down to 1 V but with degraded 
performance as the output noise will, in terms of LSB size, be 
larger. REF IN(+) must always be greater than REF IN(—) for 
correct operation of the AD7710/AD7712. 


Both reference inputs provide a high impedance, dynamic load 
similar to the AIN1 analog input. The maximum dc input leak- 
age current is 10 pA (+1 nA over temperature) and source resis- 
tance may result in gain errors on the part. The reference inputs 
look like the AIN1 analog input (see Figure 7). In this case, 
Rynt is 5 KO, typ and C,,;7 varies with gain. The input sample 
rate is fay x yy/512 and does not vary with gain. For gains of 1 
to 8 C+ is 20 pF; for a gain of 16 it is 10 pF; for a gain of 32 
it is 5 pF; for a gain of 64 it is 2.5 pF, and for a gain of 128 it 
is 1.25 pF. 


The digital filter of the part removes noise from the reference 
input just as it does with the analog input, and the same limita- 
tions apply regarding lack of noise rejection at integer multiples 
of the sampling frequency. The output noise performance out- 
lined in Tables I and II assumes a clean reference. If the refer- 
ence noise in the bandwidth of interest is excessive, it can 
degrade the performance of the AD7710/AD7712. Using the 
on-chip reference as the reference source for the part (i.e., con- 
necting REF OUT to REF IN) results in somewhat degraded 
output noise performance from the AD7710/AD7712 for por- 
tions of the noise table that are dominated by the device noise. 
The on-chip reference noise effect is eliminated in ratiometric 
applications where the reference is used to provide its excitation 
voltage for the analog front end. Recommended reference volt- 
age sources for the AD7710/AD7712 include the AD780 and 
AD680 2.5 V references. 


ANALOG-TO-DIGITAL CONVERTERS 2-235 


AD7710/AD7712 


Varas Input Ye, ee 
The Vgrag input determines at what voltage he jadeenat uialog 
circuitry is biased.. It essentially provides the return path for 
analog currents flowing in the modulator and, as such, it should 
be driven from a low impedance point to minimize errors. 


For maximum internal headroom, the Vgras voltage should be 
set halfway between AVpp and Vgs. The difference between 
AVpp and (Vgyas + 0.85 X Vegp) determines the amount of 
headroom which the circuit has at the upper end while the dif- 
ference between Voz and (Vgras — 0.85 X Vagp) determines 
the amount of headroom the circuit has at the lower end. Care 
should be taken in choosing a Vgy,as voltage to ensure that is 
stays within prescribed limits. For single +5 V operation, the: 
selected V,;,5 voltage must ensure that Vayas + 0.85 < Ver 
does not exceed AVpp or Vsg or that the Vp;,s voltage itself is 
greater than Vg, + 2.1 V and less than AVpp — 2.1 V. For 
single +10 V operation or dual +5. V operation, the selected 
Vzras Voltage must ensure that Vpyas + 0.85 X Vepp does not 
exceed AVpp or Vsg or that the Vgy,s voltage itself is greater 
than Vsg + 3 Vor less than AVpp — 3 V. For example, with 
AVpp = +4.75 V;.Vss = 0 V and Vegr = +2.5 V, the allow- 
able range for the Vpy,as voltage is +2.125 V to +2.625 V. With 
AVpp = +9.5 V; Vsg = 0 V and Vege = +5 V, the range 
for Vatas is +4.25 V to +5.25 V. With AVpp =.+4.75 V, 

= —4,75 V and Vperp = +2.5 V, the Veras ? range is 
-?. 625 V to +2.625 V. 


The Vpras voltage does have an effect on the AV,p power sup- 
ply rejection performance of the AD7710/AD7712. If the Vgras 
voltage tracks the AVpp supply, it improves the power supply 
rejection from the AVpp supply line from 80.dB to 95 dB. = 
Using an external Zener diode, connected between the AVpp 
line and. Vgyas, as the source for the Vpy,s voltage gives the 
improvement in AV,, power supply rejection performance. 


USING THE AD7710/AD7712: SYSTEM DESIGN 
CONSIDERATIONS | : 

The AD7710/AD7712 operates differently from successive 
approximation ADCs or integrating ADCs. Since it samples the 
signal continuously, like a tracking ADC, there is no need for a 
start convert command. The output register is updated at a rate 
determined by the first notch of the filter and the output can be 
read at any time, either synchronously or sey pcoroneuay:: 


Clocking . 

The AD7710/AD7712 requires a master clock input, which may 
be an external TTL/CMOS compatible clock signal applied to 
the MCLK IN pin with the MCLK OUT pin left unconnected. 
Alternatively, a crystal of the correct frequency can be con- 
nected between MCLK IN and MCLK OUT, in which case the 
clock circuit will function as a crystal controlled oscillator. For 
lower clock frequencies, a ceramic resonator may be used 
instead of the crystal. For these lower frequency oscillators, 
external capacitors may be required on either the ceramic reso- 
nator or on the crystal. 
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The input sampling frequency, the modulator sampling fre- 
quency, the —3 dB frequency, output update rate and calibra- 
tion time are all directly related to the master clock frequency, 
for x in. Reducing the master clock frequency by a factor of 2. 
will halve the above frequencies and update rate and will double 
the calibration time. 


The current drawn from the DV), power supply is also 
directly related to for x py. Reducing fo; x my by a factor of 2 
will halve the DVpy current but will not affect the current 
drawn from the AVpp power supply. 


System Synchronization 

If multiple AD7710/AD7712s are operated from a common mas- 
ter clock, they can be synchronized to update their output regis- 
ters simultaneously. A falling edge on the SYNC input resets 
the filter and places the AD7710/AD7712 into a consistent, 
known state. A common signal to the AD7710/AD7712s’ SYNC 
inputs will synchronize their operation. This would normally be 
done after each AD7710/AD7712 has performed its own calibra- 
tion or has had calibration coefficients loaded to it. 


The SYNC input can also be used to reset the digital filter in 
systems where the turn-on time of the digital power supply 
(DVpp) is very long. In such cases, the AD7710/AD7712 will 
start operating internally before the DVpp line has reached its. 
minimum operating level, +4.75 V. With a low DV py voltage, 
the AD7710/AD7712’s internal digital filter logic does not oper- 
ate correctly. Thus, the AD7710/AD7712 may have clocked 
itself into an incorrect operating condition by the time that 
DVpp has reached its correct level. The digital filter will be 
reset upon issue of a calibration command (whether it is self- 
calibration, system calibration or background calibration) to the 
AD7710/AD7712. This ensures correct operation of the : 
AD7710/AD7712. In systems where the power-on default condi- 
tions of the AD7710/AD7712 are acceptable, and no calibration 
is performed after power-on, issuing a SYNC pulse to the . 
AD7710/AD7712 will reset the AD7710/AD7712’s digital filter . 
logic. An R, C on the SYNC line, with R, C time constant 
longer than the DV) power-on time, will ene the SYNC 
function. , | 


Accuracy 

Sigma-Delta ADCs, like VFCs and other integrating ADCs, do 
not contain any source of nonmonotonicity and inherently offer 
no missing codes performance. The AD7710/AD7712 achieves 
excellent linearity by the use of high quality, on-chip silicon 
dioxide capacitors, which have a very low capacitance/voltage — 
coefficient. The device also achieves low input drift through the 
use of chopper stabilized techniques in its input stage. To.. 
ensure excellent performance over time and temperature, the. 
AD7710/AD7712 uses digital calibration techniques that mini- - 
mize offset and gain error. 


Autocalibration 

Autocalibration on the AD7710/AD7712 removes offset and gain 
errors from the device. A calibration routine should be initiated 
on the device whenever there is a change in the ambient operat- 
ing temperature or supply voltage. It should also be initiated if 
there is a change in the selected gain, filter notch or bipolar/ 
unipolar input range. However, if the AD7710/AD7712 is in its 
background calibration mode, the above changes are all auto- 
matically taken care of (after the settling time of the filter has 
been allowed for). 
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The AD7710/AD7712 offers self-calibration, system calibration 
and background calibration facilities. For calibration to occur on 
the selected channel, the on-chip microcontroller must record 
the modulator output for two different input conditions. These 
are “zero scale” and “full-scale” points. With these readings, 
the microcontroller can calculate the gain slope for the input to 
output transfer function of the converter. Internally, the part 
works with a resolution of 33 bits to determine its conversion 
result of either 16 bits or 24 bits. 


The AD7710/AD7712 also provides the facility to write to the 
on-chip calibration registers and in this manner the span and 
offset for the part can be adjusted by the user. The offset cali- 
bration register contains a value which is subtracted from all 
conversion results, while the full-scale calibration register con- 
tains a value which is multiplied by all conversion results. The 
offset calibration coefficient is subtracted from the result prior 
to the multiplication by the full-scale coefficient. In the first 
three modes outlined here, the DRDY indicates that calibration 
is complete by going low. If DRDY is low before (or goes low 
during) the calibration command, it may take up to one modula- 
tor cycle before DRDY goes high to indicate that calibration is 
in progress. Therefore, the DRDY line should be ignored for up 
to one modulator cycle after the last bit of the calibration com- 
mand is written to the control register. 


Self-Calibration 

In the self-calibration mode with a unipolar input range, “the 
zero scale point used in determining the calibration coefficients 
is with both inputs shorted (i.e., AIN(+) = AIN(—) = Vgras 
for differential inputs and AIN = Vgyas for single-ended inputs) 
and the full-scale point is Vary. The zero scale coefficient is 
determined by converting an internal shorted inputs node. The 
full scale coefficient is determined from the span between this — 
shorted inputs conversion and a conversion on an internal Vppr 
node. The self-calibration mode is invoked by writing the appro- 
priate values (0, 0, 1) to the MD2, MD1 and MDO bits of the 
control register. In this calibration mode, the shorted inputs 
node is switched in to the modulator first and a conversion is 
performed; the Vgrr node is then switched in and another con- 
version is performed. When the calibration sequence is com- 
plete, the calibration coefficients updated and the filter resettled 
to the analog input voltage, the DRDY output goes low. The 
self-calibration procedure takes into account the selected gain on 
the PGA. 


For bipolar input ranges in the self-calibrating mode, the 
sequence is very similar to that just outlined. In this case, the _ 
two points which the AD7710/AD7712 calibrates are midscale 
(bipolar zero) and positive full-scale. — 
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System Calibration 

System calibration allows the AD7710/AD7712 to compensate 
for system gain and offset errors as well as its own internal 
errors. System calibration performs the same slope factor calcu- 
lations as self-calibration but uses voltage values presented by 
the system to the AIN inputs for the zero and full-scale points. 
System calibration is a two-step process. The zero scale point 
must be presented to the converter first. It must be applied to 
the converter before the calibration step is initiated and remain 
stable until the step is complete. System calibration is initiated 
by writing the appropriate values (0, 1, 0) to the MD2, MD1 
and MD0 bits of the control register. The DRDY output from 
the device will signal when the step is complete by going low. 
After the zero scale point is calibrated, the full-scale point is 
applied and the second step of the calibration process is initiated 
by again writing the appropriate values (0, 1, 1) to MD2, MD1 
and MDO. Again the full-scale voltage must be set up before the 
calibration is initiated and it must remain stable throughout the 
calibration step. DRDY goes low at the end of this second step 
to indicate that the system calibration is complete. In the unipo- 
lar mode, the system calibration is performed between the two 
endpoints of the transfer function; in the bipolar mode, it is per- 
formed between midscale and positive full scale. 


This two-step system calibration mode offers another feature. 
After the sequence has been completed, additional offset or gain 
calibrations can be performed by themselves to adjust the zero 
reference point or the system gain. This is achieved by perform- 
ing the first step of the system calibration sequence (by writing 
0, 1,0 to MD2, MD1, MDO). This will adjust the zero scale or 
offset point but will not change the slope factor from what was 
set during a full system calibration sequence. 


System calibration can also be used to remove any errors from 
an antialiasing filter on the analog input. A simple R, C anti- 
aliasing filter on the front end may introduce a gain error on the 
analog input voltage but the system calibration can be used to 
remove this error. 


System Offset Calibration 

System offset calibration is a variation of both the system cali- 
bration and self-calibration. In this case, the zero scale point for 
the system is presented to the AIN input of the converter. Sys- 
tem offset calibration is initiated by writing 1, 0, 0 to MD2, 
MD1, MD0O. The system zero scale coefficient is determined by 
converting the voltage applied to the AIN input, while the full- 
scale coefficient is determined from the span between this AIN 
conversion and a conversion on Var. The zero scale point 
should be applied to the AIN input for the duration of the cali- 
bration sequence. This is a one step calibration sequence with 
DRDY going low when the sequence is completed. In the uni- 
polar mode, the system offset calibration is performed between 
the two endpoints of the transfer function; in the bipolar mode, 
it is performed between midscale and positive full scale. 


Background Calibration 

The AD7710/AD7712 also offers a Backend calibration mode 
where the part interleaves its calibration procedure. with its nor- 
mal conversion sequence. In the background calibration mode, 
the same voltages are used as the calibration points as are used 
in the self-calibration mode, i.e., shorted inputs and Var. The 
background calibration mode is invoked by writing 1, 0, 1 to 
MD2, MD1, MD0 of the control register. When invoked, the 
background calibration mode reduces the output data rate of the 
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AD7710/AD7712 by a factor of six while the —3 dB bandwidth. 
remains unchanged. Its advantage is that the part is continually 


performing calibration and automatically: updating its calibration 


coefficients. As a result, the effects of temperature drift, supply 
sensitivity and time drift on zero and full scale errors are auto- 
matically removed. When the background calibration mode is 
turned on, the part will remain in this mode until bits MD2, 
MD1 and MD0 of the control register are changed. With back- 
ground calibration mode on, the first cle on the AD7710/ 


AD7712 will be incorrect as the full-scale calibration will not | 
have been performed..For a step change on the input, the sec- 


ond output update will have settled to 100% of the final value. 


Table VI summarizes the calibration modes and the calibration 
points associated with them. It also gives the duration from 
when the calibration i iS invoked to when valid data is available to 
the user. 


Table VI. Calibration Truth Table 


Cal Type 
Self-Cal . 
System Cal 
System Cal 
System Offset Cal 
Background Cal 


AIN 


AIN 


Span and Offset Limits 
Whenever a system calibration odes iS used: there are limits on 
the amount of offset and span that can be accommodated. The - 
range of input span in both the unipolar and bipolar modes for 
both inputs on the AD7710 and AIN1 of the AD7712 has a 
minimum value of 0.8 X Vag/GAIN and a maximum value of 
2.1 X Vpgp/GAIN. For AIN2 on the AD7712, both numbers 
are a factor of 4 higher. | 


The amount of offset that can be sccomnnoanted depends 

on whether the unipolar or bipolar mode is being used. This 
offset range is limited. by the requirement that the positive full- 
scale calibration limit is < 1.05. .Vpgy/GAIN for the differen- 
tial inputs. Therefore, the offset range plus the span range 
cannot exceed 1.05 X Vpgz/GAIN for the differential inputs. If 
the span is at its minimum (0.8 x Veerp/GAIN) the maximum 
the offset can be is (0.25 < Vagp/GAIN) for the differential 
inputs. For AIN2 of AD7712, both ranges are multiplied by a _ 
factor of 4. 


In the bipolar mode, the system offset calibration range is again 
restricted by the span range. The span range of the converter in 
bipolar mode is equidistant around the voltage used for the zero 
scale point thus the offset range plus half the span range cannot 
exceed (1.05 X Vegrr/GAIN) for the differential inputs. If the | 
span is set to 2 X Vegp/GAIN, the offset span cannot move 
more than +(0.05 X Vpgp/GAIN) before the endpoints of the 
transfer function exceed the input overrange limits +(1.05 x 
Vrer /GAIN) for the differential inputs. If the span range is set 
to the minimum +(0.4 x Vrer/GAIN) the maximum allowable 
offset range is +(0.65 x Vrer/GAIN) for the differential inputs. 
Once again, for AIN2 of AD7712, both ranges are multiplied by 
a factor of 4. 


POWER-UP AND CALIBRATION a 
On power-up, the AD7710/AD7712 performs an internal reset 
which sets the contents of the control register to a known state. 
However, to ensure correct calibration for the device a calibra- 
tion routine should be performed after power-up. 


The power dissipation and temperature drift of the AD7710/ 
AD7712 are low and no warm-up time is required before the 
initial calibration is performed. However, if an external refer- 
ence is being used, this reference must have stabilized before 
calibration is initiated. 
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MD2, MD1, MDO Pens Scale Cal | Full-Scale Cal 


_ Shorted Inputs 


Shorted Inputs 


Duration — 


9 x 1/Output Rate 
4 x 1/Output Rate 
4 x 1/Output Rate 
9 x 1/Output Rate — 
6 x 1/Output Rate 


One Step 
Two Step 
Two Step 
One Step 
One Step 


Drift Considerations — | | 

The AD7710/AD7712 uses chopper stabilization techniques to 
minimize input offset drift. Charge injection in the analog 
switches and dc leakage currents at the sampling node are the ~ 
primary sources of offset voltage drift in the converter. The dc 
input leakage current is essentially independent of the selected 
gain. Gain drift within the converter depends primarily upon the 
temperature tracking of the internal capacitors. It is not affected 
by leakage currents. 


Measurement errors due to offset drift or gain drift c can be elimi- 
nated at any time by recalibrating the converter or by operating 
the part in the background calibration mode. Using the system 
calibration mode can also minimize offset and gain errors in the 
signal conditioning circuitry. Integral and differential linearity 
errors are not significantly affected by temperature changes. 


POWER SUPPLIES AND GROUNDING 

Since the analog inputs and reference input are differential, 
most of the voltages in the analog modulator are common-mode 
voltages. Vgras provides the return path for most of the analog 
currents flowing in the analog modulator. As a result, the Vpras 
input should be driven from a low impedance to minimize errors 
due to charging/discharging impedances on this line. When the 
internal reference is used as the reference source for the part, 
AGND is the ground return for this reference voltage. 


The analog and digital supplies to the AD7710/AD7712 are | 
independent and separately pinned out to minimize coupling 


_ between the analog and digital sections of the device. The digital 


filter will provide rejection of broadband noise on the power 
supplies, except at integer multiples of the modulator sampling 
frequency. The digital supply (DVpp) must never exceed the 
analog positive supply (AV,)) by more than 0.3 V. Power sup- 
ply sequencing therefore is important. If separate analog and 
digital supplies are used, care must be taken to ensure that the 
analog supply is powered up first. If this cannot be ensured or if 
DVpp ‘can exceed AVpp at any other time, the protection 
scheme outlined in Figure 5 is recommended to protect the 
device. In systems where AVpp = +5 V and DVpp = +5 V, 
it is recommended that AVpp and DVpp are driven from the 
same +5 V supply, although each supply should be decoupled 
separately. It is preferable that the common supply is the sys- 
tem’s analog +5 V supply. 
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It is also important that power is applied to the AD7710/ 
AD7712 before signals at REF IN, AIN or the logic input pins 
in order to avoid latch-up. If separate supplies are used for the 
AD7710/AD7712 and the system digital circuitry, then the 
AD7710/AD7712 should be powered up first. If it is not possi- 
ble to guarantee this, then current limiting resistors should be 
placed in series with the logic inputs. 


SD103C OR 
EQUIVALENT 


DIGITAL 
+5V 
_ SUPPLY 


ANALOG * 
SUPPLY 


1022 


DV pp | 


AVop 


AD7710/ 
AD7712 


*THIS DIODE MAY BE NECESSARY IF THE SHORT-CIRCUIT CURRENT 
FROM THE DIGITAL SUPPLY IS TOO LARGE FOR THE SD103C. 


Figure 5. Protection Scheme for DV5,j Powering-Up 
Before AV pp 


DIGITAL INTERFACE 

The AD7710/AD7712’s serial communications port provides a 
flexible arrangement to allow easy interfacing to industry stan-. 
dard microprocessors, microcontrollers and digital signal proces- 
sors. A serial read to the part can access data from the output 
register, the control register or from the calibration registers. A 
serial write to the part can write data to the control register or 
the calibration registers. 


Two different modes of operation are available, optimized for 
different types of interface where the AD7710/AD7712 can act 
either as master in the system (it provides the serial clock) or as 
slave (an external serial clock can be provided to the AD7710/ 
AD7712). These two modes, labelled self-clocking mode and 
external. clocking mode, are discussed in detail in the following 
sections. . 


Self-Clocking Mode 

The part is configured for its self-clocking mode by tying the 
MODE pin high. In this mode, the part provides the serial 
clock signal used for the transfer of data to and from the 
AD7710/AD7712. This self-clocking mode can be used with 


processors that allow an external device to clock their serial port 


including most digital signal processors and microcontrollers _ 
such as the 68HC11 and 68HC0S. It also allows easy interfacing 
to serial parallel conversion circuits in systems with parallel data 
communication, allowing interfacing to 74XX299 Universal 
Shift registers without any additional decoding. In the case of 

~ shift registers, the serial clock line should have a pull-down 
resistor instead of the pull-up resistor shown in Figure 6 and 
Figure 7. | 


Read Operation 

Data can be read from either the output register, the control 
register or the calibration registers. AQ determines whether the 
data read accesses data from the control register or from the 
output/calibration registers. This AO signal must remain valid 
for the duration of the serial read operation. With AO high, data 
is accessed from either the output register or from the calibra- 
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tion registers. With AO low, data is accessed from the control 
register. 


The function of the DRDY line is dependent only on the output 
update rate of the device and the reading of the output data reg- 
ister. DRDY goes low when a new data word is available in the 
output data register. It is reset high when the last bit of data 
(either 16th bit or 24th bit) is read from the output register. If 
data is not read from the output register, the DRDY line will 
remain low. The output register will continue to be updated at 
the output update rate but DRDY will not indicate this. A read 
from the device in this circumstance will access the most recent 
word in the output register. If a new data word becomes avail- 
able to the output register while data is being readefrom the out- 
put register, DRDY will not indicate this and the new data 
word will be lost to the user. DRDY is not affected by reading 
from the control register or the calibration registers. 


Data can only be accessed from the output data register when 
DRDY is low. If RFS goes low with DRDY high, no data 
transfer will take place. DRDY does not have any effect on 
reading data from the control register or from the calibration 
registers. 


Figures 6a and 6b show timing diagrams for reading from the 
part in the self-clocking mode. Figure 6a shows a situation 
where all the data is read from the part in one read operation. 
Figure 6b shows a situation where the data is read from the 
AD7710/AD7712 over a number of read operations. Both read 
operations show a read from the part’s output data register. A 
read from the control register or calibration registers is similar 
but in these cases the DRDY line is not related to the read 
function. Depending on the output update rate, it can go low at 


any stage in the control/calibration register read cycle without 


affecting the read and its status should be ignored. A read oper- 
ation from either the control or calibration registers must always 
read 24 bits of data from the respective register. 


Figure 6a shows a read operation from the part where RFS 
remains low for the duration of the data word transmission. For 
the timing diagram shown, it is assumed that there is a pull-up 
resistor on the SCLK output. With DRDY low, the RFS input 
is brought low. RFS going low enables the serial clock of the 
AD7710/AD7712 and also places the MSB of the word on the 
serial data line. All subsequent data bits are clocked out on a 
high to low transition of the serial clock and are valid prior to 
the following rising edge of this clock. The final active falling ., 
edge of SCLK clocks out the LSB and this LSB is valid prior to 
the final active rising edge of SCLK. Coincident with the next 
falling edge of SCLK, DRDY is reset high. DRDY going high © 
turns off the SCLK and the SDATA outputs. This means that. 
the data hold time for the LSB is slightly shorter than for all 
other bits. 


Figure 6b shows a timing diagram for a read sparc where 
RFS returns high during the transmission of the word and 
returns low again to access the rest of the data word. As before, 
the waveform for SCLK assumes that there is a pull-up resistor 
on this line. Timing parameters and functions are very similar to 
that outlined for Figure 6a, but Figure 6b has a number of addi- 
tional times to show timing relationships when RFS returns high 
in the middle of transferring a word. 


RFS should return high during a ine time of SCLK. On the 
rising edge of RFS, the SCLK and SDATA outputs are turned 
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Figure 6b. Self-Clocking Mode, Output Data Read 


off. DRDY. remains low and will remain low until all bits of the 
data word are read from.the part, regardless of the number of 
times RFS changes. state during the read operation. Depending 
on the time between the falling edge of SCLK and the rising _ 
edge of RFS, the next bit (BIT N + seal). may appear on the data- 
bus before RFS goes high. When RFS returns low again, it 
turns on the SCLK output and activates the SDATA output. 
When the entire word is transmitted, ‘the DRDY line will go 
high turning off the SDATA and SCLK lines as per Figure 6a. 


Write Operation | 

Data can be written to either the control register or calibration 
registers. In either case, the write operation is not affected by. 
the DRDY line and the write operation does not have any effect 
on the status of DRDY. A write operation to the control register 
or the calibration register must. aye write 24 bits to the - 
respective register. 


Figure 7a shows a write operation to the AD7710/AD7712 with 
TFS remaining low for the duration of the write ‘Operation. AO 
determines whether a' write operation transfers data to the con- 
trol register or to the calibration registers. This AO signal must | 
remain valid for the duration of the serial write operation. The 
falling edge of TFS enables the internally generated SCLK out- 
put. The serial data to be loaded to: the AD7710/AD7712 must ~ 
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Operation: (RFS Returns High During Read J Operation) 


be valid o on the rising edge of this SCLK signal. Data i iS clocked 

into the AD7710/AD7712 on the rising edge of the SCLK signal 

with the MSB transferred first. On the last active high time of 

SCLK, the LSB is loaded to the AD7710/AD7712. Subsequent | 

to the-next falling edge of SCLK, the SCLK output is turned. 

off. (The timing diagram of: Pgure,/ ie assumes a 1 pull- uP resistor 
- on the SCLK line.) mn fh! . 


Figure 7b shows a timing d diagram for a write operation to the 
AD7710/AD7712 with TFS returning high during the write” 
operation and returning low again to write the: rest of the data 7 
word. Once again, the timing diagram of Figure 7b assumes a 
pull-up resistor on the SCLK output. Timing parameters and 
functions are very similar to that outlined for Figure 7a but Fig- 


ure 7b has a number of additional times to show timing relation- 7 


ships when TFS returns high i in the middle of f transferring a 
word. ne 


The falling edge of TFS again initiates the SCLK output. and | 
data to be loaded to the AD7710/AD7712 must be valid prior 1 to 
the rising edge of this SCLK . signal. The rising edge of TFS 
turns off the, SCLK output. TF TFS should return high during ‘the 
low time of SCLK. When. TFS returns low again, it turns on 
the SCLK output. ‘When all data bits have been written to the 
device, the SCLK output is turned off a as. per Figuie Ta. | 
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Figure 7b. Self-Clocking Mode, Control/Calibration Register Write Operation (TFS Returns High During Write Operation) 


External Clocking Mode remain low. The output register will continue to be updated at 
The AD7710/AD7712 is configured for its external clocking — the output update rate but DRDY will not indicate this. A read 
mode by tying the MODE pin low. In this mode, SCLK of the from the device in this circumstance will access the most recent 
part is configured as an input and an external serial clock must word in the output register. If a new data word becomes avail- 
be provided to this SCLK pin. This external clocking mode is able to the output register while data is being read from the out- 
designed for direct interface to systems which provide a serial put register, DRDY will not indicate this and the new data 
clock output that is synchronized to the serial data output, word will be lost to the user. DRDY is not affected by reading 
including microcontrollers such as the 80C51, 87C51, 68HC11 from the control register or the calibration register. 

and 68HCO05 and most digital signal processors. Data can only be accessed from the output data register when 
Read Operation DRDY is low. If RFS goes low while DRDY is high, no data 
As with the self-clocking mode, data can be read from either the transfer will take place. DRDY does not have any effect on 
output register, the control register or the calibration registers. reading data from the control register or from the calibration 
AO determines whether the data read accesses data from the con- registers.’ 


trol register or from the output/calibration registers. This AO 
signal must remain valid for the duration ofthe serial read oper- _ 
ation. With AO high, data is accessed from either the output 
register or from the calibration registers. With AO low, data is 
accessed from the control register. | 


Figures 8a and 8b show timing diagrams for reading from the 
part’s in the external clocking mode. Figure 8a shows a situation 
where.all the data is read from the part in one read operation. 
Figure 8b shows a situation where the data is read from the part 
over a number of read operations. Both read operations show a 
The function of the DRDY line is dependent only on the output read from the part’s output data register. A.read from the con- 


update rate of the device and the reading of the output data reg- trol register or calibration registers is similar but in these cases 
ister. DRDY goes low when a new data word is available in the the DRDY line is not related to the read function. Depending 
output data register. It is reset high when the last bit of data on the output update rate, it can go low at any stage in the 
(either 16th bit or 24th bit) is read from the output register. If control/calibration register read cycle without affecting the read 
data is not read from the output register, the DRDY line will and its status should be ignored. A read operation from either 


the control or calibration registers must always read 24 bits of 
data from the respective register. 
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Figure 8a shows a read operation. from the AD7710/AD7712 .. 


~ where RFS remains low for the duration of. the data word trans- | 


mission. With DRDY low, the RFS input is brought low. The 
input SCLK signal should be low between read and write opera- 
tions. RFS going low places the MSB of the word to be read on 


the serial data line. All subsequent data bits are clocked out on a © 


high to low transition of the serial clock and are valid prior to | 
_ the following rising edge of this clock. The penultimate falling 


a edge of SCLK clocks out the LSB and the final falling edge 
resets the DRDY line high. This rising faa of DRDY turns off 


the serial data output. 


Figure 8b shows a timing digbeees fats a ca operation where » 
RFS returns high during the transmission of the word and _ 
returns low again to access the rest of the data word. Timing 
parameters and functions are very similar to that outlined for 


DRDY (0) 
A0() 
RFS (I) 

souk $ 


SDATA (0) 


DRDY (0) 
AO) 
RFS (I) 


-SCLK (I) 


SDATA (O) 


Figure 8a but Figure 8b has a number of additional times to 
show timing relationships when RFS returns high in the middie 
of transferring a word. 


RFS should return high during a low time of SCLK. On the | 
rising edge of RFS, the SDATA output is turned off. DRDY 
remains low and will remain low until all bits of the data word 
are read from the part, regardless of the number of times RFS 
changes state during the read operation. Depending on the time 
between the falling edge of SCLK and the rising edge of RFS, 
the next bit (BIT N + 1) 1) may appear on the databus before 
RFS goes high. When RFS returns low again, it activates the 
SDATA output. When the entire word is transmitted, the 


-DRDY line will go high, turning off the SDATA output as per 


Figure 8a. 
ta, 
tog 
tas toe 
tog 
3-STATE 


Figure 8b. External Clocking Mode, Output Data Read Operation (RFS Returns High During Read Operation) 
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Write Operation _ | 

Data can be written to either the control register or calibration 
registers. In either case, the write operation is not affected by 
the DRDY line and the write operation does not have any effect 
on the status of DRDY. A write operation to the control register 
or the calibration register must always write 24 bits to the 
respective register. 


Figure 9a shows a write operation to the part with TFS remain- 
ing low for the duration of the write operation. AO determines 
whether a write operation transfers data to the control register 
or to the calibration registers. This AO signal must remain valid 
for the duration of the serial write operation. As before, the 
serial clock line should be low between read and write opera- 
tions. The serial data to be loaded to the part must be valid on 
the high level of the externally applied SCLK signal. Data is 
clocked into the part on the high level of this SCLK signal with 
the MSB transferred first. On the last active high time of 
SCLK, the LSB is loaded to the part. 


SCLK (I) 


tos > ~- 
SDATA (I) { use | 


— ADTTIO/ADT712 


Figure 9b shows a timing diagram for a write operation to the 
AD7710/AD7712 with TFS returning high during the write 
operation and returning low again to write the rest of the data 
word. Timing parameters and functions are very similar to that 
outlined for Figure 9a, but Figure 9b has a number of addi- 
tional times to show timing relationships when TFS returns high 
in the middle of transferring a word. 


Data to be loaded to the part must be valid for 5/2 MCLK IN 
cycles prior to the falling edge of the SCLK signal. TFS should 
return high during the low time of SCLK. After TFS returns 
low again, the next bit of the data word to be loaded to the part 
is clocked in on next high level of the SCLK input. On the last 
active high time of the SCLK input, the LSB is loaded to the 


part. 


Figure 9b. External Clocking Mode, Control/Calibration Register Write Operation (TFS Returns High During 


Write Operation) 
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JANALOG 
DEVICES 


L¢?MOS Signal Conditioning ADCs 
a RD Excitation Currents 
~ADT711/AD7713 - 


FEATURES eee 
Charge Balancing ADC. | 
24 Bits No Missing Codes _ 
+0.0015% Nonlinearity 
Programmable Gain Front End 
Gains from 1 to 128 © 
‘Three Input Channels (AD7713) 
Two Input Channels (AD7711) 
Low-Pass Filter with Programmable Filter Cutoffs 
Ability to Read/Write Calibration Coefficients 
- RTD Excitation Current Sources 
Bidirectional Microcontroller Serial Interface 
Single Supply Operation 
Low Power (AD7711: 25 mW typ; AD7713: 3.5 mW typ) 
_Power-Down Mode 


GENERAL DESCRIPTION a 

The AD7711/AD7713 is a complete sais front end for low 
frequency measurement applications. The device accepts low 
level signals directly from a transducer and outputs a serial digi- 
tal word. It employs a sigma-delta conversion technique to real- 
ize up to 24 bits of no missing codes performance. The input | 


signal is applied to a proprietary* programmable gain front end © _ 


based around an analog modulator. The modulator output is : 


processed by an on-chip digital filter. The first notch of this digs 7 


ital filter can be programmed. via the on-chip control register 
allowing adjustment of the filter cutoff and settling time. 


The-AD7711 features one differential analog input and one 
single-ended analog input. The AD7713 features two differential 
inputs and one single-ended high level (4 X Vpgp/Gain) input. 
Both parts feature a differential reference input and can be oper- 
ated from a single +5 V supply. The AD7711 can also be oper- 


ated from dual supplies to allow for negative input voltages. The | 


parts provide two current sources which can be used to provide 
excitation in three-wire and four-wire RTD configurations. 


The AD7711/AD7713 is ideal.for use in smart, microcontroller- . 
based systems. Gain settings, signal polarity and RTD current 
control can be configured in software using the bidirectional 
serial port. The part contains self-calibration, system calibration 


and background calibration options and also. allows the user to _ 


_read and to write the on-cup calibration ReREIETS:, | 


*Protected by U.S. ‘Patent No.. 5, 134, 401. er 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system. at 1-800-446-6212. 
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AD77 13 FUNCTIONAL BLOCK DIAGRAM 
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CMOS construction. ensures very low power dissipation and a 
_power-down mode reduces the stand-by power consumption to 


7 mW typical (AD7711) and 300 »W typical (AD7713). The 
part is available in a 24-pin, 0.3 inch wide, plastic and hermetic 
dual-in-line package (DIP) as well as a 24-lead small outline 
(SOIC) package. — 
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(Ayn = +5.V + 5%; DVp) = +5 V + 5%; REF IN(+) = +2.5 V; REF IN(—) © 


AD771 3 bad SPEC FI C ATION S 7 ys herve oie = otherwise stated. All specifications Ty, to 


Parameter Conditions/Comments 
STATIC PERFORMANCE } : 
No Missing Codes Bits min Guaranteed by Design. For Filter Notches = 12 Hz 


Bits min 
Bits min 
| Bits min 
Bits min 


For Filter Notch = 20 Hz 
For Filter Notch = 50 Hz 
For Filter Notch = 100 Hz 
For Filter Notch = 200 Hz 


Output Noise 
Integral Nonlinearity 


See Tables I & II 


Depends on Filter Cutoffs and Selected Gain 


@ 25°C +0.0045 % of FSR max | Filter Notches = 12 Hz; Typically +0. 0015% 
Tain to Tuax +0.0075 % of FSR max | Filter Notches = 12 Hz 
Positive Full-Scale Error” ? See Note 4 | 
Full-Scale Drift® 3/GAIN pV/°C typ For Gains of 1, 2, 4, 8 
0.35 pV/°C typ For Gains of 16, 32, 64, 128 
Unipolar Offset Error? See Note 4 
Unipolar Offset Drift? 2.5/GAIN .| pV/C typ For Gains of 1, 2, 4, 8 
0.3 pV/°C typ For Gains of 16, 32, 64, 128 
Bipolar Zero Error’ See Note 4 
Bipolar Zero Drift° wV/C typ For Gains of 1, 2, 4, 8 | 
pV/°C typ For Gains of 16, 32, 64, 128 
Bipolar Negative Full-Scale Error” % of FSR max |Typically +0.0015% 
Bipolar Negative Full-Scale Drift° pV/°C typ For Gains of 1,2,4,8 
wV/°C typ For Gains of 16, 32, 64, 128 
ANALOG INPUTS 
Input Sampling Rate, f; See Table III é 
Normal Mode 50 Hz Rejection® 100 For Filter Notches of 2, 5, 10, 25, 50 Hz, +0.02 X fyorcr 
Normal Mode 60 Hz Rejection® For Filter Notches of 2, 6, 10, 30, 60 Hz, +0.02 < foray 
AIN1, AIN2’ 


For Normal Operation. Depends on Gain Selected. 
Unipolar Input Range (B/U Bit of Control Register = 1) 
Bipolar Input Range (B/U Bit of Control Register = = 0) 

At DC | 
For Filter Notches of 2,5, 10, 25, 50 Hz, 0.02 X frorcu 
For Filter Notches of 2, 6, 10, 30, 60 Hz, 0.02 X fyorcu 


Input Voltage Range® 


Common-Mode Rejection (CMR) 
Common-Mode 50 Hz Rejection® 
Common-Mode 60 Hz Rejection’ 


Common-Mode Voltage Range!” AGND to AVpp 


DC Input Leakage Current @ +25°C —_ | 10 
Tyan to Tmax jl 
Sampling Capacitance® 20 
AIN3 | 
Input Voltage Range 0.to +4 X.VpeF For Normal Operation. Depends on Gain Selected. 
Gain Error”? +0.05 Additional Error Contributed by Resistor Attenuator | 
Gain Drift 1 ppm/°C typ Additional Drift Contributed by Resistor Attenuator 
Offset Error’? a 8 mV max Additional Error Contributed by Resistor Attenuator 
NOTES 


1Temperature ranges are as follows: A Version, ~40°C to +85°C: S Version, 55°C to + 125°C. See also Note 16. 

Applies after calibration at the temperature of interest. 

3Positive full-scale error applies to both unipolar and bipolar input ranges. 

‘These errors will be of the order of the output noise of the part as shown in Table I. 

’Recalibration at any temperature or use of the background calibration mode will remove these drift errors. 

These numbers are guaranteed by design and/or characterization. 

’The AIN1 and AIN2 analog inputs present a very high impedance dynamic load which varies with clock fiegiieney and input sunples rate. The maximum 
recommended source resistance depends on the selected gain. 

'®The analog input voltage range on the AIN1(+) and AIN2(+) inputs is given here with respect to the voltage on the AIN1(—) and AIN2(—) inputs. The input 
voltage range on the AIN3 input is with respect to AGND. The absolute voltage on the AIN1 and AIN2 inputs shou not gO. more Positive than AVpp a> 
30 mV or more negative than AGND — 30 ive 

Vane = REF IN(+)'— REF IN(-—). 

10This common-mode voltage range is allowed baeuided a the input satan on AIN +) aiid AIN(- ) does not exceed AVop + 30 mV and AGND — 30 mV. 

1!This error can be removed using the system calibration capabilities of the AD7711/AD7713. This error is not removed by the ADTAVADTNS: 's self- 
calibration feature. The offset drift on the AIN3 input is four times the value given in the Static Performance section. 
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ADTT11/AD7713 
aD7713— SPECIFICATIONS — 


Parameter |A, S Versions’. ‘|Units  . | Conditions/Comments 
REFERENCE INPUT Pee | | ae . 
REF IN(+) — REF BING ) Voltage +2.5 to AVpp/1.8 V min to Vmax |For Specified Performance. Part Is Functional with Lower | 


Veer Voltages 

Input Saipling. Rate, fs : 
Normal-Mode 50 Hz Rejection® 
Normal-Mode 60 Hz Rejection® 
Common-Mode Rejection (CMR) 

~ Common-Mode 50 Hz Rejection® 
Common-Mode 60 Hz Rejection® 
Common-Mode Voltage Range’® | 
DC Input Leakage Current @ +25°C | 


Tyan to Tyax 


LOGIC INPUTS 

Input Current 

All Inputs except MCLK IN 
Vin.» Input Low Voltage 
Vinu: Input High Voltage 

MCLK IN Only 
Vint,» Input Low Voltage . 
Vinu> Input High Voltage 


LOGIC OUTPUTS 
Voz, Output Low Voltage 
Vou, Output High Voltage 
Floating State Leakage Current 
Floating State Output Capacitance’? 


TRANSDUCER BURN OUT 
Current 
Initial Tolerance 
Drift | 


RTD EXCITATION CURRENTS 
(RTD1, RTD2) | 
Output Current — 
Initial Tolerance 
Drift 


For Filter Notches of 2,5, 10, 25,50 Hz, +0.02 < fyorcy 

For Filter Notches of 2, 6, 10, 30, 60 Hz, +0.02 < fyorcy 

At DC 

For Filter Notches of 2, 5, 10, 25, 50 Hz, +0, 02 X frotrcH 

For Filter Notches of 2, 6, 10, 30, 60 Hz, +0.02 X frorcH 

AGND to AVpp | _ 
10° 


Ign = 1.6 mA 


\Isource = 100 pA 


Initial Matching 
Drift Matching 
Line Regulation (AVpp) 


Matching Between RTD1 and RTD2 Currents — 
Matching Between RTD1 and RTD2 Current Drift 
AVop = +5 V 


Load Regulation 


SYSTEM CALIBRATION 
AIN1, AIN2 
Positive Full-Scale Calibration: Limit” 
‘Negative Full-Scale Calibration Limit}? 
- Offset Calibration Limit'* '° 
Input Span"* © 


GAIN Is the Selected PGA Gain (Between 1 and 128) 
GAIN Is the Selected PGA Gain (Between 1 and 128) 
GAIN Is the Selected PGA Gain (Between 1 and 128) - | 
GAIN Is the Selected PGA Gain (Between 1 and 128) — 
GAIN Is the Selected PGA Gain (Between 1 and 128) 


+(1.05: xX. Veep /GAIN 
—(1.05 X Vegp)/GAIN 
—(1.05 X Vppr/GAIN 
+0.8 < Verr/GAIN 
+(2.1 X Vapp/GAIN 


AIN3 
Positive Full-Scale Calibration Limit!? +(4.2 X Vapp/GAIN © _|GAIN Is the Selected PGA Gain (Between 1 and 128) 
Offset Calibration a, 0 to Vegr/GAIN _ _|GAIN Is the Selected PGA Gain (Between 1 and 128) 
Input Span. - +3.2 X VepAGAIN ©. GAIN Is the Selected PGA Gain (Between 1. and 128) 
+(4.2 X VperVGAIN | V max GAIN Is the Selected PGA Gain (Between 1 and'128) 
NOTES © | | 


12Sample tested at +25°C to ensure conpianes 

13 After calibration, if the analog input Nts positive full scale, the converter will eutput all 1s. If the analog ae is less than negative full scale, then the. 
device will output all 0s. 

“These calibration and span limits apply provided the absolute voltage on the AINI and AIN2 analog inputs does not exceed AVpp 4 +.30 mV or go more nega- 
tive than AGND — 30 mV. 

The offset calibration limit applies to both ‘the unipolar zero point ‘nth the bipolar zero 0 point. 
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AD7711/AD7713 
Parameter Conditions/Comments 


POWER REQUIREMENTS 

Power Supply Voltages . 
AVpp Voltage’® +5 to +10 +5% for Specified Performance 
DVpp Voltage’’ +5% for Specified Performance 

Power Supply Currents 
AVpp Current 
AVpp Current 
DVpp Current 
DVpp Current 

Power Supply Rejection!® 
(AVpp) 

Power Dissipation 
Normal Mode 


AVpp = +5 V 

AVpp = +10 V 

forx iw = 1 MHz. Digital Inputs 0 V or DVpp 
forx iw = 2 MHz. Digital Inputs 0 V or DVpp 
Rejection w.r.t. AGND 


AVpp = DVpp = +5 V3 fork in = 1 MHz; 
Typically 3.5 mW 


Standby (Power-Down) Mode AVpp = DVpp = +5 V; Typically 300 uW 


NOTES 

6Operation with AVpp voltages in the range 5.25 V to 10.5 V is only guaranteed over the 0°C to +70°C temperature range. 

The +5% tolerance on the DVpy input is allowed provided that DV, does not exceed AVpy by more than 0.3 V. 

18 Measured at dc and applies in the selected passband. PSRR at 50 Hz will exceed 120 dB with filter notches of 2, 5, 10, 25 or 50 Hz. PSRR at 60 Hz will 
exceed 120 dB with filter notches of 2, 6, 10, 30 or 60 Hz. 

19PSRR depends on gain: Gain of 1 = 70 dB typ; Gain of 2 = 75 dB CYP Gain of 4 = 80 dB typ; Gains of 8 to 128 = 85 dB typ. 


Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS* : Junction Temperature ............ 0002 ee eeee +150°C 
(T, = +25°C unless otherwise noted) Plastic DIP Package, Power Dissipation ........... . 450 mW 
AV 5 tO: AGND? ¢ 6 6205-5 8d Awe hes —0.3 Vto +12 V 8;4 Thermal Impedance .......... bas ee erage a ~, 105°C/W 
AVeptODGND. asco ha ees eee’ S —0.3 Vto +12 V Lead Temperature, Soldering (10 sec) .......... + 260°C 
DV eptOAGND® vs arte ice take wads a —0.3Vto+6V  Cerdip Package, Power Dissipation ............. 450 mW 
DVp5p tO DGND esata cine tame ines .. 70.3 Vto +6 V 8;4 Thermal Impedance ............... oe. T0°C/W 
AGND to DGND ............. 000008 -0.3 Vto +6 V Lead Temperature, Soldering ............... + 300°C 
AIN1, AIN2 Input Voltage SOIC Package, Power Dissipation............ .. 450 mW 
© POSAGN DD: acoso it Set nace ae ele As —0.3 Vto AVpp + 0.3 V Oy, Thermal Impedance ............5..... ». 75°C/W 
AIN3 Input Voltage to AGND.......... —0.3 V to +22 V Lead Temperature, Soldering _ 
Reference Input Voltage to AGND . . —0.3 V to AVpp + 0.3 V Vapor Phase (60 sec)...... eden sate Salata eee +215°C 
Digital Input Voltage to DGND ...—0.3 V to AVpp + 0.3 V Enirared (13SEC) 4-5. sgt gon ke eva ein Bie Od +220°C 
Digital Output Voltage to DGND . . —0.3 V to DVpp + 0.3 V *Stresses above those listed under “Absolute Maximum Ratings” may cause 
Operating Temperature Range permanent damage to the device. This is a stress rating only and functional 
Commercial (A Version) ............. —40°C to +85°C operation of the device at these or any other conditions above those listed in the 
Extended (S Version) ........ 0.0 eee —55°C to +125°C operational sections of the specification is not implied. Exposure to absolute 
Storage Temperature Range ........... 65°C to. + 150°C maximum rating conditions for extended periods may affect device reliability. 
CATON a i i 
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V, which 
readily accumulate on the human body and on test equipment, can discharge without detection. W ARNING! S| 
Although devices feature proprietary ESD protection circuitry, permanent damage may still occur 
on these devices if they are subjected to high energy electrostatic discharges. Therefore, proper RTT a 
precautions are recommended to avoid any performance degradation or loss of functionality. ESD SENSITIVE DEVICE 


AD7713 ORDERING GUIDE 


Temperature Range 


Package Option” 


AD7713AN —40°C to +85°C. N-24 
AD7713AR —40°C to +85°C R-24 
AD7713AQ —40°C to +85°C Q-24 
AD7713SQ 


299°C (0123 


NOTES 

1To order MIL-STD- 883B, Class B ipieeessed parts, add /883B to part rumba 
Contact your local sales office: for military data sheet and availability. 

2N = Plastic DIP; Q = Cerdip; R = SOIC. For outline information see 
Package Information section. 


REV. 0 . | ANALOG-TO-DIGITAL CON VERTERS 2-247 


ADTTNVADTT3 
7. | | (ANgy = +5 V + 5%; DV, = +5V + 5%; Veg = OV or —5V + 5%; | 
REF IN(+) = +2.5 V; REF IN(—) = AGND; MCLK IN -= 10 MHz unless otherwise 
ADT71 1- — SPECIFI CATIONS stated. All specifications Ty,, to Twaxe unless otherwise noted.) | 
Parameter | Conditions/Comments 


STATIC PERFORMANCE 
No Missing Codes . oe Bits min Guaranteed by Design. For Filter None = 60 Hz 

2. & ; Bits min For Filter Notch = 100 Hz 

Bits min For Filter Notch = 250 Hz 

Bits min For Filter Notch = 500 Hz 

be. Bits min For Filter Notch = 1 kHz 

Output Noise Depends on Filter Cutoffs and Selected Gain 
Integral Nonlinearity _ a Pa 
@ 25°C — | : % of FSR max | Filter Notches <= 60 Hz. Typically +0.0015% 


Tyan to Taax-: {+0. % of FSR max | Filter Notches < 60 Hz 
Positive Full-Scale Error” 3 | Excluding Reference _ 
Full-Scale Drift? | pV/C typ Excluding Reference. For Gains of 1, 2, 4, 8 
= pV/°C typ Excluding Reference. For Gains of 16, 32, 64, 128 
Unipolar Offset Error? | See Note 4 | | 
Unipolar Offset Drift’ eG 2.5/GAIN |pV/C typ For Gains of 1, 2, 4, 8 
10.3 pV/°C typ _|For Gains of 16, 32, 64, 128 
Bipolar Zero Error” | : —-. |See Note 4 : | | 
Bipolar Zero Drift? nV/°C typ For Gains of 1, 2, 4, 8 
ae : Be pV/°C typ For Gains of 16, 32, 64, 128 
Bipolar Negative Full-Scale Error’ : % of FSR max . | Excluding Reference. Typically +0. 0015% 


Excluding Reference. For Gains of 1, 2, 4, 8 


Bipolar Negative Full-Scale Drift? 
Excluding Reference, For Gains of 16, 32, 64, 128 


ANALOG INPUTS/REFERENCE INPUTS 
Normal Mode 50 Hz Rejection® 
Normal Mode 60 Hz Rejection® 
DC Input Leakage Current® @ +25°C 

Twin to Tmax 
Sampling Capacitance® 
_ AINI/REF IN 
-  Common-Mode Rejection (CMR) > 
Common-Mode 50 Hz Rejection® 
~ Common-Mode 60 Hz Rejection® 
- Common-Mode Voltage RaUBE: . 
Analog Inputs® 
Input Voltage Range? » 


For Filter Notches of 10, 25, 50 Hz, +0.02 < fyorcy 
For Filter Notches of 10, 30, 60 Hz, +0.02 x fyorcy 


At DC | a 
For Filter Notches of 10, 25, 50 Hz, +0.02 X foto 
For Filter Notches of 10, 30, 60 Hz, +0.02 X fyorcy ey 


For Normal Operation. Depends on Gain Selected. 
Unipolar Input Range (B/U Bit of Control Register =: 1) 
Bipolar Input Range (B/U Bit of Control Register = 0) 
Input Sampling Rate, f, . 
AIN2 Offset Error 
AIN2 Offset Drift: 
- Reference Inputs + 
REF IN(+) — REF IN(—) Voltage”! +2.5 to +5 ri | For Specified Performance; Part Is Functional with 
; aaa t VREF Voltages _ ; 


Removed by System Calibrations but not by Self-Calibration 
Removed by System Calibration but not by Self-Calibration | 


Input Sampling Rate, f 


REFERENCE OUTPUT 

. Output Voltage | 

>. Initial Tolerance’ 

Drift | 
Output Noise 
Line Regulation (AVpp) 
Load Regulation mV/mA max _| Maximum Load Current 1 mA 
External Current mA max | _ 


NOTES 

‘Temperature ranges are as follows: A Version, —40°C to +85°C; S yersicn —55°C to + 125°C, See also Note 16. 

?Applies after calibration at the temperature of interest. 

*Positive full-scale error applies to both unipolar and bipolar input ranges. 

4These errors will be of the order of the output noise of the part as shown in Table I. 

*Recalibration at any temperature or use of the background calibration mode will remove these drift errors. 

©These numbers are guaranteed by design and/or characterization. 

’This common-mode voltage range is allowed, provided that the input voltage on AIN(+) or AIN(— y Sica not exceed AVpp + 30 mV and Vg. — 30 mV. 
’The analog inputs present a very high impedance dynamic load which varies with clock Beaueaey and input sample rate. The maximum recommended source 

resistance depends on the selected gain (see Tables IV and V). 

°The analog input voltage range on the AIN1(+) input is given here with respect to the voltage on the AINI(- ) input. The input voltage range on the AIN2 

input is with respect to AGND. The absolute voltage on the analog inputs should not t gO more positive than AV,, + 30 mV or go more negative than 

Vss — 30 mV. . 

OV agp = REF IN(+) — REF IN(-). 
‘The reference voltage range may be restricted by the input voltage range requirement on the Vos as input. 


pk-pk Noise. 0.1 Hz to'10 Hz Bandwidth 
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AD7711/AD7713 
Parameter Conditions/Comments 


Varas INPUT” 
Input Voltage Range 


See Vayas Input Section 

Whichever Is Smaller; +5 V/—5 V or +10 V/0 V 
Nominal AVpy/Vss 

Whichever Is Smaller; +5 V/O V Nominal AVpp/Vss 
See Vpyzas Input Section 

Whichever Is Greater; +5 V/—5 V or +10 V/0 V 
Nominal AVpp/Vss 

Whichever Is Greater; +5 V/0 V Nominal AVpp/Vss 
Increasing with Gain 


AVpp ~ 0.85 X Vase 
or AVpp —3 


or AVpp —2.1 
Vss + 0.85 x VreF 
or Vsg +3 


or Ves 42.4 


Varas Rejection 


LOGIC INPUTS 

Input Current 

All Inputs except MCLK IN 
Vini» Input Low Voltage 
Vinup Input High Voltage 

MCLK IN Only 
Vin > Input Low Voltage 
Vinu> Input High Voltage 


LOGIC OUTPUTS 
VoL, Output Low Voltage 
Vou; Output High Voltage 
Floating State Leakage Current 
Floating State Output Capacitance?? 


TRANSDUCER BURN-OUT 


Lecce = = - 100 A 


Current 
Initial Tolerance +10 
_ Drift 0.1 
RTD EXCITATION CURRENTS (RTD1, RTD2) 
. Output Current 200 
Initial Tolerance +20 
_ Drift 20 
Initial Matching +] Matching Between RTD1 and RTD2 Currents 
Drift Matching Matching Between RTD1 and RTD2 Current Drift 
Line Regulation (AVpp) AVpp = +5 V 
Load Regulation 
Output Compliance 
SYSTEM CALIBRATION 


GAIN Is the Selected PGA Gain (Between 1 and 128) 
GAIN Is the Selected PGA Gain (Between 1 and 128) 
GAIN Is the Selected PGA Gain (Between 1 and 128) 
GAIN Is the Selected PGA Gain (Between | and 128) 
GAIN Is the Selected PGA Gain (Between | and 128) 


Positive Full-Scale Calibration Limit'* 
Negative Full-Scale Calibration Limit'* 
Offset Calibration Limit! 

Input Span!° 


(1.05 X Vz /GAIN 
— (1.05 X Vagp/GAIN 
— (1.05 X Viz /GAIN 
0.8 X Vapp/GAIN 
(2.1 X Vepp/GAIN 


NOTES 

The AD7711 is tested with the following Vg;,, voltages. With AVpp = +5 V and Vg, = 0 V; Veras = +2.5 V3 with AVpp = +10 V and Veg = 0 Vz ae 
= +5 -V and with AVppy = +5 V and Veg = —5 V, Varas = 0 V. 

13Sample tested at +25°C to ensure compliance. 

14After calibration, if the analog input exceeds positive full scale, then the converter will output all 1s. If the analog input is less than negative full scale, then 
the device will output all 0s. 

These calibration and span limits apply provided that the absolute voltage on the analog inputs does not exceed AVpp + 30 mV or does not go more negative 
than Vss — a mV. The offset calibration limit applies to both the unipolar zero point and. the bipolar zero point. 
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ADTT11—SPECIFICATIONS eet tn 
Conditions/Comments 


Parameter 


POWER REQUIREMENTS 
Power Supply Voltages _ 
AVpp Voltage’® : 

DVpp Voltage?” 
AVpp — Vss Voltage 
Power Supply Currents 
AVpp Current - 
DVpp Current 
Veg Current © 
Power Supply Rejection!® 
Positive Supply (AVpp) 
_ Negative Supply (Vss) 
Power Dissipation 
Normal Mode 
Normal Mode 


Standby (Power-Down) Mode 


+5% 1 for Specified Performance 
+5% for Specified Performance 
For Specified Performance 


Vss = —5 Vv" 
| Rejection w.r.t. AGND; Assumes Visic Is Fixed 


AVpp = DVpp = +5 V; Vg = 0 V3 Typically 25 mW 
AVpp = DVpp = +5 V; Vsg = —5 V3 Typically 30 mW 
AVpp = DVpp = +5 V;, Vss =0Vor-SV;. 

Typically 7 mW 


16The AD7711 is specified with a 10 MHz clock for AVpp voltages of +5 V + 5%. It is specified with an 8, MHz clock for AVpp voltages ereater than 5.25 V 
and less than 10.5 V. Operating with AVpp voltages in the range 5.25 V to 10.5 V is only guaranteed over the 0°C to +70°C temperature range. 

“The +5% tolerance on the DV pp input is allowed provided that DVpyp does not exceed AVp5p by more than 0.3 V. 

18Measured at dc and applies in the selected passband. PSRR at 50 Hz will exceed 120 dB with filter notches of 10 Hz, 25 Hz or 50 Hz. PSRR at 60 Hz will 
exceed 120 dB with filter notches of 10 Hz, 30 Hz or 60 Hz. 

'PSRR depends on gain: Gain of 1 = 70 dB typ; Gain of 2 = 75 dB typ; Gain of 4 = 80 dB typ; Gains of 8 to 128 = 85 dB typ. These numbers can be 

. improved (to 95 dB typ) by deriving the V,;,, voltage (via Zener diode or reference) from the AVpp supply. 


Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS* 


(T, = +25°C unless otherwise noted) 
AVpp to DVpp ......... 
AVpp to Vsg «ee eee ees 
AVpp to AGND......... 
-AVpptoDGND ........ 
DVpp toAGND ........ 
DVpp toDGND ........ 
_ Vgg to AGND .......... 
~Vgg to DGND .......... 
Analog Input csi to AGND 


o @ © @ © © © © © © © © © © © © © © © @ 


Digital Input Voltage to DGND 
Digital Output Voltage to DGND . 
Operating Temperature Range 


Commercial (A Version) 


CAUTION © 


ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. Although 
the AD7711 features proprietary ESD protection circuitry, permanent damage may occur on 
devices subjected to high energy electrostatic discharges. Therefore, proper ESD precautions are 
recommended to avoid performance degradation or loss of functionality. 


eee © © © © © © © 


eo eo © © © © © © & &% 


oe e© © © © © © © @ 


ee © © © © © © © © @ 


— 0.3 Vto AVpp + 0.3V_ 


ss — 0.3 V to AVpp + 0.3 V 
--0.3 V to AVpp 
. -0.3 Vto AVpp + 0.3: V 
. -0.3 Vto DVpp + 0.3-V_ 


-0.3 Vto +12 V _ 
-—0.3Vto +12 V © 
—0.3 Vto +12 V. 
—0.3 V to +12 V. 
,-0.3 Vto +6 V 
—0.3Vto +6V_ 
+0.3 V to -6V 
+0.3 V to -6 V 


—40°C to +85°C 


. —55°C to +125°C 


‘Extended (S Version) ........... Roa 
Storage Temperature Range ....... . 2. 765°C to +150°C_ 
_ Junction Temperature ............ 000005 wee. 150°C 
Plastic DIP Package, Power Dissipation ........ .. 450 mW 
O;, Thermal Impedance .............. 4... 105°C/W 
Lead Temperature, Soldering (10 sec) .......... +260°C 
Cerdip Package, Power Dissipation ..... weae ees. 450 mW 
®;4 Thermal Impedance .......... 0.2020 .70°C/W 
_ Lead Temperature, Soldering ........... | a oa. +300°C 
SOIC Package, Power Dissipation..... ie WSs ees 450 MW: 
Oya Thermal Impedance ........... 6.00.66. 75°C/W | 
Lead Temperature, Soldering Cah Os 
Vapor. Phase (60 sec)... 2... ee ee es . +215°C 
Infrared (15 sec) 4.062% sd da ee es side wha aa ina +220°C 


*Stresses above those listed under “Absolute Maximtt Ratings’”’ may cause 
permanent damage to the device. This is a stress rating only and functional 


_ operation of the device at these or any other conditions above those listed in the 


operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


WARNING! 


wa 


ESD SENSITIVE DEVICE 


AD7711 ORDERING GUIDE 


AD7711AN 
AD7711AR 
AD7711AQ 
AD7711SQ 


see Package Information section. 
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Temperature Range 2 


—40°C to +85°C 
. —40°C to +85°C 
 —40°C to +85°C © 
—55°C to +125°C 
*N = Plastic DIP; Q = Cerdip; R = SOIC. For arline information 


Package Option* 


R24 
Q-24 
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AD7711/AD7713 
TIMING CHARACTERISTICS" 2 (DVpp = +5.V + 5%; AVop = +5,V or +10 V2 + 5%; AGND = DGND = 0 V: fey ay = 


10 MHz (AD7711) or 2 MHz (AD7713); Input Logic 0 = 0 V, Logic 1 = DV,, unless otherwise stated.) 


A Limit at Tyan, Tmax | 
Parameter (A, S Versions) Units Conditions/Comments 


fang 400 Master Clock Frequency 2 
2 AD7713 
10 AD7711 
tcLK IN LO 0.4 X to. x IN Master Clock Input Low Time; ter x yy = More my 
tcLK IN HI 0.4 X tape In Master Clock Input High Time 
,° Digital Output Rise Time; Typically 20 ns 
t? Digital Output Fall Time; Typically 20 ns 
ty : SYNC Pulse Width 
Self-Clocking Mode . 
tp DRDY to RFS Setup Time 
ts DRDY to RFS Hold Time 
ty 2 X terx In AO to RFS Setup Time 
ts 50 AO to RFS Hold Time 
te 4X tox wm RFS Low to SCLK Falling Edge 
ts/ Ce eee Data Access Time (RFS Low to Data Valid) 
ts" teense. ° SCLK Falling Edge to Data Valid Delay 
teLK n/2 + 30 
ty te.K w/2 SCLK High Pulse Width 
tio 3 X tere wi/2 SCLK Low Pulse Width 
4 10 RFS/TFS to SCLK Falling Edge Hold Time 
| teLx rn/2 spe 
tio 3 X tere w/z + 20 RFS/TFS to SCLK Delay 
fs 3 ter eae 420 RFS to Data Valid Hold Time 
ti4 | 0 AO to TFS Setup Time 
fis 0 AO to TFS Hold Time _ 
the AX teres TFS to SCLK Falling Edge Delay Time 
ts ASCE eae TFS to SCLK Falling Edge Hold Time 
te. | 0° Data Valid to SCLK Setup Time 
tio 10 Data Valid to SCLK Hold Time 
Reed +2.1V 


Figure 1. Load Circuit for Access Time and Bus Relinquish Time 
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A, ‘Ss Versions) 


Parameter 


| Conditions/Comments _ 


External- Clocking Mode 


foorx foLk 1n/5 = | 7 Serial Clock Input Frequency 
too | _ a Go ce | : ; | DRDY to RFS Setup Time 
toy _ 0. : . | DRDY to RFS Hold Time 
to> | . 2X tera | : | AO to RFS Setup Time 
tos | 50 pS AO to RFS Hold Time 
to" | | AK tee ae | Data Access Time (RFS Low to Data Valid) 
toa’ ; - 4 tee ; SCLK Falling Edge to Data Valid Delay | | 
| 2X terk in + 20 | : | 

Toe ‘ = 2 x tcLK IN : i SCLK High Pulse Width 
to7 a 2.X% tex In. | | SCLK Low Pulse Width 
tos | : tek In + 10 SCLK Falling Edge to DRDY High 
te. 0 5.38 A DRDY to Data Valid Hold Time 

| 20 
tao : 10 | 1 RFS/TFS to SCLK Falling Edge Hold Time 
ta | 5 X tere mw/2 + 20 RFS to Data Valid Hold Time 

ss AO to TFS S 
tz. : 0. i 0 to TFS Setup Time 
t33 . * 0 : i AO to TFS Hold Time 
ta : | 4X tere In | i SCLK Falling Edge to TFS Hold Time 
t3s | | 5 & tere w/2 — SCLK High Data Valid to SCLK Setup Time 
t36 . 30 a ns mi 7 Data Valid to SCLK Hold Time 
NOTES _ te 


‘Sample tested at. +25°C to ensure Sceenitnee, All input signals are specified with tp = te = 5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 

*See Figures 6 to 9 of AD7710/AD7712 data sheet. 

>Operation with AVpp voltages in the range 5.25 V to 10.5 V is only guaranteed over the 0°C to +70°C temperature range. 

‘CLK IN duty cycle range is 45% to 55%. CLK IN must be supplied whenever the AD7711/AD7713 is not in STANDBY mode. If no clock is present in this 
case, the device can draw higher current than specified and possibly become uncalibrated. 

*The AD7711 is production tested at 10 MHz. The AD7713 is production tested with fo; « py at 2 : Both are guaranteed by characterization to operate at — 
400 kHz. 

®Specified using 10% and 90% points on waveform of interest. 

7These numbers are measured with the load circuit of Figure 1 and defined as the time required for the output to cross 0.8 V or 2.4 V. 

8These numbers are derived from the measured time taken by the data output to change 0.5 V when loaded with the circuit of Figure 1. The measured number 
is then extrapolated back to remove effects of charging or discharging the.100 pF capacitor. This means that the times quoted in the timing characteristics are 
the true bus relinquish times of the part and as such are independent of external bus loading capacitances. 


AD7711 PIN CONFIGURATION AD7713 PIN CONFIGURATION 


DIP and SOIC DIP and SOIC 
scLk [1]e 24] DGND 
MCLK IN | 2 | 123] DVpp 
-MCLK OUT | 3 | [22| SDATA 
Ao [4 | | 21| DRDY 
Sync [5] AD7713 20] AFS 


MODE 19] TFS 
ans C2] gree, Fa] acno 
AIN1(--) AIN3 
AIN2(+) 116) RTD2 
AIN2(-) 115| REF IN(+) 
STANDBY 144] REF IN(-) 
AVop (13) RTD1 
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PIN FUNCTION DESCRIPTION 


Mnemonic 


SCLK 


MCLK IN 


MCLK OUT 


AO 
SYNC 
MODE 
AINI(+) 
AIN1(—) 


AIN2 
REF OUT 


Vegas 
Vss 


AIN2(+) 
AIN2(—) 


STANDBY | 


AVpp 
RTD1. 


RTD2 


REF IN(—) 


_ REF IN(+) 


AIN3 
AGND 
TES 
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AD7711/AD7713 


Function 


Serial Clock. Logic input/output depending on the status of the MODE pin. When MODE is high, the device is in 
its self-clocking mode and the SCLK pin provides a serial clock output. This SCLK becomes active when RFS or 
TFS goes low and it goes high impedance when either RFS or TFS returns high or when the device has completed 
transmission of an output word. When MODE is low, the device is in its external clocking mode and the SCLK pin 
acts as an input. This input serial clock can be a continuous clock with all data transmitted in a continuous train of 
pulses. Alternatively, it can be a noncontinuous clock with the information being transmitted to the AD7711/AD7713 
in smaller batches of data. 

Master Clock signal for the device. This can be provided in the form of a crystal or external clock. A crystal can be 
tied across the MCLK IN and MCLK OUT pins. Alternatively, the MCLK IN pin can be driven with a | 
CMOS-compatible clock and MCLK OUT left unconnected. The clock input frequency is nominally 2 MHz for | 
AD7713 and 10 MHz for AD7711. 

When the master clock for the device is a crystal, the crystal is connected between MCLK IN and MCLK OUT. 


Address Input. With this input low, reading and writing to the device is to the control register. With this input high, 
access is to either the data register or the calibration registers. 


Logic Input which allows for synchronization of the digital filters when using a number of AD7711/AD7713s. It 


resets the nodes of the digital filter. 


Logic Input. When this pin is high, the device is in its self-clocking mode; with this pin low, the ices is in its 
external clocking mode. 


Analog Input Channel 1. Positive input of the programmable-gain differential analog input. The AIN1(+) input is 
connected to an output current source which can be used to check that an external transducer has burnt out or has 
gone open circuit. This output current source can be turned on/off via the control register. 


Analog Input Channel 1. Negative input of the programmable gain differential analog input. 
AD7711 Only. Analog Input Channel 2. Single-ended programmable gain analog input. 


AD7711 Only. Reference Output. The internal +2.5 V reference is provided at this pin. This is a single-ended 
output which is reference to AGND. It is a buffered output capable of providing 1 mA to an external load. 


AD7711 Only. Input Bias Voltage. This input voltage should be set such that Vgyas + 0.85 X Vege < AVpp and 
Varas ~ 0.85 X Veer > Veg where Vagp is REF IN(+) — REF IN(—). See Vgy,as input section. 


AD7711 Only. Analog: Negative Supply, 0 V to —5 V. Tied to AGND for single supply operation. The input voltage 
on AIN1 or AIN2 should not go >30 mV negative w.r.t. Vss for correct operation of the device. 


AD7713 Only. Analog Input Channel 2. Positive input of the programmable gain differential analog input. 

AD7713 Only. Analog Input Channel 2. Negative input of the programmable gain differential analog input. 

AD7713 Only. Logic Input. Taking this pin low shuts down the internal analog and digital circuitry, reducing power 
consumption to less than 50 pW. 

Analog Positive Supply Voltage, +5 V to +10 V. 

Constant Current Output. A nominal 200 A constant current is provided at this pin and this can be used as the 
excitation current for RTDs. This, current can be turned on or off via the control register. 

Constant Current Output. A nominal 200 A constant current is provided at this pin and this can be used as the 
excitation current for RTDs. This current can be turned on or off via the control eer This second current can be 


- used to eliminate lead resistance errors in three-wire RTD configurations. 


Reference Input. The REF IN(- ) can lie anywhere between AVpp and AGND provided REF IN(+) is ea than 
REF IN(—). 


Reference Input. The reference input is differential with the provision that REF IN(+) must be greater than 
REF IN(—). REF IN(+) can lie anywhere between AV) p and AGND. 


AD7713 only. Analog Input Channel 3. High level analog input which accepts an analog input voltage range of . 
4 X Vegr/GAIN. At the nominal Vpgr of +2.5 V and a gain of 1, the AIN3 pe voltage range is 0 to +10 V. 


Ground Reference Point for Analog Circuitry. 


Transmit Frame Synchronization. Active low logic input used to write serial data to the device with serial data 
expected after the falling edge of this pulse. In the self-clocking mode, the serial clock becomes active after TFS goes 
low. In the external clocking mode, TFS must go low before the first bit of the data word is written to the part. _ 


Receive Frame Synchronization. Active low logic input used to access serial data from the device. In the self-clocking 


_ mode, the SCLK and SDATA lines both become active after RFS goes low. In the external clocking mode, the 


SDATA line becomes active after RFS goes low. 
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Mnemonic Function 
DRDY Logic Output. A falling edge.indicates.a new output word is available for transmission. The DRDY pin will return ; 
high upon completion of transmission of a full output word. DRDY is also used to indicate when the 
| AD7711/AD7713 has completed its on-chip calibration sequence. a : 
SDATA Serial Data. Input/Output with:serial data being written to either the control: sepintee or the salibretiOn registers and 
a serial'data being accessed: from the control register, calibration registers or the data register. During an output data 
~~ read: operation, serial data becomes active after RFS goes low (provided DRDY is low). During a write operation, 
valid serial data is expected on the rising edges of. SCLK when TFS is low. The SuEpue data is natural binary for 
unipolar inputs and offset binary for bipolar inputs. 
DVpp Digital Supply Voltage, +5 V. DVyp should never exceed AVpp by more than 0.3 V. If DVpp powers up betare | 
AVp5p or if DVpp can exceed AVpp ye more than 0.3 V at any other ume, the Peon scheme outlined in 
Figure 5 should be used. | - 
DGND Ground Reference Point for Digital ciais. 
TERMINOLOGY POSITIVE FULL-SCALE OVERRANGE 


INTEGRAL NONLINEARITY 
This is the maximum deviation of any code’ from a straight line 


passing through the endpoints of the transfer function. The end- 
points of the transfer function are zero scale (not to be confused 
with bipolar zero), a point 0.5 LSB below the first code transi- 
tion (000... . 000.to 000 . | 
above the last code transition (111...110to 111... ..111). 
_ The error is expressed as a percentage of full scale. 


POSITIVE FULL-SCALE ERROR 

Positive full-scale error is the deviation of the last code transi- 
tion (111 ...110 to 111... 111) from the ideal input full- scale 
voltage. For AIN(+), the ideal full-scale input voltage is 
(AIN(—).+ Vpgp/GAIN — 3/2 LSBs); for-AIN2 of AD7711, 


the ideal full-scale input voltage is Vaze/GAIN — 3/2 LSBs; for 


AIN3 of AD7713, the ideal full-scale voltage is +4 X. Vppp/ - 


GAIN — 3/2 LSBs. Positive full-scale error applies to both uni- | 


_ polar and bipolar analog input ranges. 


UNIPOLAR OFF SET ERROR 

Unipolar offset error is the’ deviation of the first code transition 
from the ideal input voltage. For AIN(+), the ideal input volt- 
age is (AIN(—) + 0.5 LSB); for AIN2 of AD7711 and AIN3 
of AD7713, the ideal. input iS 0. 5 LSB when SpeTaUne in the 
Unipolar Mode. : 


BIPOLAR ZERO ERROR 3 
This is the deviation of the midscale transition ll. 
1000 . . ..000) from the ideal input voltage. For AINGH), the 
ideal ‘neat voltage is (AIN(—) — 0.5 LSB); for AIN2 of 
AD7711 the ideal input is —0.5 LSB; AIN3 of AD7713 can — 
only accommodate unipolar input ranges. 


BIPOLAR NEGATIVE FULL-SCALE ERROR 

_- This is the deviation of the first code transition from the ideal 
input voltage. For AIN(+), the ideal input voltage is (AIN(—) 
~Vperr/GAIN + 0.5 LSB); for AIN2 of AD7711 the ideal input 
is —Vper/GAIN to 0.5 LSB when operating from dual supplies; 
AIN3 of AD7713 c can only accommodate unipolar input Fanges.. 
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. « 001) and full scale, a point 0.5 LSB. 


“dlto 


Positive full- scale overrange is the amount of overhead available 
to handle input voltages on the AIN(+) inputs greater than 
(AIN(—) + Vrer/GAIN) or on AIN2 of AD771] of greater than — 


-Verr/GAIN or AIN3 of AD7713 of greater than +4 x Ver . 


GAIN (for example, noise peaks or excess voltages due to 
system gain errors in system calibration routines) without intro- 
ducing errors due to: overloading the analog modulator or to 
overflowing. the cul filter: : s 


NEGATIVE FULL- SCALE OVERRANGE 
This is the amount of overhead available to handle voltages on 


| AIN(+) below (AIN(—) — Vpgp/GAIN) or on AIN2 of AD7711 - 


below — —Vper/GAIN without overloading the Panaice modulator 


or ones the digital filter. 


OFFSET CALIBRATION RANGE 

In the system calibration modes, the AD7711/AD7713 ahs 
its offset with.respect to the analog input. The offset calibration. 
range specification defines the range of voltages that the 
AD7711/AD7713 can accept and still calibrate offset accurately. 


FULL-SCALE CALIBRATION RANGE 


This is the range of voltages that the AD7711/AD7713 can » 


accept in the system calibration-mode and_still calibrate full 


scale oe 


INPUT SPAN 7 
In system calibration schemes, two voltages applied in sequence 


_ to the AD7711/AD7713’s analog input define the analog input 


range. The input span specification defines the minimum and 
maximum input voltages from zero to full scale that the 


| AD771VAD7713 can accept and still calibrate gain accurately. 
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Control Register (24 Bits) 
A write to the device with the AO input low writes data to the control register. A read to the device with the AO input low accesses 
the contents of the control register. The control register is 24-bits wide and when writing to the register 24 bits of data must be writ- 
ten otherwise the data will not be loaded to the control register. In other words, it is not possible to write just the first 12 bits of data 
into the control register. If more than 24 clock pulses are provided before TFS returns high, then all clock pulses after the 24th clock 
pulse are ignored. Similarly, a read operation from the control register should access 24 bits of data. 


MSB 
[Ro [Bo [BAe 


LSB 
NOTES 
10n the AD7711 this bit is CH, and on the AD7713 this bit is CH1. 
20n the AD7711 this bit is PD, and on the AD7713 this bit is CHO. 
Operating Mode 
MD2 MD1 MDO Operating Mode 
0 0 0 Normal Mode. This is the normal mode of operation of the device whereby a read to the device with AO 


high accesses data from the data register. This is the default condition of these bits after the internal 
power-on reset. 


0 0 1 Activate Self-Calibration. This activates self-calibration on the channel selected by CH (CHO and CH1 
on AD7713). This is a one-step calibration sequence, and when complete, the part returns to Normal 
Mode (with MD2, MD1, MD0 of the control register returning to 0, 0, 0). The DRDY line indicated 
when this self-calibration is complete and valid data is available in the output register. For this calibra- 
tion type, the zero-scale calibration is done internally on shorted (zeroed) inputs and the full- scale cali- 
bration is done internally on Vegr. 


0 l 0 Activate System Calibration. This activates system calibration on the channel selected by CH (CHO and 
CH1 on AD7713). This is a two-step calibration sequence, with the zero-scale calibration done first on 
the selected input channel and DRDY indicating when this zero-scale calibration is complete. The ae | 
returns to Normal Mode at the end of this first step in the two-step sequence. ve 


0. ] 1 Activate System Calibration. This is the second step of the system calibration sequence with full-scale 
calibration being performed on the selected input channel. Once again, DRDY indicated when this full- 
scale calibration is complete. When this calibration is complete, the part returns to Normal Mode. 


1 0 0 Activate System-Offset Calibration. This activates system-offset calibration on the channel selected by 
CH (CHO and CH1 on AD7713). This is a one step calibration sequence and when complete the part 
returns to Normal Mode with DRDY indicating when this system offset calibration is complete. For this 
calibration type, the zero-scale calibration is done on the selected input channel and the full-scale cali- 
bration is done internally on Vpgr. 


1 0 1 Activate Background Calibration. This activates background calibration on the channel selected by CH 
(CHO and CH1 on AD7713). If the background calibration mode is on, then the AD7711/AD7713 pro- | 
vides continuous self-calibration of the reference and shorted (zeroed) inputs. This calibration takes 
place as part of the conversion sequence, extending the conversion time and reducing the word rate by a 
factor of six. Its major advantage is that the user does not have to worry about recalibrating the device _ 
when there is a change in the ambient temperature. In this mode, shorted (zeroed) inputs and Vag, as 
well as the analog i faput voltage, are connauoushy monitored and the calibration registers of the device — 
are updated. 


1 1 0 Read/Write Zero-Scale Calibration Coefficients. A wer to the device with AO high accesses the contents 
of the zero-scale calibration coefficients of the channel selected by CH (CHO and CH1 on AD7713). A 
write to the device with AO high writes data to the zero-scale calibration coefficients of the channel 
selected by CH. The word length for reading and writing these coefficients is 24 bits, regardless of the 
status of the WL bit of the control register. Therefore, when writing to the calibration register, 24 bits 
of data must be written, otherwise the new data will not be transferred to the calibration register. 


ly 1 1 .: Read/Write Full-Scale Calibration Coefficients. A read to the device with A0 high accesses the contents 
| of the full-scale calibration coefficients of the channel selected by CH (CHO and CH] on AD7713). A 
write to the device with AO high writes data to the full-scale calibration coefficients of the channel 
~ selected by CH. The word length for reading and writing these coefficients is 24 bits, regardless of the 
status of the WL bit of the control register. Therefore, when writing to the calibration register, 24 bits 
of data must be written, otherwise, the new data will not be transferred to the calibration register. 
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PGA Gain 
7 G2 Gl G0- ‘Gain | . : 
0 | | (Default Condition After the’ jnitenéal Forer On Reset) 


— es = © OO © OO 


0 
] 
l 
0 
0 
1 
1 


Channel Selection 
CH1 (AD7713 Only) CHO Channel | 


0 0 AIN1 (Default Condition After the internal Power-On Reset) 
0 : 1 AIN2, | 

1 0 AIN3  AD7713 Only 

Power Down (D711 Only) 

PD | 


0 Normal Operation (Default Condition After Internal Power-On Doe 
1  Power-Down 


Word Length | 

WL Output Word Length 

0 16-Bit. (Default Condition After Internal Power-On Reset) 
] 24-Bit 


RTD Excitation Currents 


RO _ Snes det cue slate 

0 Off (Default Condition After Internal Power-On Reset) 
' On Ne 

Burn-Out Current 

BO _ 7 a | | 

0 Off. eau Condition After Internal Power-On Reset) 
1 On | 
Bipolar/Unipolar Selection (Both Inputs) 

0 Bipolar (Default Condition After iaeaial Power-On Reset) 
1 Unipolar =~ | | 


Filter Selection (FS11-FS0) | ‘ea | 

The on-chip digital filter provides a Sinc? (or (Sinx/x)?) filter response. The 12 bits of data programmed into these bits determine the 
filter cutoff frequency, the position of the first notch of the filter and the data rate for the part. In association with the gain selection, 
it also determines the output noise (and hence the effective resolution) of the device. 


The first notch of the filter occurs at a frequency determined by the relationship: filter first notch frequenep= = eee mn/512Vcode | 
where code is the decimal equivalent of the code in bits FSO to FS11 and is in the range 19 to 2,000. The value of the code loaded to 
these bits must be within this range. Failure to do this will result i in unspecified operation of the device. 


Changing the filter notch frequency, as well as the selected gain, impacts resolution. Tables I and II show the effect of che filter 
notch frequency and gain on the effective resolution of the part. The output data rate (or effective conversion time) for the device is 
equal to the frequency selected for the first notch of the filter. For example, if the first notch of the filter is at 10 Hz then a new 
word is available at a 10 Hz rate or every 100 ms. If the first notch is at 200: Hz, a new word is available every 5 ms. 


_ The settling time of the filter to a full-scale step input change is worst case 4 x 1/(the output data rate). This settling time is to 100% 
of the final value. For example, with the first filter notch at 10 Hz, the. settling time of the filter to a full-scale step input change is 
400 ms max. This settling. time can be reduced to 3.x 1/(output data rate).by synchronizing the step input change to a reset of the 
- digital filter. In other words, if the step input takes place with SYNC low, the settling time will be 3 x 1/(output data rate). If a 

_ change of channel takes place, the settling time is 3 x 1/(output data rate) regardless of the SYNC input,. but DRDY does not stay 
high for 3 x l/output rate.. The —3 dB frequency is determined by the PeOgree first notch eduetey according to the relation- 
ship: filter -3 dB aa = 0.262 x ot noten Rena 8 . 
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Tables I and II show the output rms noise for some typical notch and —3 dB frequencies for the AD7711. The numbers given are for 
the bipolar input ranges with a Vepp of +2.5 V. These numbers are typical and are generated with an analog input voltage of 0 V. 
The output noise from the part comes from two sources. The first is the electrical noise in the semiconductor devices used in the 
implementation of the modulator (device noise). The second occurs when the analog input signal is converted into the digital domain 
adding quantization noise. The device noise is at a low level and is largely independent of frequency. The quantization noise starts at 
an even lower level but rises rapidly with increasing frequency to become the dominant noise source. Consequently, lower filter notch 
settings (below 60 Hz approximately) tend to be device noise dominated while higher notch settings are dominated by quantization 
noise. Changing the filter notch and cutoff frequency in the quantization noise dominated region results in a more dramatic improve- 
ment in noise performarice than it does in the device noise dominated region as shown in Table I. Furthermore, quantization noise is 
added after the PGA, so effective resolution is independent of gain for the higher filter notch frequencies. Meanwhile, device noise is 
added in the PGA and, therefore, effective resolution suffers a little at high gains for lower notch frequencies. 


At the lower filter notch settings (below 60 Hz), the no missing codes performance of the device is at the 24-bit level. At the higher 
settings, more codes will be missed until at 1 kHz notch setting, no missing codes performance is only guaranteed to the 12-bit level. 
However, since the effective resolution of the part is 10.5 bits for this filter notch setting, this no missing codes performance should 
be more than adequate for all applications. 


The effective resolution of the device is defined as the ratio of the output rms noise to the input full scale. This does not remain con- 
stant with increasing gain or with increasing bandwidth. Table II shows the same table as Table I except that the output is now . 
expressed in terms of effective resolution (the magnitude of the rms noise with respect to 2 X Vpgp/GAIN, 1.e., the input full scale). 
It is possible to do post filtering on the device to improve the output data rate for a given —3 dB frequency and also to further reduce 
the output noise (see Digital Filtering section). 


Table I. Output Noise vs. Gain and First Notch Frequency for AD7711 


First Notch of Typical Output RMS Noise (pV) , 

Filter and O/P —3 dB ain of i of reas of a of Gain of | Gain of | Gain of | Gain of 

Data Rate’ Rrequeney: 16 32 64 128 | 

10 Hz? : 0.36 

25 Hz? 0.36 
30 Hz? 0.36 

50 Hz? 0.45 

60 Hz’. 0.45 

100 Hz? 0.65 

250 Hz? 127 

500 Hz? : 0.26 x 10° 8. 

1 kHz? : 1.6 x 10° 0.29 x 10° 40 

NOTES 


1The default condition (after the internal power-on reset) for the first Aetch of filter is 60 Hz. 

2 a a 

For these filter notch frequencies, the output rms noise is primarily dominated by device noise and as a result is independent of the value of the reference volt- 
age. Therefore, increasing the reference voltage will give an increase in the effective resolution of the device (J.e., the ratio of the rms noise to the input full 
scale is increased since the output rms noise remains constant as the input full scale increases). 

3For these filter notch frequencies, the output rms noise is dominated by quantization noise and as a result is proportional to the value of the reference voltage. 


Table II. Effective Resolution vs. Gain and First Notch Frequency for AD7711 


First Notch of Effective Resolution’ (Bits) 


_ Filter and O/P —-3dB | a of = of of — of | of Gain of Gain of. |. Gain of 
Data Rate Frequency — 32 128 
a SDs - 5 . 5 Sa 5 Ze 5 , ; ; 


10 Hz 16.5 
25 Hz 16.5 
30 Hz 16.5 
50 Hz 16.5 
60 Hz 16.5 
100 Hz 16 
250 Hz 14.5 
500 Hz 1235: ; 
1 kHz 10 
NOTE 


‘Effective resolution is defined as the magnitude of the output rms noise with respect to the input full scale (i.e., 2 X Vppp/GAIN). The above table applies ep 
a Vege of +2.5 V and resolution numbers are rounded to the nearest 0.5 LSB. 
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Tables Ia and Ila show the output rms noise for some typical notch and —3 dB frequencies for the AD7713. The numbers given are | 
for the bipolar input ranges with a Vege of +2.5 V. These numbers are typical and are generated with an analog input voltage of = 
0 V. The output noise from the part comes from. two sources. Firstly, there is the electrical noise in the semiconductor devices used 
in the implementation of the. modulator (device noise). Secondly, when the analog input signal is converted into the digital domain, 
quantization noise is added. The device noise is at a low level and is largely independent of frequericy. The quantization noise starts 
at an even lower level but rises rapidly with increasing frequency to become the dominant noise source. Consequently, lower filter 
notch settings:(below 12 Hz approximately) tend to be device noise dominated while higher notch settings are dominated by quantiza- 
tion noise. Changing the’filter notch and cutoff frequency in the quantization-noise dominated ‘region results in a more dramatic 
improvement in noise performance than it does in the device-noise dominated region as shown in Table Ia. Furthermore, quantization 
noise is added after the PGA, so effective resolution is independent of gain for the higher filter. notch frequencies. Meanwhile, eevee: 
noise is added in the PGA and, therefore, effective resolution suffers a little at high gains for lower notch frequencies. 


At the lower filter notch settings (below 12 Hz), the no missing codes performance of the device is at the 24-bit level. At the Richer 

- settings, more codes will be missed until at 200 Hz notch setting, no missing codes performance is only guaranteed to the 12-bit level. 
However, since the effective resolution of the part is 10.5 bits for this filter notch setting, this no missing feces peronnanre should 
be more than adequate for all applications. 


The effective resolution of the device is defined as the ratio of the output rms noise to the input full scale. This does not remain con- 
stant with increasing gain or with increasing bandwidth. Table IIa shows the same‘table as Table Ia except that the output is now 
expressed in terms of effective resolution (the magnitude of the rms noise with respect to 2 X Vzpp/GAIN, i.e., the input full-scale).. 
It is possible to do post filtering on the device to improve the output data rate for a given —3 dB frequency and also to further BecUice 
the output noise (see ae Filtering section). 


Table Ia. Output Noise vs. Gain and First Notch Frequency for AD7713 


First Notch of . Typical Output RMS Noise (pV) 


Filter and O/P | .—3 dB en of Gain of hie of . — of Gain of | Gain of aay of. Gain of 
Data Rate’ Frequency 16 32 -128.. 

2 Hz’. 0.36 

5 Hz? 0.36 

6 Hz? 0.36 - 
10 Hz? 0.45 
12 Hz? 0.45 
20 Hz? 0.65 - 
50 Hz? | 1.7 
100 Hz? 0.26 x 10? | 8 
200 Hz? 1.6 x 10? 7x 0.29 x 103 40° 
NOTES 


‘The default condition (after the internal power-on reset) for the first notch of filter is 12 Hz. 

For these filter notch frequencies, the output rms noise is primarily dominated by device noise and a suite is independently of the value of the reference volt- 
age. Therefore, increasing the reference voltage will give an increase in the effective resolution of the device (i.e., the ratio of the rms noise to the input full 
scale is increased since the output rms noise remains constant as the input full-scale increases). 

>For these filter notch frequencies, the output rms noise is dominated by quantization noise and as a result is proportional to the value of the reference voltage. — 


Table Ila. Effective Resolution vs. Gain and First Notch Frequency for AD7713 


First Notch of Effective Resolution’ (Bits) 


Filter and O/P —3dB Cain of — of Gain of a of : Gain of Gain of Gain. of 
Data Rate Frequency 16 2s: Oh | 128 


2 Hz 16.5 

. 5 Hz 16.5 
6 Hz (16:5 
10 Hz 16.5 
12 Hz 16.5 
20 Hz 16 
50 Hz 14.5 
100 Hz 12:5 
200 Hz 10 __ 
NOTE 


1Effective resolution is defined as the magnitude of the output rms noise with respect to the amput f full scale a C5 » 2 x Vrer/GAIN). The above table pappucs for . 
a Var of +2.5 V and resolution numbers are rounded to the nearest 0.5 LSB. 
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CIRCUIT DESCRIPTION 

The AD7711/AD7713 is a sigma-delta A/D converter with 
on-chip digital filtering, intended for the measurement: of wide 
dynamic range, low frequency signals such as those in industrial 
control or process control applications. It contains a sigma-delta 
(or charge-balancing) ADC, a calibration microcontroller with 
on-chip static RAM, a clock oscillator, a digital filter and a bidi- 
rectional serial communications port. 


The AD7711 contains two programmable gain input channels, 
one differential and one single-ended. The AD7713 contains 
three programmable gain analog input channels, two differential . 
input and one high-level single-ended input. The gain range on 
all inputs is from 1 to 128. For the low-level inputs, this means 
that the input can accept unipolar signals of between 0 mV to 
+20 mV and 0 V to +2.5 V or bipolar signals in the range from 
+20 mV to +2.5 V when the reference input voltage equals 
+2.5 V. The input voltage range for the AIN3 of the AD7713 
input is +4 X Vper/GAIN and is 0 V to +10 V with the nomi- 
nal reference of +2.5 V and a gain of 1. The input signal to the 
selected analog input channel is continuously sampled at a rate 
determined by the frequency of the master clock, CLK IN, and 
the selected gain (see Table III). A charge balancing A/D con- 
verter (Sigma-Delta Modulator) converts the sampled signal into 
a digital pulse train whose duty cycle contains the digital infor- 
mation. The programmable gain function on the analog input is 
also incorporated in this sigma-delta modulator with the input 
sampling frequency being modified to give the higher gains. A 
sinc? digital low-pass filter processes the output of the sigma- 
delta modulator and updates the output register at a rate deter- 
mined by the first notch frequency of this filter. The output 
data can be read from the serial port randomly or periodically at 
any rate up to the output register update rate. The first notch of 
this digital filter (and hence its —3 dB frequency) can be pro- 
grammed via an on-chip control register. 


The AD7711/AD7713 provides a number of calibration options 
which can be programmed via the on-chip control register. A 
calibration cycle may be initiated at any time by writing to this 
control register. The part can perform self-calibration using the 
on-chip calibration microcontroller and SRAM to store calibra- 
tion parameters. Other system components may also be included 
in the calibration loop to remove offset and gain errors in the 
input channel using the system calibration mode. Another 
option is a background calibration mode where the part continu- 
ously performs self-calibration and updates the calibration coeffi- 
cients. Once the part is in this mode, the user does not have to 
worry about issuing periodic calibration commands to the device 
or asking the device to recalibrate when there is a change in the 
ambient temperature or power supply voltage. | 

The AD7711/AD7713 gives the user access to the on-chip calibra- 
tion registers allowing the microprocessor to read the device’s 
calibration coefficients and also.to write its own calibration coef- 
ficients to the part from prestored values in E7PROM. This gives 
the microprocessor much greater control over the part’s calibra- 
tion procedure. It also means that the user can verify that the 
device has performed its calibration correctly by comparing the 
coefficients after calibration with prestored values in E7PROM. 
The AD7713 is a positive supply only part while the AD7711 
can be operated from positive and negative supplies. For battery 
operation or low power systems, both parts offer a standby __ 
mode that reduces idle power consumption to 300 wW typical _ 
on AD7713 and 7 mW typical on the AD7711. ta 
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The AD7711/AD7713 uses a second-order sigma-delta modula- 
tor and a digital filter that provides a rolling average of the sam- 
pled output. After power-up or if there is a step change in the 
input voltage, there is a settling time that must elapse before 
valid data is obtained. 


Input Sample Rate 

The modulator sample frequency for the device remains at 

forK m/512 (3.9 KHz @ ferx in = 2 MHz and 19.5 kHz @ 
forxin = 10 MHz) regardless of the selected gain. However, 
gains greater than <1 are achieved by a combination of multiple 
input samples per modulator cycle and a scaling of the ratio of 
reference capacitor to input capacitor. As a result of the multiple 
sampling, the input sample rate of the device varies with the 
selected gain (see Table III). The effective input impedance is 


1/C + fs where C is the input sampling capacitance and f, is the 
input sample rate. 


Table III. Input Sampling Frequency vs. Gain 


Gain Input Sampling Frequency (f,). 
1 for x m/512 
2 2X fore w/512 
4 4% fore m/S12 
8 8X for y/512 
16 SX foe quid?” 
32 8 X for w/512 
64 8 X fore w/512 
128 8 X fork m/512 
DIGITAL FILTERING 


The part’s digital filter behaves like a similar analog filter, with 
a few minor differences. 


First, since digital filtering occurs after the A-to-D conversion 
process, it can remove noise injected during the conversion pro- 
cess. Analog filtering cannot do this. 


On the other hand, analog filtering can remove noise superim- 
posed on the analog signal before it reaches the ADC. Digital 
filtering cannot do this and noise peaks riding on signals near 
full scale have the potential to saturate the analog modulator and 
digital filter, even though the average value of the signal is 
within limits. To alleviate this problem, the part has over-range 
headroom built into the sigma-delta modulator and digital filter 
which allows overrange excursions of 5% above the analog input 
range. If noise signals are larger than this, consideration should 
be given to analog input filtering, or to reducing the input chan- 
nel voltage so that its full scale is half that of the analog input 
channel full scale. This will provide an overrange capability 
greater than 100% at the expense of reducing the dynamic range 
by 1 bit (50%). | 


Filter Characteristics 

The cutoff frequency of the digital filter is determiried by the 
value loaded to bits FSO to FS11 in the control register. At a. 
clock frequency of 2 MHz, the minimum cutoff frequency of 
the filter is 0.52 Hz while the maximum programmable cutoff 
frequency is 53.9 Hz. At a clock frequency of 10 MHz (AD7711 
only), the minimum cutoff frequency of the filter is 2.58 Hz 
while the maximum programmable cutoff frequency is 269 Hz. 


Figure 2 shows the filter frequency response for a cutoff fre- 
quency of 2.62 Hz which corresponds to a first filter notch fre- 
quency of 10 Hz. This is a (sinx/x)? response (also called sinc?) 
that provides >100 dB of 50 Hz and 60 Hz rejection. Program- 
ming a different cutoff frequency via FSO-FS11 does not alter © 
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the profile of the filter response, it aang the frequency of the 
notches as outlined in the Control Register section. _ 


~ GAIN - dBs 


“a EREQUENEN Hz 


Figure 2. Frequency Response of AD7711/AD7713 Filter 


Since the AD7711/AD7713 contains this on-chip, low-pass filter- 
ing, there is a settling time associated with step function inputs 
and data on the output will be invalid after a step change until 
the settling time has elapsed. The settling time depends upon 
the notch frequency chosen for the filter. The output data rate 


equates to this filter notch frequency and the settling time of the - 


filter to a full-scale step input is 4 times the output data period. 
In applications using both input channels, the settling time of 
the filter must be allowed to elapse before data from the second 
channel is accessed. -~ : 


Post Filtering . | _ 
The on-chip modulator provides samples at a 3.9 kHz output 
rate (2 MHz clock) and 19.5 kHz (10 MHz clock). The on-chip. 
digital filter decimates these samples to provide data at an out- 
put rate which corresponds to the programmed first notch fre- 
quency of the filter. Since the output data rate exceeds the 
Nyquist criterion, the output rate for a given bandwidth will 
satisfy most application requirements. However, there may be 
some applications which require a higher data rate for a given — 
bandwidth and noise performance. Applications which need this 
higher data rate will require some post filtering Chowne the | 
digital filter of the AD7711/AD7713. 


For example, if the required bandwidth is 7.86 Hz but the 
required update rate is 100 Hz, the data can be taken from the 


AD7711/AD7713 at the 100.Hz rate giving a —3 dB bandwidth — 


of 26.2 Hz. Post filtering can be applied to this to reduce the | 
bandwidth and output noise, to the 7.86 Hz bandwidth level, 
while maintaining an output rate of 100 Hz. 


Post filtering can also be used to reduce the output noise from 
the device for low bandwidths. Noise in these bandwidths is — 
essentially device noise or white noise, and since the input is 
chopped, the noise has a flat frequency response. By reducing © 
the bandwidth, the noise in the resultant passband can be 

reduced. A reduction in bandwidth by a factor of 2 results in a 
_ \/2 reduction in the output rms noise. This additional filtering 
will result in a longer settling ti time. 


Antialias Considerations 


The digital filter does not provide any rejection at integer multi- 
ples of the modulator sample frequency. This means that there - 
are frequency bands, +f, ap Wide (f3 ap is cutoff frequency. __ 
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selected by FSO to FS11) where noise passes :unattenuated to the 
output. However, due to the part’s high oversampling ratio, 
these bands occupy only a. small: fraction of the spectrum and 
most broadband noise is filtered. In any case, because of the . - 


high oversampling ratio a simple, RC, single-pole filter is gener- _ 


ally sufficient to attenuate the signals in these bands on the ana- 
log input and thus provide adequate antialiasing filtering. 


If passive components are placed in front of the AIN1 and 


_AIN2 inputs of the AD7711/AD7713, care must be taken to 


ensure that the source impedance is low enough so as not to 
introduce gain errors in the system. The dc input impedance for 
the AINI1 and AIN2 inputs is over 1 GO. The input appears as 
a dynamic load which varies with the clock frequency and with the 
selected gain (see Figure 3). The input sample rate, as shown in. 
Table III, determines the time allowed for the analog input | 
capacitor, C;,;, to be charged. External impedances result in a 


_ longer charge time for this capacitor and this may result in gain | 


errors being introduced on the analog inputs. Both inputs of the 
differential input channels look into similar input circuitry. 


In any case, the error introduced due to longer charging times is 
a gain error which can be removed using the system calibration 
capabilities of the AD7711/AD7713 provided that the resultant 
span is within the span limits of the system calibration tech- 
niques for the AD7711/AD7713. 


HIGH | 
IMPEDANCE 


'>1G 


SWITCHING FREQ DEPENDS ON 
foixin ANDSELECTEDGAIN 


Figure 3. AIN1, AIN2 Input Impedance 


The AIN3 input of the AD7713 contains a resistive attenuation - 
network’as outlined in Figure 4. The typical input impedance - * 
on this input is 44 kQ. As a result, the AIN3 input of the = 
AD7713 should be driven from a low dapeaance source. 


Ans O —-- a 
| MobULATOR 
| ciRcuIT 


Veias 


Figure 4. AIN3 Input Impedance — 


ANALOG INPUT FUNCTIONS” 
Analog Input Ranges | 
Both analog inputs on the AD7711 are sioerannableceauy. 


input channels which can handle either unipolar or bipolar input 


signals. The AIN1 channel of the AD7711 ‘is a differential input 
channel having a common-mode range from Vg, to AVpp, pro- 
vided that the absolute value of the analog input voltage lies 
between Veg — 30 mV and AVpp + 30 mV. The AIN2 input’ » 
channel is a single-ended input that is referred to AGND. | 


The analog inputs on the AD7713 provide the user with consid- 
erable flexibility. in terms of analog input voltage ranges. Two of 
the inputs are differential, programmable-gain, input channels. 
which can handle either unipolar or bipolar input signals. The 
common-mode range of these inputs is from AGND to AVpp 
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provided that the absolute value of the analog input voltage lies 
between AGND —30 mV and AV,,+30 mV. The third analog 
input is a single-ended, programmable gain high-level input 
which accepts analog input ranges of 0 to +4 X Vpp-/GAIN. 


The dc input leakage current on the AIN1 and AIN2 inputs is 
10 pA maximum at 25°C (+1 nA over temperature). This results 
in a dc offset voltage developed across the source impedance. 
However, this dc offset effect can be compensated for by a com- 
bination of the differential input capability of the part and its 
system calibration mode. The dc input current on the AIN3 of 
the AD7713 input depends on the input voltage, For the nominal 
input voltage range of +10 V, the input current is 225 wA typ. 


Burn Out Current 

The AIN1(+) input of the AD7711/AD7713 contains a current 
source which can be turned on/off via the control register. This 
current source can be used in checking that a transducer has not 
burnt out or gone open circuit before attempting to take mea- 
surements on that channel. If the current is turned on and is 
allowed flow into the transducer and a measurement of the input 
voltage on the AIN1 input is taken, it can indicate that the 
transducer is not functioning correctly. For normal operation, | 
this burn out current is turned off by writing a 0 to the BO bit 
in the control register. The burn-out current is 1 A for the 
AD7711 and 200 nA for the AD7713. 


RTD Excitation Currents 

The AD7711/AD7713 also contains two matched 200 pA con- 
stant current sources which are provided at the RTD1 and 
RTD2 pins of the device. These currents can be turned on/off 
via the control register. Writing a 1 to the RO bit of the control 
register enables these excitation currents. 


For four-wire RTD applications, one of these excitation currents 
is used to provide the excitation current for the RTD, the second 
current source can be left unconnected. For three-wire RTD 
configurations, the second on-chip current source can be used to 
eliminate errors due to voltage drops across lead resistances. 


The temperature coefficient of the RTD current sources is typi- 
cally 20 ppm/°C with a typical matching between the temperature 
coefficients of both current sources of 3 ppm/°C. For applications 
where the absolute value of the temperature coefficient is too 
large, the following schemes can be used to remove the drift error. 


The conversion result from the AD7711/AD7713 is ratiometric 
to the Verr voltage. Therefore, if the Var voltage varies with 
the RTD temperature coefficient, the temperature drift from the 
current-source will be removed. For four-wire RTD applica- 
tions, the reference voltage can be made ratiometric to RTD 
current source by using the second current with a low TC resis- 
tor to generate the reference voltage for the part. In this case if 
a 12.5 kQ resistor is used, the 200 pA current source generates 
+2.5 V across the resistor. This +2.5 V can be applied to the 
REF IN(+) input of the part and with the REF IN(—) input at 
ground it will supply a Veg of 2.5 V for the part. For three- 
wire RTD configurations, the reference voltage for the part is 
generated by placing a low TC resistor (12.5 kO for 2.5 V refer- 
ence) in series with one of the constant current sources. The 
RTD current sources can be driven to within 2 V of AVpp. 
The reference input of the part is differential so the REF IN(+) 
and REF IN(—) of the part are driven from either side of the 
resistor. Both schemes ensure that the reference voltage for the 
part tracks the RTD current sources over temperature and, 
thereby, removes the temperature drift error. 
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Bipolar/Unipolar Inputs 

The AIN1 and AIN2 inputs on both parts can accept either uni- 
polar or bipolar input voltage ranges while the AIN3 of the 
AD7713 accepts only unipolar signals. Bipolar or unipolar 
options for AIN1 and AIN2 are chosen by programming the 
B/U bit of the control register. This programs both channels for 
either unipolar or bipolar operation. Programming the part for 
either unipolar or bipolar operation does not change any of the 
input signal conditioning; it simply changes the data output cod- 
ing. The data coding is binary for unipolar inputs and offset 
binary for bipolar inputs. 


The AIN1 and AIN2 channels of the AD7713 and the AIN1 
input of the AD7711 are differential, and as a result, the voltage 
to which the unipolar and bipolar signals are referenced is the 
voltage on the respective AIN(—) input. For example, if 
AIN(-—) is +1.25 V and the part is configured for unipolar oper- 
ation with a gain of 1 and a Vag of +2.5 V, the input voltage 
range on the AIN(+) input is +1.25 V to +3.75 V. For the: 
AIN3 input of the AD7713 and the AIN2 input of the AD7711, 
the input signals are referenced to AGND. 


REFERENCE INPUT | — 
The reference inputs of the part, REF IN(+) and REF IN(—), 
provide a differential reference input capability. The common- — 
mode range for these differential inputs is from Vg, to AVpp 
(AGND to AVpp on AD7713). The nominal differential volt- - 
age, Verr (REF IN(+) — REF IN(—)), is +2.5 V for specified 
operation but the reference voltage can go to +5 V with no deg- 
radation in performance provided that the absolute value of 
REF IN(+) and REF IN(—) does not exceed its supply limits. 
The part is also functional with Vprp voltages down to 1 V but . 
with degraded performance as the output noise will, in terms of 
LSB size, be larger. REF IN(+) must always be greater than . 
REF IN(—) for correct operation of the AD7711/AD7713. 


Both reference inputs provide.a high impedance, dynamic load 
similar to the analog inputs. The maximum dc input leakage 
current is 10 pA (+1 nA over temperature) and source resistance 
may result in gain errors on the part. The reference inputs. look 
like the AIN1 analog input (see Figure 3). In this case, Ryy;+ is 
5 kQ typ and Cy,7 varies with gain. The input sample rate is 
fox yn/512 and does not vary with gain. For gains of 1 to 8 
Cinrtr is 20 pF; for a gain of 16 it is 10 pF, for a gain of 32 it is 
5 pF, for a gain of 64 it is 2.5 pF, and for a gain of 128 it is 
1.25 pF. 


The digital filter of the part removes noise from the reference 
input just as it does with the analog input, and the same limita- 


- tions apply regarding lack of noise rejection at integer multiples 


of the sampling frequency. The output noise performance out- 
lined in Tables I and II assumes a clean reference. If the refer- — 
ence noise in the bandwidth of interest is excessive, it can © 
degrade the performance of the AD7711/AD7713. Recom- | 
mended references for the AD7711/AD7713 are the AD680 and 
AD780, +2.5 V references. 


REFERENCE OUTPUT (AD7711 ONLY) 

The AD7711 contains a temperature compensated +2.5 V refer- 
ence which has an initial tolerance of +4%. This reference volt- 
age is provided at the REF OUT pin, and it can be used as the © 
reference voltage for the part by connecting REF OUT to the 
REF IN(+) pin. This REF OUT pin is a single-ended output, 
referenced to AGND, which is capable of providing up to 1 mA to 
an external load. In applications where REF OUT is connected 


ANALOG-TO-DIGITAL CONVERTERS 2-261 


~ADTT11/AD7713 


directly to REF IN(+), REF IN(—) shouldbe Gad to AGND: to. 


provide the nominal +2.5 V reference for the AD7711. 


Using the on-chip reference as the reference source ‘for the” part - 


results in somewhat degraded output noise performance from 
the AD7711 for portions of the noise table that are dominated 
by the device noise. The on-chip. reference noise effect is elimi- 
nated in ratiometric applications where the reference is used to 
' provide the excitation voltage for thé analog front end. 


Varas Input (AD771 11 only) 
The Vagzas input determines at what voltage he internal analog - 
circuitry is biased. It essentially provides the return path for 


analog currents flowing in the modulator and, as such, it should 


be driven from a low impedance point to minimize errors. 


For maximum internal headroom, the Vpras voltage should be 
set halfway between AVpp and Vgg. The difference between 
AVpp and (Vgyas + 0.85 X Vpgp) determines the amount of 
headroom the circuit has.at the upper end, while the difference 
between Vgg and (Vgras — 0.85 X Vegp) determines the amount 
of headroom the circuit has at the lower end. Care should be 
taken in choosing a Vgras voltage to ensure that it stays within 
prescribed limits. For single +5 V operation, the selected Vgras 


voltage must ensure that Vgras + 0.85 X Vag does not exceed 
AVpp Or Vgsg or that the Vgyas voltage itself is greater than Vs 
+ 2.1 Vand less than AVpp — 2.1 V. For single + 10 V operation. 


or dual +5 V operation, the selected Vp;,45 voltage must ensure 
that Varas X 0.85 X Vag does not exceed AVpp or Vsg or 
that the Vpyas voltage itself is greater than Vs, + 3 V or less ~ 
than AVpp ~ 3 V. For example, with AVpp = +4.75 V » Vss 
= 0 V and Varr = +2.5 V, the allowable range for the Vgyas | 
voltage is +2.125 V to +2.625 V. With AVpp = +9.5 V, Ven 
= 0 V and Vag = 5 V, the range for Vpras is +4.25 V to 
+5.25 V. With AVpp = +4.75 V, Vss = ~4.75 V and Vase 
= +2.5 V, the Vpras range is —2:625 V to'+2.625 V. 


The Vgras voltage does have an effect on the AVpp power sup- 
ply rejection performance of the AD7711. If the Vaz,s voltage 


tracks the AVpp supply, it improves the power supply rejection | 


from the AVpp supply line from 80 dB to 95 dB. Using an 
external Zener diode, connected between the AVpp line and > 
Varas> aS the source for the Vj;,5 voltage gives the improve- 
ment in AVpp power supply rejection performance. 


USING THE AD7711/AD7713 

SYSTEM DESIGN CONSIDERATIONS 

The AD7711/AD7713 operates differently from successive — 
approximation ADCs or integrating ADCs. Since it samples the’ 
signal continuously, like a tracking ADC, there is no need for a 
start convert command. The output register is updated at a rate 


determined by the first notch of the filter and the output can be | 


read at any time, either eayneneonously or eS reer 


Clocking 

The AD7711/AD7713 requires a master clock input, which’ may 
be an external TTL/CMOS compatible clock signal applied to 
the MCLK IN pin with the MCLK OUT pin left unconnected. 
Alternatively, a crystal of the correct frequency can be con- 
‘nected between MCLK IN and MCLK OUT, in which case the 
clock circuit will function as a crystal controlled. oscillator. For 
lower clock frequencies, a ceramic resonator may be used | 
instead of the crystal. For these lower frequency oscillators, — 
external capacitors may be required on either me ceramic reso- 
nator or on the crystal. = 
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The input sampling frequency, the modulator sampling fre- 
quency, the —3 dB frequency, output update rate and calibra- 
tion time are-all directly related tothe master clock frequency, 
fox iw: Reducing the master clock frequency by a factor of 2 


- will halve the above frequencies and update rate. and will double 


the calibration time. 


The current drawn from the DVop power supply is sis 
directly related to for x my. Reducing for x yx by a factor of 2. 
will halve the DV,p current but will not affect the current 
drawn from the AV,p power auDP 


System Synchronization 

If multiple AD7711/AD7713s are “opemied from a common mas- 
ter clock, they can be synchronized to update their output regis- 
ters simultaneously. A falling edge-on the SYNC input resets _ 
the filter and places the part into a consistent, known state. A 
common signal to the parts’ SYNC inputs will synchronize their 
operation. This would normally be done after each AD7711/, 
AD7713 has performed its own calibration or has had caubration 
coefficients loaded to it. 


The SYNC input can also be used to reset the digital filter in 
systems where the turn-on time of the digital power supply 

(DV pp) is very long. In such cases, the AD7711/AD7713 will 
start operating internally before the DVpp line has reached its 
minimum operating level, +4.75 V. With a low DVjp voltage, — 
the part’s internal digital filter logic does not operate correctly. 
Thus, the AD7711/AD7713 may have clocked itself into an 
incorrect operating condition by the time that DVpp has» 
reached its correct level. The digital filter will be reset upon 
issue of a calibration command (whether it is self-calibration, 
system calibration or background calibration) to the AD7711/ 
AD7713. This ensures correct operation of the AD7711/ 
AD7713. In systems where the power-on default conditions of 
the part are acceptable and no calibration is performed after 
power-on, issuing a SYNC pulse to the part will reset the © 
AD7711/AD7713’s digital filter logic. An R, C on the SYNC 
line, with R, C time constant longer than the DVpp power on ; 
ume; will perform the SYNC BencHOn. 


ACCURACY . oO os 
Sigma-Delta ADCs, like VFCs and other integrating ADCs, do 
not contain any source of nonmonotonicity and inherently offer 
no missing codes pérformance. The AD7711/AD7713 achieves. - 
excellent linearity by the use of high quality, on-chip silicon dioes 
ide capacitors, which have a very low capacitance/voltage coeffi- 
cient. The. device also achieves low input drift through the use . 
of chopper-stabilized techniques in its input stage. To ensure - 
excellent performance over time and temperature, the AD7711/ | 
AD7713 uses digital calibration. peceonues which minimize a 
set and gain error. | so 


AUTOCALIBRATION ee 
Autocalibration on the AD771 V/AD7713 removes offset and gain 
errors from the device. A calibration routine should be initiated . 
on the device whenever there is a change in the ambient operat- 


_ing temperature or supply voltage. It should also be initiated if . 


there is a change in the selected gain, filter notch or bipolar/ 
unipolar input range. However, if the AD7711/AD7713 is in its 
background calibration-mode, the above changes are all auto- - 
matically taken care of (after the eH time of the filter has 
been allowed for). 
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The AD7711/AD7713 offers self-calibration, system calibration 
and background calibration facilities. For calibration to occur on 
the selected channel, the on-chip microcontroller must record 
the modulator output for two different input conditions. These 
are “zero-scale” and “full-scale” points. With these readings, the 
microcontroller can calculate the gain slope for the input to out- 
put transfer function of the converter. Internally, the part works 
with a resolution of 33 bits to determine its conversion result of 
either 16 bits or 24 bits. 


The part also provides the facility to write to the on-chip calibra- 
tion registers and in this manner the span and offset for the part 
can be adjusted by the user. The offset calibration register contains 
a value which is subtracted from all conversion results, while the 
full-scale calibration register contains a value which is multiplied 
by all conversion results. The offset calibration coefficient is sub- 
tracted from the result prior to the multiplication by the full-scale 
coefficient. In the first three modes outlined here, the DRDY 
line indicates that calibration is complete by going low. If DRDY 
is low before (or goes low during) the calibration command, it 
may take up to one modulator cycle before DRDY goes high to 
indicate that calibration is in progress. Therefore, DRDY should 
be ignored for up to one modulator cycle after the last bit of the 
calibration command is written to the control register. 


Self-Calibration 

In the self-calibration mode with a unipolar input range, the 
zero-scale point used in determining the calibration coefficients 
is with both inputs shorted (i.e., AIN(+) = AIN(—) = Vgras 
for the differential inputs and AIN = Vgyas for AIN2 of the 
AD7711 and AIN3 of the AD7713) and the full-scale point is © 
Vrer- The zero-scale coefficient is determined by converting an 


internal shorted inputs node. The full-scale coefficient is deter- — 


mined from the span between this shorted inputs conversion and 
a conversion on an internal Veg node. The self-calibration 
mode is invoked by writing the appropriate values (0, 0, 1) to 
the MD2, MD1 and MD0 bits of the control register. In this 
calibration mode, the shorted inputs node is switched in to the 
modulator first and a conversion is performed; the Vapp node is 
then switched in and another conversion is performed. When 
the calibration sequence is complete, the calibration coefficients | 
updated and the filter resettled to the analog input voltage, the 
DRDY output goes low. The self-calibration procedure takes 
into account the selected gain on the PGA. 

For bipolar input ranges in the self-calibrating mode, the 
sequence is very similar to that just outlined. In this case, the 
two points which the AD7711/AD7713 calibrates are midscale 
(bipolar zero) and positive full scale. 


_ System Calibration | 

System calibration allows the AD7711/AD7713 to compensate 
for system gain and offset errors as well as its own internal 
errors. System calibration performs the same slope factor calcu- 
lations as self-calibration but uses voltage values presented by- 
the system to the AIN inputs for the zero and full-scale points. 
System calibration is a two-step process. The zero-scale point 
must be presented to the converter first. It must be applied to 
the converter before the calibration step is initiated and remain 
stable until the step is complete. System calibration is initiated 
by writing the appropriate values (0, 1, 0) to the MD2, MD1 | 
and MD0 bits of the control register. The DRDY output from 
the device will signal when the step is complete by going low. 
After the zero-scale point is calibrated, the full-scale point is 
applied and the second step of the calibration process is initiated 
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by again writing the appropriate values (0, 1, 1) to MD2, MD1 
and MDO. Again the full-scale voltage must be set up before the 
calibration is initiated and it must remain stable throughout the 
calibration step. DRDY goes low at the end of this second step 
to indicate that the system calibration is complete. In the unipo- 
lar mode, the system calibration is performed between the two 
endpoints of the transfer function; in the bipolar mode, it is per- 
formed between midscale and positive full scale. 


This two-step system calibration mode offers another feature. 
After the sequence has been completed, additional offset or gain 
calibrations can be performed by themselves to adjust the zero 
reference point or the system gain. This is achieved by perform- 
ing the first step of the system calibration sequence (by writing 
0, 1,0 to MD2, MD1, MDO). This will adjust the zero scale or 
offset point but will not change the slope factor from what was 
set during a full system calibration sequence. 


System calibration can also be used to remove any errors from 
an antialiasing filter on the analog input. A simple R, C anti- 
aliasing filter on the front end may introduce a gain error on the 
analog input voltage but the system calibration can be used to 
remove this error. 


System Offset Calibration 

System offset calibration is a variation of both the system cali- 
bration and self-calibration. In this case, the zero-scalé point for 
the system is presented to the AIN input of the converter. Sys- 
tem offset calibration is initiated by writing 1, 0, 0 to MD2, 
MD1, MDO. The system zero-scale coefficient is determined by 
converting the voltage applied to the AIN input, while the full- 
scale coefficient is determined from the span between this AIN 
conversion and a conversion on Vprr. The zero-scale point: 
should be applied to the AIN input for the duration of the cali- 
bration sequence. This is a one-step calibration sequence with 
DRDY going low when the sequence is completed. In the uni- 
polar mode, the system offset calibration is performed between. . 
the two endpoints of the transfer function; in the bipolar mode, : 
it is performed between midscale and positive full scale. 


Background Calibration _ 

The AD7711/AD7713 also offers a background calibration mode 
where the part interleaves its calibration procedure with its nor- 
mal conversion sequence. In-the background calibration mode, 
the same voltages are used as the calibration points as are used 
in the self-calibration mode, i.e., shorted inputs and Ver. The 
background calibration mode is invoked by writing 1, 0, 1 to 
MD2, MD1, MDO of the control register. When invoked, the 
background calibration mode reduces the output data rate of the 
part by a factor of six while the —3 dB bandwidth remains | 
unchanged. Its advantage is that the part is continually perform- 
ing calibration and automatically updating its calibration coeffi- 
cients. As a result, the effects of temperature drift, supply 
sensitivity and time drift on zero and full-scale errors are auto-. 
matically removed. When the background calibration mode is 
turned on, the part will remain in this mode until bits MD2, 
MD1 and MD0 of the control register are changed. With back- 
ground calibration mode on, the first result from the AD7711/ 
AD7713 will be incorrect as the full-scale calibration will not 
have been performed. For a step change on the input, the sec- 
ond output update will have settled to 100% of the final value. 


Table IV summarizes the calibration modes and the calibration 
points associated with them. It also gives the duration from 
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| when ‘the calibration i is invoked t to when valid data i is available to 
_ the user. se : : 


Span and Offset Limits” . 
Whenever a system ‘calibration mode is iia ee are jimits on 
the amount of offset and span that can be accommodated. The 


range of input span in both the unipolar and bipolar modes for ‘ 


the AIN1 and AIN2 inputs of both the AD7711 and AD7713 ” 

has a minimum value of 0.8 x VaE/GAIN and a maximum ” ~ 
value of 2.1 X Vpgr/GAIN. For AIN3 of the AD7713, the min- 
imum value is 3.2 < Vagr/GAIN while the maximum value is 
4.2 X Vagp/GAIN. a 


The amount of offset that can be accommodated depends on 
whether the unipolar or bipolar mode i iS being used. This offset 
range is ‘limited by. the requirement that the positive full-scale 
calibration limit is =< 1.05 x Vrer/GAIN | for AIN1 and AIN2._ 
ey the offset range plus the —— range cannot exceed 


1.05 X Vpu/GAIN for AIN] and AIN2. If the ‘span is at-its 
minimum (0.8 X Vags/GAIN) the maximum the'offset:can be is 
(0.25: X. Vppp/GAIN) for AIN1 and AIN2. For AIN3, both 
ranges are multiplied by a factor of 4. 


In the bipolar mode, the system offset calibration range is again : 
restricted by the span range. The span range of’ ‘the converter 
in bipolar mode i is equidistant around the. voltage used for the 
zero-scale point thus the offset range plus half the span range | 
cannot exceed (1.05 X Vapp/GAIN) for AIN1] and AIN2. If the’ 
span is set to 2 X Vapp/GAIN, the offset spancannot move ~~ 
more than +(0.05 x Vrer/GAIN) before the endpoints of the — 
transfer function ‘exceed the input ‘overrange limits +(1.05 x 
Vrrr/GAIN) for AINI. If the span range is set to the minimum 


(+(0.4 x Vrer/GAIN) the maximum allowable offset range is 


+ (0.65 X Verr/GAIN) for AIN1 and AIN2. The AIN3 input 
can: ony be used i in the unipolar’ mode. ’ 


‘Table IV. Calibration Truth Table | 


Cal Type MD2, MD1, MDO 


Self-Cal 


System Cal _AIN 
System Cal | - 
System Offset Cal. |  AIN 


Background Cal 


POWER-UP AND. CALIBRATION | 


On power-up, the AD7711/AD7713 performs an internal reset | 


which sets the contents. of the control register to a known state. 
However, to ensure correct calibration for the. device, a calibra-— 
tion routine should be performed after power-up. 


The. power ‘dissipation and temperature drift of aie part are. lowes 
and no ‘warm-up time is required before the initial calibration i iS 
performed. However, the external reference must have stabilized 
before calibration is initiated. i" 


Drift Considerations © 

The AD7711/AD7713 uses chopper stabilization rere to. 
minimize input offset drift. Charge injection in the analog 
switches and dc:leakage currents at the sampling node. are the 
primary sources. of offset voltage drift in the converter. The de . 
input leakage current is essentially independent of the selected — 
gain. Gain drift within the converter depends primarily upon the 
temperature tracking of the antennal eapacniors: ae is not affected 
by leakage currents. — : s 


Measurement. errors due to offset drift or - gain ‘drift can be elimi- 
nated at any time by recalibrating the converter or by operating © 
the part in the background calibration mode. Using the system : 
calibration mode can also minimize offset and gain errors in the 
signal conditioning circuitry. Integral and differential linearity © 
errors are not t significantly affected by temperature changes. | 


POWER SUPPLIES AND GROUNDING = 
The analog and digital supplies to the AD77 11/AD7713 are 


independent and separately pinned out to minimize coupling we 


between the analog and digital sections of the device. The digital 
filter will provide rejection of broadband noise on the power | . 
supplies, except at integer multiples of the modulator sampling — 
frequency. The digital supply (DV,)) must never exceed the 


analog positive supply (AVpp) by more than 0.3°V. Power sup- - 


ply sequencing is, therefore, important. If separate analog and 
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 Zero-Scale Cal Full-Scale Cal |) Sequence - | 


Shorted. Inputs 


i Shorted Inputs 


Duration 


9x 1/Output Rate 
4x 1/Output Rate 
4 x‘1/Output Rate 
9 x. 1/Output Rate 
6x ——— Rate 


One Step © 
_ Two Step — 
Two Step | 
One Step 
One Step 


digital supplies are seal care must. be aeons to ensure “that ae 
analog supply is powered up first. If this cannot be ensured. or if 
DViyp can.exceed AVpp at any other time, the protection __ 
scheme outlined in Figure 5 is recommended to protect the .. 
device. In systems where AV5p = +5-V and DVp,y = +5. Vj. it 
is recommended that AVpp and DV,yp are driven from the ... 
same +5-V supply, although each supply should be decoupled ~ 
separately. It is preferable oe the common oe is the SyS- 
tem’s analog +5 V supply. © 


It is also important that’ power is applied t to the AD7711/ 
AD7713 before signals ¢ st REF IN, AIN or the logic input pins 
in order to avoid latch-up. If separate supplies are used for the 
AD7711/AD7713 and the system digital’ circuitry, then the” | 
AD7711/AD7713 ‘should be powered up first. If it is not possi- 
ble to guarantee this, then current limiting resistors should be 
placed i in series Sas the cone inputs. 
ANALOG See yc 03C OR DIGITAL +5V. 


EQUIVALENT er ie.* SUPP LY 


O a ‘ 
_ap771 1 /AD771 3 | 


*THIS DIODE MAY BE NECESSARY IF THE SHORT-CIRCUIT CURRENT 
FROM THE DIGITAL SUPPLY IS TOO LARGE FOR THE SD103C. | 
- Figure -5. Protection Scneine: for Vp Powering: Up | 
| eos AV pp ° ae 


DIGITAL INTERFACE a | : 
The:digital interface:section for the ADI71WAD7713 i ‘1s ‘acutical 
to that outlined in the DIGITAL INTERFACE section of a 
nial reel cau sheet. 
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FEATURES 
Charge Balancing ADC 
24 Bits No Missing Codes 
+0.0015% Nonlinearity 
Two-Channel Programmable Gain Front End 
Gains from 1 to 128 
Differential Inputs 


Low-Pass Filter with Programmable Filter Cutoffs 


Ability to Read/Write Calibration Coefficients 
Bidirectional Microcontroller Serial Interface 
Internal/External Reference Option 

Single or Dual Supply Operation 


Low Power (25 mW typ) with Power-Down Mode 


(7 mW typ) 


APPLICATIONS 
RTD Transducers 


GENERAL DESCRIPTION 


The AD7711A is a complete analog front end for low frequen 


measurement applications. The device accepts low level 
directly from a transducer and outputs a serial digi 
employs a sigma-delta conversion technique to.# 


bits of no missing codes performance. The mPu e signal i 


by an on-chip digital filter. The first notch of this digital filter 
can be programmed via the on-chip control register allowing 


adjustment of the filter cutoff and settling time. 


The part features two differential analog inputs and a differen- 
tial reference input. Normally, one of the channels will be used 
as the main channel with the second channel used as an auxil- 
iary input to periodically measure a second voltage. It can be 
operated from a single supply (by tying the Vc, pin to AGND) 
provided that the input signals on the analog inputs are more 
positive than —30 mV. By taking the Vg pin negative, the part | 
can convert signals down to —Vprgp On its inputs. The part also. 
provides a 400 A current source that can be used to provide | 
excitation for RTD transducers. The AD7711A thus performs 
all signal conditioning and conversion for a single or dual chan- 


nel system. 


The AD7711A is ideal for use in smart, microcontroller based 
systems. Input channel selection, gain settings and signal polar- 
ity can be configured in software using the bidirectional serial 
port. The AD7711A contains self-calibration, system calibration 
and background calibration options and also allows the user to 


read and write the on-chip eaprapon eects: 


*Protected re U.S. Patent No. 5,134,401. 
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This is a preliminary data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. : 


This information applies to a product under deveioomnent: Its characteristics and specifications are subject to change without notice. 
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(AVpp = +5 V + 5%; DV) = +5 V + 5%; Veg = OV Or —5 Vt 5%; 


AD 11 1 1 A— -SPEC FICAT ONS ote pane pep eee m Tas tee ret) J. 


Parameter Conditions/Comments ee 
STATIC PERFORMANCE 
Guaranteed by Design. For Filter Notches = 60 Hz 


- No Missing Codes 
2 - For Filter Notch = 100 Hz 

For Filter Notch = 250 Hz 

For Filter Notch = 500 Hz. 

For Filter Notch = 1 kHz eee. 

Depends on Filter Cutoffs and Selected Gain 


Tables I & II 


Output Noise 
Integral Nonlinearity © 
@ 25°C . 


+0,0045 % of FSR max 


Filter Notches = 60 Hz; Typically +0. 0015% 


Tun to Thax’ +0.0075 % of FSR max | Filter Notches = 60 Hz 
Positive Full-Scale Error?: See Note 4 Excluding Reference 
Full-Scale Drift? 3/GAIN {| pV/PC typ Excluding Reference. For Gains of 1, 2, 4, 8 
| " 0.35 —|pVPC typ Excluding Reference. For Gains of 16, 32, 64, 128 
Unipolar Offset Error? See Note 4 : ao . 7 = 
Unipolar Offset Drift? 2.5/GAIN pV/C typ For Gains of 1, 2, 4,8 © 
| | 0.3 nV/°C typ For Gains of 16, .32, 64, 128 


See Note 4 


Bipolar Zero Error? 
Bipolar Zero Drift® 


For Gains of 1, 2, 4, 8 ae 

For Gains of 16, 32, 64, 128 

Typically +0.0015% 

. For Gains of 1, 2,.4, 8 © 
ence. For Gains of 16, 32, 64, 128 


wV/C typ 
pV/°C typ 
% of FSR max 
pV/C typ 


Bipolar Negative Full-Scale Hoe? 
- Bipolar Negative aie Pasa 


ANALOG INPUTS/REFERENCE INPUTS 
Common-Mode Rejection (CMR) . 
Common-Mode Voltage Range® 
Normal Mode 50 Hz Rejection’ 
Normal Mode 60 ‘Hz Rejection’ 
Common-Mode 50 Hz Rejection” 
Common-Mode.60 Hz Rejection’ 

DC Input Leakage Current” e +25°C 
Tur to Tyax: 

Sampling Capacitance’ 

Analog Inputs® 
Input Voltage Range? 


ches of 10, 25, 50 Hz, +0.02 X frorcy 
Notches of 10, 30, 60 Hz, +0.02  fyorcu 
ilter Notches of 10, 25, 50 Hz, +0.02  fyorcy 
ches of 10, 30, 60 Hz, +0.02 X fyorcH 


For Normal Operation. Depends on Gain Selected 
Unipolar Input Range (B/U Bit of Control Register = 1) : 
Bipolar Input Range (B/U Bit of Control Register = 0) 


: | RE 
Input Sampling Rate, f,. See Table III 
Reference Inputs - 


REF IN(+) — REF IN(—-) Voltage" +2.5 to +5 


For Specified Performance. Part Runeuons: with Lower VREF 
- | Voltages | 
Input Sampling Rate, fg . 


REFERENCE OUTPUT |. 
Output Voltage 
Initial Tolerance . 
Drift — 
Output Noise 
Line Regulation (AVpp) | 
Load Regulation 
External Current 


ok-pk D Noise 0.1 Hz to 10 Hz pendent 


Masiiiines Load Current 1 mA 


NOTES 
1Temperature ranges are as follows: A Version, —40°C to +85°C; S Version —55°C to +125°C. See also Note 16. 
?Applies after calibration at the temperature of interest. 
3Positive full-scale error applies to both unipolar and bipolar input ranges. 
‘These errors will be of the order of the output noise of the part as shown in Table I. 
>Recalibration at any temperature or use of the background calibration mode will remove these drift errors. 
°This common-mode voltage range is allowed provided that the input voltage on AIN(+) and AIN(—) does not exceed AVpp + 30 mV and ve — 30 mV. 
?These numbers are guaranteed by design and/or characterization. 
®The analog inputs present a very high impedance dynamic load which varies with clock frequency and input sample rate. The maximum recommended source 
resistance depends on the selected gain (see Tables IV. and V). 
°The analog input voltage range on the AIN1(+) and AIN2(+) inputs is given here with respect to the voltage on the AIN1(—) and AIN2(— -) inputs. The abso- 
lute voltage on the analog inputs should not go more positive than AV, + 30 mV or gon more negative than V,, — 30 mV. . 
—)0Vier = REF IN(+) - REF IN(-). 
The reference input voltage range may be restricted by the input voltage range requirement on the Vous AS input. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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- ADT711A 
Parameter Conditions/Comments 


Varas INPUT” 
Input Voltage Range 


or AVpp — 3 


See Vgras Input Section 

Whichever Is Smaller; +5 V/—5 V or +10 V/0 V 
Nominal AVpp/Vss 

Whichever Is Smaller; +5 V/0 V Nominal AVpp/Vss 
See Vgras Input Section 

Whichever Is Greater; +5 V/—5 V or +10 V/O V 
Nominal AVpp/Vss 

Whichever Is Greater; +5 V/0 V Nominal AVp)/Vss 
Increasing with Gain 


or AVpp ~ 2.1 
Veg + 0.85 X Varr 
or Vos + 3 


. or Vsg + 2.1 
Varas Rejection 


LOGIC INPUTS 

Input Current 

All Inputs Except MCLK IN 
Vin.» Input Low Voltage 
Vinu> Input High Voltage 

MCLK IN Only 

Vin.» Input Low Voltage 

Vin Input High Voltage 


LOGIC OUTPUTS 
Voz, Output Low Voltage 
Vox, Output High Voltage i I 00 pA 
Floating State Leakage Current 
Floating State Output Capacitance’? 


TRANSDUCER BURN-OUT 
Current 
Initial Tolerance | 
Drift 


RTD EXCITATION CURRENT 
Output Current 
Initial Tolerance 
Drift 
Line Regulation (AVpp) 
Load Regulation 
Output Compliance 


AVpp = +5 V 


SYSTEM CALIBRATION . ae 
- Positive Full-Scale Calibration Limit'* (1.05 X Vprp/GAIN GAIN Is the Selected PGA Gain (Between 1 and 128) 
Negative Full-Scale Calibration Limit’* —(1.05 X Vere /GAIN . GAIN Is the Selected PGA Gain (Between 1 and 128) 
Offset Calibration Limit’ —(1.05 X Vegp/GAIN GAIN Is the Selected PGA Gain (Between 1 and 128) 
Input Span’° 0.8 X Vpg/GAIN © i GAIN Is the Selected PGA Gain (Between 1 and 128) 
(2.1 X Vprp/GAIN : GAIN Is the Selected PGA Gain (Between 1 and 128) 
NOTES 


The AD7711A i is tested with the following V,;,, voltages. With AVpp = +5 V and Veg = 0 V, Veras = +2.5 V3 with AVppy = +10 V and Ve, = 0 V, 
Varas = +5, V and with AVpp = +5 V and Vs, = —5 V, Varas = 0 V. 

13Sample tested at +25°C to ensure compliance. 

144 fter calibration, if the analog input exceeds positive full scale, the converter will output all ls. If the analog input is less than negative full scale then the 
‘ device will output all Os. 

These calibration and span limits apply provided the absolute voltage on the analog inputs does not exceed AVpp + 30 mV or go more negative than 
Vss — 30 mV. The offset calibration limit applies to both the unipolar zero point and the bipolar zero, point. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7711A— -SPECIFICATIONS 


Parameter ‘LA, ‘S Versions! Units . ‘| Conditions/Comments 
POWER REQUIREMENTS | 
Power Supply Voltages | vey 4 
AVpp Voltage’® +5% for Specified Performance 
DVpp Voltage!’ '+5% for Specified Performance 
AVpp~Vss Voltage: 


- |For Specified Performance 
Power Supply Currents ft) ee oe 
_ AVpp Current | 
DVpp Current 
Vss Current | 
Power Supply Rejection!® 
Positive Supply (AVpp) 
Negative Supply (Vss) 
Power Dissipation 
Normal Mode 
Normal Mode . 
Standby (Power-Down) Mode 


Rejection w.r.t. AGND; Assumes Vpy,s Is Fixed 


=0 V; Typically 25 mW 
= —5 V; Typically 30 mW 
+5V, Vie = 0Vor-5 V; Typically 7 mW 


AVpp = DVpp = +5 V, Vos 
A DV... = 


NOTES . | a 
©The AD7711A is specified with a 10 MHz clock for AVpp voltages of +5 V +5%. It is specified with an 8 MHz clock for AVop. voltages greater than 5.25 V 
and less than 10.5 V. Operation with AVpp voltages in the range 5.25 V to 10.5 V is only guaranteed over the 0 to +70°C temperature range. 
“The +5% tolerance on the DVpp input is allowed provided that DVpp does not exceed AVpp by more than 0.3 
18Measured at dc and applies in the selected passband. PSRR at 50 Hz will exceed 120 dB with filter nouns of. 

exceed 120 dB with filter notches of 10 Hz, 30 Hz or 60-Hz. 
19PSRR depends on gain: Gain of 1: 70 dB typ; Gain of 2: 75 dB typ; Gain of 4: 80 dB typ; Gains of 
(to 95 dB typ) by deriving the Vpyas voltage (via Zener diode or t reference) from the AVpp s \ 


Specifications subject to change without notice. 


{z, 25 Hz or 50 Hz. PSRR at 60 Hz will 


yp. These numbers can be improved 


ABSOLUTE MAXIMUM RATINGS* .-0.3 V to AVpp + 0.3 V 


(T, = +25°C, unless otherwise noted) : geto DGND .. -0.3 V to DVpp.+ 0.3.V 
AN pip tO DV ip: oe we se baw eee oe ee | 
BN ttO Nice ae a 64, ee Oe Ratan oe -0.3 Vito #12 Ve"... Gommercial’(A Version) ............. —40°C to +85°C 
AVpp to AGND..............-..++ -0.3 Vito +42,V "Extended § Version) .............. ~55°C to 125°C 
AVpp toDGND ........... 00.000. | BE’. ad. earcdeon + 65°C to +150°C 
DVpp to AGND ........ Gauche Brees 0.3 V to 6 V. Lead “Femperature (Soldering, 10 secs) ...... eet +300°C 
DVisp t0'DGND © oe yeep aais oe ee ee ee —0.3 Vto +6 V__—_~ Power Dissipation (Any package) to +75°C ....,..450mW 
VeStOAGND «64.04 ew oa Uthie ise Si gy dese =F Ono: Vi LO. S20) V. Derates Above +75°C .....:0....6. cee eee) 6mW/PC 
Vss to DGND ............. Sythe eee +0.3°V to -6V_ «Stresses above those listed under “Absolute Maximum Ratings” may cause 
Analog: Input Voltage to AGND - sae _ permanent damage to the device. This is a stress rating only and functional 
sia Ree adele gs ae veal ve tet Ves — 0, 3. Vv to > AV op + 0.3 V._.. operation of the device at these or any other conditions above those listed in the 
Reference Input Voltage to AGND . oe operational sections of the specification is not implied. Exposure to. absolute 
Rec 0. 3 v i AV. +03 Vv —, maximum rating conditions for extended periods may affect device reliability. 
eo e@ © ©» © «© © © © ew © ©: © © © © © © © © DD 
REF OUTIOAGND ..... oo... ... -0.3 V to AVpp 
CAUTION 


ESD. (iscsi discharge) sensitive device. The digital control inputs are diode Braisered: 
however, permanent damage may occur on unconnected devices subject to high energy electro- . 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. : 


WARNING! 


rr 


ESD SENSITIVE DEVICE 


ORDERING GUIDE 


Temperature. 
| . Range 


Package 
Option” 
AD7711AAN 
AD7711AAR 


—40°C to +85°C 
—40°C to +85°C 


NOTES 
1To order MIL-STD-883B, Class B processed parts, add /883B 
to part number. Contact our local sales office for military data 
sheet and availability. 
2N = Plastic DIP; R = SOIC. For outline information see 
Package Information RESHOn 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation: regarding future’ manufacture unless otherwise’ agreed to in writing. 
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ADT711A 


CONTROL REGISTER (24 BITS) 


A write to the device with the AO input low writes data to the control register. A read to the device with the AO input low accesses 
the contents of the control register. The control register is 24-bits wide and when writing to the register 24 bits of data must be writ- 
ten otherwise the data will not be loaded to the control register. In other words, it is not possible to write just the first 12-bits of data 
into the control register. If more than 24 clock pulses are provided before TFS returns high, then all clock pulses after the 24th clock: 
pulse are ignored. Similarly, a read operation from the control register should access 24 bits of data. 


= 
fmpz [MDi [Do G? [ci [a [cH [PD [WL [10 [50 [au 


LSB 


*Must always be 0 to ensure correct operation of the device. 


Operating Mode 
MD2 | MD1 | MDO | Operating Mode 


Normal Mode. This is the normal mode of operation of the device whereby a read to the device with AO 
high accesses data from the data register. This is the default condition of these bits after the internal power 
on reset. | 


annel selected by CH. This is a one-step 
normal mode (with MD2, MD1, MD0 of the | 
icates when this self-calibration is complete 

r this califgation type, the zero scale calibration is done 


Activate Self-Calibration. This activates self-calibration on, 
calibration sequence, and when complete, the part retu 
control register returning to 0, 0, 0). The DRDY* 
and valid data is available in the output regis 
internally on shorted (zeroed) inpu 


calibration is complete. When this calibration i is complete, the part returns to normal mode. 


Activate System Offset Calibration. This activates system offset calibration on the channel selected by CH. 
This is a one-step calibration sequence and, when complete, the part returns to normal mode with DRDY 
indicating when this system offset calibration is complete. For this calibration type, the zero scale calibra- 
tion is done on the selected input channel and the full-scale calibration is done internally on Vpgr. 


Activate Background Calibration. This activates background calibration on the channel selected by CH. If 
the background calibration mode is on, then the AD7711A provides continuous self-calibration of the refer- 
ence and shorted (zeroed) inputs. This calibration takes place as part of the conversion sequence, extending 
the conversion time and reducing the word rate by a factor of six. Its major advantage is that the user does | 
not have to worry about recalibrating the device when there is a change in the ambient temperature. In this 
mode, the shorted (zeroed) inputs and Vpgr, as well as the analog input voltage, are continuously moni- 
tored and the calibration registers of the device are automatically updated. 


Read/Write Zero Scale Calibration Coefficients. A read to the device with AO high accesses the contents of 
the zero scale calibration coefficients of the channel selected by CH. A write to the device with AO high 
writes data to the zero scale calibration coefficients of the channel selected by CH. The word length for 
“| reading and writing these coefficients is 24 bits, regardless of the status of the WL bit of the control 
register. Therefore, when writing to the calibration register 24 bits of data must be written, otherwise the 
new data will not be transferred to the calibration register. 


Read/Write Full-Scale Calibration Coefficients. A read to the device’ with AO high accesses the contents of 
the full-scale calibration coefficients of the channel selected by CH. A write to the device with AO high » 
writes data to the full-scale calibration coefficients of the channel selected by CH. The word length for 
reading and writing these coefficients is 24 bits, regardless of the status of the WL bit of the control 
register. Therefore, when writing to the calibration register 24 bits of data must be written, otherwise the 
new data will not be transferred to the calibration register. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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ADTTINA 


G2 GI . GO Z Gain | 
0 07 0- alee Default Gondition After the Internal Power-On Reset) 
0... 0 - d De: | ; _ : 
0 ol oO. 4. 
0 l 1 8 
1 0 0 16 
] 0 4] 32 - 
1 1 0 64 
1 ] l 128 
_ Channel Selection | 
CH ~ Channel . 
0 AIN1 (Default Condition After the Internal Power-On Reset) 
1 AIN2 . | 0 
~ Power-Down 
PD | , 
0 Normal Operation . (Default Condition After the Internal Power-On Reset) 
1 ~ _Power-Down | “epee es 
Word Length => 
WL. Output Word Length | 
0 * °° 16-Bit (Default Condition After Internal Power-On Reset) 
1 a 24-Bit © | | we pees ; 
RTD Excitation Current 
| (Oe ' Ss _ ae 
0 _ Off - ‘(Default Condition After Internal Power 
1 On _ | 
Burn-Out Current | 
BO | 
07” Off (Default Condition After Internal Pow 
1 _ On me 
‘Bipolar/Unipolar Selection. Both ee 
B/U 
0. a Bipolar | (Default Condition After internal Pewee On Reset). 
] di Unipolar 


Filter Selection (FS11-FS0) Ris 9 Se 

The on-chip digital filter provides a Sinc’ (or (Sinx/x)*) filter response. The 12:bits of data programmed into these bits determine the 
filter cutoff frequency, the position of the first notch of the filter and the data rate for the party In association sp the gain selection, . 
it also determines the output noise (and hence the effective resolution) of the device. 


The first notch of the filter occurs at a frequency determined by the relationship: filter first notch frequency = eae tn/512)/code 
where code is the decimal equivalent of the code in bits FSO to FS11 and is in the range 19 to 2,000. With the nominal for x ry of 
10 MHz, this results in a first notch frequency range from 9.76 Hz to 1.028 kHz. To ensure correct operation of the AD7711A, the 
value of the code loaded to these bits must be within this range. Failure to do this will result in unspecified operation of the device. 


Changing the filter notch frequency, as well as the selected gain, impacts resolution. Tables I and II and Figure 2 show the effect of 
the filter notch frequency and gain on the effective resolution of the AD7711A. The output data rate (or effective conversion time) for 
the device is equal to the frequency selected for the first notch of the filter. For example, if the first notch of the filter is selected at 
50 Hz, then a new word is available at a 50 Hz rate or every 20 ms. If the first notch is at 1 kHz, a new word is available every 1 ms. 


The settling time of the filter to a full-scale step input change is worst case 4 X 1/(output data rate). This settling time is to 100% of 
the final value. For. example, with the first filter notch at.50 Hz, the settling time of the filter to a full-scale step input change is 

80 ms max. If the first notch is at 1 kHz, the settling time‘of the filter to a full-scale input step is 4 ms max. This settling time can 
be reduced to 3 X 1/(output data rate) by synchronizing the step.input change to a reset of the digital filter. In other words, if the 
step input takes place with SYNC low, the settling time will be 3 x 1/(output data ute: If a cnange of channels takes place, the set- 
tling time is 3 x 1/(output data rate) regardless of the SYNC input. 


The —3 dB frequency is determined by the programmed first notch ‘frequency according to the ere filter —3 dB fesucnes 
= 0.262 x first notch frequency. 


. All other features and functions of the AD7711A are as per the AD7710. Refer to the AD7710/AD7712 data ue for detailed description. 
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ANALOG 3 V/5 V, CMOS, Low Cost, 
DEVICES Low Power, Signal Conditioning ADC 


AD7714* 


FEATURES FUNCTIONAL BLOCK DIAGRAM 
Charge Balancing ADC 
24 Bits No Missing Codes 
0.0015% Nonlinearity 
Five-Channel Programmable Gain Front End 
Gains from 1 to 128 


AVpn DV), REFIN(-) REF IN(+) 
@ e@ e 


AD7714 
CHARGING 
BALANCING 
A/D CONVERTER 


Can be Configured as Three Fully Differential NIN? od & ee 

Inputs or Five Pseudo-Differential Inputs AIN3 > zx A payne 
Three-Wire Serial Interface _ ee a ES MODULATOR 
3 V (AD7714-3) or 5 V (AD7714-5) Operation | AING O- 


aoe come Si eens ES REE SE ee oe ee 


ap § 


Low Power (750 u.W typ) with Power-Down 
(50 wW typ) 
Low-Pass Filter with Programmable Filter Cutoffs sieees ae ene, 


I 
Ability to Read/Write Calibration Coefficients | . 
APPLICATIONS _MCLK OUT <4 GENER | 


POL DRDY RESET 


Portable Industrial Instruments 
Portable Weigh Scales 
Loop-Powered Systems 

Smart Transmitters 


GENERAL DESCRIPTION 

The AD7714 is a complete analog front end for 
measurement applications. The device accept 
directly from a transducer and outputs a serial Geital, 
employs a sigma-delta conversion technique to realize up: 
24 bits of no missing codes performance. The input signal is ap- 
plied to a proprietary programmable gain front end based 
around an analog modulator. The modulator output is Pro- PRODUCT HIGHLIGHTS 

cessed by an on-chip digital filter. The first notch of this digital 1. The AD7714 consumes less than 500 uA (f =H MHz) 
filter can be programmed via the on-chip control register allow- Seeiae 
ing adjustment of the filter cutoff and settling time. 


D rt is available in a 24-pin, 0. 3 inch-wide, 
and hermetic dual-in-line package (DIP); a 24 lead small 
ie (SOIC) package and a 28-lead shrink small outline . 
package (SSOP). 


or 1 mA (fcLk n= 2.5 MHz) in total supply current, making 
. it ideal for use in loop-powered systems. 

The part features three differential analog inputs (which can 
also be configured as five pseudo-differential analog inputs) as 
well as a differential reference input. It operates from a single 


supply (+3 V or +5 V). The AD7714 thus performs all signal a 
conditioning and conversion for a system consisting of up to 3, The AD7714 is ideal for microcontroller or DSP processor 


five channels. applications with a three-wire serial interface reducing the 
number of interconnect lines and reducing the number of 
opto-couplers required in isolated systems. The part con-. 
tains.on-chip registers that allow control over filter cutoff, in- 
put gain, channel selection, signal polarity and SeraHon 


2. The programmable gain channels allow the AD7714 to ac- 
cept input signals directly from a strain gage or transducer 
- removing a considerable amount of signal conditioning. 


The AD7714 is ideal for use in smart, microcontroller- or DSP- 
based systems. It features a serial interface that can be config- 
ured for three-wire operation. Gain settings, signal polarity and 
channel selection can be configured in software using the input 


; Paptale ' d 
serial port. The AD7714 contains self-calibration, system cali- seas 
bration and background calibration options and also allows the 4. The part features excellent static performance specifications 
user to read and write the on-chip calibration registers. with 24-bit no missing codes, +0.0015% accuracy and low 


rms noise (<300 mV). End-point errors and the effects of 
temperature drift are eliminated by on-chip self-calibration, 


“Protected by U.S. Patent No. 5,134,401. which removes zero-scale and full-scale errors. 


This is a preliminary data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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ADTIN4 ea -*, * Pee Ly es 
ADT]4.5- SPECIFICATIONS (Np = 45, DVpp = +3 V or +5 V, REF me 25a N= =n : 


foixin = 2 ASTBY bili unless otherwise stated. All Specifications Taw to Tyax unless otherwise noted.). 


Parameter), sy . A,S Versions! Units Conditions/Comments 
STATIC PERFORMANCE _ | — | 
No Missing Codes | atti veh dl cares | Bitsmin "Guaranteed by Design. For Filter Notches < 60 Hz 
ee ee | Bits min For Filter Notch = 100 Hz 
Bits min For Filter Notch = 250 Hz ~: |: 
Bits min For Filter Notch = 500 Hz - 
. _ . Bits min For Filter Notch =1kHz _ . bee 
Output Noise 4 See Tables I & I Depends on Filter Cutoffs and Selected Gain 
Integral Nonlinearity” +0.0015 — % of FSR max Filter Notches < 60 Hz me: ; 
Unipolar Offset Brrr’: | See Note 38 
Unipolas Offset Drift* 25/GAIN ————s&«SY «ss w/°C typ | For Gains of 1,2,4,8.0 © 
; 0.3. | V/°C typ For Gains of 16, 32, 64; 128. 
Bipolar Zero Error? Bese icge “SUe | See Note 3° ata 
Bipolar Zero Drift’ mee || ° 2.5/GAIN =* = — | yv/°C typ For Gains of 1, 2, 4, 8. 
nee os | 0.3. sy 1 yV/°C typ For Gains of 16, 32,64, 128 
Positive Full- Scale toe an See Note 3 , . | rn <° 
Full Scale Drift*®. 3/GAIN wVv/°C typ For Gains of 1, 2, 4, 8 
- ' _ 7 . 0.35 . | pW/°C typ . |For Gains of 16, 32, 64, 128° 
Gain Error* Poh oe aS See Note3” ; ae oot 
Gain Drift* ® ; DS de ... |... ppm of FSR/°C typ 
Bipolar Negative Full-Scale Brror?”: 0.0015 - -% of FSR max 
Bipolar pee Full-Scale Drift*  4/GAIN © 
j 0.5 
ANALOG INPUTSIREFERENCEINPUTS| , 
Common-Mode Rejection (CMR) 100 — 1B mi . oe VI 
Absolute/Common-Mode Range’ AGND to AVpp f x ius 


Absolute/Common-Mode Range’ AGND + 50 a ie 


Normal-Mode 50 Hz Rejection!® 
Normal-Mode 60 Hz Rejection’®: 
Common-Mode 50 Hz Rejection’® 
Common-Mode 60 Hz Rejection’® 
Input Current!® a 
DC Input Leakage Current!” 

@ +25°C 

Twin to Tmax 
Sampling aaa 


Notches of 10, 25, 50 Hz, + 0. 02 x ee a 
otches of 10, 30, 60 Hz, +0.02 x fyorcH . 
tt otches of 10, 25, 50 Hz,. +0. 02 x fNoTCH 7 

: oY Filter Notches of 10, 30, 60 ia +0. 02'x < fxoTcH | 
BUFFER=1 = © ace 
BUFFER = 0. 


Analog Inputs’! _ | a a bs | re ae : A i 
Input Voltage Range’? oo |. 0 to +Vpge/GAIN” _ = °. | Unipolar Input Range (B/U Bit of Filter High Register = 1) : 
; +Vper/GAIN — Bipolar Input Range (B/U Bit of Filter High ala = 0) 


Input Sampling: Rate,fg  § © | GAINX fox wile 128 _ | For Gains of 1, 2, 4 
Bas OA og - ferxiw/16 |. ae |For Gains of 8, 16, 32, 64, 128 
Reference Inputs. ee ttl ae” BaP Sas Sy 
REF IN(+) - REF INC) Voltage +25 od aot £5% for Specified Performances Part Findon with . 
- ee | Lower Vagp Voltages : . ; 
Input Sampling Rate, fs oe: 


LOGIC INPUTS | 

Input Current e 

All Inputs except MCLK IN 
VinL> Input Low Voltage 
-Vinu» Input High Voltage 

MCLK IN Only --’ 
Vint» Input Low Voltage 
Vint» Input Low Voltage __ 

~ Vins» Input High Voltage 

Vinu> Input High Voltage 


; DVpp = +5 V 
DVpp =+3V 
DVpp =+5V_ 
DVpp =+3V 


LOGIC OUTPUTS 
VoL Output Low Voltage — Isinx = 800 WA. 
Von, Output High Voltage’: Isource = 200 HA. DVpp = +5 V 
Von, Output High Voltage Isource = 200 HA. DVpp = +3 V 


Floating State Leakage Current 
Floating State Output Capacitance!* 


This.information. applies to a product under.development. Its. characteristics and specifications are subject to ‘change without notice.’ 
Analog Devices assumes no obligation:regarding future manufacture unless otherwise agreed to in writing. . 
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AD771 4- 3-SPEC FI CATI ONS (Aon = = +3 V, DVop = = +3 V, REF IN(+) = = “A 25 V; REF IN(—) = AGND; 


fork in = 2.4576 MHz unless otherwise stated. All specifications Tyyy to Tay unless otherwise noted.) 


Parameter 


STATIC PERFORMANCE 
No Missing Codes 


Output Noise 

Integral Nonlinearity 
Unipolar Offset Error’ 
Unipolar Offset Drift’ 


Bipolar Zero Error” 
Bipolar Zero Drift* 


Positive Full-Scale Error” > 
Full-Scale Drift* ° 

Gain Error?’ . 

Gain Drift* ® 


Bipolar Negative Full-Scale Error’ 
Bipolar Negative Full-Scale Drift‘ 


ANALOG INPUTS/REFERENCE INPUTS 


Common-Mode Rejection (CMR) 
Absolute Common-Mode Range® 
Absolute Common-Mode Range® 


Normal-Mode 50 Hz Rejection’ 
Normal-Mode 60 Hz Rejection’ 
Common-Mode 50 Hz Rejection’ 
Common-Mode 60 Hz Rejection’ 
Input Current’ — 
DC Input Leakage Current’ 

@ +25°C 

Tin to Tyax 
Sampling Capacitance’ 
Analog Inputs® 

Input Voltage Range” 


Input Sampling Rate, fs 


Reference Inputs . 
REF IN(+) — REF IN(-) Voltage 


Input Sampling Rate, fs 
LOGIC INPUTS 
Input Current 
All Inputs except MCLK IN 
Vint» Input Low Voltage 
Vinu> Input High Voltage 
MCLK IN Only 
Vint» Input Low Voltage 
Vinup Input High Voltage 


LOGIC OUTPUTS 
VoL, Output Low Voltage 
Vou, Output High Voltage 
Floating State Leakage Current 


Floating State Output Capacitance?! 


This information applies to-a product under development. Its characteristics and specifications are subject to change without notice. 


Conditions/Comments 


Bits min Gaataineed by Design. For Filter Notches < 60 Hz 
_ Bits min: For Filter Notch = 100 Hz 
Bits min For Filter Notch = 250 Hz 
Bits min For Filter Notch = 500 Hz 
Bits min For Filter Notch = 1 kHz 
See Tables III & IV ' Depends on Filter Cutoffs and Selected Gain 
+0.003 % of FSR max Filter Notches < 60 Hz 
See Note 3 
> SIGAIN | wV/°C typ For Gains of 1, 2, 4, 8 
0.3 . uV/°C typ For Gains of 16, 32, 64, 128 
See Note 3 , 
2.5/GAIN uV/°C typ For Gains of 1, 2, 4, 8 
0.3 . “| pV/°C typ For Gains of 16, 32, 64, 128 
See Note3 _ | ; 


3/GAIN uV/°C typ For Gains of 1, 2, 4, 8 
0.35 .. wV/°C typ For Gains of 16, 32, 64, 128 
See Note 3 vet 
2 ppm of FSR/°C typ 
+0.003 % of FSR max iy: +0.0004% 
uV/°C typ _ For Gains of 1, 2, 4, 8 
. pV/°C typ r Gains of 16, 32, 64, 128 


ee Table VI 


- Filter Notches of 10, 25, 50 Hz, +0.02 x froren 
or Filter Notches of 10, 30, 60 Hz, +0.02 x froren 
For Filter Notches of 10, 25, 50 Hz, +0.02 x fyorcu 
For Filter Notches of 10, 30,60 Hz, +0.02 x fyorcu 
BUFFER = 1 
BUFFER = 0 


0 to +Vagp/GAIN!? Unipolar Input Range (B/U Bit of Filter High Register = 1) 
+Vrer/GAIN Bipolar Input Range (B/U Bit of Filter High Register = 0) 


GAIN x ferx tn/128 For Gains of 1, 2, 4 
fork iw/16 For Gains of 8, 16, 32, 64, 128 


+1.25 ; +5% for Specified Performance. Part Functions with 
; Lower Vrer Voltages 
fork rn/ 128 


Isinx = 800 pA 
Isource = 200 HA 


Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7714—-SPECIFICATIONS 


(AVpp = +3 V to +9 V, DVpp = +3 Vto +5 V, REF IN(+) = +1.25 V (AD7714- 3) or +2.5 V (AD7714- ad REF ee AGND; mu IN= =] si to 
2.4576 MHz unless: otherwise stated. All specifications Twi to Tux unless otherwise. noted. )- 3 ag 


Pe CoolitaaliCaatatienes ae 


Parameter A,S Versions | 

SYSTEM CALIBRATION. — 
Positive Full-Scale Calibeauan Limit? 
Negative Full-Scale Calibration Limit! 
Offset Calibration Limit!® 


GAIN Is the Selected PGA Gain (Between 1 and 128) © 
GAIN Is the Selected PGA Gain (Between 1 and 128) 
_ GAIN Is the Selected PGA Gain (Between 1 and 128) 


(1.05 X Vrgr)/GAIN 
/=(1.05 X Vagp)/GAIN- 
» ~(1.05 X Vagr)/GAIN 


Input Span’® i 0.8 X Vrer/GAIN _GAIN Is the Selected PGA Gain. (Between 1 and 128) 
; “(2.1 x Vrer)/GAIN GAIN Is the Selected PGA Gain (Between 1 and 128) 
POWER REQUIREMENTS | 
Power Supply Voltages 


For Specified Performance 
+5% for Specified Performance 
For Specified Performance 


AVpp Voltage (AD7714-3) 
AVpp Voltage (AD7714-5) 
DVpp Voltage 

Power Supply Currents 
AVpp Current 


+2.7 to +3.6 | 
+5 
' +2.7 to +5.25 


AVpp = 3 Vor 5 V. BST Bit of Filter High Register = 0!” 

Typically 0.2 mA. BUFFER = 0 V. ferx ww = 1 MHz or 2.4576 MHz 
Typically 0.4 mA. BUFFER = +5 V. forx m = 1 MHz or 2.4576 MHz 
AVpp = 3 V or 5 V. BST Bit of Filter High Register ='1!” 
Typically 0.3 mA. BUFFER = 0 V. fork in = 2.4576 MHz 

Typically 0.8 mA. BUFEE 2 = +5 V. fox = 2.4576 MHz 

Digital I/Ps = 0 V og 

Typically 0.152%, 


DVpp Current 


0.2 
0.4 
0.5 
1 
- See Note 19 


Power Supply Rejection!® (AVDD) 
Normal Mode Power Dissipation ‘V. Digital I/Ps = 0 V or DVpp. BST Bit = 0 


_BUFFER = 0 ov. foxx v= 1 MHz 


1.5 
2.4 

ri 
4.5 


Normal Mode Power Dissipation Vp = +5 V. Digital IPs = 0 V or DVpp. BST Bit=0 


3.5. éally 2.5 mW. BUFFER = 0 V. forxin = 1 MHz 
Dot, - Typically 3.5 mW. BUFFER = +5 V. fork w = 1 MHz 

75 Typically 5.5 mW. BUFFER = 0 V. fork m = 2.4576 MHz - 
10 


Typically 8 mW. BUFFER = +5 V. forx w= 2.4576 aes 


Standby (Power-Down) Dissipation 100 Typically 50 uW 
NOTES . 
"Temperature ranges are as follows: A Version: -40°C to +85°C; Ss VEBION: -55°C to +125°C. 
Applies after calibration at the temperature of interest. 
>These errors will be of the order of the output noise of the part as shown in Tables I to IV. 
*Recalibration at any temperature will remove these drift errors. 
Positive Full-Scale Error includes Zero-Scale Errors: (Unipolar Offset Error or Bipolar Zero Error) and applies to both unipolar and bipolar input ranges. 
Full-Scale’ Drift includes Zero-Scale Drift (Unipolar Offset Drift or Bipolar Zero Drift) and applies to both unipolar and bipolar input ranges. 
‘Gain Error does not include Zero-Scale Errors. It is calculated as Full-Scale Error—Unipolar: Offset Error for eta ranges and Full-Scale Error—Bipolar Zero Error for 
bipolar ranges. 
8Gain Drift does not include Unipolar Offset Drift/Bipolar Zero Drift. It is effectively the drift of the part if zero- eae calibrations only were pathenied as is the case e with back- 
ground calibration for gains of 64 and 128. . 
°This Common-Mode voltage range is allowed provided that the input voltage on the differential inputs does not go more positive than AVpp + 30 mV or go more negative than 
AGND - 30 mV. The common-mode mode voltage applies to those inputs which form differential pairs (see Table VI). 
_ 10These numbers are guaranteed by design and/or characterization. 
''The analog inputs present a very high impedance dynamic load which varies with clock frequency and input sample rate. The maximum recommended source resistance de- 
pends on the selected gain. ~ 
!2The analog input voltage range on the analog inputs is given here with respect to the swatae on the respective negative input of its differential or pseudo-differential pair (see 
Table V). The absolute voltage on the analog inputs should not go more positive than AVpp + 30 mV or go more negative than AGND - 30 mV. % <t 
'SVrep = REF IN(+) — REF IN(-). 
4Sample tested:at +25°C to ensure compliance. 
5 After calibration, if the aDniee npue exceeds positive full scale, Soke converter will output all 1s. If the analog input is less than negative _ scale, then the device will output 
all Os. - 
1©These calibration and span limits apply provided the absolute voltage on the analog inputs does not exceed AVpp + 30 mV or go more negative than AGND - 30 mV. The off- 
set calibration limit applies to both the unipolar zero point and the bipolar zero point. ; 
'7For higher gains (28) at fork in = 2.4576 MHz, the BST bit of the Filter High Register must be set to 1. For other conditions, it can be set to 0. 
'8Measured at dc and applies in the selected passband. PSRR at 50 Hz will exceed 120 dB with filter notches of 5, 10, 25 or 50 Hz. PSRR at 60 Hz will exceed 120 dB with filter 
notches of 6, 10, 30 or 60 Hz. 
'9PSRR depends on gain: Gain of 1: 70 dB typ; Gain of 2: 75 dB typ; Guin of 4: 80 dB typ; Gains of 8 to 128: 85 dB typ. 


Specifications subject to change without notice. 
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(DVpp = +3 V to +5 V, + 5%; AVpy = +3 V or +5 V, + 5%; AGND = DGND = OV; 


TIMING CHARACTERISTI Cs! 2 forxin = 2.5 MHZ; Input Logic 0 = 0 V, Logic 1 = DVpp unless otherwise noted.) 


Limit at Tmmns Tmax 
Parameter (A, S Versions) Units — Conditions/Comments 


form’ * 400 Master Clock Frequency: Crystal Oscillator or Externally 
Supplied 
2.5 For Specified Performance 
tcLK INLO 0.4 X tetk IN Master Clock Input Low Time. tcyx ww = I/ferx w 
tCLK IN HI 0.4 X tcrK IN Master Clock Input High Time 
tp 50 Digital Output Rise Time. Typically 20 ns 
te 50 Digital Output Fall Time. Typically 20 ns 
tprpy 500 X terx IN DRDY High Time 
ty 1000 SYNC Pulse Width 
tz 1000 RESET Pulse Width 


Read Operation 
ts 
ty 


DRDY to CS Setup Time 

CS Falling Edge to SCLK Falling Edge (POL = 1) or 
SCLK Rising Edge (POL = 0) Setup Time 

ts? 


t6 
ty 
tg 


to” 


Tio 


ess DRDY High? 


Write Operation an 
ti CS Falling Edge to SCLK Falling Edge (POL = 1) or SCLK 


Rising Edge (POL = 0) Setup Time 


tir Data Valid to SCLK Active Edge Setup Time® 

ti. Data Valid to SCLK Active Edge Hold Time’® 

ti4 SCLK High Pulse Width 

ti5 SCLK Low Pulse Width 

tis CS Rising Edge to SCLK Rising Edge (POL = 1) or SCLK 
Falling Edge (POL = 0) Hold Time 

NOTES 


1Sample tested at +25°C to ensure compliance. All input signals are specified with tr = tf = 5 ns (10% to 90% of DVpp) and timed from a voltage level of 1.6 V. 

See Figures 2 and 3. 

3CLKIN Duty Cycle range is 45% to 55%. CLKIN must be supplied whenever the AD7714 is not in standby mode. If no clock is present in this case, the device can 
draw higher current than specified and possibly become uncalibrated. 

“The AD7714 is production tested with for xqn at 2.5 MHz (1 MHz for some Ipp tests). It is guaranteed by characterization to operate at 400 kHz. 

Specified using 10% and 90% points on waveform of interest. 

°These numbers are measured with the load circuit of Figure 1 and defined as the time required for the output to cross the Voy, or Voy limits. 

7SCLK active edge is falling edge of SCLK with POL = 1; SCLK active edge is rising edge of SCLK with POL = 0. 

8These numbers are derived from the measured time taken by the data output to change 0.5 V when loaded with the circuit of Figure 1. The measured number is then 
extrapolated back to remove effects of charging or discharging the 100 pF capacitor. This means that the times quoted in me timing characteristics are the true bus 
relinquish times of the part and as such are independent of external bus loading capacitances. 

°DRDY returns high after the first read from the device after an output update. The same data can be read again, if required, while DRDY is high although care 
should be taken that subsequent reads do not occur close to the next output update. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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ABSOLUTE MAXIMUM. RATINGS* - Ligh 2 
~ (Ta = +25°C unless otherwise noted)” Sages. Aa 


AVpp toAGND.......... eres ; ie @. Sestee ie es ~0.3Vto+7V | 


AVont0 DGND: sexes ss A ees -0.3 Vto+7V 

DVpp to AGND oe naaint oer ee Pet ad Sods -0.3 V to +7.V 

+; DVpp to: DGND: 60s 54 essa we vageweadss Oo V O47 V 

Analog Input Voltage to AGND .....-0.3 Vto AVpp + 0:3 V 

: = _ Reference Input Voltage to AGND ...-0.3 V to AVpp + 0.3 V 

Figure 1. Load Circuit for Access Time and Bus Relinquish Digital Input Voltage to DGND ..... -0.3 V to DVpp + 0.3 V 
Time | a | Digital Output Voltage to DGND ....-0.3 V to DVpp + 0.3 V 
- a ee Operating Temperature Range ~ : 7 

aie On a Commercial (A Version) .............. —40°C to +85°C 

CR ENG See , Extended (S Version) ............ Nabi 55°C to +125°C 

AVpp Temperature _ Package Storage Temperature Range ............. —65°C to +150°C 

Supply | Range | Option* Junction Tem peranire: sys .ascinn owning a ieee sel gk28 +150°C © 

: —_—_——— Plastic DIP Package, Power Dissipation ........... 450 mW 

AD7714AN-5 | —40°C to +85°C N-24 8;4 Thermal Impedance .................. ... 105°C/W 
AD7714AR-5 | 40°C to +85°C | «R-24 | Lead Temperature (Soldering, 10 SEC) oo eee eee +260°C 
AD7714ARS-5 -» | -40°C to +85°C © | RS-28 Cerdip Package, Power Dissipation ............... 450 mW 
~AD77148Q-5 =55°C to +125°C | Q-24 Oj, Thermal Impedance ..............22000005 70°C/W 
AD7714AN-3 —-40°€ to +85°C N-24 Lead Temperature (Soldefing, 10 sec) ........... +300°C 
AD7714AR-3 —40°C to +85°C R-24 © SOIC Package, Pow RALON? ska ook ee eee 450 mW 
AD7714ARS-3 -40°C to +85°C =| ~RS-28) = @q Thermal Inip oe nae: Re nee 75°C/W 
AD7714SQ —55°C to 125°C é oe 


ee eee ea ee ee + = 
*N = Plastic DIP; R = SOIC; RS = SSOP; Q=  Cerdip. For outline information q : ‘ a6 
see Package Information section. eh ae . . cee tel ie +220°C 
- | Package) to +75°C ......... 450 mW 


e isted under “Absolute Maximum Ratings” may cause — 
@.device. This is a stréss rating only, and functional 
¢ or any other conditions above those listed in the 
specification is not implied. Exposure to absolute 
ns for extended periods may affect device reliability. 


CAUTION : 
ESD (electrostatic discharge) sensitive deve. Electrostatic charges as high as 4000 Vv readily 
accumulate on the human body and test equipment and can discharge without detection. WARNING! = 
Although the AD7714 features proprietary, ESD protection circuitry, permanent damage may asi Ath: 

occur on devices subjected to high energy electrostatic discharges: Therefore, proper ESD 

precautions are recommended to avoid performance cod eee or loss of functionality. 


ESD SENSITIVE DEVICE 


pI PIN CONFIGURATIONS | 
DIP & SOIC — rn ae SSOP 
| SCLK |1}¢@ 28] DGND 
SCLK [1] ¢ 124| DGND _ MCLKIN | 2 | DVop 
MCLK IN | 2 | 23] DV,, ’ -MCLK OUT [3 | 26] DIN 
MCLK ouT [73 | 22] DIN Pot [4 | 25] DOUT 
PoL [4] 21] DouT Sync [5 | 24] DROY 
SYNC [5 | 20] DRDY AS _ Reset [6 | [23] Cs 
RESET [6 ‘Ap7714 fas eo as Nc AD7714 nce 
aint [7 otto Bel AGND | Sa _ ne [al otto Sen 21] .NC 
AIN2 17] AING as ae ao *- AINT [9 | 120] AGND 
AIN3 | 9 | 16] AINS AIN2 19] AING 
AIN4 }10) 115] REF IN(+) AIN3 18] AINS 
STANDBY |11| 14] REF IN(-) Aina [12] REF IN(+) 
AVop [12] 13] BUFFER STANDBY [13] 6] REF IN(-) 


NC = NO CONNECT 


This information applies to a product under development. Its characteristics and specifications are subject to change winout notice. 
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PIN FUNCTION DESCRIPTION 
DIP/SOIC PIN NUMBERS 


Pin | 
No. Function 


1 Serial Clock. Logic Input. An external serial clock is applied to this input to access serial data from the 
AD7714. This serial clock can be a continuous clock with all data transmitted in a continuous train of pulses. 
Alternatively, it can be a noncontinuous clock with the information being transmitted to the AD7714 in smaller 
batches of data. 

2 MCLKIN- :| Master Clock signal for the device. This ¢ can be provided in the form of a crystal or eral clock. A crystal can 
| be tied across the MCLK IN and MCLK OUT pins. Alternatively, the MCLK IN pin can be driven with a 
CMOS-compatible clock and MCLK OUT left unconnected. The clock input frequency is nominally either 
2.5 MHz or 1 MHz. 

3 MCLK OUT | When the master clock for the device is a Se the crystal is connected between MCLK IN and 

| MCLK OUT. 

4 POL Clock Polarity. Logic Input. With this input low, the first transition of the serial clock in a data transfer 

| operation is from a low to a high. In microcontroller applications this means that the serial clock should idle 
low between data transfers. With this input high, the first transition of the sérial clock in a data transfer 
operation is from a high to a low. In microcontroller applications, usin means nat the serial clock should idle 
high between data transfers. 


analog modulators when using a | number 


5 Logic Input which allows for synchronization of the digital file 
lof AD7714s. While SYNC is low, the nodes of the digi 
control logic are reset and the analog modulator is @ 
6 Logic Input. Active low input which reset 
of the part to power-on status. 
7 | Analog Input Channel 1. Prog! which can be used as a pseudo-differential input 
_|when used with AIN6 or a : nalog input pair when used with AIN2 (see 
Communications Register, sect 
8 Analog Input Channel 2. P: ble-s en which « can be used as a pseudo-differential input 
when used with AIN6 or as the negative input of’ erential analog input pair when used with AIN1 (see 
Communications Register section). | 
9 Analog Input Channel 3. Programmable-gain analon’ input which can be used as a pseudo-differential: input’ 
when used with AIN6 or as the positive input of a differential analog i se pair when used with AIN4 (see 
Communications Register section). 
10 Analog Input Channel 4. Programmable-gain analog input which can be used as a pseudo-differential input 


when used with AIN6 or as the negative input of a differential analog input pair when used with AIN3 (see 
Communications Register section). 
11 | STANDBY | Logic Input. Taking this pin low shuts down the analog and digital circuitry, reducing power consumption to 
Wi 7 typically 50 pW. 
12 | AVpp © Analog Positive Supply Voltage, +3 V nominal (AD7714-3) or +5 V nominal (AD7714- 5), 
13. | BUFFER Buffer Option Select. Logic Input. With this input low, the on-chip buffer on the analog input (after the 
multiplexer and before the analog modulator) is shorted out. With the buffer shorted out the current flowing in 
the AVpp line is reduced to 300 UA (fork In = 1 MHz) or 500 pA (ferx in = 2.5-MHz). With this input high, the 
aia, ® a on-chip buffer is in series with the analog input allowing the inputs to handle higher source impedances. 

14 | REF INC) Reference Input. Negative input of the differential reference input to the AD7714.. The REF IN(-) can lie 
anywhere between AVpp and AGND provided REF IN(+) is greater than REF IN(-). | 

15 | REF IN(+) | Reference Input. Positive input of the differential reference input to the AD7714. The reference input is 
- _ | differential with the provision that REF IN(+) must be greater than REF IN(-). REF IN(+) can lie anywhere 
between AVpp and AGND. ~ 


16 |AIN5  ” Analog Input Channel 5. Programmable-gain analog input which is the positive input of a differential analog 
| input. pair when used with AIN6 (see Communications Register section). 
17 | AIN6 Analog Input Channel 6. Reference point for AIN1 through AIN4 in pseudo-differential mode or as the 
negative input of a differential analog input pair when used with AIN5 ies Communications Nees section). 
18 | AGND _ {Ground reference point for analog circuitry. 
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Pin | | 
No. Function 


20 
completed its on-chip calibration sequence. 
21 
22 
23 Digital Supply Voltage, +3 V or +5 V nominal. 
24 Ground reference point for digital circuitry. 
TERMINOLOGY* 
INTEGRAL N JONLINEARITY 


This is the maximum deviation of any code Home a (straight line 
passing through the endpoints of the transfer function. The ert 
points of the transfer function are zero-scale (not to be céi 
with bipolar zero), a point 0.5 LSB below the first co: 
(000 ...000 to 000... 001) and Full-Scale, a point 0 
above the last code fransivion (111...110to 11 1. <b 1? 
error is expressed as a percentage of full scale. 


POSITIVE FULL-SCALE ERROR a ; 
Positive Full-Scale Error is the deviation of the last eae transi- 
tion (111...110 to 111...111) from the ideal AIN(+) voltage 
(AIN(-) + Vagp/GAIN - 3/2 LSBs). It AppHES to pow me 
and bipolar analog input ranges. . 


UNIPOLAR OFFSET ERROR | 

Unipolar Offset Error is the deviation of the first code transition 
from the ideal AIN(+) voltage Ne + 0. > LSB) when IGP SE: 
- ating in the unipolar nO: 


BIPOLAR ZERO ERROR . 
This is the deviation of the midscale transition 11! 11. .111 
to 1000... 000) from the ideal AIN(+) voltage: (AIN(-) ~ 
0.5 LSB) sehen operating in the bipolar mode. __. 


GAIN ERROR 

This is a measure of the span error of the ADC. Tt includes full. 
scale errors but not zero-scale errors. For unipolar input ranges 
- it is defined as (full-scale error—unipolar offset error) while for 


bipolar input ranges it it is defined as (full-scale error-bipolar ; Zero 


error). 


BIPOLAR NEGATIVE FULL-SCALE. ERROR 

This is the deviation of the first code transition from the ideal 
AIN(+) voltage (AIN(-) - Vrer/GAIN + 0. 5 we) when oper- 
ating in the bipolar mode. : 


Chip Select. Active low tage Input used to select the AD7714. With this input hard-wired = the AD7714 
can operate in its three-wire interface mode with SCLK, DIN and DOUT used to interface to the device. CS ~ 
_can be used to select the device in systems with more than one mevices on the serial bus or as a frame 
_ synchronization signal in communicating, with the AD7714. 
Logic. output. A logic low on this.output indicates that a new output worl is available from the AD7714 data 
register. The DRDY pin will return high upon completion of a read operation of a full output word. If no data 
read has taken place, afteran output update, the DRDY line will return high for 500 x tcrx in cycles prior to 
he next output update. This gives an indication of when-a read operation should not be attempted to avoid » 
reading from the data register as it is being updated. DRDY is also used to indicate when the AD7714 has 


Serial Data Output with serial data being read from the output shift register on ate part. This output shift | 
register can contain information from the calibration registers, mode register, communications register, filter 
selection registers or data register depending on the register selection bits of the Communications Register. 
Serial Data Input with serial data being written to the input shift register on the part. Data from this input shift 
register is transferred to the calibration registers, mode register, communications register or filter selection 
registers depending on the register selection bits of the Communications Register. 


This i is the amount of overhead avablet to handle voltages on 
AIN(+) below AIN(—) - Vrgr/GAIN without overloading the 


-analog modulator or overflowing the digital filter. Note that the 


analog input will accept negative voltage peaks even in the uni-. 
polar mode provided that AIN(+) is greater than AIN(-) and - 
greater than AGND - 30 mV. | 


OFFSET CALIBRATION RANGE 


In the system calibration modes, the AD7714 Salibrates its off. 


_ set with respect to the analog input. The Offset Calibration 


Range specification defines the range of voltages that the 


- AD7714 can accept and still calibrate offset accurately. - 


FULL-SCALE CALIBRATION RANGE 


‘This is the range of voltages that the AD7714 can accept in the | 
__ system calibration mode and still calibrate full-scale correctly. 


INPUT SPAN 


In system calibration schemes, two voltages applied in sequence 
to the AD7714’s analog input define the analog input range. 


The input span specification defines the minimum and maxi- | 
mum input voltages from zero to full-scale that the AD7714 — 
can accept and still calibrate gain accurately. 


*AIN(-) refers to she negative input of the differential input pairs or to AING 
when referring to the pseudo-differential input configurations 


This information applies to.a product under Jevelobanene Its characteristics and specifications are subject to epenge UU OUE notice. 
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AD7714-5 Output Noise 

Table I shows the output rms noise and effective resolution for some typical notch and —3 dB frequencies for the AD7714-5 with 
foLK In = 2.4576 MHz while Table II gives the information for fox yy = 1 MHz. The numbers given are for the bipolar input ranges 
with a Vprgr of +2.5 V and with BUFFER = 0. These numbers are typical and are generated at an analog input voltage of 0 V. The 
numbers in brackets in each table are for the effective resolution of the part (rounded to the nearest 0.5 LSB). The effective resolu- 
tion of the device is defined as the ratio of the output rms noise to the input full-scale (i.e., 2 x Vpzr/GAIN). It should be noted that 
it is not calculated using peak-to-peak output noise numbers. Peak-to-peak noise numbers can be up to 6.6 times the rms numbers 
while effective resolution numbers based on peak-to-peak noise can be 2.5 bits below the effective resolution based on rms noise as 
quoted in the tables. 


The output noise from the part comes from two sources. The first is the electrical noise in the semiconductor devices used in the 
implementation of the modulator (device noise). Secondly, when the analog input signal is converted into the digital domain, quan- 
tization noise is added. The device noise is at a low level and is largely independent of frequency. The quantization noise starts at 
an even lower level but rises rapidly with increasing frequency to become the dominant noise source. Consequently, lower filter 
notch settings (below 100 Hz approximately for forx 1 = 2.4576 MHz and below 40 Hz approximately for forxK py = 1 MHz) tend to 
be device noise dominated while higher notch settings are dominated by quantization noise. Changing the filter notch and cutoff 
frequency in the quantization-noise dominated region results in a more dramatic improvement in noise performance than it does in 
the device-noise dominated region as shown in Tables I and IJ. Furthermore, quantization noise is added after the PGA, so effective 
resolution is largely independent of gain for the higher filter notch frequencies. Meanwhile, device noise is added in the PGA and, 
therefore, effective resolution reduces at high gains for lower notch frequencies. Additionally, in the device-noise dominated region, 
the output noise is largely independent of reference voltage while in the quantization-noise dominated region, the noise is propor- 
tional to the value of the reference. Noise numbers in the device noise dominated region:will be paca than those in the Table I for 


codes performance of the device is at the 24-bit level. At the. Aigk tt : 
for fork in = 2.4576 MHz (400 Hz for fork in = 1 MHz), ‘Ho missing codes ¢ 


NV (Effective Resolution in Bits) 


Filter First | 

Notch & O/P | -3 dB Gain of Gain of Gain of Gain of | Gain of. 
Data Rate Frequency 1 16 32 64 128 — 
5 Hz 1.31 Hz : | . : . 

10 Hz 2.62 Hz 

25 Hz | 6.55 Hz 

30 Hz 7.86 Hz 

50 Hz 13.1 Hz 

60 Hz 15.72 Hz 

100 Hz : 26.2 Hz 

250 Hz 65.5 Hz 

500 Hz 131 Hz 

1 kHz . 262 Hz 2,850] (11) 


Table II. Output Noise/Effective Resolution vs. Gain and First Notch Frequency for fc. iy = 1 MHz, BUFFER = 0 


Filter First Typical Output RMS Noise in u'V (Effective Resolution in Bits) 


Notch & O/P | -3 dB | se of aa of ae of ar of Gain of Gain of Gain of | Gain of 
Data Rate Frequency 16 32 64 128 


2 Hz 0.52 Hz 

4 Hz 1.05 Hz 

10 Hz | 2.62 Hz 

25 Hz 6.55 Hz 

30 Hz 7.86 Hz 

50 Hz 13.1 Hz 

60 Hz 15.72 Hz 

100 Hz 26.2 Hz 

200 Hz 52.4 Hz 

400 Hz ‘| 104.8 Hz 2,850 | (11) 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 


REV. 0 | ANALOG-TO-DIGITAL CONVERTERS 2-279 


| ADT714 


AD7714-3 Output Noise : , 

Table III shows the output rms noise and effective resolution for. some typical notch aud 3 dB frequencies for the AD7714- 3 ah 
fork In = 2.4576 MHz while Table IV gives the information for fork nw = 1 MHz. The numbers given are for the bipolar input ranges 
with a Vege of +1.25 V and BUFFER = 0. These numbers are typical and are generated at an analog input voltage of 0 V. The ©: 
numbers in brackets in each table are for the effective resolution of the part (rounded to the nearest 0.5 LSB). The effective resolu- 
tion of the device is defined as the ratio of the output rms noise to the input full-scale (i.e., 2 < Vrzp/GAIN). It should be noted that — 
it is not calculated using peak-to-peak output noise numbers. Peak-to-peak noise numbers can be up to 6.6 times the rms numbers 
while effective resolution numbers based on peak-to-peak noise can be 2.5 bits below the effective resolution based on rms noise as — 
quoted in the tables. — 


The output noise from the part comes from two sources. The first is the dicecal noise in the semiconductor devices used in the ~ 
implementation of the modulator (device noise). Secondly, when the analog input signal is converted into the digital domain, quan- 
tization noise is added. The device noise is at a low level and is.largely independent of frequency. The quantization noise starts at 
an even lower level but rises rapidly with increasing frequency to become the dominant noise source. Consequently, lower filter 
notch settings (below 100 Hz approximately for forx 1 = 2.4576 MHz and below 40 Hz approximately for forx ~y = 1 MHz) tend to 
be device noise dominated while higher notch settings are dominated by quantization noise. Changing the filter notch and cutoff fre- 
quency in the quantization noise dominated region results in'a more dramatic improvement in noise performance than it does in the 
device-noise dominated region as shown in Tables III and IV. Furthermore, quantization noise is added after the PGA, so effective 
resolution is largely independent of gain for the higher filter notch frequencies. Meanwhile, device noise is added in the PGA and, 
therefore, effective resolution suffers a little at high gains for lower notch frequencies. Additionally, in the device-noise dominated 
region, the output noise is largely independent of reference voltage while in the quantization-nois¢ dominated region, the noise is 

_ proportional to the value of the reference. Noise numbers in the device noise dominated reg ll be higher than those in the 
Table III for BUFFER = 1 (at a gain of 128, 10 Hz notch rms noise will be 500 nV). Ita ible'to do post-filtering on the device 
to improve the output data rate for a given —3 dB frequency and also to further reduce ut noise (see Digital Filtering section). 


At the lower filter notch settings (below 60 Hz for fork In = 2.4576 MH: 
codes performance of the device is. at the 24-bit level. At the higher sé 
for forxn IN = = 2.4576 MHz (400 Hz for forK IN = =] MHz), Be 


= 1.MHz), the no missing 
ed until at 1 KHz notch setting © 
‘only guaranteed to the 12-bit level. 


Table III. Output Noise/Effective Resolution v: ar foi in = 2.4576 MHz, BUFFER = 0 


- Filter First ve Resolution in Bits) 
Notch & O/P Gain of | Gainof | Gainof. | 
32 64 _ 128 


Data Rate 


5 Hz 
10 Hz 
25 Hz 
30 Hz 
50 Hz 
60 Hz 
100 Hz 
250 Hz 
500 Hz. 
1 kHz . 


-3dB 
Frequency 


1400 |(11) | 230 (10.5) [125 


Table IV. Output Noise/Effective Resolution vs. Gain and First Notch Frequency for fork in = 1 MHz, BUFFER =0 


Filter First Typical Output RMS Noise i in LV (Effective Resolution in Bits) 


Notch & O/P|-3dB = of bar _ cea of er of | Gain of Gain of Gain of Gain of 
Data Rate Frequency 16 32 64 128 


 2Hz 0.52 Hz 


4 Hz 1.05 Hz 
10 Hz 2.62 Hz 
25Hz —s«| 6.55 Hz 
30Hz —— ~+‘| 7.86 Hz 
50 Hz 13.1 Hz 
- 60 Hz 15.72 Hz 
100 Hz - 26.2 Hz 
200 Hz 52.4 Hz 


400Hz . |1048Hz | 14 | {q1)- (10.5) {125 
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On-Chip Registers 

The AD7714 contains eight on-chip registers which can be accessed via the serial port of the part. The first of these is a Communica- 
tions Register which controls the channel selection, decides whether the next operation is a read or write operation and also decides 
which register the next read or write operation accesses. The DRDY status is also available by reading from the Communications 
Register. The second register is a Mode Register which determines calibration mode and gain setting. The third register is labelled 
the Filter High Register and this determines the word length, bipolar/unipolar operation and contains the upper 4 bits of the filter 
selection word. The fourth register is labelled the Filter Low Register and contains the lower 8 bits of the filter selection word. The 
fifth register is a Test Register which is accessed when testing the device. The sixth register is the Data Register from which the out- 
put data from the part is accessed. The final two registers are calibration registers; one is the Calibration Zero-Scale Register and the 
other is the Calibration Full-Scale Register. The registers are discussed in more detail in the following sections. 


Communications Register (RS2-RSO = 0, 0, 0) 

The Communications Register is an eight bit register from which data can either be read or to which data can be written. On power- 
up or after a RESET, the AD7714 is waiting for a write operation to the Communications Register. This is the default state of the in- 
terface, and in situations where the interface sequence is lost, if enough writes to the device (at least four bytes) take place with DIN 
high, the AD7714 returns to its default state. Table V outlines the bit designations for the Communications Register. 


Table V. Communications Register 


0/DRDY RS2 RS1 ~ RSO RW | CHI CHO 


0/DRDY For a read operation, this bit provides the status of the DRDY fl p 
as the DRDY output pin. Fora write operation, a 0 must be wri 


RS2-RS0 Register Selection Bits. RS2 j is the MSB of th 


RS2 RS1 RSO — 


0 0 0 

0 0 1 

0 1 ) 

0 1 1 

l 0 0 Test Register 

i 0 l Data Register | 16 Bits or 24 Bits 

1 1 0 Calibration Zero-Scale Register 24 Bits 

1 1 1 Calibration Full-Scale Register 24 Bits 


R/W Read/Write Select. This bit selects whether the next operation is a read or write operation to the selected register. 
A 0 indicates a write cycle for the next operation to the appropriate register, while a 1 indicates a read operation 
from the appropriate register. 

CH2-CH0 Channel Select. These three bits select a channel for either conversion or for access to calibration coefficients as 
outlined in Table VI. There are three pairs of calibration registers on the part with some of the input channel 
combinations sharing calibration registers. With CH2, CH1 and CHO at a logic 1, the part internally looks at 
shorted AIN6 inputs. This can be used as a test method to evaluate the noise performance of the part. The 
power-on or RESET status of these bits is 1, 0, 0 selecting the differential pair AIN1 and AIN2. 


Table VI. Channel Selection 


IN _|_AINO 


Calibration Register Pair | 


0 0 0 Pseudo Differential Register Pair 0 
0 0 1 Pseudo Differential Register Pair 1 
0 1 0 Pseudo Differential Register Pair 2 
0 1 1 Pseudo Differential Register Pair 2 
1 | 0 0 Fully Differential Register Pair 0 
] 0 | Fully Differential Register Pair 1 
1 l 0 Fully Differential Register Pair 2 
1. 1 aI -Test Mode Register Pair 2 
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Mode Register (RS2-RS 0 = 0, 0, 1); Power On/Reset Status: 00 Hex. 
The Mode Register is an eight bit ean from‘which data can ao be read or to wich data’can be written. Table Vir outlines dig 
bit ee for the Mode set Os : 


Table VII. Mode Register . . ‘ 


7] [ne [tne 


ht 


Q 
oS 


EOorFOorFoOorFO 


_| of the Communications Register. Thigé 


Normal Mode; this is the normal mode of operation of the device whereby the device is performing normal 
conversions. This is the default condition of these bits after Power-On or RESET. 

Self-Calibration; this activates self-calibration on the channel selected by CH2, CH1 and CHO of the Communica- 
tions tions Register. This is a one step calibration sequence and when complete the part returns to Normal Mode. The 
DRDY output or bit indicates when this self-calibration is complete and when a new valid word is available in the 
data register. For this calibration type, the zero-scale calibration is done internally on shorted (zeroed) inputs and 
the full-scale calibration is'done internally on Vpgr. 

Zero-Scale System Calibration; this activates zero-scale system calibration on the channel selected by CH2, CH1 
and CHO of the Communications Register. Calibration is performed on the analog input voltage provided at the 
analog input during this calibration sequence. The DRDY Suepuy or bit indigates when this zero-scale calibration is 
complete and the part returns to Normal Mode. 

Full-Scale System Calibration; this activates full-scale system calibra 
is performed « on the analog input voltage provided at the a 
again, DRDY indicates when this full-scale calibration # 
returns to Normal Mode. . 
System-Offset. Calibration; this activates s syste 


the selected input channel. Calibration 
during this calibration sequence. Once 
en ‘this calibration 1 is complete, the pant 


| the el selected by CH2, CH1 and CHO 
ence and when complete the part returns to 
ration is complete. For this calibration type, the 
escale calibration is done internally on Vggr. 
nel selected by CH2, CH! and CHO of 
dé is on, the AD7714 provides continuous self- 
calibration of the shorted (zeroed) input This calibrati akes place as part of the conversion sequence, extending 
the conversion time and reducing the word rate by a fa¢tor of six. Its major advantage is that the user does not have 
to worry about recalibrating the offset of the device when there is a change in the ambient temperature or supplies. In 
this mode, the shorted (zeroed) inputs, as well as the analog input voltage, are continuously monitored and the cali- 
bration registers of the device are automatically updated. Because the background calibration does not perform full- 
scale calibrations, a full-scale self-calibration should be performed before placing the part in background calibration 


Normal Mode with DRDY indi 
zero-scale calibration is don 
Background Calibration; th s bat 
the Communications Register. If thé*backgro 


mode. 


Zero-Scale Self-Calibration; this activates zero- “scale self-calibration on the channel selected By. CH2, CH1 and 

CHO of the Communications Register. This zero-scale calibration is done internally on shorted (zeroed) inputs. 

This is a one step calibration sequence and when complete the part returns to Normal Mode. The DRDY output or © 
bit indicates when this zero-scale self-calibration is complete. . 
Full-Scale Self-Calibration; this activates full-scale self-calibration on the channel selected by CH2, CH1 and CHO 
of the Communications Register. This full-scale calibration is done internally on on Vrer- This is a one step cali- 

bration sequence and when complete the part returns to Normal Mode. The DRDY output indicates when this full- 
scale self-calibration i is complete. 

Gain Setting 


128 

Burn Out Current. A 0 in this bit turns off the on-chip burn out currents. This is ie default (Power-On or 

RESET) status of this bit. A 1 in this bit activates the burn out currents. 

Filter Synchronization. When this bit is high, the nodes of the digital filter, the filter control logic and the calibra- . 
tion control logic are reset, and the analog modulator is also held in its reset state. When this bit goes low, vane data’ 
is available in 3 x 1/(output update rate), i.e., the settling time of the filter. 
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_ Filter Registers. Power On/Reset Status: Filter High Ronee 01 Hex. Filter Low Register: 40 Hex 
There are two 8-bit Filter Registers on the AD7714 from which data can either be read or to which data can be written. Tables VIII 
and IX outline the bit cesienanions for the Filter Registers. 


Table VIII. Filter High Register (RS2-RSO = 0, 1, 0) 
Table IX. Filter Low Register (RS2—RS0 = 0, 1, 1) 


B/U , Bipolar/Unipolar Operation. A 0 in this bit selects Bipolar Operation. This is the default (Power-On or 


: RESET) status of this bit. A 1 in this bit selects unipolar operation. 
WL Word Length. A 0 in this bit selects 16-bit word length when reading from the data register (i.e., DRDY 


returns high after 16 serial clock cycles). This is the default (Power-On or RESET) status of this bit. A 1 in 
this bit selects 24-bit word length. 
BST Current Boost. A 0 in this bit reduces the current kes by the ar 
with ferK ww = 1 MHz, this bit should be 0 to reduce the 
operated from fcr K jw = 2.4576 MHz with gains of 8 
the device. The Power-On or RESET status s of t 
0 To ensure correct operation of the part,.a 0: ‘De t | n 3 Pal : 
FS11-FS0 ' Filter Selection. The on-chip digi 0 , a (Sinx/x)? ) filter response. The. 12-bits of data 
| programmed into these bi : freq , the position of the first notch of the filter 
_and the data rate for the pat 


ont-end. When the part is operated 


rawn from AVpp. When the AD7714 is 
needs to be | to ensure correct operation of 


= Gene in/128) Icode where code is the decimal equivalent of the code in bits FSO to FS11 and is in the range - 
19 to 4,000. With the nominal fcLK IN Of 2.4576 MHz, this results in a first notch frequency range from 4.8 Hz © 
to 1.01 kHz. To ensure correct operation of the AD7714, the value of the code loaded to these bits must be 
within this range. Failure to do this will result in unspecified operation of the device. 
Changing the filter notch frequency, as well as the selected gain, impacts resolution. Tables I through IV 
~ show the effect of the filter notch frequency and gain on the effective resolution of the AD7714. The output 
- data rate (or effective conversion time) for the device is equal to the frequency selected for the first notch of 
the filter. For example, if the first notch of the filter is selected at 50 Hz, then a new word is available at a 
50 Hz rate or every 20 ms. If the first notch is at 1 kHz, a new word is available every 1 ms. 
The settling-time of the filter to a full-scale step input change is worst case 4.x 1/(output data rate). For 
example, with the first filter notch at 50 Hz, the settling time of-the filter to a full-scale step input change is 
80 ms max. If the first notch is at 1 kHz, the settling time of the filter to a full-scale input step is 4 ms 
max. This settling-time can be reduced to 3 x 1/(output data rate) by synchronizing the step input change to 
a reset of the digital filter. In other words, if the step input takes place with the SYNC input low or the © 
FSYNC bit high, the settling-time time will be 3 x 1/(output data rate) from when SYNC returns high or 
-FSYNC returns low. If a change of channel takes place, the settling-time is 3 x 1/(output data rate) 
‘regardless of the SYNC or FSYNC status as the part issues an internal SYNC command when requested 
to change channels. 
The —3 dB frequency is determined by the proses first aeteh frequency according to the relationship: 
filter -3 dB frequency = 0. 262 x first notch frequency. i 


Test Register (RS2—RSO = 1, 0, 0) | 

The part contains a Test Register which is used in testing the device. The user is ade not to Chaos the status of any of the bits in 
this register from the default (Power-On or RESET) status of all Os as the part will be placed in one of its test modes and we not op- 
erate correctly. If the part enters one of i its test modes, exercising RESET will exit the part from the mode. : 
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Dad Register (RS2-RSO0 = = 1, 0, 1) 


The Data Register on the part is a read-only cepister ich contains the most up-to-date conversion result eae the ADT714. The 
register can be programmed to be either 16 bits or 24 bits wide, determined by the status of the WL bit of the Mode Register. If an 
attempt is made to write to this register, the 16 or 24 bits of data will not actually be written to any location of the AD7714. 


Calibration Zero-Scale Register (RS2-RS0 = 1d, 0) 


The AD7714 contains 3 zero-scale calibration registers, labelled Register 0 to Riscister 2. Each of these registers is a 24-bit read/ 
write register and 24 bits must be written; otherwise no data will be transferred to the register. The register is used in conjunction 
with the associated full-scale calibration Ure to form a register pair. These register pairs are associated with input channel pairs 


as outlined in Table VI. 


There is a possibility that after accessing the calibration registers (either read or write operation), the first output data read from the 
part contain incorrect data. In addition, a read or write operation to the calibration register should not be attempted while a calibra- 
tion is in progress. These eventualities can be avoided by taking either the SYNC input low or the FSYNC bit of the Mode Register 
_ high before the calibration register operation and taking them either high or low respectively after the operation is complete. 


Calibration Full-Scale Register (RS2—RSO = 1, 1, 1) 


The AD7714 contains 3 full-scale calibration registers, labelled Register 0 to Register 2. Each of these registers is a 24-bit read/write _ 
register and 24 bits must be written, otherwise no data will be transferred to the register. The register is used in conjunction with the 
associated zero scale calibration FeeISeS to form a pikes pair. These register pairs are associated with input channel pairs as out- 


lined in Table VI. 


There is a possibility that’ after accessing the eaibeadn registers (either read or write operation), 
part will contain incorrect data. In addition, a read or write operation to the calibration r 
calibration i is in progress. These eventualities can be avoided by RDS. either the SYN 21 


CIRCUIT DESCRIPTION © 
The AD7714 is a sigma-delta A/D converter with nahi digi 
filtering, intended for the measurement of wide dynamic ran 
low frequency signals such as those in weigh-scale, ind 
control or process control applications.. It contains a 
delta (or charge-balancing) ADC, a calibration microcontrolk 


with on-chip static RAM, a clock oscillator, a digital filter and ab 


bidirectional serial communications port.. The part consumes 
only 500 pA of power supply current, making it ideal for. 
battery-powered or loop-powered instruments. The part comes 
in two versions, the AD7714-5 which is specified for operation 
from a +5 V analog supply (AVpp) and the AD7714-3 which is 
specified for operation from.a +3 V analog supply. The 


AD7714-5 can be operated: with a digital supply (DVpp) voltage | 


of +3 V or +5 V. 


The part contains three Sater ble-oeit fully differential - 
analog input channels which can be reconfigured as five pseudo- 
‘differential inputs. The gain range on all channels is from 1 

to 128 allowing the part to accept unipolar signals of between 

0 mV to +20 mV and 0 V to +2.5 V or bipolar signals in the 
range from +20 mV to +2.5 V when the reference input voltage 
equals +2.5 V. With a reference voltage of +1.25 V, the input 
ranges are from 0 mV to +10 mV to 0 V to +1.25 V in unipolar 
mode and from +10 mV to +1.25 V in bipolar mode. |. 


The input signal to the selected analog input channel is contin- 
uously sampled at a rate determined by the frequency of the 
master clock, MCLK IN, and the selected gain. A charge- 
balancing A/D converter (Sigma-Delta Modulator) converts the 
sampled signal into a digital pulse train whose duty.cycle con- 
tains the digital information: The programmable gain function 
on the analog input is also incorporated in this sigma delta 

~ modulator with the input sampling frequency being modified to: 
give the higher gains. A Sinc’ digital low-pass filter processes 


-. 


.the first output data read from the 
should not be attempted while a 

r the FSYNC bit of the Mode 
spectively after the operation is complete. 


odulator and updates the output 
srmined by the first notch frequency of this 

ta can be read from the serial port randomly 
ate up to the output register pe rate. 


programmable range for this first notch frequency? is from . 
4.8 Hz to 1.01 kHz giving a programmable range for the -3 dB - 
frequency of 1.26 Hz to 265 Hz. 


The basic connection diagram for the part is shown in Figure 2. 
This shows both the AVpp and DVpp pins of the AD7714 being 
driven from the analog +3 V or +5.V supply. Some applications 
will have AVpp and DVpp driven from separate supplies. In the. 
connection diagram shown, the AD7714’s analog inputs are 
configured as three fully differential inputs. The part is set up | 
for unbuffered mode on the these analog inputs. An AD780, 
precision +2.5 V reference, provides the reference source for the 
part. On the digital side, the part is configured for three-wire 
operation with CS tied to DGND. A quartz crystal or ceramic 


~ resonator provides the master clock source for the part. 


The AD7714 provides a number of calibration options which 
can be programmed via the MD2, MD1 and MD0 bits of the 
Mode Register. A calibration cycle may be initiated at any time 


_ by writing to these bits of the Mode Register. The part can per- 


form self-calibration using the on-chip calibration micro- 
controller and SRAM to store calibration parameters. Other 


system components may also be included in the calibration loop 


to remove offset and gain errors in the input channel using the 
system calibration mode. Another option is a background cali- — 


_ bration mode where the part continuously performs internal . 
~zero-scale calibrations and updates the calibration coefficients. 


Using the pa in this meee the user does not have to worry 
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AD7714 


about issuing periodic calibration commands to the device or 
ask the device to recalibrate when there is a change in the ambi- 
ent temperature or power supply voltage. This automatic re- 
moval of offset errors is achieved at the expense of output 
update rate which is reduced by a factor of six. Using the part in 
background calibration mode automatically removes offset 
errors but not full-scale errors. A full-scale self-calibration 
should be performed before entering the background calibration 
mode. The residual gain drift in background calibration mode 

is 2 ppm/°C. 


The AD7714 gives the user access to the on-chip calibration 
registers allowing the microprocessor to read the device’s cali- 
bration coefficients and also to write its own calibration coeffi- 
cients to the part from prestored values in E7PROM. This gives 
the microprocessor much greater control over the AD7714’s 
calibration procedure. It also means that the user can verify that 
the device has performed its calibration correctly by comparing 
the coefficients after calibration with prestored values in 
E’?PROM. Table X details the calibration options and sequences 
available on the ee For the table, Sel Gain refers to the 


interface consists of five signals, CS, 
nd DRDY. The DIN line is used for 


Duration 


al ZS Cal 1@ Sel Gain + | 9 x 1/Output Rate 


‘Internal FS Cal @ Sel Gain 


ZS Cal on AIN @ Sel Gain 
FS Cal on AIN @ Sel Gain 
ZS Cal on AIN @ Sel Gain + 
Internal FS Cal @ Sel Gain 
Internal ZS Cal @ Sel Gain 
Internal ZS Cal @ Sel Gain 
Internal FS Cal @ Sel Gain 


3 x 1/Output Rate 
3 x 1/Output Rate 
9 x 1/Output Rate 


6 x 1/Output Rate 
3 x 1/Output Rate 
3 x 1/Output Rate 
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gancieeang data into. the on-chip registers while fs DOUT line 


is used for accessing data from the on-chip registers. SCLK i is 


the serial clock input for the device and all data transfers (either | 


on DIN or DOUT) take place with respect to this SCLK signal. 
The DRDY line is used as a status signal to indicate when data 
is ready to be read from the AD7714’s data register. DRDY 
goes low when.a new data word is available in the output regis- 
ter. It is reset high when a read operation from the data register 
iS complete. It also goes high prior to, the updating of the output 
register to indicate when not to read from the device to ensure 
that a data read is not attempted while the register is being up- 
dated. CS is‘used to select the device. It can be used to decode 


the AD7714 in systems where a oe of parts are connected _ 


to the serial bus. 


The AD7714 serial interface can operate in three-wire mode by 
tying the CS input low. In this case, the SCLK, DIN and 
DOUT lines are used to communicate with the AD7714 and. 
the status of DRDY can be obtained by i ani erTOganng the MSB 
of the Communications Register. 


DRDY 
cs 
SCLK 


DOUT 


Figures 3 and 4 show timing diagrams for interfacing to the 
AD7714 with CS. used to: decode the part. Figure 3 is for a read 
operation from the AD7714’s output shift register while Figure 
4 shows a write operation. to the input shift register. Both dia- 
grams are for the POL input ata logic high; for operation with 
the POL input at a logic high simply. invert the SCLK waveform 
shown in the diagrams. It is possible to read the same data 
twice from the output register even though the DRDY line 
returns high after the first read operation. Care must be taken, 
however, to ensure that the read operations have been com- 
pleted before the next output update is about to take place. 


The serial interface can be reset by exercising the RESET input 
on the part. It can also be reset by writing.a series of 1s on the 
DIN input. If a logic 1 is written to the AD7714 DIN line for 
at least 32 serial clock cycles, the serial interface is reset. This 
ensures that in three-wire systems that if the interface gets lost » 
either via a software error or by some glitch in the system, it can 
be reset back into a known state. This known state (which is - 
also where the interface returns to after a RESET) i is that the 
part is expecting a write operation to the Communications 
Register. ) ? 


| : Figure 3. Read Cycle Timing Diagram (POL = 1) 


elt 


tie Saeed aa 
tis 


SCLK 


| th 


aaa |<-ti, 
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Figure 4. Write Cycle Timing Diagram (POL = 1) 
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DEVICES 


CMOS 


12-Bit, 468 kHz, Sioma- Delta ADC 


AD7721 


FEATURES 
12-Bit Sigma-Delta ADC 
30 MHz Sampling Rate 
468.75 kHz Output Word Rate 
No Missing Codes 
Low-Pass Digital Filter 
Linear Phase 
210 kHz Input Bandwidth 
On-Chip Voltage Reference 
Power Supplies: AVpp, DVpp: +5 V + 5% 
Standby Mode 
Flexible High Speed Serial Interface 


GENERAL DESCRIPTION 
The AD7721 is a complete low power, 12-bit, sigma-delta 

ADC. The part operates from a +5 V supply and accepts d 
ferential input of 0 V to 2.5 V or+1.25 V. The analo : 
continuously sampled by an analog modulato 


(FIR) digital filters i in series. The on-chip filtering re 
external antialias requirements to first order in most cases. 
Settling-time for a step input is 98.74 Us while the group delay 
for the filter is 49.37 us. 


The AD7721 provides 12-bit performance for input bandwidths 
up to 210 kHz. The part provides data at an output word rate 
of 468.75 kHz. The sample rate, filter corner frequency and 
output word rate are set by an external clock or crystal that is 
nominally set to 15 MHz. 


Use of a single bit DAC in the modulator guarantees excellent 
linearity and dc accuracy. Endpoint accuracy is ensured by on- 
chip calibration of offset and gain. This calibration procedure 
minimizes the part’s zero-scale and full-scale errors. 


The output data is accessed from the output register through a 
flexible serial port or a parallel port. This offers easy, high speed 
interfacing to modern microcontrollers and digital signal proces- 
sors. The serial interface operates in external clocking (slave) 
mode. In this mode, an external serial clock and framing pulse 
must be provided to access the data from the output register. 


This is a preliminary data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


FUNCTIONAL BLOCK DIAGRAM 


AGND 
O 


AVpp DVop ve 


DGND?1 


AD7721 


DGND2 2.5V ee 
DGND3 REFERENCE 
VIN1 12-BIT A/D CONVERTER 
VIN2 | Y-A FIR 
| | MODULATOR FILTER 
DVAL/ ee a 
SYNC 
' 6 XTAL 
RD Oe 
= DRDY 
WR 
SDATA/ 
STBY/DBO DB11 
RFS/ 
DB10 
St et ad tas fs SCLK/ 


DB9 


DB3 DB4 SYNC/ SINGIP/ CLKOUT/ ‘OBS 
DBS DB6 DB7 


The part provides an on-chip, accurate 2.5 V reference. A 
REFIN/REFOUT function is provided that allows either this 
internal reference or an external system reference to be used as 
the reference source for the part. 


CMOS construction ensures low power dissipation while a 
power-down mode, initiated by the STBY pin, reduces the idle 
power consumption to only 100 pW. 


ORDERING INFORMATION 


Temperature Range 


—40°C to +85°C 
—40°C to +85°C 
—55°C to +125°C 


Package Option* 


N-28 
R-28 


AD7721AN 
AD7721AR 
AD7721SQ 


*N = Plastic DIP; R =.0.3" Small Outline IC (SOIC); Q = Cerdip. For outline | 
information see Package Information section. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed. to in writing. 
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ADTT2\-SPECIFICATIONS iSite! 


Parameter . 


STATIC PERFORMANCE 
Resolution . 
Parallel. 
“Serial 
Minimum Resolution for Which 
No Missing Codes is Guaranteed 
Parallel : 
Serial 
Integral Nonlinearity 
Parallel — 
Serial 
DC CMRR 
Offset Error? 
Full-Scale Error” ? 
Unipolar Mode 
Bipolar Mode 
Unipolar Offset Drift 
Bipolar Offset Drift 


ANALOG INPUTS 
Signal Input Span (VIN1-VIN2) 
Bipolar Mode 
Unipolar Mode 


~ Maximum Absolute Input Voltage 


Minimum Absolute Input Voltage 
Input Sampling Capacitance 
Input Sampling Rate 

Differential Input se ae 
Output Rate 


REFERENCE INPUTS 
VREF 


REF 1 Input Current 
REF2 Input Current 


REF2 OUTPUT 
REF2 Voltage 
Output Current 
DC Load Regulation 
DC Line Regulation (AVpp) 
Offset Between REF1 and REF2 


DYNAMIC SPECIFICATIONS 
Dynamic Range 
Signal to (Noise +. Distortion) 
Total Harmonic Distortion 
Frequency Response ~ 
0 to 210 kHz 
259 kHz to 14.741 MHz 
14.741 MHz to 15.259 MHz 
15.259 MHz to 29.741 MHz 


CLOCK: 
XTALI Mark Space Ratio 


~ LOGIC INPUTS 
-Vinu, Input High Voltage 
Vin. Input Low Voltage 
— Tyne, Input Current 
Cy; Input Capacitance 


LOGIC OUTPUTS 
Vou, Output High Voltage 
VoL, Output Low Voltage 


ok = A Version 


o i) Version _ Test Conditions/Comments 


[ae 


Bits 
Bits 


Bits min 
Bits min 


Guaranteed Monotonic 
Guaranteed Monotonic 


LSB max 
LSB max 
dB min 
mV max 


Bipolar Mode 
Unipolar Mode 


mV max 
mV max 
Excluding Reference 
Excluding Reference 


aranteed by Design 
With 15 MHz on XTAL Pin 


2.4 to 2.6 External Reference. Applied to REFI © 
or REF2 Pin for Specified. Performance 
External Reference Applied to REF1 Pin 


External Reference Applied to REF2 Pin. 


-10 to +10 
33.75 


Using Internal Reference 
All Reference Modes 

All Reference Modes 
Using Internal Reference : 
External Reference Applied to REF! Pin 


2.5: 0.125 
+500 «| 


V min/V max 
vA max 
mV/mA 
mvV/V max 
mV max 


Input Bandwidth 0 to 210 kHz 
Input Bandwidth 0 to 210 kHz 


50% Duty cycle on XTALI Pin. 


For Specified Operation 


Tour! $ 200 HA 
lout | <1.6mA 


This information applies toa ee under development. Its characteristics and specifications are subject to change without notice. 
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AD7721 
Parameter Test Conditions/Comments 


POWER SUPPLIES 
AVpp 4.75/5.25 4.75/5.25 V min/V max 
DVpp 4.75/5.25 4.75/5.25 ; V min/V max 
Ipp (Total from AVpp, DVpp) 70 80 mA max 
Power Consumption 350 400 mW max STBY =0V 
Power Consumption 100 100 uW max STBY = +5 V 
NOTES 


‘Operating temperature range is as follows: A Version: -40°C to +85°C; S Version: -55°C to +125°C. 
Applies after calibration at temperature of interest. 
>Full-scale error applies to both positive and negative full-scale error. It excludes reference error. The ADC gain is calibrated w.r.t. the voltage on the REF2 pin. 


Specifications subject to change without notice. 


TIMING CHARACTERISTICS! (avo: = +5 + 52%: OVpp = +5 V+ 5%; AGND = DGND = OV, fax = 15 MHz, REFIN = +2.5V) 


‘| Limit at Tain; Tmax 
Parameter | (A, S Versions) Units Conditions/Comments 


Serial Interface 


t DRDY High Time 

to DRDY to RFS Setup Time 

ts RFS Low to SCLK Falling Edge Setup Time 

ty RES | ‘Low to Data Valid Delay 

ts SCLK High Pulse Width 

te SELK Low Pulse Width 

t/ SCLEK’Rising Edge to Data Valid Delay 

tg S to SCLK Falling Edge Hold Time | 
| fae Bus Relinquish Time after Rising Edge of RFS 


Parallel Interface 
Read Operation 


tro DRDY High Time 

thy DRDY to CS Setup Time 

tio CS to RD Setup Time 

t13 RD Pulse Width = 
tia Data Access Time after Falling Edge of RD __ 
tys5 Bus Relinquish Time after Rising Edge of RD 
tie CS to RD Hold Time 

ti7 RD to DRDY High Time 

Write Operation ed tee 

tig . CS to WR Setup Time 

to WR Pulse Width | 

to9 Data Valid to WR High Setup Time 

ta) Data Valid to WR High Hold Time 

ty2 CS to WR Hold Time 

Seg 


iti and t,, are measured with the load circuit below and defined as the time required for an output to cross 0.4 V or 2 v. 

*ty and t,, are derived from the measured time taken by the data outputs to change 0.5 V when loaded with the circuit shown below. The measured number is then 
extrapolated back to remove the effects of charging or discharging the 50 pF capacitor. This means that the time quoted in the Timing fchatactenslics is the true bus 
relinquish time of the part and, as such, is independent of external bus loading capacitance. 


+1.6V 


Figure 1. Load Circuit for Access Time and Bus Relinquish Time 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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Mnemonic 
AGND 
DVpp 
DGND 


~VINI 
VIN2 . 


REF1 
REF2 


XTAL 


WR 


~SDATA/DB11 
STBY/DBO 
DVAL/SYNC 


| 3, For. ae a sai as than 0.02%, REF 


ae SDATA/DB11 | RES/DB10~ | SCLKIDB9 | 


Parallel DB11 DB10 DB9 DB7 DB6 DB5 
Serial SDATA RFS SCLK CLKOUT SINGIP SYNC 


PIN FUNCTION DESCRIPTION... | 
Function 


Analog Positive Supply Voltage, +5VE5%. | 


Ground reference point for analog circuitry. 


” Digital Supply Voltage, +5 Vt 5%. 


Ground reference point for digital circuitry. 


Analog Input. In unipolar operation, the analog input range on VIN] is VIN2 to (VIN2 + Veer); for diffxerential 
(bipolar) operation, the analog input range on VIN1 is (VIN2 + Vrer/2). Alternatively, VIN2 can be connected to 
the internal reference in bipolar mode to give a single-ended input on VIN1 of (VREF + VREF/2). VIN2 can be | 

connected to the internal reference on chip by taking SINGIP high in the serial mode or writing to bit SINGIP i in. 
the parallel mode. The absolute analog input. range must lie between 0 and. AVpp. The analog i input is continu-. 
ously sampled and processed by the analog modulator. 


Reference Pins. The AD7721 can operate with the on-board reference which bias a nominal value of 2.5 V. Alter- 
natively, an:éxternal reference can be used. There are three modes of operation: 
1. Using the internal reference. REF2 is used as the REFOUT. A 10 nF capacitor is required on REF2. 

2. Using an external reference. REF! is used as REFIN with the external reference source being connected to 


: this pin. This reference is internally buffered thus, the reference sees impedance static load. 
| However, there will be an error added | to this reference due to th age of the internal buffer 


us (REF2. pee is directly connected to th it is arrangement, a capacitor of value 


cake oa In parallel mode, a falling’ edge indicate: tput word is available for transmission. DRDY 
will return high upon completion of a read operation. operation does not occur between output updates, 
DRDY will become active for two clock:cycles before the next output update. In serial mode, DRDY goes high for 
one SCLK cycle to indicate that data is available. 


Chip Select. When the ADC i is operated in n parallel mo mode, this input selects'the device. Note that serial mode op- 
eration is attained by tying CS along with RD and WR to DGND. | 


Read. This digital input 1S used i in conjupcnel with CS to read data from the device when configured for parallel 
mode operation. : 


Write. This digital input is used in conjunction with cS to write data to the device when the part is eanemated for 


- parallel mode operation. 


The function of these pins depends on: oes status of CS, RD and WR. Driving CS low along with RD or WR reads 
data or writes data to the device in the parallel mode. Tying CS, RD and WR low together configures the part for 
serial mode operation: NOTE: All three pins must be low for a minimum of two clock cycles of the internal clock 


AS aol before the part is configured for serial mode operation. ~ 


Texoma anne | SINGIPIDB6 | SYNC/DBS | _ 


DVALISYNC 


DVAL/SYNC 
DVAL 


Parallel | DB4 | DB3 DBI DBO 
Serial CAL STBY 


This information applies toa sieauice under aicclosaank Its. ‘shaiucionaics and spaciniGatons: are di sek to Spange without notice. 
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SERIAL MODE ONLY 


For serial mode operation, CS, WR and RD must be tied to DGND. 


-SDATA/DB11 
RFS/DB10 


SCLK/DB9 
CLKOUT/DB7 
SINGIP/DB6 
SYNC/DB5 
UNI/DB2 
CAL/DB1 
STBY/DBO 


DVAL/SYNC 


Serial Data Output. Output serial data becomes active after RFS goes low. Sixteen bits of data are clocked out 
starting with the MSB. Serial data is clocked out on the rising edge of SCLK and is valid on the subsequent falling 
edge of SCLK. 


Receive Frame Synchronization. Active low logic input. This is a logic input with RFS provided externally as a 
strobe or framing pulse to access serial data from the output register. Alternatively, RFS may be provided by con- 


necting this input to DRDY which is active high in the serial mode. When RFS is high, SDATA is high impedance. 


Serial Clock. Logic Input. This input serial clock can be a continuous clock or, alternatively, it can be a non-con- 
tinuous clock with the information being read from the AD7721 in smaller batches of data. 


Serial Clock. Logic Output. The internal digital clock is provided as an output on this pin. This buffered signal 
can alternatively be used as the clock input to SCLK in the serial mode. 


Single-Ended Analog Input, Digital Input. The AD7721 can accept a single-ended analog input. A logic high on 
the logic input SINGIP causes the pin VIN2 to be connected to the reference internally, enabling the AD7721 to 
accept a single-ended analog input. When SINGIP is at a logic low, the AD7721 operates with a differential in- 
put. 


Synchronization Tapa The internal digital filter is reset on the rising edge of aSYNC pulse. The filter reset op- 
eration requires 2048 clock cycles, throughout which DRDY re . Should a SYNC be requested while the 
part is in calibration mode, the SYNC will be acted upon i y tind the calibration will be abandoned. 


Analog Input Range Select, Digital vee The an: qn 4) n be +1.25 V or 0 V to 2.5 V. The UNI pin 


and offset are calibrated. At calibrati offs t nd gain calibration coefficients are loaded to the 
calibration registers. 


Standby Mode Input. Logic input. 
low for normal operation and high 
in the offset and gain registers are unaffected. 


Data Valid Digital Output. An excessive overload on the modulator i inputs can cause the modulator to go unstable. 
Once this condition is detected by internal circuits, the modulator is reset into a stable state and DVAL goes low 
for 2048 clock cycles. This period allows sufficient time for the modulator and digital filter to settle. An overload 
on the input pins can also cause clipping in the digital filter. This will cause DVAL to remain low. As well as the 
AD7721 indicating an overload by taking DVAL low, the AD7721 also highlights an overload by loading the out- 
put register. A positive overload causes the output register to be reset to 111... 11 (unipolar input) or 011... 11 
(bipolar input). A negative overload causes the output register to be set to 000... .00 (unipolar input) or 100. . .00 
(bipolar input). When DVAL goes low, data can still be read from the HnTERACE atid DRDY will continue to adi 
cate that there is data to be = 


PARALLEL MODE ONLY 


DVAL/SYNC 


SDATA/DB1 1- 
STBY/DBO 


Data Valid Digital Output/Synchronization Input depending on the status of bit DB3 in the control register. When 
the AD7721 is powered up, bit DB3 will be set to “0,” causing this pin to be programmed as DVAL. The pin can 


ah Ne 


be placed in SYNC mode by writing a to bit DB3 in the control register. When changing the function of this 
pin from SYNC mode to DVAL mode, a logic high must be applied to the pin. 

DVAL: An overload in the modulator is highlighted as in the serial mode. 

SYNC: Operates as in the serial mode except DRDY remains high while the digital filter is being reset. 


Data Outputs DB11 to DBO, DB11 being the Most Significant Bit (MSB). 
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_SERIAL INTERFACE 

The AD7721’s serial communications port provides a flexible 
arrangement to allow easy interfacing to industry-standard 
microprocessors, microcontrollers and digital signal processors. 


The AD7721 can be operated in External-Clocking mode. This 


External-Clocking mode is designed for direct interface to sys- 
tems that provide a serial clock output which is synchronized to 
the serial data output including microcontrollers such as the — 
80C51, 87C51, 68HC11 and 68HC05 and most digital signal — 
processors. This external clock can have a frequency. up to 
20.MHz. Alternatively, the SCLK input can be provided by the 
master clock by connecting CLKOUT to SCLK. The RFS RES sig- 
nal can also be provided by the AD7721 by connecUne RFS to 
DRDY. 


Figure 2 shows the timing diagram for seading from the _ 
AD7721. DRDY goes high to indicate the presence of a new 
_ word in the output register. DRDY remains high for one inter- 


nal clock (15 MHz) cycle. RFS is taken low to access data from 


~ the AD7721. The serial clock input does not have to be con- 
tinuous. The serial data can be accessed in a number of bytes. 
However, RFS must remain low for the duration of the data 
transfer operation. Although the AD7721 has a 12-bit digital 
output in the parallel mode, sixteen bits of data are available for 
transmission in the serial mode, starting with the MSB. Serial 


data is clocked out of the device on the rising edge of SCLK and | 


is valid on the falling edge of SCLK. DRDY rises for one inte 
nal clock cycle when a new word is available in the output 
ter. Any earlier result still in the output register is lo 
time. , 


| oe (0) 
| | 7 ‘DRDY (0) 
RFS (1) 

Bebk (I) 


DATA OUT(O) 


DADY (0) 
CS (1) 
RD () 


_ 3-STATE 
_ DBO-DB11 (O) — 


- logic low selects. 11 


- PARALLEL INTERFACE 
-Read Operation ._ 


The device defaults to cara mode if CS, RD and WR are not 
tied to DGND together. Figure 3 shows a timing diagram for 
reading from the AD7721 in the parallel mode. When conver- 
sion is complete, DRDY goes low to indicate that new data is 
available in the AD7721's output register. When the data has 
been read from the register using the CS and RD inputs, the | 
DRDY pin returns high. This DRDY pin can be used to drive 
an edge-triggered interrupt of a microprocessor. CS and RD 
going low accesses the 12-bit conversion result. 


- Write Operation | 


The write operation is used for self calibration; selecting uni- 


‘polar or. bipolar analog input ranges, placing the part in power 


down mode (standby) or programming the function of pin 


~ DVAL/SYNC. ‘When the AD7721 is placed in the write mode, ° 


data bits DBO to DB3 and DB6 function as control bits, DBO 


- becoming the Standby mode bit, DB1 becoming the Calibration 


mode bit, DB2 being used to select the analog input range and, 
DB3 being used to select th function. of pin DVAL/SYNC. 

Writing a logic “1” to. DB2:selects bipolar operation while a 

ation. For.a single-ended input in 

CIP) i is taken to a logic high. When. 

VIN2 must be provided externally. 

it mode. Calibration is per- — 

c “1” to DBI while the part is put into 
inputting a logic high to DBO. Writing a 

s.pin DVAL/SYNC in SYNC mode while 


3-STATE 


VALID 
DATA 


NOTE: (I) SIGNIFIES AN INPUT; (O) SIGNIFIES AN OUTPUT. 


. Figure 3. Parallel Mode Output Register Read 
This information applies to a product under development. Its characteristics and specifications are subject to chalive: without notice. 
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writing a “0” places the pin in DVAL mode. CS and WR going 
low places this information in the control register. Figure 4 
shows a timing diagram for the write operation. Bits DB4 to 
DB5 and bits DB7 to DB15 are used to test the AD7721 in par- 
allel mode. Thus, for normal operation, a logic “O” is inputted 
to these bits. 


CS (!) eee 


WR (I) 


too 
DB9-DB11(0) 44 4 ff fof i fh pL DP LE PEL EL EE Le dK NAUID DATA KS SS fff 


NOTE: (I) SIGNIFIES AN INPUT; (0) SIGNIFIES AN OUTPUT. 


Figure 4. Write Timing Diagram 


fe fo 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 


REV. 0 . ANALOG-TO-DIGITAL CONVERTERS 2-293 


AD7721 


ANALOG INPUT : In the unipolar mode, the analog input range is 0 V to 2.5 V. | 


In the bipolar mode configuration, the analog input range is Again, the designed code transitions occur -midway between suc- 
+1.25 V. The designed code transitions occur midway between cessive integer LSB values. The output code is straight binary . 
successive integer LSB values. The output code is 2s comple- with 1 LSB = 0.61 mV in parallel mode and 38 [LV in serial mode. 


ment binary with 1 LSB = 0.61 mV in parallel mode and 38 LV The ideal input/output transfer.function is shown in Figure 7. . 
in serial mode. The ideal input/output transfer function is illus- 
trated in Figure6. tit 7 | HG ae 2 OO 


OUTPUT : : 
CODE _ A noe, W441 - AD7721_ 


011...111 AD7721 
011...110 a 


000...010 


| 
Be | 
| 
000...001 : 
000...000 J oREF IN/2 
+HEF IN/2-1LSB 
414...111 


| 

| 

| 

| 

| 

| 

| 

| 

| 

| | 

| | 
111...110 | l 
| | 

| | 

100...001 | | 


100...000 eat 
REF IN-1LSB 


OV 


RENTIAL INPUT VOLTAGE (VIN1—VIN2) 
DIFFERENTIAL INPUT VOLTAGE (VIN1—VIN2) 


7 7. Unipolar Mode Transfer Function 
Figure 6. Bipolar Mode Transfer Funct;{ 
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LC7MOS High Speed, jxP-Compatible 
DEVICES 


8-Bit ADC with Track/Hold Function 


AD7821 


FEATURES 

Fast Conversion Time: 660 ns max 

100 kHz Track-and-Hold Function 

1 MHz Sample Rate 

Unipolar and Bipolar Input Ranges 

Ratiometric Reference Inputs 

No External Clock 

Extended Temperature Range Operation 

Skinny 20-Pin DIPs, SOIC and 20-Terminal 
Surface Mount Packages 


GENERAL DESCRIPTION 
The AD7821 is a high-speed, 8-bit, sampling, analog-to-digital 


FUNCTIONAL BLOCK DIAGRAM 


Voo 


DBO-DB7 
DATAOUT 
PINS 2-5, 14-17 


CIRCUITRY 
OO) -O 


MODE WR/RDY CS RD INT 


© 


GND 


PRODUCT HIGHLIGHTS 


converter that offers improved performance over the popular _ 1. Fast Conversion Time a 

AD7820. It offers a conversion time of 660 ns (vs. 1.36 ws for The half-flash conversion technique, coupled with fabrication 

the AD7820) and 100 kHz signal bandwidth (vs. 6.4 kHz). The on Analog Devices’ LC?MOS process, enables a very fast 

sampling instant is better defined and occurs on the falling edge conversion time. The conversion time for the WR-RD mode 

of WR or RD. The provision of a Vs, pin (Pin 19) allows the _ is 660 ns, with 700 ns for the RD mode. : 

part to operate from +5 V supplies and to digitize bipolar input 2. Built-In Track-and-Hold | 

signals. Alternatively, for unipolar inputs, the Vss pin can be This allows input signals with slew rates up to 1.6 V/s to be 

aaarty hay tir 7821 will Operate tone sIngIe “2 "¥ SUD: converted to 8-bits without an external track-and-hold. This . 
| Ply se Ke Ee ; corresponds to a 5 V peak-to-peak, 100 kHz sine-wave signal. 

The AD7821 has a built-in track-and-hold function capable of 3. Total Unadjusted Error 

digitizing full-scale signals hes to 100 kHz max. It also uses a The AD7821 features an excellent total unadjusted error fig- 

half-flash conversion technique that eliminates the need to gen- ure of less than +1 LSB over the full operating temperature 

erate a CLK signal for the ADC. aig = 

The AD7821 is designed with standard microprocessor control : . 

: oe ee a 4. Unipolar/Bipolar Input Ranges 

signals (CS, RD, WR, RDY INT) and latched, three-state data The AD7821 is specified for single supply (+5 V) operation 

outputs capable of interfacing #0 high-sp eed data buses. An with a unipolar full-scale range of 0 to +5 V, and for dual 

overflow output (OFL) is also provided for cascading devices to supply (+5 V) operation with a bipolar input range of 

SeHuEye higher resolution. +2.5 V. Typical performance characteristics are given for 

The AD7821 is fabricated in Linear-Compatible CMOS other input ranges. 

(LC?MOS), an advanced, mixed technology process combining 5. Dynamic Specifications for DSP Users | 


precision bipolar circuits with low-power CMOS logic. The part 
features a low power dissipation of 50 mW. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


REV.A 


In addition to the traditional ADC specifications, the 
AD7821 is specified for ac parameters, including signal-to- 
noise ratio, distortion and slew rate. ; 
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AD7821 SPECIFICATIONS Voo= +5 V + 5%, GND = 0 V. Unipolar Input Range: V,, = GND, Va--(+) = 

ae 5V; Veer(—) = GND. Bipolar Input Range: Vg = —5 V + 5%, Vpe(+) = 25, . 
Vaer( =). —2.5 V. These test conditions apply unless otherwise ‘stated. All specifications Trin to Tinax unless, s otherwise stated. Specticationg 
apply for RD Mode (Pin he = OV). 2 


Paraineter ke Version! a: T Versions Comments 
UNIPOLAR INPUT RANGE . : ‘—.* 
Resolution? ~ : Bits 
Total: Unadjusted Eror . LSB max 
~ Minimum Resolution for which ~.- +}>) ><. » — 
No Missing Codes are Guaranteed .|.8:. | ° Sh? Be . Bits 
BIPOLAR INPUT. RANGE 
Resolution” » 5 Hehe SLRS Aa. oe oul Bits 
Zero Code Error | . LSB max 
Full Scale Error. - LSB max 
Signal-to-Noise Ratio (SNR)? dB min Vin = 99.85 kHz Full-Scale Sine Wave with fg AMPLING ='500 kHz 


dB max Vin 
dB max 


Total Harmonic ‘Distortion (THD)? 
Peak Harmonic or Spurious Noise? 
_ Intermodulation Distortion (IMD)? 


= 99.85 kHz Full-Scale Sinie Wave with fs, mprinc = 500 kHz 
Vin = 99.85 kHz Full-Scale Sine Wave with tsa AMPLING = 500: a 
fa (84.72 kHz) and fb (94.97 kHz) Full-Scale. 

Sine Waves. with fgamprinc =.500 kHz - ; 

Second Order Terms 

Third Order Terms 


dB max 
dB max 
V/s max 
V/s typ 


Slew Rate, Tracking? 


REFERENCE INPUT 
Input Resistance _ 
Vrer (+) Input ‘Voltage Range « 
Vrer (—) Input Voltage Range © 


ANALOG INPUT 
Input Voltage Range Vrer(—)/V rEF(+) Vrer(—)/Vrer(t) 
Input Leakage Current +3 wn (pees 
Input Capacitance . 55 , oF 

LOGIC INPUTS 
CS, WR, RD 

Vinu 

Vint 

lin (CS, RD) 

linn (WR) 

lint 

Input Capacitance* - 
MODE 

- Vine 
~ Vint 

linn 


linn 
Input Gapacitance® 


LOGIC OUTPUTS 
DB0O-DB7, OFL, INT 


1.0/4.0 
Vrer (—/Vpp 
Vss/Vrer(+) 


kQ, min/kO max 
V min/V max © 
’ V min/V max 


VREF (-/V DD 
Vss/Vrer(t) 


Typically 5 pF 


50 pA typ 


Typically 5 pF 


Vox 

Vor © 

Iour (DBO-DB7) 
Output Capacitance* (DB0-DB7) 
RDY 

Vor 

lour 

Output Capacitance* 

POWER SUPPLY | : 

Ipp . 
Igg 
Power Dissipation 
Power Supply Sensitivity 


NOTES 


mA max 
pA max 
mW typ 
LSB max 


Ieeunce = 360 pA 


Igink = 1.6mA 
Floating State Leakage 
Typically 5 pF 


Igink = = 2.6mA 


‘Floating State Leakage 


Typically 5 pF 


+1/16 LSB typ, Vpp = 4.75 V to 5.25 V, 
ee 4.75 V max for Unipolar Mode) 


1Temperature Ranges are as follows: K Version = —40°C to +85°C; B Verion = —40°C to +85°C; T Version = —55°C to +125°C. 


21 LSB =19,53 mV for both the unipolar (0 to +5 V) and bipolar oS —2.5 V to +2.5 V) input ranges. 


3See Terminology. 


4Sample tested at +25°C to ensure compliance. 
Specifications subject to change without notice. 
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AD7821 


TIMING CHARACTERISTICS’ (Von = +5 V + 5%, Veg = OV or —5.V + 5%; Unipolar or Bipolar Input nage) 


Limit at Limit at 
| Limit at 25°C _ TT ee ee 
Parameter (All Versions) (K, B, Versions) (T Version) i Conditions/Comments 
tcss CS to RD/WR Setup Time 
tcsH CS to RD/WR Hold Time 
troy’ CS to RDY Delay. Pull-Up 
Resistor 5 kl]. 
tcrp Conversion Time (RD Mode) 
tacco” Data Access Time (RD Mode) 
C,, = 20 pF 
Cy, = 100 pF 
tnTH RD to INT Delay (RD Mode) 
toy* Data, Hold Time 
tp” Delay Time Between Conversions 
twr Write Pulse Width 
trp Delay Time between WR and RD Pulses 
tREAD1 RD Pulse Width (WR-RD Mode, see Figure 12b) 
Determined by tacc) 
tiger” Data Access Time (WR-RD Mode, see Figure 12b) 
C, = 20 pF 
Cy, = 100 pF. 
tri RD to INT Delay 
Unt” WR to INT Delay 
tREAD2 RD Pulse Width (WR-RD Mode, see Figure 12a) 
Determined by taccn 
Data Access Time (WR-RD Mode, see Figure 12a) 
tacc2” C,, = 20 pF. 
C, = 100 pF 
tniwr? WR to INT Delay (Stand-Alone Operation) 
tip? Data Access Time after INT 
(Stand-Alone Operation) 
C, = 20 pF 
C,, = 100 pF 
NOTES 


1Sample tested at +25°C to ensure compliance. All input control signals are specified with tr = tf =5ns (10% to 90% of +5 V) and timed from a voltage level of 1. 6 V. 


C. = 50 pF. 


3Measured with load circuits of Figure 1 and defined as the time required for an output to cross 0.8 V or 2.4 V. 
“Defined as the time required for the data lines to change 0.5 V when loaded with the circuits of Figure 2. 


Specifications subject to change without notice. 


Test Circuits 


5V 
3k 
DBN DBN 
. A CL . . => cL 
— o . : . ee 
a. HighZtoVoy —sib. High Z to Vo, 


Figure 1. Load Circuits for Data Access Time Test 


5V 
, 3kQ 
DBN DBN 
3kO 10pF 10pF 
DGND L es 
a. Vo, to High Z b. Vo, to High Z 


Figure 2. Load Circuits for Data Hold Time Test 


REV. A. 


ORDERING GUIDE 


Temperature Total Unadjusted | Package 
| Range Error (LSB) ion” 


AD7821KN | —40°C to +85°C 

AD7821KP | —40°C to +85°C P-20A 
AD7821KR | —40°C to +85°C R-20 
AD7821BQ | —40°C to +85°C Q-20 
AD7821TQ | —55°C to +125°C Q-20 


AD7821TE }. —55°C to +125°C 


NOTES 

1To order MIL-STD-883, Class B processed parts, add /883B to part num- 
ber. Contact local sales office for military data sheet. 

?E = Leadless Ceramic Chip Carrier; N = Plastic DIP; P = Plastic Leaded 
Chip Carrier; Q = Cerdip; R = SOIC. For outline information see Package 
Information section. 
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_ ABSOLUTE MAXIMUM RATINGS* 


Vine t0 OND: fae gesiat orenean ner 4 Vs +7V Industrial (B Version): ........ asi tah .— 40°C to +85°C 
Vee tO GND 62 6-8.4b oe ose ada de oe hale +0.3V,7V ’ Extended (T Version)............... —55°C to +125°C 
Digital Input Voltage to GND Gio Temperature Range ............ —65°C to +150°C 
(Pins 6-8, 13).......... see a ss —0.3 V,; Vpp +0.3 V Lead Temperature (Soldering, 10secs) ....:....... +300°C 
Digital Output Voltage to GND _ Power Dissipation (Any Package) to +75°C ........ 450 mW 
(Pins 2-5, 9, 14-18).............. —0.3 V; Vpp +0.3 V Derates above +75°C by .............00c eee 6 mW/°C 
Vrer (+) toOGND...%.-6....... Vss —0.3 V; Vpp +0.3 V__—*Stresses above those listed under “Absolute Maximum Ratings” may cause 
Vrer (—) toGND.......... . « .Vgg —0.3 V,; Vpp +0.3 V permanent damage to the device. This is a stress rating only and functional 
Vin toGND......2..0.-00000- Vss —0.3 V, Vpp +0.3 V operation of the device at these or any other conditions above those indicated 
Operatiia Tetaperatire Ran i. in the operational sections of this specification is not implied. Exposure to | 
perating pera § absolute maximum rating conditions for extended periods may affect device 
Commercial (K Version).............. —40°C to +85°C reliability. 
CAUTION 


ESD (electrostatic discharse) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 


DIP AND SOIC 


DB2 4 
DB3 5 
WRIRDY 6 
MODE 7 


AD7821 


TOP VIEW 
(Not to Scale) 


INT © 
GND 3 
~ 
r™ } 


Vrer( —) 


PIN FUNCTION DESCRIPTION 


Range: Vrer(—)<Vrer(t)=Vpp- 
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TOP VIEW 
(Not to Scale} 


Pin Mnemonic Description 

l Vin Analog Input: Range Veut= =e 

| ~ Vrer(t). 
DBO Three-State Data Output (LSB). 

3-5 DBI1-DB3_ Three-State Data Outputs. 

6 WR/RDY WRITE control input/READY status 

ns output. See Digital Interface section. 

7 MODE Mode Selection Input. It determines : 
whether the device operates in the WR-RD | 
or RD mode. This input is internally _ 
pulled low through a 50 yA current source. 

- See Digital Interface section. =) 

8 RD READ Input. RD must be low. to access 
data from the part. See Digital Interface 
section. 

9 INT INTERRUPT Output. INT going low 

_—4 ‘indicates that the conversion is complete. 
INT returns high on the rising edge — | 
of CS or RD. See Digital Interface section. 

10 GND Ground. 

ll Vrer(—) Lower limit of reference span. 

Range: Vss=Vrer(—)<Vrer(t). 

12. Vpgr(+) Upper limit of reference span. 


13 


20 


WARNING! 


er 18 


ESD SENSITIVE DEVICE § 


PIN CONFIGURATIONS 


18 OFL 
17 DB7(MSB) 
16 DB6 
15 DBS 


AD7821. 


TOP VIEW 
{Not to Scale) 


14. DB4 


CS Chip Select Input. The device is 


selected when this input is low. 
Three-State Data Outputs. 
Three-State Data Output (MSB). 
Overflow Output. If the analog input is 
higher than (Vegr(+) —1/2 LSB), OFL 
will be low at the end of conversion. It 
is a non-three-state output which can 
'. be used to cascade 2 or more devices to 
increase resolution. | 
Negative supply voltage. 
Vss = 0 V; Unipolar Operation. 
Vss = —5 V; Bipolar Operation. 
_ Positive supply voltage, +5 V. 


14-16 
17 
18 


DB4—DB6 
DB7 
OFL 


19 


Vpp 


REV. A 


ANALOG _ 3Vto. 5 V Single Supply, 200 kSPS, 
DEVICES = Single/Multichannel 12-Bit Sampling ADCs 


AD7853/AD 7858 


FEATURES FUNCTIONAL BLOCK DIAGRAMS 


Battery-Compatible Supply Voltage: Guaranteed 
Specs for Vpp of 3 V to 5.5 V 
AD7853/AD7858: 200 kSPS, AD7853L/AD7858L: 


AVpp — AGND 


100 kSPS os 0) DVog 
Pseudo-Differential input with Two Input Ranges AIN) ©) | 
(AD7853) | DGND 
8 Single Ended or 4 Pseudo-Differential Inputs (AD7858) 
Self and System Calibration REF \y/ 
Read/Write Capability of Calibration Data REFour AMODE | 
Low Power CaO 
AD7853/AD7858: 15 mW (Vpp = 3 V) » CHARGE 
AD7853L/AD7858L: 5.5 mW (Vpp = 3 V) 
Power-Down Mode: 25 u.W Power Consumption CLKIN 
Flexible Serial Interface | rr SONVST 
Three-Wire SPI Compatible CONTROL 
Two-Wire 8051 Compatible ue tortce. nee 
24-Pin DIP, SOIC and SSOP Packages SLEEP 
APPLICATIONS 
Battery-Powered Systems (Portable PCs, Perso 
Digital Assistants (PDAs)) 
Pen Computers nom 
Instrumentation and Control System une pe, Weer Para ad 
High Speed Modems 
GENERAL DESCRIPTION | 
The AD7853/AD7858 are high speed, low power, 12-bit ADCs DVop 
that operate from a single 3 V or 5 V power supply, the AD7853 
being the single channel version and the AD7858 the multi- REFERENCE 
channel version. The ADCs contain self-calibration and system 
calibration options to ensure accurate operation over time and | REF y/ 
REF oyr DGND 
temperature. . 
The AD7853/AD7858 is capable of 200 kHz throughput rate. Cee O . 
The input track-and-hold acquires a signal in 500 ns and fea- “ ee en 
tures a pseudo-differential sampling scheme. The AD7853 has DAC 
the added advantage of two input voltage ranges (0 V to Vrrr | ee 
and —Vpgr/2 to +VpgF/2). Input signal range is to the supply and Crere © SAR + ADC” CONVST 
the part is capable of converting full power signals to 100 kHz. arta hin BUSY 
CMOS construction ensures low power dissipation (18 mW typ). 


with power-down mode (25 utW typ). The part is available in 
24-pin, 0.3 inch-wide DIP, 24-lead SOIC and 24-lead SSOP © 


packages. SERIAL INTERFACE / CONTROL REGISTER 


Ad 
‘SYNC DIN DOUT SCLK 


PRODUCT HIGHLIGHTS : 
1. Operation with either 3 V or 5 V power supplies. 


2. Operates with reference voltages from 1.2 V to the supply. 
3. Unipolar analog input range from 0 V to Vsuppry. | - 5, Versatile serial I/O port. 
4, Self and System calibration including power-down mode. 6. Single channel (AD7853) or 8 channel (AD7858). 


This is a preliminary data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. te SS 
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AD7853/A07 858-5, V SPERIEICATIONS AA Ma 


oo ee Lal = (ADT8S3U/ADTB5BL) SLEEP = —_ ce a = all to Tune unless atheriitse noted ) 
Parameter ‘. : — 


DYNAMIC PERFORMANCE 
Sigaalsto-Nows 8 Ratio” (SNR) © 


he A Version’ 1 i Test Conditions/Gomments_ “a 


Typically SNR Is 72 dB 7 
Vin = 10 kHz Sine Wave, fsamp_e = 200 kHz (100 kHz)* 


Vin = 10 kHz Sine Wave, fsampie = 200 kHz (100 KHz)" | 
Vin = 10 kHz, fsampte = 200 kHz (100 kHz)* a 


Total Harménie Distortion (THD) ° 
Peak Harmonic or Spurious Noise ~ . 
Intermodulation Distortion (IMD): . 


Second Order Terms |, fa =,9.983 kHz, fb = 10.05 kHz, fsaMPLE = 200 KHz 06 er 


Third Order Terms | fa = 9.983 kHz, fo = 10.05 kHz, fsampte = 200 kHz ape me 
Channel-to-Channel Isolation (AD7858 Only) | : 5 
DC ACCURACY. = (Any Channel AD7858 Only) 
Resolution Bits os dat, 2 
Integral Nonlinearity LSB max | 
Differential Nonlinearity LSB max | Guaranteed No Missed Codes to 12 Bits 
Unipolar Offset Error--- LSBmax | © — ee wes ‘__ 
Unipolar Offset Error Match LSB max (AD7858 Only) 
‘Positive Full-Scale Error LSB max yy Ee I aR “rs 
Negative Full-Scale Error LSB max 
Full-Scale Error Match? LSB max (AD7858 Only) 
Bipolar Zero Error — LSB max 


Bipolar Zero Error Match LSB max 


ANALOG INPUT 
Input Voltage Ranges (ADTESADTEIE) 
(AD7853 Only) 

_ -Leakage Current 

Input Capacitance | 

REFERENCE INPUT/OUTPUT 
REF y Input Voltage Range - 
Input Impedance - . 
REFour Output Voltage — 
REFour Tempco «=. * 

LOGIC INPUTS 
Input High Voltage, Vinn 
Input Low Voltage, Vint 
Input Current, Ipy...-- 
Input Capacitance, Cyy° 


LOGIC OUTPUTS 
Output High Voltage, Vox 


(AD7858 Only) 


0 V. to Ven 
= = = —Vrep/2, to. +Vpzp/2 


mnected to Internal Reference Node 


in = 0 Vor Vpp | 


“Tsource = 200 pA 


Output Low Voltage, Vor . . 0.4 Isn~x = 0.8-:mA 
Floating-State Leakage Current +10. . 
Floating-State Output Capacitance® — 10. 
Output Coding (AD7853/AD7858) Straight (Natural) Binary Unipolar Input Range 
(AD7853 Only) 2s Complement Bipolar Input Range 
CONVERSION RATE | es rs 
Conversion Time |. 4.5 (9)4 4.5 (9)* - (L Versions Only) 


Track/Hold Acquisition Time 0.5 (1)* 0.5 (1) © (L Versions Only) | 


POWER REQUIREMENTS ae 

AVpp, DVpp . o +4,5/+5.5 1 +4,5/4+5.5 V min/max : : ee ae 
Ipp ~5.5(1.8)* | 5.5 (1.8)4 | mA max - Typically 4.5 mA (1.5)4; SLEEP = Vpp.-. . 
Sleep Mode : » Logic Inputs @ .0 V or Vpp;. SLEEP =.0 V 

With Paternal Clock On 100 100 wA max ~ .| Typically 70 vA. PMGT (Control Register) = =i 

| TBD TBD pA max ' PMGT (Control Register) = 0 
With Hixtemal Clock Off, 10. 10 pA max Typically 7 wA. PMGT sea Register) = 1 
: m a. . | -TBD. TBD vA max PMGT (Control Register) = | 

Normal Mode Power Dissipation ‘| © 30 (10)4 30 (10)4 mW max Vpp = 5. 5 V: Typically 25 a (8)"s SLEEP = Vpp 


Save Mode Power Dissipation 
With External Clock On 
With External Clock Off 


NOTES . tae ase, ey! é 

‘Temperature ranges as follows: A, B Versions: —40°C to +85°C. 

Specifications apply after calibration. 

3SNR calculation includes distortion and noise components. 

‘Specifications written within parentheses () refer to the AD7853L/AD7858L. 

>Full-scale error match is the worst case of the. positive full-scale error match or the negative full-scale. error match. 
°Sample tested @ +25°C to ensure compliance. 

Specneanons ube to oe without notice. 


0.55 
55 


0.55 
| 55 


mW max . 
pW max 


Vpp = 5.5 V: Typically 0.4 mW; SLEEP = 0 V 
Vpp = 5.5 V: Typically 30 w.W; SLEEP = 0 V_ 


This information. applies to: a product iinidat develdpment Its Sharactoriaties an apecifications are. cubiect to j change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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Parameter 


DYNAMIC PERFORMANCE 
Signal-to-Noise Ratio? (SNR) 


Total Harmonic Distortion (THD) 

Peak Harmonic or Spurious Noise 

Intermodulation Distortion (IMD) 
Second Order Terms 


AD7853/AD 7858 
3 V SPEC IFICATI ONS!:2 —_(AVp =. DVpp = +3.0 V to +3.6 V, foun = 5 MHZ; (2.5 MHz for L versions); fsampce = 200 kHz 


(AD7853/AD7858) 100 kHz (AD7853L/AD7858L); ou Logic High; T= = Tyin tO Tax, unless otherwise noted.) 
Units 


Test Conditions/Comments 


Typically SNR Is 72 dB 

Vin = =10 kHz Sine Wave, fsaMPLE = = 200 kHz (100 kHz)* 
Vin = = 10 kHz Sine Wave, fsaMPLE = = 200 kHz (100 kHz)* 
Vin = 10 kHz, fsaMPLE = 200 kHz (100 kHz)* 


fa = 9.983 kHz, fb = 10.05 kHz, fsampitz = 200 kHz (100 kHz)* 


Third Order Terms fa = 9.983 kHz, fb = 10.05 kHz, fsampie = 200 kHz (100 kHz)* 
Channel-to-Channel Isolation (AD7858 Only) 
DC. ACCURACY (Any Channel AD7858 Only) 
~ Resolution Bits 


Integral Nonlinearity | LSB max 

Differential Nonlinearity. . LSB max Guaranteed No Missed Codes to 12 Bits 
Unipolar Offset Error LSB max 

Unipolar Offset Error Match LSB max (AD7858 Only) 

Positive Full-Scale Error LSB max 

Negative Full-Scale Error LSB max ee 5 

Full-Scale Error Match? LSB max (AD7858 Only) 

Bipolar Zero Error LSB max “7. 


Bipolar Zero Error Match 
ANALOG INPUT 


Input Voltage Ranges (AD7853/AD7858) 


(AD7853 Only) 
Leakage Current 
Input Capacitance 


REFERENCE INPUT/OUTPUT 
REF, Input Voltage Range 
Input Impedance 
REF pyr Output Voltage 
REFoyr Tempco 


LOGIC INPUTS 
Input High Voltage, Viny 
Input Low Voltage, Vin 
Input Current, Ty ~ 
Input Capacitance, Cy° 


LSB max 


(AD7858 Qnly) 


AIN(-) = 0 V to Vpzr 
(+) - AIN(-) = -Vggp/2 to +Vppp/2 


sistor Connected to Internal Reference Node 


Vin =0OVor Vpp 


LOGIC OUTPUTS 
Output High Voltage, Vou Isourcr = 200 pA 
Output Low Voltage, VoL Isnx = 0.8 mA: 
Floating-State Leakage Current 
Floating-State Output Capacitance® 
Output Coding (AD7853/AD7858) Straight (Natural) Binary Unipolar Input Range 
(AD7853 Only) 2s Complement Bipolar Input Range 
CONVERSION RATE 8%, 
Conversion Time (L Versions Only) 


Track/Hold Acquisition Time 


(L Versions Only) 


POWER REQUIREMENTS | . 
AVpp, DVpp +3.0/+3.6 +3.0/+3.6 V min/max 
Ipp mA max Typically 4.0 mA (1.5)*; SLEEP = Vpp 
Sleep Mode Co Logic Inputs @ 0 V or Vpp; SLEEP = 0 V 
With External Clock On vA max Typically 70 pA. PMGT Sea Register) = 1 
pA max PMGT (Control Register) = 
With External Clock Off | pA max Typically 7 pA. PMGT qt Register) = 1 
pA max | PMGT (Control Register) = 0. 
Normal Mode Power Dissipation mW’ max: Vpp = 3.6 V: Typically 15 mW (5.4)*; SLEEP = Vpp 
Standby Mode Power Dissipation oo 
With External Clock On mW max — Vpp = 3.6 V: Typically 0.3 mW; SLEEP = 0 V 
With External Clock Off - pW max Vpp = 3.6 V: Typically 25 w.W; SLEEP = 0 V 
NOTES : 


‘Temperature ranges as follows: A, B Versions: -40°C to +85°C, 

Specifications apply after calibration. 

3SNR calculation includes distortion and noise components. 

4Specifications written within parentheses () refer to the AD7853L/AD7858L. 

*Full-scale error match is the worst case of the positive full-scale error match or the negative full-scale error match. 
°Sample tested @ +25°C to ensure compliance. 

Specifications subject to change without notice. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. | . 
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AD7853/AD7858 


TIMING SPECIFICATIONS": 2 (oa = = +3. 0 V to +5. 5 v; feu = = 4 MHz; th = ta to Tat unless otherwise e noted) 


Limit at ee Tae Rs 


Parameter | (A, B,S hla taoe 
fCLKIN 500 . kHz min © 
4a MHz.max . 

fsck ; foLK IN MHz max 
100° ns min — 

ty» 50 ns max 

tCONVERT 4.5 (18Xtcrem) . | HS max 

ts 60 (60/0.4 X tscrx) | 

13a: ns min 

ty ns max ~ 

tan ns max 

ts ns max | 

te ns min 

ty ns min 

ts 0.4 x tscLK” ns min 

to 0.4 x tscLK ns min 

tis. 30 (30/0.4 X tscrx) | _ns min (min/max) 

tioa 30 oe ‘ns min 

thy 604 ns max 

tia 70 ns max 

ti 80* ns max — 

tis 604 ms max: 

4 100 ns max 

5. 50 ns max 

tcaL N2 X tcLKIn - 

tcaL! N3 X tcLKIN 

tcaL2 Ng X tcikIn 

NOTES > 


ns min (min/max) 


pads 


Master Clock Frequency 


(2 MHz for the AD7853L/AD7858L) 


Serial Clock Input Frequency 
CONVST Pulse Width 


: CONVST to BUSY Propagation Delay 


Conversion Time 

SYNC to SCLK falling Edge Setup Time (Continuous SCLK 
SYNC to SCLK falling Edge Setup Time (AD7853 only). 
Delay from SYNC until DOUT 3-state disabled. 

Delay from SYNC until DIN 3-state disabled. 

Data Access time after falling edge of SCLK. 

Data Setup Time Prior to rising edge of SCLK. 


Data Valid to SCLK Hold Time. 


SCLK High Pulse Width 
SCLK Low Pulse Width 
SCLK Rising Edge 


NC Hold Time (AD7853 only). . 


System offset calibration time, N, an integer. 


input) : 


'‘C Hold Time (Continuous SCLK). 


: Internal DAC plus system full-scale ralikowiioa time, Ns an integer. | 


‘Sample tested at +25°C to ensure compliance. The t ining Bice here are foe the AD7853/AD7858 only and not. oe the AD7853L/AD7858L, $O fe timing figures ~ 
for the AD7853L/AD7858L will reflect that the AD7853L/AD7858L operates at half the speed of the AD7853, and an example of this is given with the max master 
clock frequency of 2.5 MHz for the AD7853L/AD7858L. All input signals are specified with tr = tf = 5 ns (10% to 90% of Vpp) and amea from a voltage level of 


1.6 V. 


"See Table I and ee 2, 4, 5, 6, 8 where all the timing. diagrams are for ADC output data as amenee from calibration or control register aaa in which case there 
would-not be-the 4 leading zeros with the output data. Instead there would be 4 data bits DB15-DB12 in their place.’ 

>The CONVST pulse width will depend on the way the part is being operated. For operation where the BUSY is not connected to ihe SLEEP pin‘ ‘then’ the 
CONVST pulse width is 100 ns min as stated above. If BUSY is connected to the SLEEP pin so that the part goes into sleep mode after conversion the conversion 
time will be different and will also be dependent on the PMGT bit in the control register. eo 

44, is measured with the load circuit of Figure 1 and defined as the time required for the output to cross 0.8 V or 2.4 v. 

- ..>SCLK mark/space ratio (measured from a voltage level of 1.6 V) is 40/60 to 60/40. 


+2.1V 


Figure 1. Load Circuit for Digital Output Timing Specifications 
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TYPICAL TIMING DIAGRAM 

All the timing diagrams (Figures 2—9) are for ADC output data 
from the part, and this is why there are 4 leading zeros before 
the 12 bits of data. However for a control register or calibration 
register read, there will not be 4 leading zeros on the output 
data. These 4 leading zeros will be replaced by data bits DB15- 
DB12 for this read operations. 


In Figure 2 below we have a typical read and write timing dia- 
gram with the CONVST and BUSY. The essence of this is to 
show exactly what most of the timing numbers relate to. Here 
the reading from and writing to the part is shown after the con- 
version so in this case the maximum conversion rate cannot be 
achieved. To achieve the maximum throughput rate of 100 kHz 
(AD7853L) or 200 kHz (AD7853) the user must read from and 
write to the part during conversion. 


There is a very useful mode of operation for reducing power 
consumption. In this power save mode of operation the BUSY 
can be connected to the SLEEP pin so that at the end of conver- 
sion the part automatically goes into sleep mode. However on 
the next CONVST pulse, the part then must be allowed a rea- 
sonable time to “wake up” before converting the signal on the 
AIN pin. Thus the CONVST pulse width must be made longer 
and will extend well beyond the rising edge of the BUSY (see 
- specification for CONVST pulse width) so that it caters for 
_ what is called “wake-up” time. 


POLARITY PIN LOGIC HIGH 


CONVST (I/P) 
CONVERT 


BUSY (O/P) 
SYNC 


.. SCLK 


= = 3-STATE 
DOUT(O/P) 


ON ASLLLLLLELLL Ld dp Pe | 


AD7853/AD 7858 


ORDERING GUIDE 


Linearity Power 
Error (LSB) | Dissipation (mW)| Option* 


AD7853AN 
AD7853BN 
AD7853LAN 
AD7853LBN 
AD7853AR 
AD7853BR 
AD7853LAR 
AD7853LBR 
AD7853LARS 


AD7858AN 
AD7858BN 
AD7858LAN 
AD7858LBN 
AD7858AR 
AD7858BR 
AD7858LAR 


4 LEADING i 
ZEROS __3-STATE 


a OD OD SSSSS IS 


NOTE: tconvert =45 ys MAX, t, = 100 ns MIN, t, =60ns MAX, t, =40ns MIN, t, = Ons MIN. 


Figure 2. AD7853 Timing Diagram (Typical Read or Write Operation) 
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ABSOLUTE MAXIMUM RATINGS! | PIN CONFIGURATIONS | 
(T= +25°C unless otherwise noted) . ze . i se. oe 

AVpp to AGND ...... pee iaad ote 0.3.Vt0+7V DP, SOIC and SSOP | 
DVpp to DGND Ee hia wac eae nye wees dO VIO TT V si iy 


Analog Input Voltage to AGND ..... -0.3 V to AVpp + 0.3 V 


Digital Input Voltage to DGND: . ... -0.3 V to DVpp + 0.3 V | sET = : Fl ecux 
Digital Output Voltage to DGND ... -0.3 Vto DVpp + 0.3 V " pane 
REF ,/REFour to AGND .......... -0.3 V to AVpp + 0.3V : cade  — loa 
Input Current to any Pin except Supplies? ......... +10 mA | — REF WREFour OR = aN PIN = 
Operating Temperature Range . | oe AVoo [5 " [20] DouT 

Commercial (A, B Versions) ............. -40°C to +85°C = Aanp [6 | AD7853 19] DGND 

Storage Temperature Range ....... er -65°C to +150°C a Ree ieee 18] DVpp 
Junction Temperature ......... 0.0 cece eee e ees +150°C — a oe CAL 
Plastic DIP Package Power, Power Dissipation ..... 450 mW _ Aina) fa]. . 6] sM2 

Oya: Thermal Impedance ...............00008. 105°C/W | AIN(-) | #5]. SM 

Qc Thermal Impedance ...............0005. .. 35°C/W si | ral Se CABAY 

Lead Temperature (Soldering, 10 sec) ........... +260°C | Fa | il eonnee. . 
SOIC, SSOP Package, Power Dissipation .......... 450 mW Rate od a | 


83, Thermal Impedance . TS°CIN (SOIC) 115°C/W (SSOP) 
Qc Thermal Impedance .. 25°C/W oor po ime (SSOP) 
Lead Temperature, Soldering a ee pee 

Vapor Phase (60 sec) .............. weaes awe $215°C . Se | 24] SYNC 


NOTES . = 
'Stresses above those listed under “Absolute Maviniann Ratings” may cause ~ , : DIN © 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in th 
operational section of this specification is not implied. Exposure to bsol 
maximum rating conditions for extended periods may affect devices 
Transient currents of up to 100 mA will not cause SCR latch up. 


TOP VIEW 


Infrared (15 sec) oe. eee eee eee e seen eeaee +220°C ae y [aa] SCLK 


FI 7 | (Not to Scale) 18] DVpp © 


CAUTION 

ESD (electrostatic dees sensitive aeace Electrostatic charges. as high.as 4000 V readily 

accumulate on the human body and test equipment and can discharge without detection. WARNING! S| 
Although the AD7853/AD7858 features proprietary ESD protection circuitry, permanent dam- mull Ag: 

age may occur on devices subjected to high energy electrostatic discharges. Therefore, proper 

ESD precautions are recommended, to avoid performance degradation or loss of functionality. iaaeadsab nd beneatcabea 
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AD7853 PIN DESCRIPTIONS 


- Convert start. Logic input. A low to high transition on this input puts the track/hold into its hold mode and 
starts conversion. 
Busy output. The busy output goes high when conversion begins (note that BUSY goes high before 
CONVST goes high) and stays high until conversion is completed, at which time it goes low. BUSY is 
also used to indicate when the AD7853 has completed its on-chip calibration sequence. 
SLEEP Sleep input/Low power mode. With this pin logic low all circuitry is powered down including the internal 
voltage reference. Calibration data is retained. With the pin logic high normal operation results. 
REFyy/REFour | Reference input/output. This pin is connected to the internal reference via a resistor so that the reference 
| voltage appears at this pin from the internal reference. An external reference can be applied to overdrive 
this pin. This pin is the reference source for the analog-to-digital converter, and the nominal reference 
| voltage is 2.5 V but can be as high as AVpp to give a larger reference for the analog-to-digital converter. 
AVpp: Analog positive supply voltage, +3.0 V to +5.5 V. 


AGND Analog ground. Ground reference for track/hold, reference and DAC. 
CrerFi Reference capacitor (0.1 UF multilayer ceramic). This external capacitor is used as a charge source for the 
. internal DAC. 

Crrro Reference capacitor (0.01 a ceramic disc). This external capacitor is used in conjunction with the on-chip 
reference. 

AIN(+) Analog input. Positive input of the differential ana 

- AIN(-) - Analog input. Negative input of the differenti 

NC . No Connect pins. go 

AMODE | Analog mode pin. This pin allo nges to be selected: A logic 0 selects range 
0 to Vagrin (ie., AIN(+) - Aft > 1 selects range —Vpgrin/2 to +VREFn/2 (i-€.5 
AIN(+) - AINC-) = . 

POLARITY — .| This pin determin hich the data is latched and transferred to the 
DOUT pin or latched the mode of operation then the output data can be 


a ock (SCLK). The data input is always latched on the 
rising edge of the serial clock (S LK) reg: less of the state of the POLARITY pin. It is best to see the 
timing diagrams for each of the operating modes to see which edges of the SCLK are critical for the output 
data and for the input data. All the timing diagrams are with the POLARITY pin high, so bringing the 
POLARITY pin low will reverse the edge of the SCLK that the data input is latched in on and will 

also reverse the edge of the SCLK that the output data is clocked out on. 

Serial mode select pin. When this pin is high, the device is in its self-clocking mode; when it is low, the device 
is in its external clocking mode. This pin is used in conjunction with SM2 to give a modes of 
operation as shown in Table III. 

Serial mode select pin. This pin is used in Senjuncnion with the SM1 pin in order to give the different modes 
of operation as shown in Table III. 

‘Calibration input. A logic 0 on this input resets all logic and initiates a calibration on its rising edge. This 
input overrides all other internal operations. 

Digital supply voltage, +3.0 V to +5.5 V. 

Digital ground. Ground reference point for digital circuitry. 

Serial data output. The data output is supplied to this pin as a 16-bit serial word. 

Serial data input. The data to be loaded to the control register is applied to this pin in serial form (16-bit 
word). This pin can act as an input pin or as a I/O pin depending on the mode the part is in (see Table III). 
Master clock signal for the device (4 MHz). Sets the conversion and calibration times. 

Serial port clock. Logic input/output. The SCLK pin is configured as an input or output, dependent on the 
type of serial data transmission (self-clocking or external-clocking) that has been selected by the SM1 

and SM2 pins. The data is latched on the rising or falling edge of SCLK depending on the POLARITY input 
logic level. 

This pin can be an input level triggered active low (similar to a chip select in one case and to a frame sync 

in the other case) or an output (similar to a frame sync) pin depending on SM1 and SM2 (see Table III). 
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AD7858 PIN DESCRIPTIONS 


Convert s start. Logic out A low to. high transition on this input ate the track/hold into its ; hold mode and 
starts conversion. If the CONVST is tied to the BUSY pin, then the part will go into sleep mode once conversion — 
is complete and on the next conversion cycle the part needs to “wake-up” before a conversion can take place. 
Busy output. The busy output goes high when conversion begins (note that BUSY goes high before CONVST 
goes high) and stays high until conversion is completed, at which time it goes low. BUSY is also used to 
. , indicate when the AD7858 has completed its on-chip calibration sequence. - 

SLEEP Sleep input/low power mode. With this pin logic low all circuitry is powered down including the internal 
. | voltage reference. Calibration data is retained. With the pin logic high normal operation results. . 
REF,/REFour | Reference input/output. This pin is connected to the internal reference via a resistor so that the reference 
|. voltage appears at this pin from the internal reference. An external reference can be applied to overdrive this 

pin. This pin is the reference source for the analog-to-digital converter and the nominal reference voltage is 

2.5 V. However this pin can be taken as high as AVpp to give a larger reference for the analog-to-digital converter. 


AVpp Analog positive supply voltage, +3.0 V to +5.5 V. 
AGND _ | Analog ground. Ground reference for track/hold, reference and DAC. 
CrerF} | Reference capacitor (0.1 uF multilayer ceramic). This external capacitor is used as a charge source for the 
eM, internal DAC. | 
Crer - Reference capacitor (0.01 uF ceramic dis) This scieeiali capacitor 4 conjunction with the on-chip 
reference. - 


AIN,-AINg Analog inputs. Eight analog inputs which can be used as e ed inputs (referenced to AGND) or 
four pseudo differential inputs where AIN, would be 
input and similarly for pairs AIN; AIN,, AIN 


libration on its rising edge. 


This input overrides all other interna 
Digital supply voltage, +3.0 V to +5. 5 
Digital ground. Ground reference point for digital circuitry. 
| Serial data output. The data output is supplied to this pin as a 16-bit serial word. 
Serial data input. The data to be loaded to the control register is applied to this pin in serial form (16-bit word). 
This pin can act as an input pin or as a I/O pin depending on the mode the part is in (see Operating mnoges): 
Master clock signal for the device (4 MHz). Sets the conversion and calibration times. 
Serial port clock.. The SCLK pin is configured as an input pin, and the user must provide 16 clock pulses at 
this pin for correct operation. The input data is latched on the rising edge of SCLK, and the output data i 1S . 
clocked out on the falling edge of SCLK (see timing diagrams). 
The user must provide a frame sync signal at this pin and this signal is level triggered active low. This | pin 


can be tied permanently low. When this input is high then the part will not read in the input data and 
output data will also be disabled. 
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CONTROL/STATUS REGISTER 


The power-up/default state of all bits in the control/status register is 0. 


When writing to the control register, the first two bits are used in determining whether it is the control/status register or the calibra- 
tion register that is being written to. A 11 in the first two bits ensures that it is the control/status register that you are writing to, and a 
10 tells the part that it is the calibration register that is being written to. Also a 00 in the first two bits does not have any effect and a 
01 is not allowed. 


bt — 


14 


STCAL 


CALSLT1 
CALSLT2 


CALMD 


CONVST 


2/3 MODE 


RDSLT1 
RDSLT2 


SLEEP 


PMGT 


*CHSLTO 
*CHSLT1 
*CHSLT2 


*SGL/DIFF 


used as an output as well as an input, 


Comment 


Start calibration bit. The type of calibration is determined by the setting of CALSLT1 and CALSLT2 
and also whether it is a system or device calibration is set by the calibration mode (CALMD) bit. The 
default/Power up setting is for full device calibration (7.e., calibration of DAC, Offset, and Gain). 

These two bits are for calibration control so that one can select the type of calibration that is to be 
performed depending on the value of the bits. A 00 will give a full DAC + Offset + Gain calibration, a 01 
will give an Offset + Gain calibration, a 10 combination will give just an Offset calibration, and a 11 will 
give a Gain calibration. The calibration can be a system or device calibration depending on the setting of 
the calibration mode bit (see Table I). 

This is the calibration mode bit. A 0 here selects the device itself for calibration and a 1 selects a system 
calibration. The default/power-up state is a 0 so that it is a device calibration is selected unless this bit is 
changed (see Table I). | 


This is the conversion start bit. This is used for initi 
tion with system calibration as shown in the calib 


The interface mode select bit. With thi 


érsion start and it is also used in conjunc- 
ming diagram of Figure 6. 
‘re interface mode is enabled where DIN is 


ro e part. ADC data will be read when the bits 
es and contains no useful user information, a 10 
4, and a 11 ensures reading of control teaPtce data. 


Theses two bits determine what i 


Sombiniation allow 
This is the sleep bit 


Power management bit. With th 
whereas if set to 1 there will only be a sel e power down. 

(AD7858 only, should be 0 for AD7853.) These three bits are used to select the channel to be converted. 
With three bits then we can address all the eight channels. One should refer to Table II for the combinations 
of these three bits for different channel selections. The default selection is the pseudo differential mode with 
positive channel AIN, and negative channel AIN>. 


(AD7858 only, should be 0 for AD7853) This is the bit which determines whether the input channels are 
in the single ended mode or in the pseudo differential mode. With this bit set to 1 then the singled ended 
mode is enabled. The default setting of this bit is 0 so that the input channels are in the pseudo differential 
mode. This bit is used in conjunction with the three channel selection bits CHSLTO, CHSLT1, CHSLT2 
and one should refer to Table II for the bit combinations for different selections. 

This is the conversion/calibration busy bit which is read only and tells you when the part is finished 
conversion or calibration. 


It is important to note that in writing to the control register it is Bit 15 (the MSB) that is the first bit in the data stream and not Bit 0, 


so that the first bit to be written to the control register will be Bit 15 then Bit 14, Bit 13 and so on down to Bit 0. 


“These bits for the channel selection and the channel configuration are only valid for the AD7858 and for the AD7853 these bits must all be made 0 when writing to 
the control register. 
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Shown below are the tables for the different types of calibtation and the different types of configurations for the analog meu 
(AD7 858 only) that can be selected in the control register. a | . 


Table I. Calibration Selection i in the. Control Register (AD? 853/AD7 858) 


CALSLT2 | CALSLT1 Calibration Type 


ee ee ee 


NOTE 


There is more information ori the calibration features of the part under the Calibration section of this data sk 


A full internal calibration is initiated where the internal DAC is calibrated then the 
Internal Offset Error is calibrated out and finally the Internal Gain Error is calibrated out. . 


_ A full system calibration is initiated here where firstly the Internal DAC is calibrated 

-.| and then the System Offset Error is calibrated out and finally the System Gain Error 
is calibrated out. 

Here the Internal Offset Error is calibrated: out and then the Internal Gain Error is 


calibrated out. 
Here the System Offset Error is calibrated out and then the System Gain Error i is 
calibrated out. — 


This calibrates out the Internal Offset Error only.. 
This calibrates out the System Offset Error only. 
This calibrates out the Internal Gain Error only. 
This calibrates out the:System Gain Error only. 


Table II. Multichannel Selection in the Con sis > AD7858 


SGL/DIFF | CHSLT2, =| 


0 0 

0 0 

0 0 
0 0 

0 1 

0 ] 

0 1 

1 0 

] 0 

] 0 

] 0 

1 ] 

] ] 

] 1 . 
1 1 

NOTE 


The four selection bits are in the control register. 


CHSLT1 


- OF OF OF OC] CO © 
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Integral Nonlinearity 

This is the maximum deviation from a straight line passing 
through the endpoints of the ADC transfer function. The end- 
points of the transfer function are zero scale (which 1s AIN(+) = 
AIN(-) -1/2 LSB in unipolar mode (AD7853/AD7858), and 
AIN(+) = AIN(~) —Vrgg/2 — 1/2 LSB in bipolar mode (AD7853 
only)), a point 1/2 LSB below the first code transition (00... 
000 to 00... . 001) and full scale (which 1s AIN(+) = AIN(-) 

+ Veer + 1/2 LSB in unipolar range, (AD7853/AD7858), and 
AIN(+) = AIN(-) +Vrgp/2 + 1/2 LSB in bipolar mode (AD7853 
only)), a point 1/2 LSB above the last code transition (11... 
110to ll... 111). 


Differential Nonlinearity 
This is the difference between the measured and the ideal 1 LSB 
change between any two adjacent codes in the ADC. 


Unipolar Offset Error 

This is the deviation of the first code transition (00... 000 to 
00 ...001) from the ideal AIN(+) voltage (AIN(-) + 1/2 LSB) 
when operating in the unipolar mode. 


Positive Full-Scale Error 
This applies to the unipolar and bipolar modes and is the devia- 
tion of the last code transition (11...110tol1ll... 111 sel 

unipolar mode (AD7853/AD7858)) and Q1...110to01...111 
(for bipolar mode (AD7853 only)) from the ideal (AIN(+) : = 
AIN(—) + Full Scale - 1.5 LSB) after the offset error 
offset error or bipolar offset error) has been adjusted g: 


Negative Full-Scale Error 

This applies to the bipolar mode only and is ato’ 
first code transition (10... 000 to 10... 001) from the, id 
(AIN(+) = AIN(-) — Vpgr/2 + 0.5 LSB (bipolar mode (AD7853 
only))). 


Bipolar Zero Error 
This is the deviation of the midscale transition (all Os to all 1s) 
from the ideal AIN(+) voltage (AIN(-) — 1/2 LSB). 


Channel-to-Channel Isolation 

Channel-to-channel isolation is a measure of the level of 
crosstalk between channels. It is measured by applying a full- 
scale 1 kHz signal to the other seven inputs and determining 
how much that signal is attenuated in the channel of interest. 
The figure given is the worst case for all channels. 


Track/Hold Acquisition Time | 

Track/hold acquisition time is the time required for the output of 
the track/hold amplifier to reach its final value, within + 1/2 LSB, 
after the end of conversion (the point at which the track/hold 
returns into track mode). It also applies to a situation where a 
change in the selected input channel takes place (AD7858 only) 
or where there is a step input change on the input voltage ap- 
plied to the selected Vypy input of the AD7853/AD7858. It 
means that the user must wait for the duration of the track/hold 
acquisition time after the end of conversion or after a channel 
change/step input change to Vyy before starting another conver- 
sion, to ensure the part operates to specification. 


‘AIN(-) refers to the negative input of the pseudo differential input pairs or to 
AGND for the AD7858 depending on the channel configuration, and AIN(-) 
refers to the negative input for the AD7853. 


AD7853/AD7858 


Signal to (Noise + Distortion) Ratio 

This is the measured ratio of signal to (noise + distortion) at the 
output of the A/D converter. The signal is the rms amplitude of 
the fundamental. Noise is the sum of all nonfundamental signals 
up to half the sampling frequency (fs/2), excluding dc. The ratio 
is dependent on the number of quantization levels in the digiti- 
zation process; the more levels, the smaller the quantization 
noise. The theoretical signal to (noise + distortion) ratio for an 
ideal N-bit converter with a sine wave input is given by: 


Signal to (Noise + Distortion) = (6.02N +1.76) dB 
Thus for a 12-bit converter, this is 74 dB. 


Total Harmonic Distortion 
Total harmonic distortion (THD) is the ratio of the rms sum of 
harmonics to the fundamental. For the AD7853, it is defined as: 


THD (dB) = 20 log \(V.) +V3 +V4, +V5 +V6_)/V; 


where V, is the rms amplitude of the fundamental and V,, V3; 
V,4, V5 and Vz are the rms amplitudes of the second through the 
sixth harmonics 


Spurious Noise . 
‘or spurious noise is defined as the ratio of the » 
next largest component in the ADC output 
sand excluding dc) to the rms value of the 
ally, the value of this specification is deter- 
rgest harmonic in the spectrum, but for parts 
onics are buried in the noise floor, it will be a 


ation Distortion 

uts consisting of sine waves at two frequencies, fa and 
§, any active device with nonlinearities will create distortion 
products at sum and difference frequencies of mfa+ nfb where 
m,n = 0, 1, 2, 3, etc. Intermodulation distortion terms are | 
those for which neither m or n are equal to zero. For example, 
the second order terms include (fa + fb) and (fa — fb), while the 
third order terms include (2fa + fb), (2fa — fb), (fa + 2fb) and 
(fa — 2fb). 


The AD7853 is tested using the CCIF standard where two in- 
put frequencies near the top end of the input bandwidth are 
used. In this case, the second order terms are usually distanced 
in frequency from the original sine waves while the third order 
terms are usually at a frequency close to the input frequencies. 
As a result, the second and third order terms are specified sepa- 
rately. The calculation of the intermodulation distortion is as 
per the THD specification where it is the ratio of the rms sum of 
the individual distortion products to the rms amplitude of the 
fundamental expressed in dBs. 
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Table III. ee Interface Operating Modes 


No. =e ae [io SCLK [Comment 


1 eee) 0 


2 (AD7853/AD7858) 


3 (AD7853 Only) 


4 (AD7853 Only) 
5 (AD7853 Only) 


NOTES 
I/P: Input, I/O: Input/Output, O/P: Output 
ISYNC pin is an input pin which is level triggered active low. 


2Output data may appear at the DOUT pin but the pin is not used and should be left uncon 


3A frame sync signal (input or output) which i is edge triggered (high to low). 
4Noncontinuous serial clock. 
anes serial clock. 


OPERATING SETUPS 

From Table III it is clear that all the interface modes apply to 
the AD7853 (and AD7853L) but that only interface modes 1 
and 2 apply to the AD7858 (and AD7858L). In all the timing 
diagrams the reference to the Polarity, SM1 and SM2 pins only 
applies to the AD7853. Next, before describing the operating 
modes in more detail, the different arrangements for reading, 
writing and starting conversions will be described. — 


The most useful arrangement is where the writing and reading 
takes place during conversion as shown in Figure 3. This allows 
for the maximum throughput rate (200 kHz AD7853/AD7858, 
100 kHz AD7853L/AD7858L). It is clear from Figure 3 that the 
read on the DOUT pin is for the previous conversion and the 
write on the DIN pin is for the next conversion. 


The arrangement in Figure 3 is only valid for the three-wire 
mode and the DSP Master Mode (AD7853 only) of operation. 
The different arrangements for the other modes of operation are 
shown under the respective operating mode section. 


There are other less common arrangements that can be used. 
These involve initiating a write in synchronization with the start 
of conversion and then waiting for the conversion to be complete 


TWO-WIRE MODE (8051). In this mode of operation the user 
must supply the serial clock (SCLK with ‘a total of 16 clock 
cycles). This mode can only be entered by programming the 
interfaced mode select (2/3 MODE) bit in the control register. 
The SYNC pin must also be provided by the user; it is level trig- 
gered and can be tied low permanently in this mode. The DIN 
pin is used for inputting the data (in serial form) as. well as 
providing the output data in serial form. 


THREE-WIRE MODE (SPI). In this mode of operation the 
user must supply the frame sync signal (SYNC) and serial clock 
(SCLK with a total of 16 clock cycles). This is the default mode. 
_|Here the DOUT pin is used for the output data and DIN pin is 
used for the input data only. 


DSP MASTER MODE. In this mode of operation a frame syne 
| input is needed at the SYNC pin and a serial clock SCLK is 
needed with a continuous clock or 16 clock cycles from when 


This mode of operation is where the part 
rinueus serial clock (SCLK with a total of. 16 
sync (SYNC). 


slave mode of operation where the part 
TINUOUS CLOCK (TMS) signal (SCLK) 
put (SYNC). 


THE CONVERSION RESULT DUE TO WRITE N+1 
IS READ HERE 


WRITE N+1 WRITE N+3 
‘|. READ N-1 READ N+1 
a t.. 
| CONVERSIONN | ~—CONVERSIONN+1 | CONVERSION N+2 


arene | + 5s ——_> | eee 


‘| WRITE N+2 


Figure 3. 


before reading from the part. The reverse of this can also be 
used where a read is initiated in synchronization with the start of 
conversion, and writing to the part once the conversion is com- 
plete. Alternatively the conversion can be initiated by setting the 
CONVST bit in the control register to 1 when writing to the. 
part. These arrangements are similar to the arrangements shown 
in Figures 4c, 4d, and 4e for the two-wire mode of operation, 
but both the reading and writing would not take place on the 
DIN pin. 
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Timing 

The two timing figures t; and t}) need to be explained due to 
their complexity. Theses times apply to Figures 4d, 4e, 5a, 5b, 
and 6 only where the SYNC and the SCLK are both inputs to 
the part. For Figure 8 where SYNC and SCLK are outputs 
from the part, ts, and tioq are used and these are explained 
under the DSP Slave Mode section. 


Taking t; first and a continuous SCLK situation (which only ap- 
plies for Figures 4d, 5a and 6), t3 has a minimum spec of 60 ns so 
that the part will have enough time to prepare for the first 
SCLK edge. The max spec for t; (which only applies with a con- 
tinuous SCLK) is 0.4 tsc.K which ensures that the SYNC does 
not go low before the rising edge A of the dashed SCLK (shown 
in the timing diagrams). This ensures that the part does not clock 
in an incorrect data bit from the DIN pin as DB15. 


Next take the time t,) and a continuous SCLK situation (again 
this only applies to Figures 4d, Sa and 6 ), tio has a minimum spec 
of 30 ns which is so that the part will have enough time to pre- 
pare for the rising edge of SYNC. The max spec for t)9 (which 
only applies with a continuous SCLK) is 0.4 tscyx which ensures 
that the SYNC goes high before the falling edge B of the dashed 
SCLK (shown in the timing diagrams). This ensures that the part 
does not offset the next write sequence and also so that an extra 
bit will not be clocked out onto the DOUT pin. 


Both t3 and t,) only have a minimum spec when there isa. 
noncontinuous SCLK to allow the part enough time. 
for the following edge of the relevant signal. Ther 
mum spec for t; and t;9 as there is no dange 
clock edge to upset the operation of the part. ° 


Two-Wire Mode (AD7853 and AD7858) 
The different setup arrangements for reading and writing to the 
part in the two-wire mode are shown in Figures 4a, 4b, and 4c. 
The read and writing takes place on the DIN line and the con- 
version start take place on the CONVST line. (Note that the 
write to the part must set the 2/3 MODE bit in the control reg- | 
ister to 1 for all cases 4a, 4b, 4c. Also the conversion can be 
started by setting the CONVST bit in the control register to 1, 
and so the CONVST pin does not need to be used in cases 4b 
and 4c.) 


In Figure 4a a write is initiated in synchronization with the start 
of a conversion cycle (thus with this setup the write cannot initiate 
the start of conversion via the control register, but the 23 MODE bit 
must be set to 1 in all the write sequences to the part ). Then after 
the conversion is finished, a read operation is started and the 
data read here is from conversion N-1 and does not correspond - 
to the previous write. You must wait until the next conversion 
(conversion N) before reading data corresponding to the initial 
write (write N). The very first read from the part here will not 
contain a result from a conversion under the two-wire mode due 
to the fact that the write sequence is one sequence behind the 
conversion sequence. The time for the read and write operation 


4. <>< 4.5us 3.5us 4, Bis 
Seen ee a 
14us 


AD7853/AD7858 


given is for a serial clock of 4 MHz (2 MHz 1s max for L ver- 
sions), but is still only an approximate time. Thus the 9.5 ps 
shown is the fastest throughput time for the two-wire interface 
operating mode which corresponds to a. frequency of 105 kHz 
(52 kHz for L versions). 


THE CONVERSION RESULT DUE 
TO WRITE N IS READ HERE 


WRITE N+1 WRITE N+2 
WRITE Nei] [ READN | 
CONVERSION N+1 
4.5us 4.5us 
5,15 —— > | <> | << 5s | 


Figure 4a. 


Figure 4b is the same as Figure 4a except that the conversion is _ 
initiated in synchronizations with a read operation instead of a 
write operation. Again the data read from the part is one conver- 
sion behind the corresponding write operation. (The write to the 
part must enable the two-wire mode and may also initiate a conver- 
ston, and so the hardware CONVST signal is 1s not needed.) 


ON' VERSION RESULT DUE 


WRITE N+2 
ONVERSION N: | CONVERSION N+1 
4. cus 4.5y8 
‘ eas — 
9.5us 


gure Ab. 


igure 4c shows another way of operating the part in the two- 
wire mode where getting the fastest throughput rate is not es- 
sential. It is the most basic way to operate the part. A write is 
initiated (which enables the two-wire mode and may also initiate the 
start of conversion). After this a conversion is started, and when 
conversion is complete, the result is read back. From these dia- 
grams it can be seen that the part cannot be run at its max 
throughput rate in the two-wire mode due to the time taken to 
read and write data on the same pin. 


THE CONVERSION RESULT DUE 
TO WRITE N IS READ HERE 


| READ N [WRITE N+1 


| CONVERSION N 


Figure 4c. 
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Below in Figure 4d and in Figure 4e are the timing diagrams for § In Figure 4e the SYNC line is tied low permanently, and this re- 
operating mode No. 1 in Table I where we are in the 2-wire in- sults in a different timing arrangement for the DIN pin. The dif- 
terface mode. Here the D! the DIN pin is used for both input and out- ference between SYNC being tied low and being pulsed is that | 
put as shown. The SYNC input is level triggered active low and the DIN pin. will never be 3-stated in this mode, and it is also 
can be pulsed (Figure 4d) or can be constantly low (Figure 4e). the last rising edge of the SCLK that causes the DIN pin to'go 


from being an input to an output and back to an to an input pin. Here 
sf pee ge aisles: samp fates Laisa eee bees iy a continuous SCLK cannot be used as the SYNC i is tied low 
figured as an output and is then 3-stated.. Taking SYNC low permanently. 
disables the 3-state on the DIN pin, and the first SCLK falling 
edge clocks out the first data bit. Once the 16 clocks have been © 
provided and the SYNC taken high, the. DIN pin will automati- 
cally revert back to being an input after a time t,,;. Note that a 
continuous SCLK shown by the dotted waveform in Figure 4d 
can be used provided that the SYNC .is low for only 16 clock 
pulses in each of the read and v write cycles. 


POLARITY PIN LOGIC HIGH 


SYNC (UP) 
ee 


SCLK (I/P) 


‘DIN (VO) * 


DATA WRITE 


DIN BECOMES : 
AN INPUT 

NOTE: t, = 60 ns MIN (NONCONTINUOUS SCLK},60/0.4 Ast as 

= = 60 ns MAX, t, = 40 ns MIN, t, = 0 ns MIN. 


Figure Ad. Timing Diagram for Read/Write Operations with DIN as an Input/Output — 
(i.e., Operating Mode No. 1, SM1 = SM2 = 0) © | et ot gee | 
- POLARITY PIN LOGIC HIGH 


- SCLK (UP) 


4 LEADING 
ZEROS 


DATA WRITE —— x DATA READ 
. “| DIN BECOMES 3 ne i 


AN OUTPUT | DIN BECOMES ~ 
(3-STATED) , i AN INPUT 
NOTE: ts = 60 ns MAX, te = 40 ns MIN, t, = 0 ns MIN, te = 80 ns MAX, t,, = 60 ns MAX. . 


DIN (0) 


Figure. 4e. Timing Diagram for Read/Write Operations with DIN as an "Input/Output and SYNC YNG Gat Tied Low 
(ie. _ Operating Mode No. aL, SM 1= = SM2 = 0) 
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Three-Wire Mode (AD7853 and AD7858) 

In Figure 5a and Figure 5b we have the timing diagrams for 
operating mode No. 2 in Table I which is the three-wire inter- 
face mode. Here the SYNC input is active low and can be 
pulsed (Figure 5a) or can be constantly low, (Figure 5b). If 
SYNC is constantly low, the serial clock input (SCLK) must 
supply 16 clock pulses for the part to operate correctly; other- 
wise with a pulsed SYNC input, a continuous SCLK can be 
used provided SYNC is low for only 16 clock cycles. In Figure 
5a the SYNC going low disables the 3-state on the DOUT pin. 
The first falling edge of the SCLK after the SYNC going low 
clocks out the first leading zero on the DOUT pin. The DOUT 


POLARITY PIN LOGIC HIGH 


SYNC (V/P) \ , 


A —>| tb | —~| t, + 
SCLK (I/P) fi. an 1 2 3 
ts 
3-STATE 4 LEADING 


DOUT (O/) -———_—_———————— ZEROS 


CA] 


4 LEADING 
ZEROS 


NOTE: t, = 60 ns MAX, t, = 40 ns MIN, t, = 0 ns MIN 


AD7853/AD7858 


pin is 3-stated again a time t,, after the SYNC goes high. With 
the DIN pin the data input has to be set up a time t¢ before the 
SCLK rising edge as the part samples the input data on the 
SCLK rising edge. 


Figure 5b shows the timing diagram for the three-wire interface 
mode where the SYNC input has been tied permanently low. 
The only difference between this timing diagram and the one in 
Figure 5a is that the DOUT pin is never 3-stated since the 
SYNC input is never brought high. Also the LSB of the output 
data will remain on the DOUT pin until the next read cycle 
where the first SCLK falling edge will clock out the first leading 
zero of the next conversion. 


< ty 


3-STATE 


30/0.4to¢) « ns MIN/MAX (CONTINUOUS SCLK) 


ut and DOUT as Output and SYNC 


ae ae ALLL 


Figure 5b. Timing Diagram for Read/Write Operations with DIN as an Input and DOUT as Output and SYNC Input 


Tied Low (i.e., Operating Mode No. 2, SM1 = SM2 = 0) 
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POLARITY PIN LOGIC HIGH 


SYNC (IP) 


SCLK (/P) - 


= dee .4LEADING 
DOUT (O/P) 


Le ; 3 
NOTE: t, = 60 ns MIN (NONCONTINUOUS SCLK), 60/0.4t.¢, « ns MIN/MAX (CONTINUOUS SCLK), 


t, = 60 ns MAX, t, = 40 ns MIN, t, = 0 ns MIN, t,, = 30 ns MIN (NONCONTINUOUS SCLK),30/0.4ts¢, ns MIN/MAX (CONTINUOUS SCLK) 


Fa 6. Timing Diagram for Read/Write Operation with SYNC Input Edge Triggered 
i. é., pperaing Mode No. 3, SM1 = 0 SM2 = 1) . 


during conversion. Also the data on the DIN pin is clocked in 
by the same SCLK fo xt conversion. All the timing wave- 
forms in Figure 8 a conversion. Thus in these two 
modes of opera aximum throughput rate of 200 kHz 
AD7853L) can be obtained with the 


DSP Master Mode (AD7853 Only) 

In Figure 6 the timing diagram for operating mode No. 3 is 
shown. In this mode the DSP is the master and the part is the 
slave. Here the SYNC input is edge triggered going from high to 
low, and the 16 clock pulses are counted from this edge so that 
you can have a continuous clock input or a noncontinuous clock 
input that provides 16 clock pulses after the falling edge of the 
SYNC input. If.a continuous clock is being used, the SYNC 
must go high after 16 clock pulses to di to disable the effect 
more clocks. The falling edge of SYNC disables the 
the DOUT pin, and the data is clocked out on the falling 
of SCLK. Once SYNC goes high, the 3-state on the DOUT’p 
is enabled. The data input is sampled on the rising edge of 
SCLK and thus has to be valid a time t, before this rising edge. 


DSP Slave Mode (AD7853 Only) (Continuous and 

_ Noncontinuous SCLK) | 
The timing diagram here is for operating mode Nos. 4 and 5, 
the only difference being the continuous and noncontinuous _ 
clock outputs. These modes of operation are ‘especially different 
from all the other modes since the SCLK and SYNC are out- 
puts. The SYNC is generated by the part as is the SCLK, and 
the dotted line shows the case of the continuous clock. The 
‘master clock at the CLKIN pin is routed directly to the SCLK 
pin for operating mode No. 5 (Continuous SCLK), and the 
CLKIN input is gated with the SYNC to give the SCLK in op- » 
erating mode No. 4 (Noncontinuous SCLK). 


' THE CONVERSION RESULT DUE 
TO WRITE N+1 IS READ HERE 


WRITE N+2 — _ WRITE N+3 
READ N+1 READ N+2 
| CONVERSIONN CONVERSION N+ CONVERSION N+2 


G———— 5s ae Al 5us ares aes 5us aces 


WRITE N+1 


Figure 7. 


The most important point about these two operation modes is 
that the result of the current conversion is clocked out during 
the same conversion, and a write to the part during this conver- 
sion is for the next conversion. The arrangement is shown in 
Figure 7. First the conversion is initiated with the CONVST sig- 
nal going low, and then when part is ready, the SYNC will go 
low and the SCLK will clock out the data on the DOUT pin 


Some of the timing numbers for the timing diagram of Figure 8 
need explaining due to their complexity. First, ts, has only a 
min spec and no max spec as the part will ensure that the SYNC 
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POLARITY PIN LOGIC HIGH 


“SYNC (O/P) \ 


SCLK (O/P) 


4 LEADING 


DOUT (O/P) ZEROS 


DIN (/P) 


AD7853/AD7858 


Se SSIS 


NOTE: t,, = 60 ns MIN, t, = 60 ns MAX, t, = 40 ns MIN, t, = 0 ns MIN, t,o, = 30 ns MIN 


Figure 8. Timing Diagram for Read/Write with SYNC Output and SCLK Output (Continuous and Noncontinuous) 
(i.e., Operating Mode Nos. 4and 5, SM1 = 1, SM2 = 1 and 0) 


goes low after the rising edge C of the dashed SCLK in Figure 8 
(if there is.a continuous SCLK) so that the part will not clock in 
an incorrect data bit from the DIN pin as DB15. The other time 
iS tj94 Which again only has a min spec and no max spec as the 

part will again ensure that the SYNC has gone high before the 

rising edge D of the dashed SCLK in Figure 8 (if there is a con- 
tinuous SCLK). This ensures both that the SCLK will not clock 
in an extra bit from the DIN pin which would offset the next 
write sequence, and also that another bit will not be clocked 
of the part onto the DOUT pin. 


CALIBRATION : 
There are two main calibration features on the AD785: 
AD7858; these are a self or device calibration and a system 
bration. For both system and self-calibrations there are a num- 
ber of different types of calibration that can be selected 
depending on the setting of various bits in the control register. 
These options are covered by Table I. 


There are a number of points that are useful to state before de- 
scribing the procedure for initiating a system calibration. The 
first point is that the maximum calibration range is approxi- 
mately +3% of Vrrr for both the system offset and gain errors. 
Also, if the errors are outside this range, the system calibration 
algorithm will reduce the errors as much as the trim range 


<a— t, —»> 
CAL (I/P) 
tia 
BUSY (O/P) 
ee 
CONVST (I/P) 


allows. Large system errors can be reduced in an incremental 
fashion by doing multiple system (gain + offset) calibrations. 
This is possible due to the way that the system calibration algo- 
rithm works. In r mode (AD7853 only) it is the mucecale 


ng diagram in Figure 9 is for a system cali- 
ére the falling edge of CAL initiates an internal reset 
a calibration. (Note that if the part is 1n the 

mode. where BUSY is connected to SLEEP so that the 

es tnto'sleep mode after conversion, then t, will be as for the 

NVST to allow for the “wake-up” time; again depencing on the 
ipe of sleep mode that the part is in, there will be different “wake- 
up” times.) Then the rising edge of CAL starts calibration of the 
internal DAC. Then if the control register is set for a full cali- 
bration, the CONVST must be used also. The full- scale system 
voltage should be applied to the analog input pins from the start 
of calibration. Then the offset voltage due to the system must be 
present on the AIN pin (after the full-scale system offset is com- 
pleted) for a minimum setup time (tspryp) of 100 ns before the 
rising edge of the CONVST. 


—t— tsetup 
AIN (UP) <-————--——. Ve stem FULL SCALE ones | Ske VoFFSET 


NOTE: t, = 100 ns MIN, ty, = 100 ns MIN, ts = 50ns MIN, toa = Noto Kins toate = Noto kin 


Figure 9. Calibration Timing Diagram for Full System Calibration 
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Self-Calibration 


For a self or device calibration the procedure is similar to that of 


the calibration timing diagram of Figure 9, but the BUSY line 
will stay high for the full length of the self-calibration and will 
not pulse like in the system calibration diagram. So a self- 
calibration is initiated by bringing the CAL pin low (which ini- 
tiates an internal reset as in system calibration) and then high 
again. (Note that if the part is in the autoshut-off mode where BUSY 
is connected to SLEEP so that the part goes into sleep mode after con- 
Version; then t, will be as for the CONVST to allow for the “wake- 
up” time; again depending on the type of sleep mode that the part is 
in, there will be different “yake-up” times.) The BUSY line is trig- 
gered high from the rising edge of CAL and BUSY will go low 
wen the self-calibration is complete. 


POWER-DOWN MODES | 
There are two power-down modes on the part, one being a full 
power down, the other a selective power down where only cer- _ 
tain internal circuitry is powered down. The advantage of the _ 
selective power down is that the part will not require as much 
time to “wake up” as for the full power down. The type of 
power down is selected by programming the power management 
bit (PMGT) in the control register, 0 for a full power down and 
1 for a selective power down. 


- There is an automatic power-down mode which is achieved by 


connecting the BUSY pin to the SLEEP pin where the part goes 
into power-down mode after the end of conversion. Again the 
power management bit (PMGT) in the control register deter- 
mines whether this is a full or selective power down. With this 
setup the part will take longer to “wake-up” than in the normal 
mode, and this time will also depend on the capacitor connected 
to the Crzr pins. Table IV contains power-up times for different 
values of capacitors connected to the Cpgr pins and for the two 
different power-down modes (full power down or selective 


| pore down). 


Table IV. 


CrerF? Power-Down Mode 
(uF) 


Power-Up Delay 


(sec) 

: TBD 
0.1 TBD 
1.0 TBD 
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ANALOG 
DEVICES 


| ~ LC?M0s 
Complete, 12-Bit, 100 kHz, Sampling ADCs 


AD7870/AD7870A/AD7875/AD7876 


FEATURES 
Complete Monolithic 12-Bit ADC with: 
2 ws Track/Hold Amplifier 
8 ws A/D Converter 
On-Chip Reference 
Laser-Trimmed Clock 
Parallel, Byte and Serial Digital Interface 
72 dB SNR at 10 kHz Input Frequency (AD7870, 
AD7870A, AD7875) — 
57 ns Data Access Time 
Low Power —60 mW typ 
Variety of input Ranges: 
+3 V for AD7870/AD7870A 
0 to +5 V for AD7875 
+10 V for AD7876 


GENERAL DESCRIPTION 

The AD7870/AD7870A/AD7875/AD7876 is a fast, complete, 
12-bit A/D converter. It consists of a track/hold amplifier, 8 js 
successive-approximation ADC, 3 V buried Zener reference and 
versatile interface logic. The ADC features a self-contained 
internal clock which is laser trimmed to guarantee accurate con- 
trol of conversion time. No external clock timing components 
are required; the on-chip clock may be overridden by an exter- 
nal clock if required. 


The parts offer a choice of three data output formats: a single, 
parallel, 12-bit word; two 8-bit bytes, or serial data. Fast bus 


access times and standard control inputs ensure easy interfacing 


to modern microprocessors and digital signal processors. 


All parts operate from +5 V power supplies. The AD7870 and 
AD7876 accept input signal ranges of +3 V and +10 V, respec- 
tively, while the AD7875 accepts a unipolar 0 to +5 V input 
range. The parts can convert full power signals up to 50 kHz. 


The AD7870/AD7870A/AD7875/AD7876 feature dc accuracy 
specifications such as linearity, full-scale and offset error. In 
addition, the AD7870/AD7870A and AD7875 are fully specified 
for dynamic performance parameters including distortion and 
signal-to-noise ratio. 


The parts are fabricated in Analog Devices’ Linear Compatible 
CMOS (LC?MOS) process, a mixed technology process that 
combines precision bipolar circuits with low-power CMOS logic. 
The parts are available in a 24-pin, 0.3 inch-wide, plastic or her- 
-metic dual-in-line package (DIP). The AD7870/AD7870A and 
AD7875 are available in a 28-pin plastic leaded chip carrier 
(PLCC), while the AD7876 is available and in a 24-pin small 
outline (SOIC) package. . 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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FUNCTIONAL BLOCK DIAGRAM 


AGND REF OUT Vin Voo 


PARALLEL 
AND SERIAL 
INTERFACE 


AD7870/AD7870A/ 
AD7875/AD7876 


CS RD BUSy 0B11 DBO DGND Ves 
iNT 


PRODUCT HIGHLIGHTS 

1. Complete 12-Bit ADC on a Chip. 
The AD7870/AD7870A/AD7875/AD7876 provides all the. - 
functions necessary for analog-to-digital conversion and com- 
bines a 12-bit ADC with internal clock, track/hold amplifier 
and reference on a single chip. 


2. Dynamic Specifications for DSP Users. 
The AD7870/AD7870A and AD7875 are fully specified and 
tested for ac parameters, including signal-to-noise ratio, har- 
monic distortion and intermodulation distortion. 


3. Fast Microprocessor Interface. 
Data access times of 57 ns make the parts compatible with 
modern 8- and 16-bit microprocessors and digital signal pro- 
cessors. Key digital timing parameters are tested and guaran- 
teed over the full operating temperature range. 
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AD7870/AD7870A/AD7875/AD7876—SPECIFICATIONS o., -.:. he 


= =—5 V+ 5%, AGND = Lessee = 0V, fou = =2. a Miz external, unless ve stated. All aac Trin to Tax ules ters noted. 7 


AD7870/AD7870A os ge ee 
Parameter °C = | Units ~ | Test CaiieoidComcaent 
DYNAMIC PERFORMANCE? . : 
Signal to Noise Ratio? (SNR) 
@ +25 Vin = 10 kHz Sine Wave, fgampre = 100 kHz 
Tag to Tas Typically 71.5 dB for 0 < V,,'< 50 kHz 


Total Harmonic Distortion (THD) 
Peak Harmonic or Spurious Noise 


Intermodulation Distortion (IMD) 


| Vin= 


10 kHz Sine Wave, fsa wer = 100 kHz 
Typically —86.dB for 0 < V,, < 50 kHz 
Vin = 10 kHz, fsampie = 100 kHz. 
Typically —86 dB for 0-< V;, < 50 kHz 


Second Order Terms fa = 9 kHz, fb = 9.5 kHz, fi AMPLE = = 50 kHz 
Third Order Terms ; fa = 9 kHz, fb = 9.5 KHz, fsampie =. 50 kHz 
Track/Hold Acquisition Time : 
DC ACCURACY 
Resolution Bits 


Minimum Resolution for which 
No Missing Codes are Guaranteed 


Integral Nonlinearity LSB typ 

Integral Nonlinearity LSB max 
Differential Nonlinearity LSB max 
Bipolar Zero Error. LSB max 
Positive Full-Scale Error* LSB max 


Negative Full-Scale Error* 


ANALOG INPUT 
Input Voltage Range 
Input Current 


REFERENCE OUTPUT 
REF OUT @ +25°C 


REF OUT Tempco 


Reference Load ee (AREF OUT/AD | 


LOGIC INPUTS 
Input High Voltage, Vinu 
Input Low Voltage, Ving __ 
Input Current, Iyy_ | 
Input Current (12/8/CLK Input Only) 
Input Capacitance, C;,° 


LOGIC OUTPUTS ; 
Output High Voltage, Voy” 
Output Low Voltage, VoL. 
DB1I1—DB0 

Floating-State Teakage Gusset. 
Floating-State Output Capacitance? 


CONVERSION TIME 


Bits 


LSB max 


Reference Load Current Change (0-500 pA) . 
Reference Load Should Not Be hanes . 
During Conversion. 


Vpp = 5V + 5% 


| Vpp = 5 V + 5% 


Vin: = 0 Vv to Vop 
Vin = Vss to Vop 


Isource = 40 A . 
low = 1.6 mA - 


External Clock (fo; x = 2.5 MHz) 8 8 8 8 8 ws max 
Internal Clock 7/9 7/9 7/9 7/9 7/9 | ws min/ys max 

POWER a eas : 
Vpp +5 +5 +5 +5 +5. +5% for Specified Performance 
Vss 5 =5 —5 —5 =): +5% for Specified Performance 
Ipp 13 13 13 13 13 Typically 8 mA. 
Icg 6 6 6 6 6 Typically 4 mA — 
Power Dissipation 95 95 95 95 95 Typically 60 mW 


NOTES 


1Temperature ranges are as follows: J, K, L Vetonk 0 to +70°C: A, B, C Versions; —25°C to +85°C: S, T Versions; —55°C to +125°C. AD7870A has only 


J Version. 


3SNR calculation includes distortion and noise components. 
*Measured with respect to internal reference and includes bipolar offset error. 
*Sample tested @ +25°C to ensure compliance. 


Specifications subject to change without notice. 
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Parameter 


DC ACCURACY 

Resolution 
Minimum Resolution for Which 

No Missing Codes Are Guaranteed 
Integral Nonlinearity @ +25°C 

Tinin tO Trax (AD7875 Only) 

Tmin tO Tmax (AD7876 Only) 
Differential Nonlinearity 
Unipolar Offset Error (AD7875 Only) 
Bipolar Zero Error (AD7876 Only) 
Full-Scale Error at +25°C? 
Full-Scale TC? 
Track/Hold Acquisition Time 


DYNAMIC PERFORMANCE? (AD7875 ONLY) 


Signal-to-Noise Ratio* (SNR) 
@ +25°C 
es to ae 
Total Harmonic Distortion (THD) 


Peak Harmonic or Spurious Noise 


Intermodulation Distortion (IMD) 
Second Order Terms 
Third Order Terms 


ANALOG INPUT 
AD7875 Input Voltage Range 
AD7875 Input Current 
AD7876 Input Voltage Range 
AD7876 Input Current 


REFERENCE OUTPUT 
REF OUT @ +25°C 


REF OUT Tempco 
Reference Load Sensitivity (AREF OUT/AI 


LOGIC INPUTS 
Input High Voltage, Ving; 
Input Low Voltage, Vint 
Input Current, I, 
Input Current (12/8/CLK Input Only) 
Input Capacitance, C,,,° 


LOGIC OUTPUTS 
Output High Voltage, Voj; 
Output Low Voltage, Vor 
DB11-DB0 
Floating-State Leakage Current 
Floating-State Output Capacitance? 


CONVERSION TIME 
External Clock (for, = 2.5 MHz) 
Internal Clock 


POWER REQUIREMENTS 
NOTES 


AD7870/AD7870A/AD7875/AD7876 


AD7875/AD7876 
K, B’ | L,C! 


Bits 


Bits 
LSB max 
LSB max 
LSB max 
LSB max 
LSB max 
LSB max 
LSB max 
ppm/°C max 
Ss max 


ws max 
7/9 7/9 7/9 


WS min/s max 


As per AD7870/AD7870A | ss 


Test Conditions/Comments 


Typical full-scale error is +1 LSB 
Typical TC is +20 ppm/°C 


Vin = 10 kHz Sine Wave, fsamprir = 100 kHz 
Typically 71.5 dB for 0 < Vy, < 50 kHz 
Vin = 10 kHz Sine Wave, fsampre = 100 kHz 
Typically —86 dB for 0 < Vy, < 50 kHz 

Vin = 10 kHz, fsampie = 100 kHz 

Typically —86 dB for 0 < Vy, < 50 kHz 


fa=9 kHz, fb = 9.5 kHz, fsaMPLE = 50 kHz 
fa=9 kHz, fb = 9.5 kHz, fsaAMPLE = 50 kHz 


Typical Tempco is +20 ppm/°C 

Reference Load Current Change (0-500 A) — 
Reference Load Should Not Be Changed 
During Conversion. 


Vop = 5 V + 5% 
Vpp = 5 V + 5% 
Vin = 0 V to Vpp 
Vin = Vss to Vpp 


lgikee= 40 pA 
Iowx = 1.6mA 


1Temperature ranges are as follows: AD7875: K, L Versions, 0 to +70°C; B, C Versions, —40°C to +85°C; T Version, —55°C to +125°C. AD7876: B, C Ver- 


sions, —40°C to +85°C; T Version, —55°C to +125°C. 


Includes internal reference error and is calculated after unipolar offset error (AD7875) or bipolar zero error (AD7876) has been adjusted out. 

Full-scale error refers to both positive and negative full-scale error for the AD7876. 
3Dynamic performance parameters are not tested on the AD7876 but these are typically the same as for the AD7875. 
4SNR calculation includes distortion and noise components. 


“Sample tested @ +25°C to ensure compliance. 
Specifications subject to. change. without notice. 
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AD7870/AD7870A/AD7875/AD7876 
TIMING CHARACTERISTICS" 2 (Wop = +5V + 5%, Veg = —5 V 5%, AGND = DGND = 0 V. See Figures 9, 10, 11 and 12.) 


Limit at T niny Tm Limit at T pecnge eee 
Units ~ Conditions/Comments 


Paranietes (J, K, L, A, B, c Versions) (S, T Versions) 


ty CONVST Pulse Width 

tp CS to RD Setup Time anode " 
ts RD Pulse Width 

t; CS to RD Hold Time (Mode 1) 
ts RD to INT Delay 

te Data Access Time after RD | 

t;! Bus Relinquish Time after RD 

ts HBEN to RD Setup Time 

ty HBEN to RD Hold Time 

tio SSTRB to SCLK Falling Edge Setup Time 
tis” SCLK Cycle Time 

ts SCLK to Valid Data Delay. C, =35 pF 
t3 SCLK Rising Edge to SSTRB 

tis Bus Relinquish Time after SCLK 
tis CS to RD Setup Time (Mode 2) 
tie CS to BUSY Propagation Delay 
te Data Setup Time Prior to BUSY 
tis CS to RD Hold Time (Mode 2) 
tio HBEN to CS Setup Time 

too HBEN to CS Hold Time 

NOTES 


‘Timing specifications in bold print are 100% production tested. All other times are sample tested at +25°C to ensure compliance. All | input signals are- 
- specified with tr = tf = 5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. - 
Serial timing is measured with a 4.7 kQ pull-up resistor on SDATA and SSTRB and a 2 kOQ pull-up on SCLK. The capacitance on all three outputs is 35 pF. 
>t, is measured with the load circuits of Figure 1 and defined as the time required for an output to cross 0.8 V or 2.4 V.. 
+t, is defined as the time required for the data lines to change 0.5 V when loaded with the circuits of Figure 2. 
>SCLK mark/space ratio (measured from a voltage level of 1.6 V) is 40/60 to 60/40. 
®SDATA will drive higher capacitive loads but this will add to t,, since it increases the external RC time constant (4.7 kQIIC,) and hence the time to 
reach 2.4 V. Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS* 


ViestOAGND coils <x acct marae atike -~0.3Vt0+7V i 
Veg tO AGN D? ova s.ow vic aaleS baat -.. +0.3Vto-7V : : 
AGND to DGND ..............-0.3 V to Vpp +0.3 V 
Vin (0 AOND®: gra ie olay Robe Sees -15 Vto +15 V DBN DBN 
REF OUT to AGND ........ ee er ee OVtoVpp © . 
Digital Inputsto DGND ......... —0.3 V to Vpp +0.3 V | S6kN __ SOpF . —— 5OpF 
Digital Outputs to DGND ........ —0.3 V to Vpp +0.3 V . Lb 7 oes |. oe 
Operating Temperature Range DGND DGND 
Commercial (J, K, L Versions - AD7870) ..... 0 to +70°C ; . 
Commercial (K, L Versions - AD7875) ....... 0 to +70°C Snigie 10 Vou 6. High-2 to Voy 
Industrial (A, B, C Versions - AD7870) .. . —25°C to +85°C Figure 1. Load Circuits for Access Time _.. 
Industrial (B, C Versions - AD7875/AD7876) . | | me 
Sestde eatin teeters he Sastre ae basa —40°C to +85°C | | OO oe 
Extended (S, T Versions)............ —55°C to +125°C | ‘ as 
Storage Temperature Range ......... . . ~65°C to +150°C 
Lead Temperature (Soldering, 10 sec) ..... ig ABE +300°C "BBN  (DBN 
_ Power Dissipation (Any Package) to +75°C ....... 450 mW 
Derates above +75°C by ............- ete 10mW/C | 3k —— 10pF | 10pF 
*Stresses above those listed under “Absolute Maximum Ratings” may cause 3, 
permanent damage to the device. This is a stress rating only and functional DGND DGND 


operation of the device at these or any other conditions above those listed in . | ; 
the operational sections of this specification is not implied. Exposure _ —  @ Vow to High-Z . b. Vo, to High-Z 


to absolute maximum rating conditions for extended periods may affect eS er 
ei reliability. : Bolle 2. Load ee for Output Float Delay 


CAUTION 


ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; WARNIN G! 
however, permanent damage may occur on unconnected devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam eprit 4 


should be discharged to the destination socket before devices are inserted. ESD SENSITIVE DEVICE 
aan gE VV ——— 


2-320 ANALOG-TO-DIGITAL CONVERTERS | 7 REV. B 


AD7870/AD7870A/AD7875/AD7876 


AD7870 ORDERING GUIDE 


Integral 
Nonlinearity 
(LSB) 


Package 
Option? 


Vin Voltage 
Range (V) 


Temperature 
Range 


AD7870AJN | 0 to +70°C +1/2 typ N-24 
AD7870JN 0 to +70°C +1/2 typ N-24 
AD7870KN | 0 to +70°C +1 max N-24 
AD7870LN_ | 0 to +70°C *+1/2 max N-24 
AD7870JP 0 to +70°C +1/2 typ P-28A 
AD7870KP 0 to +70°C +1 max P-28A 
AD7870LP 0 to +70°C +1/2 max P-28A 
AD7870AQ —25°C to +85°C +1/2 typ Q-24 
AD7870BQ —25°C to +85°C +1 max Q-24 
AD7870CQ —25°C to +85°C +1/2 max Q-24 
AD7870SQ* | —55°C to +125°C +1/2 typ 


AD7870TQ* | —55°C to +125°C +1 max 


NOTES 

1To order MIL-STD-883, Class B, processed parts, add /883B to part number. Contact 

local sales office for military data sheet. 

2Contact local sales office for LCCC (Leadless Ceramic Chip Carrier) availability. 

3N = Narrow Plastic DIP; P = Plastic Leaded Chip Carrier (PLCC); Q = Cerdip. For outline 
information see Package Information section. 

4Available to /883B processing only. 


AD7875 ORDERING GUIDE 


Integral 
Nonlinearity 
(LSB) 


Package 
Option? 


N-24 


Vin Voltage 
Range (V) 


Temperature 
Range 


0 to +70°C 


AD7875KN +1 max 


AD7875LN_ | 0 to +70°C + 1/2 max N-24 
AD7875KR_ | 0 to +70°C +1 max R-24 
AD7875KP_ | 0 to +70°C +1 max P-28A 
AD7875LP | 0 to +70°C + 1/2 max P-28A 
AD7875BQ | —40°C to +85°C +1 max Q-24 
AD7875CQ_ | —40°C to +85°C © +1/2 max Q-24 


AD7875TQ? 


NOTES 
1To order MIL-STD-883, Class B, processed parts, add /883B to part number. Contact 
local sales office for military data sheet. . 
2N = Narrow Plastic DIP; P = Plastic Leaded Chip Carrier (PLCC); Q = Cerdip; R = Small Outline IC (SOIC). 
For outline information see Package Information section. 
3Available to /883B processing only. 


—55°C to +125°C | 0 to +5 


+1 max 


AD7876 ORDERING GUIDE 


Integral 
Nonlinearity | Package 
(LSB) 


Temperature 
Range 


—40°C to +85°C 
—40°C to +85°C 
—40°C to +85°C 
—40°C to +85°C 
—40°C to +85°C 
~40°C to +85°C _ 
~55°C to +125°C 


Vin Voltage 
Range (V) 


N-24 
N-24 
R-24 
R-24 
Q-24 
Q-24 


AD7876BN 
AD7876CN 
AD7876BR 
AD7876CR 
AD7876BQ 
AD7876CQ 
AD7876TQ? 


NOTES 

1To order MIL-STD-883, Class B, processed parts, add /883B to part number. Contact 
local sales office for military data sheet. 

2N = Narrow Plastic DIP; Q = Cerdip; R = Small Outline IC (SOIC). For outline 
information see Package Information section. 

Available to /883B processing only. 
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AD7870/AD7870NAD7875/AD7876 


PIN FUNCTION DESCRIPTION 


DIP 


Pin 


Pin No. Mnemonic 


] 
2 
3 


2-322 


RD 
BUSY/INT 
CLK 


DB11/HBEN 


DB10/SSTRB 


DB9/SCLK | 


DB8/SDATA 


DB7/LOW- 
DB4/LOW 


DGND 


DB3/DB11- 
DB0/DB8 


Vpp 
AGND 
REF OUT 
Vin 

Vss 
12/8/CLK 


CONVS 


DBSLOW D , 
Low [Low [LOW | LOW | DBiI (SB) 


Function ~ . 7 ta | ; 

Read. Active low logic input. This input is used in conjunction with CS low to enable the data outputs. 
Busy/Interrupt, Active low logic output indicating converter status. See timing diagrams. a 

Clock input. An external TTL-compatible clock may be applied to this input pin. Alternatively, tying this pin to Vs 
enables the internal laser-trimmed clock oscillator. = eo aa 

Data Bit 11 (MSB)High Byte Enable. The function of this pin is dependent on the state of the 12/8/CLK input (see 
below). When 12-bit parallel data is selected, this pin provides the DB11 output. When byte data is selected, this pin 


becomes the HBEN logic input. HBEN is used for 8-bit bus interfacing. When HBEN is low, DB7/LOW to DB0/DB8 
become DB7 to DBO. With HBEN high, DB7/LOW to DBO/DB8 are used for the upper byte of data (see Table I). 


Data Bit 10/Serial Strobe. When 12-bit parallel data is selected, this pin provides the DB10 output. SSTRB is an - 
active low open-drain output that provides a strobe or framing pulse for serial data. An external 4.7 kQ pull-up resis- 
tor is required on SSTRB. : : 


Data Bit 9/Serial Clock. When 12-bit parallel data is selected, this pin provides the DB9 output. SCLK is the gated 
serial clock output derived from the internal or external ADC clock. If the 12/8/CLK input is at —5 V, then SCLK 
runs continuously. If 12/8/CLK is at 0 V, then SCLK is gated off after serial transmission is complete. SCLK is an 
open-drain output and requires an external 2 kQ pull-up resistor. 


Data Bit 8/Serial Data. When 12-bit parallel data is selected, this pin provides the DB8 output. SDATA is an open- 
drain serial data output which is used with SCLK and SSTRB for serial data transfer. Serial data is valid on the fall- 
ing edge of SCLK while SSTRB is low. An external 4.7 kQ pull-up resistor is required on SDATA. 


Three-state data outputs which are controlled by CS and RD. Their function depends on the 12/8/CLK and HBEN 
inputs. With 12/8/CLK high, they are always DB7-DB4. With 12/8/CLK low or —5 V, their function is controlled 
by HBEN (see Table I). : | ; 


Digital Ground. Ground reference for digital circuitry. 


Three-state data outputs which are controlled by CS and RD. Their function depends on the 12/8/CLK and HBEN 
inputs. With/12/8/CLK high, they are always DB3-DBO. With 12/8/CLK low or —5 V, their function is controlled 
by HBEN (see Table I). : 


Positive Supply, +5 V +5%. . S08 . 

Analog Ground. Ground reference for track/hold, reference and DAC. 

Voltage Reference Output. The internal 3 V reference is provided at this pin. The external load capability is 500 pA. 
Analog Input. The analog input range is +3 V for the AD7870, +10 V for the AD7876 and 0 to +5 V for the AD7875. 
Negative Supply, -5 V +5%. . 


Three Function Input. Defines the data format and serial clock format. With this pin at +5 V, the output data for- 
mat is 12-bit parallel only. With this pin at 0 V, either byte or serial data is available and SCLK is not continuous. ~ 
With this pin at —5 V, byte or serial data is again available but SCLK is now continuous. ne 9 


Convert Start. A low to high transition on this input puts the track/hold into its hold mode and starts conversion. 
This input is asynchronous to the CLK input.. |. 


Chip Select. Active low logic input. The device is selected when this input is active. With CONVST tied low, a new 


conversion is initiated when CS goes low. 
DB3/DB11 


B2/DB10 | DB1/DB9 | DBO0/DB8 


pps | DBS pa? | DBI__| DBOLSB) | 


Table |. Output Data for Byte Interfacing ; 


_ PIN CONFIGURATIONS! : 
DIP and SOIC? . PLCC? 
a ee Ue by 
4 > > 9 
a ne % g auvupmlh S 
RD cs ola l2 26 3) 
BUSY/INT CONVST 4 | 1 26} 
CLK 12/8/CLK fs ; 
DB11/HBEN Vss . pe1vHeen [5 | _ ; [25] Vss 
pe10/SS7RE Vin pB10/SsTRe | 6 | 24] Vw 
pesiscuK aa DBO/SCLK | 7 | | ae _ [23] REF OUT 
TOP VIEW NC 
OB8/SDATA (Not to Scale) AGND we oO (Not to Scale) 22] 
DBS/SDATA | 9 | 21] AGNO 
DB7/LOW v 
er os7Low [10] 20] Voo 
DBG/LOW | 9 | DB0/DB8 
pBeLow | 11} 19] DBO/DBE 
DBS/LOW 10 | DB1/0B9 . 7 
DB4/LOW | 11] 082/DB10 
‘PIN CONFIGURATIONS ARE THE SAME FOR [12] [13] [14] [15] [6] [17] [18 
DGND | 12] 0B3/0B11 ‘THE AD7870, AD7875 AND AD7876. ra ae 
THE AD7870 AND AD7875 ARE AVAILABLE IN 2333252 8 
DIP AND PLCC; THE AD7870A IS AVAILABLE IN $396 aaee.:. . 
PLASTIC DIP; THE AD7875 AND AD7876 ARE Bg = 0 a a @ 
AVAILABLE IN SOIC AND DIP. | a3 & 8 © NC = NO CONNECT 
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ANALOG 
DEVICES 


Complete 14-Bit Sampli 


LC’M 


0S 


ng ADCs 


AD7871/AD7872 


FEATURES 

Complete Monolithic 14-Bit ADC 

2s Complement Coding 

Parallel, Byte and Serial Digital Interface 
80 dB SNR at 10 kHz Input Frequency 
57 ns Data Access Time 

Low Power—50 mW typ 

83 kSPS Throughput Rate 

16-Lead SOIC (AD7872) 


APPLICATIONS 

Digital Signal Processing 

High Speed Modems 

Speech Recognition and Synthesis 
Spectrum Analysis 

DSP Servo Control 


GENERAL DESCRIPTION | 
The AD7871 and AD7872 are fast, complete, 14-bit analog-to- 
digital converters. They consist of a track/hold amplifier, 
successive-approximation ADC, 3 V buried Zener reference and 
versatile interface logic. The ADC features a self-contained, la- 
ser trimmed internal clock, so no external clock timing compo- 
nents are required. The on-chip clock may be overridden to 
synchronize ADC operation to the digital system for minimum 
noise. 


The AD7871 offers a choice of three data output formats: a sin- 
gle, parallel, 14-bit word; two 8-bit bytes or a 14-bit serial data 
stream. The AD7872 is a serial output device only. The two 
parts are capable of interfacing to all modern microprocessors 
and digital signal processors. Ps 


The AD7871 and AD7872 operate from +5 V power supplies, 
accept bipolar input signals of +3 V and can convert full power 
signals up to 41.5 kHz. 


In addition to the traditional dc accuracy specifications, the 


AD7871 and AD7872 are also fully specified for dynamic perfor- _ 


mance parameters including distortion and signal-to-noise ratio. 


Both devices are fabricated in Analog Devices’ LC7-MOS mixed 
technology process. The AD787] is available in 28-pin plastic 
DIP, hermetic DIP and PLCC packages. The AD7872 is avail- 
able in 16-pin plastic and hermetic DIP packages or 

16-lead SOIC. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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FUNCTIONAL BLOCK DIAGRAMS 


: Caer REF OUT Vin Vop 


14/8/CLK 


PARALLEL 
ND SERIAL 
INTERFACE 


CONVST 


cS RD BUSY! 
iNT 


DB13 DBO 


AGND 


Caer 


3V f 14-BiT 


SAR+ 
COUNTER 


) CONTROL Ra 

a 

(2) INTERFACE 
0,0,0 


SSTRB SCLK SDATA 


AD7872 


@)—C5) 


PRODUCT HIGHLIGHTS 
1. Complete 14-Bit ADC on a Chip. 


2. Dynamic Specifications for DSP Users. 


3. Low Power. 


ANALOG-TO-DIGITAL CONVERTERS 


DGND Vss 


2-323 


AD7871/AD7872— 


pi caatee | 
DYNAMIC PERFORMANCE? 


Tin to ‘ee 
Total Harmonic Distortion (THD) 


Peak Harmonic or Spurious Noise 


Intermodulation Distortion (IMD) 
Second Order Terms 


Third Order Terms 


Track/Hold Acquisition Time 


DC ACCURACY 
Resolution 
Minimum Resolution for Which 


No Missing Codes Are Guaranteed . 


Integral Nonlinearity @ + 25°C 
Integral Nonlinearity 
Bipolar Zero Error 
Positive Gain Error* 
Negative Gain Error‘ 


ANALOG INPUT 
Input Voltage Range 
Input Current 


REFERENCE OUTPUT 
REF OUT @ +25°C 
Tis to a raat 
REF OUT Tempco 
Reference Load Sensitivity 
(AREF OUT/AI) 


LOGIC INPUTS 
Input High Voltage, Ving 
Input Low Voltage, Vir 
Input Current, Ip, | 


Input Current (14/8/CLK Input Only 


Input Capacitance, C,,° 
LOGIC OUTPUTS 
Output High Voltage, Voy, 
Output Low Voltage, Voy. 
DB13 — DBO. 
Floating-State Leakage Current 
Floating-State Output Capacitance® 


CONVERSION TIME 
External Clock 
Internal Clock 


POWER REQUIREMENTS 


Iss 
Power Dissipation 


NOTES 


; 1ZA | 
ae Versions! 


Signal to Noise Ratio? (SNR) @ +25°C 


> 5 +5 
=3 =5 =) 
13 13 13 
6 6 6 

95 95 95 


“(Vp = +5V + 


OV, fou = 


-SPECIFICATIONS 


sae eee ‘Units 


Bits 


Bits 
LSB typ 

-LSB max 
LSB max 
LSB max 
LSB max 


V min/V max 
V min/V max 
ppm/°C max. 


2.99/3.01 
2.98/3.02 


2.99/3.01 
2.98/3.02 
+40 


2.99/3.01 
2.98/3.02 
+40 


mV max 


Vin 


5%, Vos = —5 V + 5%, AGND = DGND =~ 
= 2 MHz external, feampus = = 83 kHz unless otherwise. 


stated. )All raided Tin to. Tia | unless otherwise noted. 


Test Conditions/Comments 


Vin = 10 kHz Sine Wave . 
SNR is Typically 82 dB for <V,,<41.5 kHz; . 
Vin = 10 kHz Sine Wave;_ 


= 10 kHz. 


fa = 9 kHz, fb = 9.5 kHz, fsaMPLE = 50 kHz 


fa=9 kHz, fb = 9.5 kHz, fsAMPLE ore 50° kHz 


Typically 35 ppm 


'. | Reference Load Current Change (0-500 pA); 
‘Reference Load Should Not Be Changed During Conversion. 


oc, 28 V 5m. 


Vop = 5V + 5% 
2 no oY Poe 


Ieoincn = 40 pA 
lonK = 1.6 mA 


| The Internal Clock Has a Nominal Value of 2 MHz 


+5% for Specified Performance 
+5% for Specified Performance 
Typically 6 mA 

Typically 4 mA 

Typically 50 mW 


Temperature ranges are as follows: J, K versions, 0°C to +70°C; A, B versions, —40°C to +85°C; T version; —55°C to +125°C. 


Vin = +3 'V. 


3SNR calculation includes distortion and noise components. 


“Measured with respect to internal reference. 


*Sample tested @ +25°C to ensure compliance. 


Specifications subject to change without notice. 


e 
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AD7871/AD7872 
TIMING CHARACTERISTICS! 2 wv, = +5v + 5%. Ve = —5 V + 5%, AGND = DGND = 0 V. See Figures 3, 4,5 and 6.) 


Limit at Tins Tmax Limit at Tins Tmax 
Parameter | (J, K, A, B Versions) | (T Version) Units Conditions/Comments 


ty CONVST Pulse Width 

t CS- to RD Setup Time cuode 1) 
t RD Pulse Width 

ty CS to RD Hold Time (Mode 1) 
ts RD to INT Delay _ 

ie Data Access Time after RD _ 
{ Bus Relinquish Time after RD 

tg HBEN to RD Setup Time 

ty HBEN to RD Hold Time 

tio | SSTRB to SCLK Falling Edge Setup Time 
hie SCLK Cycle Time 

tis. SCLK to Valid Data Delay. C, = 35 pF 
t13 SCLK Rising Edge to SSTRB 

tis Bus Relinquish Time after SCLK 
tis CS to RD Setup Time (Mode 2) 
tie CS to BUSY Propagation Delay 
ty7 Data Setup Time Prior to BUSY 
tis CS to RD Hold Time (Mode 2) 
tig HBEN to CS Setup Time 

too HBEN to CS Hold Time 

NOTES 


Timing Specifications in bold print are 100% production tested. All other times are sample tested at +25°C to ensure compliance. All input signals are specified with tr = tf = 5 ns 
(10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 
Serial timing is measured with a 4.7 k pull-up resistor on SDATA and SSTRB and a 2 kOQ pull-up resistor on SCLK. The capacitance on all three outputs is 35 pF. 

its and t,7 are measured with the load circuits of Figure 1 and defined as the time required for an output to cross 0.8 V or 2.4 V. 

4t, is derived from the measured time taken by the data outputs to change 0.5 V when loaded with the circuit of Figure 2, The measured number is then extrapolated back to remove 

the effects of charging or discharging the 50 pF capacitor. This means that the time, t7, quoted in the Timing Characteristics is the true bus relinquish time of the part and is 

independent of bus loading. 
°SCLK mark/space ratio (measured from a voltage level of 1.6 V) is 40/60 to 60/40. ; 
SSDATA will drive higher capacitive loads, but this will add to ty2 Since it increases the external RC time constant (4.7 kQ//C,) and hence the time to reach 2.4 V. 


Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS* | | 
Vf S4OVAGNDs ote crncnc ghee tds antral tee -~0.3 Vto +7 V 


Ves to AGND hore ek Vas eae ence BER +0.3 Vto -7 V 

AGND to DGND ............. —0.3 V to Vpp + 0.3 V TO OUTPUT cou 

Vin to AGND .............- Vss — 0.3 V to Vpp + 0.3 V PIN 

REF OUT, Cegzp to AGND ............... 0 V to Vpp | 

Digital Inputs to DGND ......... —0.3 Vto Vpp + 0.3 V 

Digital Outputs to DGND ........ —0.3 V to Vpp + 0.3 V 

Operating Temperature Range 
Commercial (J, K Versions)............. 0°C to +70°C Figure 1. Load Circuit for Access Time 
Industrial (A, B Versions) ............ —40°C to +85°C 
Extended (T Version) .............. —55°C to +125°C 

Storage Temperature Range ........... —65°C to +150°C 

Lead Temperature (Soldering, 10 secs) ........... +300°C . 

Power Dissipation (Any Package) to +75°C ....... 450 mW . TO OUTPUT 42.1V 

Derates above +75°C by .... 0.0.00 0c eee uee 6 mW/°C | . ee 


*Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in 
the operational sections of this specification is not implied. Exposure to 


absolute maximum rating conditions for extended periods may affect device Figure 2. Load Circuit for Output Float Delay 
reliability. 
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; WW ARNING! 
however, permanent damage may occur on unconnected. devices subject to high energy electro- 


static fields. Unused devices must be stored in conductive foam or shunts. The Protective foam Sapir 4 


should be discharged to the destination socket before devices are inserted. ESD SENSITIVE DEVICE 
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AD7871/AD7872 


DIP 


CONVST e 
cs [2 | | 27} Vs 
wa] 26 | Vin 
BUSVIINT [ 4 | | 25 | REFOUT 
ceux [5 | 24] NC 


pB12/sstre || 7 | |AD7871 


| 22) AGND 
DB11/SCLK | 8 | (Not to Seale /21] Voo 
DB10/SDATA DB0/DB8 
pes 10 | 119 | DB1/DB9 
pee | 11, 118] DB2/DB10 
pB7 | 12] 117] 0B3/D811 
pas [13] 116} DB4/DB12 


| 28 | 14/8/CLOCK . 


PIN CONFIGURATIONS _ 


DIP; SOIC | 


contro. [1 | ©. . 


CONVST | 2 | 115] Ves 
CLK 3 | 114) Viv 
sstap [4] anza72 REFOUT 
SCLK 5 | jie te cate Aa 
sata [6] Lt) Cnr sevas [7]. AD7871 
NC 7 | : 10 | NC iheos 00 Gated 


NC = NO CONNECT: 


~ AD7871JN 


AD7871 ORDERING GUIDE 


. |Temperature — Relative 
>“ | Range -Accuracy 


Package 


Option? 


{0°C to +70°C ~—-| 80 dBs min | | _ 
~ AD7871KN |0°C to +70°C 80 dBs min | +1 m: N-28 
AD7871JP | 0°C to +70°C 80 dBs min ' 7 P-28A  - 
AD7871KP |0°C to +70°C ~—s—| 80 dBs min} + P-28A — 
AD7871AQ | —40°C to +85°C | 80 dBs min Q-28 
AD7871BQ | —40°C to +85°C | 80 dBs min} + 
AD7871TQ* 


~—55°C to +125°C | 79 dBs min + 


NOTES . 

1To order MIL-STD-883, Class B, caren ee parts, add /883B to part 
number. Contact local sales office for military data sheet. 

Contact local sales office for LCCC availability. 

3N = Plastic DIP; P = Plastic Leaded Chip Carrier (PLCC). Q= Cerdip. 
For outline information see Package Information section. 

4Available to /883B processing only. 


~ ‘AD7872 ORDERING GUIDE 


Temperature Relative | Package 
Range SNR Accuracy ion” 
AD7872AN | —40°C to +85°C |80 dBs min 
AD7872JN |0°C to +70°C 80 dBs min 
AD7872KN |0°C to +70°C 80 dBs min| + 
AD7872JR. |0°C to +70°C 80 dBs min 
AD7872KR |0°C to +70°C 80 dBs min | + 
—40°C to +85°C |80 dBs min 
—40°C to +85°C |80 dBs min} + 


AD7872AQ 
—55°C to +125°C|79 dBs min| + 


AD7872BQ 
AD7872TQ? 


NOTES 


". 1To order MIL-STD-883, Class B, processed parts, add /883B to part 


number. Contact local sales office for military data sheet. 
?N = Plastic DIP; Q = Cerdip; R = Small Outline IC (SOIC). For outline 


- . information see Package Information section. _ 
. a: to /883B ' Processing only. 
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ao nN 
Baga: 
a a 
gz 
ao a 


D83/DB11 


pB2/D810 [3 | 


REV.B 


AD7871/AD7872 


TRACK/HOLD 


CONVST GOES INTO HOLD 


aD ; TRACK/HOLD RETURNS TO \ / 
TRACK. SIGNAL ACQUISITION 
BEGINS ts ne 
ty 
tconvert | 


THREE-STATE 
VALID 
a ee ED 
DATA DATA 
DB13-DB0 


Figure 3. Mode 1 Timing Diagram, 14-Bit Parallel Read 


bos 

ee ne Ee ee TYE Loe EE eee 
Stones, TRACK/HOLD 
CONVST GOES INTO HOLD 


| 
BEN’ LAL LEELA LLIB EN = ALLE ELE 


: fF 1-— -—~ 
| oak wiliias Gass 


"” , a ee 
| TRACK/HOLD RETURNS TO TRACK. ; 


ts 
, SIGNAL ACQUISITION BEGINS ts a | 
int | a 
ty 


tconvert SE Enanen —o| te b— 


THREE-STATE VALID VALID 
——— eS 
DATA DATA . DATA 
DB7-DB0 _DB13-DB8 


\ — 


tio —>| ape 
—joe ot 
SCLK? ryvehuwog 
ad ad Y w 


bale 


‘ ( U 
wal 
L IN 5 
worn (NSH fos ona Yoon oreX Xow fT 


SERIAL DATA 


NOTES 

"TIMES ty, ty, ts, ts, AND ts ARE THE SAME FOR A HIGH BYTE READ AS FOR.A LOW BYTE READ. 

?EXTERNAL 4.7 k{2 PULL-UP RESISTOR. = 

SEXTERNAL 2 k{2 PULL-UP RESISTOR. CONTINUOUS SCLK (DASHED LINE) WHEN 14/8/CLK 
(CONTROL) = —5 V; NONCONTINUOUS WHEN 14/8/CLK (CONTROL) = OV. 


Figure 4. Mode 1 Timing Diagram, Byte or Serial Read 
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AD7871/AD7872 


meet TRACK/HOLD . . 
cs a GOES INTO HOLD . ao __f 
tis -_ o i > ies ts 
tconvert 
TRACK/HOLD RETURNS TO 
TRACK. SIGNAL ACQUISITION 
es : BEGINS © 
BUSY 
: eae = — ae 


.. THREE-STATE VALID 
7 SS DATA 
ws DB13-DB0 


Figure 5. Mode 2 Timing Diagram, 14-Bit Parallel Read 


TRACK/HOLD 
GOES INTO HOLD 


ae comes tconvert - . 
tie ~  TRACK/HOLD RETURNS TO TRACK. 
a‘ : SIGNAL ACQUISITION BEGINS. — 
BUSY : \ . 
eee een entre en hy 


THREE-STATE 


DATA 


———_—_4 
LEADING 
wow sate fenory(o (eX 


SERIAL DATA 
NOTES 
‘TIMES ti, tie, tie, AND tap ARE THE SAME FOR A HIGH BYTE READ AS FOR A LOW BYTE READ. 
2EXTERNAL. 47 kQ PULL- Up RESISTOR. 
3CONTINUOUS SCLK (DASHED LINE) WHEN 14/8/CLK (CONTROL) = -5 ‘V; NONCONTINUOUS WHEN 
14/8/CLK (CONTROL) = 0 V. EXTERNAL 2 kf) PULL-UP RESISTOR. 


Figure 6. Mode 2 Timing Diagram, Byte or Serial Read 
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REV. B 


[ANALOG __ LC?MOS 4-Channel, 12-Bit Simultaneous 
DEVICES Sampling Data Acquisition System 


AD7874 


FEATURES 

Four On-Chip Track/Hold Amplifiers 

Simultaneous Sampling of 4 Channels 

Fast 12-Bit ADC with 8 ps Conversion Time/Channel 
29 kHz Sample Rate for All Four Channels 

On-Chip Reference 

+10 V Input Range 

+5 V Supplies 


APPLICATIONS 

Sonar 

Motor Controllers 
Adaptive Filters 

Digital Signal Processing 


GENERAL DESCRIPTION 

The AD7874 is a four-channel simultaneous sampling, 12-bit 
data acquisition system. The part contains a high speed 12-bit 
ADC, on-chip reference, on-chip clock and four track/hold 
amplifiers. This latter feature allows the four input channels to 
be sampled simultaneously, thus preserving the relative phase 
information of the four input channels, which is not possible if 
all four channels share a single track/hold amplifier. This makes 
the AD7874 ideal for applications such as phased-array sonar 
and ac motor controllers where the relative phase information is 
important. - 


The aperture delay of the four track/hold amplifiers is small and 
‘specified with minimum and maximum limits. This allows sev- 
eral AD7874s to sample multiple input channels simultaneously 


without incurring phase errors between signals connected to sev- — 


eral devices. A reference output/reference input facility also 
allows several AD7874s to be driven from the same reference 
source. 


In addition to the traditional dc accuracy specifications such as 
linearity, full-scale and offset errors, the AD7874 is also fully - 
specified for dynamic performance parameters including distor- 
tion and signal-to-noise ratio. 


The AD7874 is fabricated in Analog Devices’ Linear Compatible | 


CMOS (LC?MOS) process, a mixed technology process that 
combines precision bipolar circuits with low-power CMOS logic. 
The part is available in a 28-pin, 0.6” wide, plastic or hermetic 
dual-in-line package (DIP), in a 28-terminal leadless ceramic 
chip carrier (LCCC) and in a 28-pin SOIC. | 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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FUNCTIONAL BLOCK DIAGRAM 


INT CS RD CONVST bo Yoo 


cee sey 
INTERNAL 
CONTROL LOGIC CLOCK OO) 


CLK 


> 


DATA 
REGISTERS © 


REFERENCE 
BUFFER 


AD7874 


AGND DGND Ve, 


. PRODUCT HIGHLIGHTS or 
_ 1. Simultaneous Sampling of Four Input Channels: 


Four input channels, each with its own track/hold amplifier, 
allow simultaneous sampling of input signals. Track/hold 
acquisition time is 2 ws, and. the conversion time per channel 
is 8 ys, allowing 29 kHz sample rate for all four channels. 


2. Tight Aperture Delay Matching. 
The aperture delay for each channel is small and the aperture 
delay matching between the four channels is less than 4 ns. 
Additionally, the aperture delay specification has upper and 
lower limits allowing multiple AD7874s to sample more than 
four channels. 


3. Fast Microprocessor Interface. be 
The high speed digital interface of the AD7874 allows direct 
connection to all modern 16-bit microprocessors and digital 
signal processors. 
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AD7874— _SPECIF ICATIONS 


Parameter 


SAMPLE-AND-HOLD_ 

- Acquisition Time? to 0.01% 
Droop Rate”? 
-~3 dB Small Signal Bandwidth? 
Aperture Delay” 


Aperture Jitter?» > | 
Aperture Delay Matching” 
SAMPLE-AND-HOLD AND. ADC © 

DYNAMIC PERFORMANCE 
Signal-to-Noise Ratio a 
Total Harmonic Distortion - 
Peak Harmonic or Spurious Noise 
Intermodulation Distortion 

2nd Order Terms | 

3rd Order Terms : 
Channel-to-Channel. Isolation” 


DC ACCURACY 
Resolution 
Relative Accuracy 
Differential Nonlinearity 
Positive Full-Scale Error‘. 
Negative Full-Scale Error* 
Full-Scale Error Match 
Bipolar Zero Error 
Bipolar Zero Error Match 

ANALOG INPUTS — 
Input Voltage Range 
Input Current 


REFERENCE OUTPUT 
REF OUT | 
REF OUT Error @ +25°C | 
Tmin tO Tmax 
REF 0 OUT Temperature Coefficient 
Reference Load Change » 


REFERENCE INPUT 
Input Voltage Range 


Input Capacitance* 


LOGIC INPUTS 
Input High Voltage, Viny 
Input Low Voltage, Vint 
Input Current, In, a 
Input Capacitance, C,,? » 
LOGIC OUTPUTS ae 
Output High Voltage, Voy; 
Output Low Voltage, Vo; 
DBO-DB11 
Floating-State Leakage Current 
Floating-State Output Capacitance 
Output Coding 


POWER REQUIREMENTS 


SS 
Power Dissipation 


NOTES 


2.85/3.15 


+] 


| 2.85/3.15 | 2.85/3.15 
Input Current jal. lr « 


(Vop = +5, Vss = —5V, AGND = DGND = OV, REF IN = +3V, fox = = 225 Miz 
external. All —_ Twin tO Va unless otherwise noted.) . | : 


Vin = 500 mV p-p | 


fin = 10 kHz Sine Wave, fsampte = 29 kHz 
c= 10 kHz Sine Wave, fsampiz = 29 kHz 
fry = 10 kHz Sine Wave, fgampiE = 29 kHz © 
fa = 9 kHz, fb = 9.5 kHz, fsampir = 29 kHz 


No Missing Codes Guaranteed 
Any Channel 

Any Channel 

Between Channels 

Any Channel 

Between Channels 


Reference Load Current Change (0-500 yA) 
Reference Load Should Not Be Changed Daring Conversion 


3V + 5% 


Vop = 5V +5% 
Vin =0Vto Vpp 


Vpp = 5 V £5%; source = 40 pA 
Vpp =5V +5%; Igmyx = 16mA 


Vin = 0 V to Vpp 


+5% for Specified Performance 

+5% for Specified Performance 

CS = RD = CONVST = +5 V; Typically 12 mA 
CS = ‘RD = CONVST = +5 V; Typically 8 mA 
CS = RD = CONVST = +5 V; Typically 100 mW 


1Temperature ranges are as follows: A, B Versions: —40°C to +85°C; S Version: —S55°C t to +125°C. 


2See Terminology. 
3Sample tested @ +25°C to ensure compliance. 


4Measured with respect to the REF IN voltage and includes bipolar offset error. 
>For capacitive loads greater than 50 pF a series resistor is required. 


Specifications subject to change without notice. 
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AD7874 


(Vop = +5 V + 5%, Veg = —5 V + 5%, AGND = DGND = OV, fix = 2.5 MHz external 


1 
TIMING CHARACTERISTICS unless otherwise stated.) 


ty CONVST Pulse Width 

ty CS to RD Setup Time 

ts RD Pulse Width 

ty CS to RD Hold Time 

ts ~ RD to INT Delay 

i Data Access Time after RD 

Bus Relinquish Time after RD 

te Delay Time between Reads 

tconv CONVST to INT, External Clock 
CONVST to INT, External Clock 
CONVST to INT, Internal Clock 
CONVST to INT, Internal Clock 

tcLK Minimum Input Clock Period 

NOTES 


1Timing Specifications in bold print are 100% production tested. All other times are sample tested at +25°C to ensure compliance. All input signals 
are specified with tr = tf = 5 ns (10% to 90% of +5 V) and timed from a voltage level of 1.6 V. 
“tg is measured with the load circuit of Figure 1 and defined as the time required for an output to cross 0.8 V or 2.4:V. 
3t, is derived from the measured time taken by the data outputs to change 0.5 V when loaded with the circuit of Figure 2. The measured number is then extrap- 
, Olated back to remove the effects of charging or discharging the 50 pF capacitor. This means that the time, t,, quoted in the timing characteristics is the true 
bus relinquish time of the part and as such is independent of external bus loading capacitances. 


Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS* 

(T, = +25°C unless otherwise noted) . 

Vpp to AGND ....... ae ee a a ae -0.3Vto +7 V 


Vpp toDGND ........... ee ee —-0.3 Vto+7V 
TO OUTPUT #2.1V VG 1OHAGND 2.5 otiitha Sadana Dae +0.3Vto-7V 
PIN | AGND to DGND .............. —0.3 V to Vppt0.3 V 
50pF]_ Vig tO AGND 5 oss es SB ides ae ... IS Vto +15 V 
al REF OUT to AGND ............ 00000 0- 0 V to Vpp 
Digital Inputs to DGND ......... —0.3 V to Vpp +0.3 V 
—— Digital Outputs to DGND ........ —0.3 V to Vpp +0.3 V 
Figure 1. Load Circuit for Access Time Operating Temperature Range 
| Commercial (A, B Versions)........... —40°C to +85°C 
Extended (S Version) .............. —5§5°C to +125°C 
Storage Temperature Range ........... —65°C to + 150°C 
Lead Temperature (Soldering, 10 secs) ........... +300°C 
Power Dissipation (Any Package) to +75°C ...... 1,000 mW 
TO oe +2.1V Derates above +75°C by .............0000- 10 mW/°C 
*Stresses above those listed under “Absolute Maximum Ratings” may cause 
50pF|_ permanent damage to the device. This is a stress rating only and functional 


operation of the device at these or any other conditions above those listed in the 
operational sections of this specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


Figure 2. Load Circuit for Bus Relinquish Time 


CAUTION 


ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; WAR NI NG! 
however, permanent damage may occur on unconnected devices subject to high energy electro- 


static fields. Unused devices must be stored in conductive foam or shunts. The protective foam Sept 4 


should be discharged to the destination socket before devices are inserted. : ESD SENSITIVE DEVICE 
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AD7874 


AD7874AN- 
AD7874BN 
AD7874AR 
- AD7874BR 
AD7874AQ 
AD7874BQ_ 
AD7874SQ? 
AD7874SE? 


NOTES 


Temperature 
Range 
—40°C to +85°C 
—40°C to +85°C 
~40°C to +85°C 
—40°C to +85°C | 
—40°C to +85°C 

—40°C to +85°C 

—55°C to +125°C 
—55°C to +125°C 


ORDERING GUIDE 


Relative — 
Accuracy 
(LSB) 


Package __ 
Option? — 


To order MIL-STD- 883, Class B processed parts, add /883B to part number. 
~~ Contact our local sales office for military data sheet and availability. 
?E = Leaded Ceramic Chip Carrier; N = Plastic DIP; Q = Cerdip; R = SOIC. 
For outline information see Package Information section. 


: 3Available to /883B processing only. 


PIN CONFIGURATIONS : 


DIP and SOIC 
Vins Lt} @ 128] Ving 
Vin2 [2 Ving 
— Vpp [3] ta [26] Vgg 
INT [4 | -[25] REF OUT ~ 


 GCONVST 24] REF IN 


RD [6 23] AGND | 
cs AD7874 DBO (LSB) 
/ TOP VIEW f 
“CLK [8] (ot to Seale) [21] 081 
Von | 9 | 20} DB2 
DB11 (MSB) [10 191 DB3 
DB10 |11] 18] DB4 
DB9 |12| 7; DBS 
DBS |13| 16] DB6 


CONVST 5 
RD 6 5 REF IN 
cs 7 AD7874 AGND 
CLK 8 TOP VIEW DBO(LSB) 
Veer Sao” ee DB1 
‘DB11 (MSB) 10 . DB2 
DBS - 


— DB10 11 


12°13 14 15 16 17 18 
Se2@65e #8 Bb 
gg a [+s] 

eagacas 
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REF OUT 


TRACK/HOLDS GO 
INTOHOLD 


. t, ‘ ‘ one pymees 
CONVST t ‘ 
tconv ‘ACQUISITION 
— { : i f 
INT 
t, 


Ne $—— 


t 


—_—_—_—_—_—__5_ 
DATA HIGH-IMPEDANCE EX C3 & oo ) ac a _— Z 
| 


TIMES to, ts, t , tg, ty AND ts ARE THE SAME FOR ALL FOUR READ OPERATIONS. 


Figure 7. AD7874 Timing Diagram 


REV. C 


ANALOG 
DEVICES 


LC’MOS Complete 12-Bit 


100 kHz Sampling ADC with DSP Interface 


AD7878 


FEATURES 

Complete ADC with DSP Interface, Comprising: 
Track/Hold Amplifier with 2 ps Acquisition Time 
7 ps A/D Converter 
3 V Zener Reference 
8-Word FIFO and Interface Logic 

72 dB SNR at 10 kHz Input Frequency 

Interfaces to High Speed DSP Processors, e.g., 
ADSP-2100, TMS32010, TMS32020 

41 ns max Data Access Time 

Low Power, 60 mW typ 


APPLICATIONS 

Digital Signal Processing 

Speech Recognition and Synthesis 
Spectrum Analysis 

High Speed Modems 

DSP Servo Control 


GENERAL DESCRIPTION 

The AD7878 is a fast, complete 12-bit A/D converter with a 
versatile DSP interface consisting of an 8-word, first-in, first-out 
(FIFO) memory and associated control logic. 


The FIFO memory allows up to eight samples to be digitized 
before the microprocessor is required to service the A/D con- 
verter. The eight words can then be read out of the FIFO at 
maximum microprocessor speed. A fast data access time of 41 ns 
allows direct interfacing to DSP processors and high speed 
16-bit microprocessors. 


An on-chip status/control register allows the user to program the 
effective length of the FIFO and contains the FIFO out of 
range, FIFO empty and FIFO word count information. 


The analog input of the AD7878 has a bipolar range of +3 V. 
The AD7878 can convert full power signals up to 50 kHz and is 
fully specified for dynamic parameters such as signal-to-noise 
ratio and harmonic distortion. 


The AD7878 is fabricated in Linear Compatible CMOS 
(LC?MOS), an advanced, mixed technology process that com- 
bines precision bipolar circuits with low power CMOS logic. 
The part is available in four package styles, 28-pin plastic and 
hermetic dual-in-line package (DIP), leadless ceramic chip car- 
rier (LCCC) or plastic leaded chip carrier (PLCC). 


PRODUCT HIGHLIGHTS | 

1. Complete A/D Function with DSP Interface 
The AD7878 provides the complete function for digitizing ac 
signals to 12-bit accuracy. The part features an on-chip track/ 
hold, on-chip reference and 12-bit A/D converter. The addi- 
tional feature of an 8-word FIFO reduces the high software 
overheads associated with servicing interrupts in DSP 
processors. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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FUNCTIONAL BLOCK DIAGRAM 


AGND REFOUT Vin Vec Voo 


ad a 
CONTROL + COUNTER 
OG 


AD7878 


2. Dynamic Specifications for DSP Users 
The AD7878 is fully specified and tested for ac parameters, 
including signal-to-noise ratio, harmonic distortion. and inter- 
modulation distortion. Key digital timing parameters are also 
tested and specified over the full operating emperaiure 7 
range. 


3. Fast Microprocessor Interface 


Data access time of 41 ns is the fastest ever achieved in a 
monolithic A/D converter and makes the AD7878 compatible 
with all modern 16-bit microprocessors and digital signal 


peor ORDERING GUIDE 


Temperature Signal-to- Data Access | Package 
Range _ | Noise Ratio | Time Options® 


0°C to +70°C 
-25°C to +85°C 


AD7878JN 


AD7878AQ Q-28 


AD7878SQ_ | —55°C to +125°C Q-28 

~ AD7878KN | 0°C to +70°C N-28 | 
AD7878BQ | —25°C to +85°C Q-28 
AD7878LN | 0°C to +70°C N-28 
AD7878SE?* | —55°C to +125°C E-28A 
AD7878JP | 0°C to +70°C P-28A 
AD7878KP | 0°C to +70°C P-28A 


AD7878LP | 0°C to +70°C. 


NOTES 

1To order MIL-STD-883, Class B processed parts, add /883B to part num- ~ 
ber. Contact our local sales office for military data sheet. 

?Analog Devices reserves the right to ship either ceramic (D-28) packages or 
cerdip (Q-28) hermetic packages. 

For outline information see Package Information section. 

“Available to /383B processing oy 
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AD7878— SPECIFICATIONS 


| UA 


| Versions! 


Parameter 2 
DYNAMIC PERFORMANCE? 


Signal-to-Noise Ratio (SNR)? @ 25°C 


TS to De 


Total Harmonic Distortion (THD) | 


Peak Harmonic or Spurious Noise 


Intermodulation Distortion (IMD) 
Second Order Terms 
Third Order Terms 
Track/Hold Acquisition Time 


DC ACCURACY 
Resolution tae 
Minimum Resolution: far hich: 
No Missing Codes are Guaranteed 
Relative Accuracy 
Differential Nonlinearity 
Bipolar Zero Error 
Positive Full Scale Error* 
Negative Full Scale Error* 


ANALOG INPUT 
Input Voltage Range - 
Input Current 


REFERENCE OUTPUT® 
REF OUT 
REF OUT Error @ ae, 
Dini to Tae 
Reference Load Seschiviee 
(AREF OUT/AI) 


LOGIC INPUTS 
Input High Voltage, Vingz 
Input‘Low Voltage, Ving 
Input Current, Ip, 
_ Input Capacitance, C,,,° 
LOGIC OUTPUTS . 
Output High Voltage, Vor 
Output Low Voltage, Voz 
DB11—DB0 
Floating State Leakage Current 


Floating State Output Capacitance® 


CONVERSION TIME 


POWER REQUIREMENTS 
Vpp 


Igg 2 
Power Dissipation 


NOTES 


7/7125 


7/9.250 


_K,L, B - 
|. Versions 


W725 


719.250 


- Version 


7/7125 
7/9.250 


(op = +5V + 5%, Vop = +5V + 
OV, fox = 8 MHz. All Specifications Train tO: Tnav unless otherwise noted.) 


Bits 


Bits 

LSB typ 
LSB typ 
LSB max 
LSB max 
LSB max 


WS min/s max 
WS min/s max 


Vin = 10 kHz, fancin = 


5%, Vs = —5V + 5%, AGND = DGND = 


Test Conditions/Comments wa 


Vin = 10 kHz Sine Wave , es = 100 kHz. 
Typically 71.5 dB for 0<V,,<50 kHz 

Vin = 10 kHz Sine Wave, feaupre = 100 kHz 
Typically —86 dB for 0<V;¥<50 kHz 
100: kHz 

Typically ~86 dB for 0<V,,<50 kHz 


fa=9 kHz, fb = 9.5 kHz, fsaMPLE = 50 kHz 
fa=9 kHz, fb = 9.5 kHz, fsaMPLE = = 50. kHz 
See Throughput Rate Section. i 


Reference Load Current Change aan ae : 
Reference Load Should Not es Changed - 
During Conversion. 


+5 V+ 5% 
Vin = 0 to Voc 


me 
© 
f 


Tsource = 40 pA 


lon = 1.6 mA 


A max 
pF max 


Assuming No External Read/Write Operations | 


Assuming 17 External Read/Write Operations 


See Internal Comparator Timing Section | 


+5% for Specified Performance 
+5% for Specified Performance 
+5% for Specified Performance 
CS = DMWR = DMRD = 5 V 
CS = DMWR = DMRD =5 V 
CS = DMWR = DMRD = 5 V 
Typically 60 mW 


‘Temperature range as follows: ‘I K, L versions: 0 to +70°C; A, B versions: ~25°C to 485°C; S version: ~—55°C to +125°C. 
"Vin = +3 V. See Dynamic Specifications section. 


3SNR calculation includes distortion and noise components. 


‘Measured with respect to the Internal Reference. 
*For Capacitive Loads greater than 50 pF a series resistor is required (see a Reference section). 


°Sample tested @ +25°C to ensure compliance. 
Specifications subject to change without notice. 
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REV.A 


AD7878 
TIMING CHARACTERISTICS! (v,, = 5 v = 59, Veg = 5 V + 5%, Veg = —5V + 5%) 


Limit at Taino Tmax | Limit at Tins Tmax | Limit at Tin. Tmax 
Parameter | (L Grade) (J, K, A, B Grades) | (S Grade) Units Conditions/Comments 


ty 65 65 CLK IN to BUSY Low Propagation Delay 
tp 65 65 CLK IN to BUSY High Propagation Delay 
t3 2 CLK IN cycles 2 CLK IN cycles 2 CLK IN cycles CONVST Pulse Width 
ty 0 0 0 CS to DMRD/REGISTER ENABLE Setup Time 
ts 0 0 0 i CS to DMRD/REGISTER ENABLE Hold Time 
ts 45 60 60 i DMRD Pulse Width 

50 50 50 
ty 16 16 . 16 i ADDO to DMRD/REGISTER ENABLE Setup Time 
tg 0 0 0 ADDO to DMRD/REGISTER ENABLE Hold Time 
to 41 57 57 i Data Access Time after DMRD 
tio: 5 5 5 | Bus Relinquish Time 

| 45 45 45 

ti | 42 42 55 REGISTER ENABLE Pulse Width 

50 . 50 50 
ty. 20 20 30 Data Valid to REGISTER ENABLE Setup Time 
tis 10 10 10 i Data Hold Time after REGISTER ENABLE 
tic 41. 57 57 i Data Access Time after BUSY 


trESET 2 CLK IN cycles 2 CLK IN cycles 2 CLK IN cycles i RESET Pulse Width 


NOTES 

1Timing Specifications in bold print are 100% production tested. All other times are sample tested at +25°C to ensure compliance. All input signals are specified 
with tr = tf = 5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 

*t, and t,, are measured with the load circuits of Figure 1 and defined as the time required for an output to cross 0.8 V or 2.4 V. 

3t,9 is defined as the time required for the data lines to change 0.5 V when loaded with the circuits of Figure 2. 

Specifications subject to change without notice. 


5V ABSOLUTE MAXIMUM RATINGS* 


(T, = +25°C unless otherwise stated) 
56k Vopp to DGND re ee Peete —0.3 V to +7 V 
Vee tO: DGND-% 6. sesttea 4 bale teed -0.3Vto +7 V 
DBN DBN Voc 10 DGND vol on a ee kee aoe tS ~+0.3 Vto -7V 
Vpp to Vec i —0.3 V to +0.3 V 
56k SOpF S0pF AGND to DGND .............. —0.3 V to Vpp +0.3 V 
Vin to AGND ....... Wait 6a besa tmamantd -15 Vto +15 V 
DGND DGND REF OUT G:AGND” foe do odie eG see See ees 0 to Vpp 


Digital Inputs to DGND 
CLK IN, DMWR, DMRD, RESET, 


Bo AGN-2t0 Vor b.Aighe te Vor CS, CONVST, ADDO ......... ~0.3 V to Vop +0.3 V 
: a . Digital Outputs to DGND 
PBR ieee eu eile Wa sieePes nine ALFL, BUSY ............... -0.3 V to Vpp +0.3 V 
5V Data Pins 
DBIIHDBO a5 re oh oa eS hc —0.3 V to Vpp +0.3 V 
3k Operating Temperature Range 
Vs a De VGTSIONS® 3 ye eee ed ees 0 to +70°C 
DBN DBN Ay B Versions: b.6 643 6h he whee —25°C to +85°C 
S: Version’ cia) 2a wee eae ales aes —55°C to +125°C 
10pF Storage Temperature Range ........... —65°C to +150°C 
1. - Lead Temperature (Soldering, 10 secs) ......... . . +300°C 
DGND DGNOD Power Dissipation (Any Package) to +75°C ....... 1000 mW 
Derates above +-75°C. DY: 54 42a ere eed wea 10 mW/°C 
‘ ‘ *Str vi i 3s 
2: Vw fo HiginZ bs Vg ta Highz “St shove he ted under A Men any ct 
. ts ee operation of the device at these or any other conditions above those indicated 
Figure 2. Load Cir cuits for Output Float Delay in the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
—— reliability. 
CAUTION . 
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; WARNING! S| 
however, permanent damage may occur on unconnected devices subject to high energy electro- 


static fields. Unused devices must be stored in conductive foam or shunts. The protective foam TTT a 


should be discharged to the destination socket before devices are removed. ESD SENSITIVE DEVICE 
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AD7878 


PIN FUNCTION DESCRIPTION | 


Pin Pin 
Number Mnemonic Function . . 
1 ~ ADDO Address Input. “This control input determines whether the word laced on te: output data bus during a bead Gpeaton isa 
data word from. the FIFO RAM or the contents of the status/control register. A logic low accesses the data word from 
Location 0 of the FIFO: while a logic high selects the contents of the register (see Status/Control Register section). 
2 CS. Chip Select. Active: low logic input. The device is selected when this input is active. 
3 DMWR Data Memory Wiite. Active low logic input. DMWR is used in conjunction with CS low and ADDO high to write data to 
the status/control register. Corresponds to DMWR (ADSP-2100), R/W (MC68000, TMS32020), WE (TMS32010). 
4 00 DMRD Data Memory READ. Active low logic input. DMRD is used in conjunction with CS low to enable the three-state output 
, buffers. Corresponds directly to DMRD (ADSP-2100), DEN (TMS32010). 
5 BUSY Active low logic output. This output goes low when the ADC receives a CONVST pulse and remains low until the 
track/hold has gone into its hold mode. The three-state drivers of the AD7878 can be disabled while the BUSY signal is low 
(see Extended READ/WRITE section). This is achieved by writing a logic 0 to DB5 (DISO) of the status/control register. 
Writing a logic 1 to DB5 of the status/control register allows data to be accessed from the AD7878 while BUSY is low. 
6 -ALFL | |. FIFO Almost Full. A logic low indicates that the word count (i.e., number of conversion results) in the FIFO memory has 
eed reached the programmed word count in the status/control register. ALFL is updated at the end of each conversion. The 
ALFL output is reset to a logic high when a word is read from the FIFO memory and the word count is less than the 
preprogrammed ‘word count. It can also be set high by writing a logic 1 to DB7 (ENAF) of the status/control register. 
7 DGND Digital Ground. Ground reference for digital circuitry. | 
8 Vee Digital supply voltage, +5 Vv +5%, Positive supply voltage for digital circuitry. | 
9 DBI _ Data Bit 11 (MSB). Three-state. TTL output, Coding. for the data words i in. FIF O RAM i is s 2s complement. 
10-15 DB10-DB5 Data Bit 10 to Data Bit 5. Threé-state TTL input/outputs. : 
16-19 DB4-DB1 Data Bit 4 to Data Bit 1. Three-state TTL outputs. 
20 DBO Data’Bit‘0 (LSB). Three-state TTL output. 
21 Vpp Analog positive supply voltage, +5 V +5%, 
22 AGND Analog Ground. Ground reference for track/hold, reference and DAC. 
23 REF OUT Voltage Reference Output. The internal 3 V analog reference is provided at this pin. The external load capability of the . 
be ad reference is 500 wA. : a 3 
24 Vin © Analog Input. Analog input range is +3 V. | 
25 eVee 4 _ Analog negative supply voltage, ~5 V +5%.. 
26° “CONVST Convert Start. Logic input. input. A low to high transition on this input pits the track/hold into its hold mode mia starts 
conversion. The CONVST input is asynchronous to CLK IN and is independent of CS, DMWR and DMRD. 
27 RESET Reset. Active low logic input. A logic low sets the words in FIFO memory to 1000 0000 0000 and resets the ALFL output 
and status/control register. 
28 CLK IN Clock Input. TTL- -compatible logic input. Used as the clock source for the A/D converter. The mark-space ratio of this 
clock can vary from 35/65 to 65/35. 
PIN CONFIGURATIONS 
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ANALOG 
DEVICES 


LCMOS Single +5 V Supply, 


Low Power, 12-Bit Sampling ADC 


~AD7880 


FEATURES 
12-Bit Monolithic A/D Converter 
66 kHz Throughput Rate 
12 ws Conversion Time 
3 ws On-Chip Track/Hold Amplifier 
Low Power 
Power Save Mode: 2 mW typ 
Normal Operation: 25 mW typ 
70 dB SNR 
Fast Data Access Time: 57 ns 
Small 24-Lead SOIC and 0.3” DIP Packages 


APPLICATIONS 

Battery Powered Portable Systems 
Digital Signal Processing 

Speech Recognition and Synthesis 
High Speed Modems 

Control and Instrumentation 


GENERAL DESCRIPTION 

The AD7880 is a high speed, low power, 12-bit A/D converter 
which operates from a single +5 V supply. It consists of a 3 ys 
track/hold amplifier, a 12 rs successive-approximation ADC, 
versatile interface logic and a multiple-input-range circuit. The 
part also includes a power save feature. 


An internal resistor network allows the part to accept both uni- 
polar and bipolar input signals while operating from a single 
+5 V supply. Fast bus access times and standard control inputs 
ensure easy interfacing to modern microprocessors and digital 
signal processors. 


The AD7880 features a total throughput time of 15 js and can 
convert full power signals up to 33 kHz with a sampling fre- 
quency of 66 kHz. 


In addition to the traditional dc accuracy specifications such as 
linearity, full-scale and offset errors, the AD7880 is also fully 
specified for dynamic performance parameters including har- 
monic distortion and signal-to-noise ratio. 


The AD7880 is fabricated in Analog Devices’ Linear Compatible 


CMOS (LC?MOS) process, a mixed technology process that 
combines precision bipolar circuits with low power CMOS logic. 
The part is available in a 24-pin, 0.3 inch-wide, plastic or her- 
metic dual-in-line package ala as well as a small 24-lead SOIC 
package. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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FUNCTIONAL BLOCK DIAGRAM 


SAMPLING 


Vira Q — LOW aa © MODE 
caw 
CIRCUIT 


Vine manne 
z at es 
2-BiT 
AGND O) 12-BiT DAC 
cs 
| ions 


CLKIN aa COUNTER 
CONVST O—] CORTROL 
edd GIc 
ADO 
SUSY ee 
Bus PLT ese 


| LT trees 


) 
DB11 DBO DGND 


PRODUCT HIGHLIGHTS 
1. Fast Conversion Time. 


12 ws conversion time and 3 ps acquisition time allow ee | 
large input signal bandwidth. This performance is ideally 
suited for applications in areas such as telecommunications, 
audio, sonar and radar signal processing. 


. Low Power Consumption. 


2 mW power consumption in the aseecdenn mode makes 
the part ideally suited for portable, hand held, battery pow- 
ered applications. 


. Multiple Input Ranges. 


The part features three user-determined input ranges, 0 to 
+5 V,0to 10 V and +5 V. These unipolar and bipolar 
ranges are achieved with a 5 V only power supply. 
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(Vp = +5V + 


AD7880 — ‘SPECIFICATIONS 
Ses | 


otherwise ew) 


-C Versions! 


Parameter 


DYNAMIC SERFORMANCE 
Signal-to-Noise Ratio? (SNR) . 


Total Harmonic Distortion (THD) 
Peak Harmonic or Spurious Noise — 
Intermodulation Distortion IMD) | 


Second Order Terms 
Third Order Terms 


DC ACCURACY 
Resolution 


Integral Nonlinearity 
Differential Nonlinearity 
Full-Scale Error: _ 
Bipolar Zero Error — 
Unipolar Offset Error 


ANALOG INPUT | 
Input Voltage Ranges Volts 
0to2 Vere | Volts 
_ + Veer Volts 
Input Resistance . 10 MO min 
5/12 kQ min/max 
kQ. min/max 
REFERENCE INPUT 
Vrrr (For Specified Performance) 
Iaer 
Nominal Reference Range 
LOGIC INPUTS 


CONVST, RD, CS, CLKIN 
Input High Voltage, Vin 
Input Low Voltage, Vint 
Input Current, Ip, 

Input Capacitance, C,,,;* 

MODE INPUT | 
Input High Voltage, Vin 
Input Low Voltage, Vixz 
Input Current, [py 
Input Capacitance, C,,,* 


LOGIC OUTPUTS 
, DB11-DBO, BUSY 
Output High Voltage, Voy 
Output Low Voltage, Vo; 
DB11-DB0 
Floating-State Leakage Current 
Floating-State Output Capacitance* 


CONVERSION 
Conversion Time ; 
Track/Hold Acquisition Time 
POWER REQUIREMENTS 
Vpp 
Ipp 
Normal Power Mode @ +25°C 
ere to Phas | 
_ Power Save Mode @ +25°C 
Tenia to gare 
Power Dissipation 
Normal Power Mode @ +25°C 
fre to Aas 
Power Save Mode @ +25°C 
aie to Tas 
NOTES 
1Temperature Ranges a1 are as follows: B/C versions, —40°C to. +85°C. 
Vn = 0 to Vane: 
3SNR calculation includes distortion and noise components. 
‘Sample tested @25°C to ensure compliance. 


Specifications subject to change without notice. 
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3%, Veer = = Vpp, AGND = DGND = 0 V, fou = = 2.5 MHz, — 
MODE = V,, unless otherwise noted. All Specifications Tnin- to Trax unless 


| Test Conditions/Comments 


Typically SNR Is 72 dB 
Vin = 1 kHz Sine Wave, fsaMPLE = 66 kHz 
Vin = 1 kHz Sine Wave, fsampie = 66 kHz 


. Vin =] kHz, fsaMPLE = 66 kHz 


fa = 0.983 kHz, fb = 1.05 kHz, fsaMPLE = 66 kHz 
fa = 0.983 kHz, fb = 1.05 KHZ, fsampce = 66 kHz 


All DC ACCURACY. Specifications Apply for 
the Three Analog Input Renee 


Guaranteed Monotonic 


See Figure 5 
See Figure 6 
See Figure 7 
0 to Vrgr Range 


8 kQ typical: 0 to 2Vprr Range 


8 kCQ typical: +Vprp Range 


+5%: Normally Veer = 


Vpp (See Reference Input Section) 


See Figure 3 for Degradation in Performance Down to 2.5 V 


Vin = 0 V or Vpp 


Vin = 0Vor Vien 


Isource = 400 pA 
Ion_k = 


fcLKIN = 2.5 MHz 


+5% for Specified Performance — | 


Typically 4 mA; MODE = Vpp 
Typically 5 mA; MODE = Vpp 
Logic Inputs @ 0 V or Vpp; MODE = 0 V 
Logic Inputs @ 0 V or Vpp; MODE = 0 V 


Vpp = 5 V: Typically 20 mW; MODE = Vpp 
Vpp = 5 V: Typically 25 mW; MODE = Vpp 
Vpp = 5 V: Typically 2 mW; MODE = 0 V 

Vpp = 5 V: Typically 2.5 mW; MODE = 0 V 
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AD7880 
TIMING CHARACTERISTICS! «v,, = +5 v + 5%, Voce = Vop. AGND = DGND = OV) 


Limit at 25°C | Limit at T,3.5 Tmax 
(All Versions) | (All Versions) Units 


Conditions/Comments 
CONVST Pulse Width 


to CONVST to BUSY Falling Edge 
t; BUSY to CS Setup Time 

ty CS to RD Setup Time 

ts CS to RD Hold Time 

te RD Pulse Width 

t* Data Access Time after RD 


Bus Relinquish Time after RD 


NOTES 

Timing specifications in bold print are 100% production tested. All other times are sample tested at 25°C to ensure compliance. All input signals are specified 
with tr = tf = 5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 

*t, is measured with the load circuit of Figure 2 and defined as the time required for an output to cross 0.8 V or 2.4 V. 

3t, is derived from the measured time taken by the data outputs to change by 0.5 V when loaded with the circuit of Figure 2. The measured number is then 
extrapolated back to remove the effects of charging the 50 pF capacitor. This means that the time, t,, quoted in the timing characteristics is the true bus relin- 
quish time of the part and as such is independent of external bus loading capacitances. 


Table |. AD7880 Truth Table 


CONVST <a—— TRACK/HOLD 
GOES INTO HOLD 


t2 
t convert 
BUSY 
ty 


Not Selected 
Start Conversion 4 
Enable ADC Data 
Data Bus Three Stated 


ABSOLUTE MAXIMUM RATINGS* 


Vop tO AGND: 644.4 i406 06504 0% asad —-0.3Vto +7 V 
Vip 10 DGND: 2 étaient isewee pasa els —-0.3 Vto+7V 
AGND to DGND .............. —0.3 V to Vpp +0.3 V 
| THREE- Vina’ Ving to AGND (Fig 5) ...... —0.3 V to Vpp +0.3 V 
ad i —_— | Vina to AGND (Fig 6) ......... —0.6 V to 2 Vpp +0.6 V 
eo ~ Vina to AGND(Fig 7) ....... —Vpp—0.3 V to Vpp+0.3 V 
Figure 1. Timing Diagram Veep tO AGND oi a5 2 caw oe dee ae a 0.3 V to Von 
Digital Inputs to DGND ......... —0.3 V to Vpp +0.3 V 
Digital Outputs to DGND ........ —0.3 V to Vpp +0.3 V 
Operating Temperature Range 
Industrial (B, C Versions) ............ —40°C to +85°C 
Storage Temperature Range .......... —65°C to + 150°C 
TO saad +2.1V Lead Temperature (Soldering, 10 secs) ........... +300°C 
Power Dissipation (Any Package) to +75°C ....... 450 mW 
Derates above +75°C by .......... 0c eee eee 10 mW/°C 


*Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
Figure 2. Load Circuit for Access and Relinquish Time operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 

maximum rating conditions for extended periods may affect device reliability. 


CAUTION 


ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; WARNING! | 

however, permanent damage may occur on unconnected devices subject to high energy electro- | | 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam Sern 

should be discharged to the destination socket before devices are removed. ESD SENSITIVE DEVICE 
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AD7880 


Model 


AD7880BN 
AD7880BQ 
AD7880CN 
AD7880CQ 
AD7880BR 
AD7880CR 


*N = Plastic DIP; Q = Cerdip; R = SOIC (Small Outline Integrated 
Circuit). For outline information see Package Information section. 
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gas ° 


. 22 


ORDERING GUIDE 


Range 


Pin 


Mnemonic 


Vina 


Vins 


~ AGND 


VREF 


CONVST 


RD 


~ BUSY. 
CLKIN 


DGND > 
DBO-DB11 


MODE 


Vpp 


Temperature 


—40°C to +85°C 
—40°C to +85°C 
—40°C to +85°C} + 
—40°C to +85°C 
—40°C to +85°C | + 
—40°C to +85°C 


_ PIN CONFIGURATION _ 


AD7&80 
TOP VIEW 


(Not to Scale) 


PIN FUNCTION DESCRIPTION 


Function 
_ Analog Input. 
Analog Input. 


Analog Ground. 


: Voltage Reference Input. This i is normally tied to Von 


Chip Select. ‘Active Low Logic input. The device i iS selected when this input is active. 


Convert Start. A low to high transition on this input puts. the track/hold into hold mode and: starts 
conversion. This input is asynchronous to the CLKIN and is independent of CS and RD. 


Read. Active Low Logic Input. This input is used in: conjunction with CS low to enable data outputs. 


Active Low Logic Output. This status line indicates converter status. BUSY is low ‘during conversion. 


Clock Input. TTL-compatible logic input. Used as the clock source for the A/D converter. The mark/ 


_ space ratio of the clock’ can: vary from 40/60 to 60/40. 


Digital Ground. ie 
Three-State Data Outputs. These Become active when CS and RD are bctiehe low. 


MODE Input. This input is used to put the device into the power save mode (MODE = oe V). During 
normal operation, the MODE input will be a logic high (MODE = V,p). . 


~ Power Supply. This i is. nominally +5 V. 


REV.:0 


ANALOG | - _ LC’M0s 
DEVICES 16-Bit, 2.5 us, Sampling ADC 


«AD T882 


FEATURES | FUNCTIONAL BLOCK DIAGRAM 


2.5 us Throughput Time 
16-Bit Sampling ADC 
Self-Calibration 
High Speed Parallel Interface 
92 dB Signal-to-Noise Ratio 
Low Power: 200 mW typ 

1 mW in Power-Down Mode 
Unipolar and Bipolar Input Signal Ranges O AGND 


On-Chip 2.5 V Reference SELF-CALIBRATING > 
16-BIT SWITCHED 


Creei Crer2 DVpp Aw 
O 


Operates from +5 V Supplies 


ADDO 

APPLICATIONS ae paratie. [-O CS 

Data Acquisition Systems 16-BIT INTERFACE }_¢) RD 

Digital Signal Processing COUFAL <— | WR 

Spectrum Analysis a 

DSP Servo Control DBO 

CONTROLLER : 

DB15 


SLEEP CAL BIP/UP CONVST BUSY  AVgg 


GENERAL DESCRIPTION 
The AD7882 is a fast, 16-bit self-calibrating A/D c t 
consists of a sample-and-hold amplifier, a self-calibrating 16-bit * 
ADC, a 2.5 V reference and versatile interface logic. An on- 
chip controller manages the self-calibrating algorithm that y) 
reduces linearity, offset and gain errors to +0.0015%. System 

offset and gain errors, caused by external conditioning circuitry, 

can also be included in the calibration procedure.. Throughput 

time is minimized at 2.5 us by the use of a dual sample-and-hold 


: HIGHLIGHTS 

ast 2.5 Ws Throughput Time 

8t 2.5 ps throughput time makes the AD7882 suitable for 
a wide range of data acquisition applications. | 


. Self-Calibration Achieves High Accuracy | 
A self-calibrating algorithm minimizes linearity, offset and 
gain errors. The calibration procedure can also include ex- 
ternal offset and gain errors. © | 


amplifier. The ADC also has a self-contained internal clock = -—«-3-- Dynamic Specifications for DSP Users 
which is laser trimmed to guarantee accurate control of conver- In addition to traditional de specifications, the AD7882 1S 
sion time; alternatively, an external clock may be used. specified for ac parameters including signal-to-noise ratio 


and harmonic distortion. These parameters along with im- 


Another feature of the AD7882 is a power-down mode that portant timing parameters are tested on every device. 


reduces power dissipation from its normal operating value of 
200 mW to 1 mW. 4. Fast, Versatile Microprocessor Interface 


Fast bus access times and standard control signals make the 


The AD7882 operates from +5 V supplies. Analog input ranges AD7882 easy to interface to microprocessors. 


can be unipolar, 0 to 2.5 V or bipolar, +2.5 V. The analog in- 


put bandwidth is 200 kHz. 5. Low Power _ ete 
= ee ; Low power monolithic solution allows ease of application. 
In addition to traditional dc accuracy specifications such as lin- ‘The AD7882 also has a power down facility. - 


earity, the AD7882 is also fully specified for dynamic perfor- 
mance parameters including harmonic distortion and 
signal-to-noise ratio (SNR). — 

The AD7882 is fabricated in Analog Devices’ Linear Compat- 
ible CMOS (LC?MOS), an advanced, mixed technology process 
that combines precision bipolar circuits with low power high- 


speed CMOS logic. The part is available in a 44-pin plastic 
quad flatpack (PQFP) and 40-pin cerdip. 


This is a preliminary data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


This information applies to a product under development. Its characteristics and specifications are subject.to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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: AD 1882—SPEC | Fl CATI 0 NSave=: 5 V+ 5%, DVpp = 5 V+ 5%, AVss = 5 V+ 5%, ae “ 


AGND = distal “0 V, ferxin = 10 Miz, Foaumas = = 400 kHz. All specifications Tyyy to Tuax unless otherwise noted.) 


— F A, s B,T | 
Peednice Test Conditions/Commients 


DYNAMIC PERFORMANCE? 
Signal to (Noise + Distortion Ratio) 


THD 
Peak Harmonic or Spurious Noise 


Intermodulation Distortion (IMD) 
2nd Order Terms 
3rd Order Terms 

Throughput Time 

Aperture Delay 

Aperture Jitter 

Noise 


DC ACCURACY? 

Resolution 

Minimum Resolution for Which No Missing 
Codes are Guaranteed 

Integral Nonlinearity 

Integral Nonlinearity 

Differential Nonlinearity 

Unipolar Offset Error 

Unipolar Gain Error 

Bipolar Zero Error 

Bipolar Positive Gain Error _ 

Bipolar Negative Gain Error 


POWER SUPPLY REJECTION 
AVpp Only 
AVss Only 


ANALOG I/P 
Input Current 
Input Capacitance’ 


REFERENCE OUTPUT 


Vrerout @ +25°C 
Vrerout Tempco 


REFERENCE INPUT 
Vrerin Range 
Verrin Current 


LOGIC INPUTS 
Input High Voltage, Vinu 
‘Input Low Voltage, Vin, 
Input Current 
Input Capacitance? 


SLEEP INPUT . 
Input High Voltage, Vin | 
Input Low Voltage, Vin. 

_ CLKIN INPUT 

Negative Trigger Level 


Volts min 
_ Volts max 


Arn = 10 kHz, Typical SNR = 92 dB 

Aw = 100 kHz, Typical SNR = 87 dB 

Aw = 10 kHz, Typical THD = -100 dB © 

Aw = 100 kHz, Typical THD = —90 dB | 

Aw = 10 kHz, Typical Peak Harmonic = —-100 dB 
Aw = 100 kHz, Typical Peak Harmonic = -92 dB 


fa = 98 kHz, fg = 100 kHz — 


_ Input Range = 0 V to +2.5V or +2.5 V- 


Volts Nominal +1% 
ppm/°C typ 


+2% 


Volts min 
Volts max 


wA max 


pF max 


This is the Trigger Level for Choosing Internal 
Clock Operation of the Device | 


Volts min 


This information applies to a product under development. Its characteristics and specifications are subject to change wie notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in nee: 
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REV. 0 


AD7882 


: : A,S B, T 7 oo 
Parameter a Versions! | Units Test Conditions/Comments 


LOGIC OUTPUTS 
Output High Voltage, Vox 
Output Low Voltage, Vo, 
‘DB15-DBO 
Floating-State Leakage Current 
Floating-State Output Capacitance? 


Isource = 200 HA 
Isnnk =1.6mA 


2.4 
0.4 


Volts min 
Volts max 


+10 yA max 


pF max - 


POWER REQUIREMENTS 
DVpp 
AVpp 
AVss 
Normal Mode 
DIpp 
Alpp 
Alss 
Power Dissipation 
Sleep Mode 
DIpp 
Alpp 
Alss 
Power Dissipation 


+5% 
+5% 
45% 


Typically 200 mW, CLKIN not Running 


ically 500 wW, Input Logic Levels of 0.2 V 
and Vpp — 0.2 V, CLKIN Not Running. 
Typically 1.5 mW with CLKIN Running 


NOTES 
'Temperature ranges are as follows: A, B Versions: —40°C to +85°C; S, T Vergi 
Specifications apply after calibration. 2 
Sample tested at +25°C to ensure compliance. 
Specifications subject to change without notice. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7882 
1 (Aon = 5V + 5%, Dvpp = 5 V+ 5%, AVss =—5 V+ 5%, Veerw = 2.5 V, AGND = DGND = OY, 


TIMING SP ECIF ICATIONS' Tou = = 10 MHz, Isameue = = 400 _ All ansenicava Twin to Tau unless otherwise noted. ) 


Limit @ Twn Tmax 


Limit @ +25°C Limit @ Tam; Tuan - 
Parameter | (All Versions) (A, B Versions) (S, T Versions) Units Conditions/Comments | 
ty ADDO to WR Setup Time 
ty ADDO to WR Hold Time | 
ts CS to WR Setup Time 
ty CS to WR Hold Time - 
ts WR Pulse Width 
t¢ Data Setup Time 
ty Data Hold Time 
~ tCONVERT Conversion Time: Synchronous Operation | 


Conversion Time: Internal Clock Operation 


tsAMPLE Time Between Samples: Synchronous Operation 
Time Between Samples: Internal Clock Operation 
tg | CONVST Pulse Width 
ty CONVST High to BUSY Low Delay © 
to CS to RD Setup Time 
thy CS to RD Hold Time 
tia 
t3” 
tia 
ts 
ti6 yto RD Hold Time ~ . 
ti7 Data Valid before Rising Edge of BUSY 
tig CLKIN Falling Edge to BUSY Low Delay 
tig : AL Setup Time 
too o CAL Hold Time 
toy CAL Pulse Width 
ts CAL High to BUSY Low Delay 
to3 CONVST High to BUSY Low Delay: System 
. CAL Mode . 
tcaL1 9276744 tcrkn | Device Calibration Time: Device CAL Mode _ 
tcaL2 | 6359324 tcremn DAC Calibration Time: System CAL Mode 
tcaL 3 1475104 tcrxm Offset Calibration Time: System CAL Mode 
tcaL4 1442324 tcrxm Gain Calibration Time: System CAL Mode 
' NOTES 


'Timing Specifications in bold print are 100% production tested. All other times are sample tested at +25°C to ensure compliance. All input signals are specified 
with tr = tf = 5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 

ts is measured with the load circuit of Figure 1 and defined as the time required for an output to cross 0.8 V or 2.4 V. 

>t14 is derived from the measured time taken by the data outputs to change 0.5 V when loaded with the circuit of Figure 1. The measured number is then extrapolated 
back to remove the effects of charging or discharging the 100 pF capacitor. This means that the time, t,,, quoted in the Timing Specifications is the true bus relin- 
quish time of the part.and as such is independent of external bus loading capacitances. 

Specifications subject to change without notice 
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ADDO 


+2.1V WR 


DATA 
DB15 — DBO VALID 


Figure 1. Load Circuit for Bus Access and Relinquish Time Figure 2. Write Timing Diagram 


ANALOG 
INPUT 
SAMPLED 


CONVST 


BUSY 


DB15 — DBO 


Figure 3. Read Timing Diagram, Asynchronous Operation (M/S = Low; CAL = High) 


ANALOG 
INPUT 
SAMPLED 


CONVST 


BUSY 


DB15 — DBO OLD DATA x< NEW DATA 


Figure 4. Read Timing Diagram, Asynchronous Operation (M/S, CS, RD, ADDO = Low; CAL = High) 
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ANALOG INPUT " | 


(ty) SAMPLED ANALOG INPUT 


(ty) SAMPLED 


CLIN: 


BUSY 


DB15- DBO | DATA (N-1) DATA (N- 1) DATA (N) DATA (N) 


Figure 5. Read Timing Diagram, Synchronous Operation (CS, RD = Low: M/S, CAL = High) 


START OF 
corer 
tio —P| tro 
cs 
CAL 
_ BUSY | 


Figure 6.. Device Calibration RD, WR = High) 


START OF DAC CALIBRATION 
tis to 
! cs 
SAL ed START OF OFFSET CALIBRATION START OF GAIN CALIBRATION 
CONVST 
too tear 2 tog tears . teat 4 
BUSY 


Figure 7. System Calibration Timing (M/S : High; RD, WR = High) 


DATA (N+ 1) 
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ABSOLUTE MAXIMUM RATINGS! ; PQFP Pinout 
(Ta = +25°C unless otherwise noted) 
AVpp toAGND ...........0 cece cee eeee -0.3 Vto+7V 
AVG IOAGND: tig ori Mei eeaoes +0.3 Vto-7V 
AGND to DGND > (606d ie a Saad BS ws -0.3 Vto +0.3 V 
AVpp to DVpp ...... cece e ccc cecceens —0.3 V to +0.3 V 
Analog Inputs to AGND ...... AVss — 0.3 V to AVpp + 0.3 V 
Reference Inputs to AGND ...AVss — 0.3 V to AVpp + 0.3 V ne 
Digital Inputs to DGND ........... —0.3 V to DVpp + 0.3 V AGND 1 
Digital Outputsto DGND ......... -0.3 V to DVpp + 0.3 V pps AD7882 
Operating Temperature Range Crert TOP VIEW 
Commercial Plastic (A, B Versions) ....... ~—40°C to +85°C Maal (NOT TO SCALE) 
Extended Hermetic (S, T Versions) ...... —55°C to +125°C Viscount 
Storage Temperature Range. ............. -65°C to +150°C AVop 1 
Junction Temperature ........... 0.0 e eee eee ees +150°C | AVop 
Lead Temperature (Soldering, 10 sec) ............ +300°C 
Cerdip Package, Power Dissipation .............. 1000 mW 
Oyj, Thermal Impedance ..............0 20 eee, 50°C/W 
Lead Temperature, Soldering 
Vapor Phase (00:se0) ocho. oe ce awe eens +215°C 
Infrared (15 sec) ........... Ltealinray ee vee +220°C 
PQFP Package, Power Dissipation .............. .875 mW Cerdip Pinout 


Oy, Thermal Impedance .................000. 
Lead Temperature, Soldering 
Wanor:PRase-(G0 SEG)! o.oo wie wien aoe ee 6 ee eee 
Infrared (15 S€C) 6.6 v40504 oe esta ies ae 


NOTES 


‘Stresses above those listed under “Absolute Maximum & 
permanent damage to the device. This is a stress ratirig. only 
operation of the device at these or any other conditions above th 
operational sections of this specification is not impli¢d. Exposur 
maximum rating conditions for extended periods may affect device reliability. 

Transient currents of up to 100 mA will not cause SCR latch-up. 


AD7882 
TOP VIEW 
(Not to Scale) 


CAUTION : 

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the AD7882 features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 


AD7882 


DB13 
DB12 
pB11 
DVpp 
DVop 
DGND 
DGND 
DB10 
DBS 
DB8 
DB7 


WARNING! 


A 


ESD SENSITIVE DEVICE 
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Pin Mnemonic 


Power Supply 
DVpp 

AVss 

AVpp 

DGND 
AGND 


PIN FUNCTION DESCRIPTION 


Function . 


Digital positive supply, +5 V + 5%. 
Analog negative supply, -5 V + 5%. 


Analog positive supply,.+5 V + 5%. 


Digital Ground. Ground reference for digital circuitry. 


zi) Analog Ground. Ground reference for analog circuitry. 


Analog and Reference Pins 


Awl, Ar2 


VREFIN 
VREFOUT 
CreFi 


Crer2 


Interface 


RD 
CS 


WR 
DB15-DB0 


Timing and Control : . | 
Clock input, ; an steal TTL-compatible clock may be applied to this input pin. Alternatively, tying this pin 


CLKIN 


BUSY 
CONVST 


BIP/UP 
SLEEP 
CAL 


M/S” 


Analog Inputs. Both aioe inputs must be tied together. The input ranges are; 0 V to 2.5 V an +2.5 v. 
Voltage Reference Input. The AD7882 is specified with a voltage reference of 2.5 V, which can be provided 


externally or by the on-chip voltage reference. __ 

Voltage Reference Output. The internal 2.5 V reference i is provided at this pin. It has an output impedance ; | 
which is nominally 20 kQ. ar | 
10 pF Reference Capacitor. This is a charge reservoir for the coarse internal reference buffer, and it damps 
voltage excursions at the buffer output. This must be a high quality, low series inductance capacitor. 

0.2 uF Reference Capacitor. This is a charge reservoir for the fine internal reference buffer, and it damps 
voltage excursions at the buffer output. This must be a high quality, inductance ROpacter 


peut, active row logic ee oanis input is useg in ‘conjunctia ‘ 38 low to 0k the three-state data outputs. 
*the output data id during a read 

gister. A logic low accesses a conversion 

if ADDO is high, the control register is the 


Three-state data outputs which are et %, ry C RI’ Data output coding is 2s complement binary. 


to AVss enables the internal clock oscillator. 

This output indicates converter status. BUSY is low during conversion and calibration. 

Conversion Start. A low to high transition on this logic input pin, when the AD7882 is configured for 
asynchronous operation, places the sample-and-hold amplifier in the hold mode and starts conversion. 
Bipolar/Unipolar select logic input. A logic high selects the bipolar input range (Any Range = +Vpgryn), and a 
logic low selects the unipolar range (Apy Range = 0 to Vrrrn). . 

Sleep function, active low logic input. Once asserted, the AD7882 enters the low power mode. All internal 
circuitry including the internal voltage reference is powered down. Calibration data is retained. | 

Active low logic input. A logic low on this input resets all internal logic and initiates a calibration. Initiating 

a calibration overrides all other. internal operations and if a conversion is in progress, it will be terminated. 


‘| ‘Mode/Sync Logic Input. This is a dual function pin. When the device is in the CAL mode (CAL input low), it 


determines the calibration mode. When the device is in the normal operating mode, it determines whether. 


conversion is synchronous or asynchronous. Synchronous operation means that the device continuously converts 
_ the input in synchronism with the clock. Asynchronous operation means that the device converts the analog i input 


in response to the application of a CONVST signal. See Table I for the CAL, M/S Truth Table. Note that 
the control register can be used to disable this input pin. See Control Register Section. 


Table I. AD7882 Operating Modes 


Function 


Asynchronous Operation 
Synchronous Operation 

Device Calibration 
System Calibration 
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Total Harmonic Distortion 
Total harmonic distortion (THD) 1s the ratio of the rms sum of 
harmonics to the fundamental. For the AD7882, it is defined as 


TERMINOLOGY 
Integral Nonlinearity 
This is the maximum deviation of any code from a straight line 


passing through the endpoints of the ADC transfer function. 
The endpoints of the transfer function are zero scale (not to be 
confused with bipolar zero), a point 0.5 LSB below the first 
code transition (000...000 to 000... 001) and full scale, a 
point 0.5 LSB above the last code transition (111... 110 to 
111...111). The error is expressed in LSBs. 


Differential Nonlinearity/No Missed Codes 

This is the difference between the measured and the ideal 

1 LSB change between any two adjacent codes in the ADC. 
Differential linearity error is expressed in LSBs. A differential 
linearity error of 0.9 LSB or less guarantees no missed codes 
to the full resolution of the device. Thus, the AD7882 has no 
missed codes guaranteed to 16 bits. 


Unipolar Offset Error 

When the device is operating in the 0 to +Vpgp range, the de- 
viation of the first code transition from the ideal (+0.5 LSB) is 
the unipolar offset error. It is expressed in LSBs. 


_ Unipolar Gain Error 
This is the deviation of the last code transition (01...110 to 


Vy +V3 4V i +V5 4+V,. 


V 


THD (dB) = 20 log 


where V, is the rms amplitude of the fundamental and V3, V3, 
V4, V; and V, are the rms amplitudes of the second through the 
sixth harmonics. 


Peak Harmonic or Spurious Noise 

Peak harmonic or spurious noise is defined as the ratio of the 
rms value of the next largest component in the ADC output 
spectrum (up to fs/2 and excluding dc) to the rms value of the 
fundamental. Normally, the value of this specification is deter- 
mined by the largest harmonic in the spectrum, but for parts 
where the harmonics are buried in the noise floor, it will be a 
noise peak. 


Intermodulation Distortion 

With inputs consisting of sine waves at two frequencies, fa and 
fo, any active device with nonlinearities will create distortion 
ifference frequencies of mfa + nfb where 
etc. Intermodulation terms are those for 


01...111) from the ideal (Vern — 1.5 LSB) after bipolar zero 


; n are equal to zero. For example, the sec- 
error has been adjusted out. 


de (fa + fb) and (fa — fb), while the third 
fa + fb), (2fa — fb), (fa + 2fb) and (fa — 


Bipolar Zero Error | 
This is the deviation of the midscale transition (a 
from the ideal (AGND). 


Positive Gain Error 
This is the deviation of the last code transitio 
01 ...111) from the ideal (Veg — 1.5 LSB) after bipolar zero 
error has been adjusted out. 


is tested using the CCIF standard where two input 
.the top end of the input bandwidth are used. 

e, the second and third order terms are of different 

i cance. The second order terms are usually distanced in 
quency from the original sine waves, while the third order 
terms are usually at a frequency close to the input frequencies. 
As a result, the second and third order terms are specified sepa- 
rately. The calculation of the intermodulation distortion is as 
per the THD specification where it is the ratio of the rms sum of 
the individual distortion products to the rms amplitude of the 
fundamental expressed in dBs. 


Negative Gain Error 
This is the deviation of the first code transition (10... 000 to 
10... .001) from the ideal (-Vpgr + 0.5 LSB) after bipolar 
zero error has been adjusted out. 


Signal to (Noise + Distortion) Ratio 

This is the measured ratio of signal to (noise + aise) at the 
output.of the A/D converter. The signal is the rms amplitude of 
the fundamental. Noise is the rms sum of all nonfundamental 
signals up to half the sampling frequency (fs/2), excluding dc. 
The ratio is dependent upon the number of quantization levels 
in the digitization process; the more levels, the smaller the quan- 
tization noise. The theoretical signal to (noise +distortion) ratio 
for an ideal N-bit converter with a sine wave input is given by: 


Signal to (Noise + Distortion) = (6.02N + 1.76) dB 
Thus for a 16-bit converter, this is 98 dB. | 


Power Supply Rejection Ratio 
This is the ratio, in dBs, of the change in positive gain error to 
the change in AVpp, DVpp or AVss. It is a dc measurement. 
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CIRCUIT DESCRIPTION 

Analog Input : : ; 

The analog input circuitry includes two SHAs i in a ping-pong 
configuration as in Figure 8. The SHAs alternatively acquire 
the analog input and hold the output constant for the ADC con- 
versions. During conversion, one of the SHAs is in the hold 
mode while the other is in the sample mode. The sample and 


SAMPLE 
AND 
HOLD 


SAMPLE. 
AND 
HOLD — 


Figure 8. Input SHA Configuration 


hold states are then switched after every conversion. The ben- 
efit of this configuration is to eliminate the need for acquisition 
time between conversions. The throughput time is now effec- 
tively equal to the conversion time which is 2.5 us. The analog 
input range can be either unipolar or bipolar depending on the 
status of the BIP/UP input. ‘The transfer function for the unipo- 
lar range is straight binary while the transfer function for the bi- 
polar input is 2s. complement. These are shown in Tigurcs 9 
-— 10. ie 
OUTPUT 
CODE 
1114.11 
1114:.110 | 
- 1114...101 
' 4491...100- 


“0000...011 
*  9000...010 
~ 0000...001 
0000...000 

7 1 #2 3 i A 
_ VIN, INPUT VOLTAGE (LSBs) _ | 
 * BS -1LSB 


Figure 9. Unipolar Transfer Function | 
OUTPUT _ | a 
CODE 

0114...111 
0111...110 
0000...011 
0000...010 
0000...001 
0000...000 
4444...411 


~1/2 LSB 


1/2LSB o4FS__ 
2 


1111...110 


_ Ss 
1000...010 eet ae 


1000...001 
1000...000 


VIN, INPUT VOLTAGE (LSBs) 


Figure 10. Bipolar Transfer Function 


Calibration ” 
The AD7882 conversion procedure is based on. dene successive: 
approximation algorithm. Accuracy of the individual compo- 
nents, such as the DAC and comparator, is critical to achieve. 
16-bit performance. The comparator uses an autozero tech- 
nique to null both internal.and external offsets.. Another advan- 
tage of this scheme is that it nulls 1/f noise. The autozero 
switching:occurs well above the 1/f roll-off frequency, thus the 
noise appears as a dc offset which gets cancelled. © 


The internal DAC uses binary weighted capacitors instead of | 
the traditional R-2 R ladder type. This allows the AD7882 to 
employ a calibration routine that nulls the errors.of the indi- 
vidual DAC segments along with offset and gain errors. Each 
segment of the capacitor DAC contains multiple capacitors that 
are used to trim for absolute accuracy.’ During a calibration 
routine, the DAC segments are compared against other seg- — 
ments and trimmed to 1/4 LSB accuracy. Offset and gain errors 
are then calibrated either against the device AGND and Varn 
inputs or external reference vetwees that are applied at the Ary 
input. 


Calibration Routin 
The AD7882 is ca of two calibration bicthods's Systane: cali- 
ration. Both modes calibrate the inter- 
ffset and gain errors. A system 
: calibrates its full scale and offset 
nally applied voltages. For a device cali- 
offset are calibrated against the VREFIN 
ote that a calibration must always be 


to meet the device performance 


on may be initiated in hardware by asserting the CAL 
software by writing the appropriate word to the control 
register. The AD7882 will always perform a full calibration if . 
initiated in hardware. However, under software control, partial 
calibration options including only offset and gain, can be per- 
formed. These options are shown in Table-III. 


Device Calibration > ee 

Device calibration is initiated by er CAL ious see se Figure 6. 
Offset and gain are calibrated against the AGND and Vpgr in- 
puts respectively. This calibration. procecure ae mee: may 
when using a. 10 MHz od ae , . 


System Calibration — 


‘System calibration is initiated by a positive edge c on CAL as 


shown in Figure 7. BUSY goes low three times during the cali- 
bration procedure corresponding to the DAC, offset and gain 
calibrations respectively.. The rising edge of the first BUSY 
pulse indicates that the DAC calibration is complete and the © 
AD7882 is now ready to calibrate the offset. This is achieved by 
applying an external 0 V input at the Ayy input and asserting the 
CONVST input. Note, the external 0 V input must be within 
+1.5% of AGND. The rising edge of the second BUSY pulse 
indicates that the part is ready to calibrate full scale. This time, 
the full scale input voltage must be applied to the analog input, 
and CONVST must be asserted once again. The full-scale input 
voltage must be within +1.5% of the reference input voltage. 
Complete calibration time is 928 ms plus the width of the two 
CONVST start pulses, when using a 10 MHz clock for the 
device. 
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Configuring the M/S Input ee The data outputs are controlled by the CS and RD inputs. The 
The M/S input with conjunction with the CAL input deter- possible timing configurations are shown in Figures 3, 4 and 5. 
mines the type of calibration initiated when CAL is taken low. If CS and RD are tied permanently low, then the data bus will 
It also determines whether the conversion is asynchronous (con- always be active. However, it will change state at the end of 
trolled by the CONVST input) or synchronous (with CLKIN). conversion to reflect the most recent result. Reading the data 
In all, they can be configured in four different ways as shown in bus must be avoided at this time. 


Figure 11. The CAL input is asserted by a positive edge, when 
calibration is required. Then, for example if synchronous op- 
eration and device calibration is required, M/S is tied to CAL. 
Note, an inverter can be used between the CAL and the M/S 
inputs when asynchronous operation and system calibration is 


Control Register 

The control register serves the dual function of providing 
control and monitoring the status of the AD7882. This register 
is directly accessible through the data bus with a read or write 
operation while ADDO is high. One of the option settings in 


required. the control register is to set up the coefficients register for 
If CAL is high, then the user can start a Calibration from the reading or writing. The coefficient registers contain the calibra- 
Control Register. ‘tion coefficients. Loading the coefficients to the register con- 
sists of writing forty 16-bit words. This activity is considerably 
| capRaTiON shorter for almost any processor than performing a calibration. 


Thus, a typical application might read all the coefficients after 


calibration, store them in the backup memory and rewrite them 


to the AD7882 in future power-up initialization routines. Read- 
| - Ing the calibration coefficients consists of forty read cycles to 
the AD7882. is-will return forty 16-bit words to the 


microprocess¢ 


he AD7882 
) either the control register or the coeffi- 


ao 
> 
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Fs 
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z 1s 
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Figure 11. M/S Input Configurati 


Timing and Control 
Data communication with the AD7882 is controlled b 


control inputs: CS, RD, WR and ADDO. The data traris! er 
consists of reading and writing to the control register or coeffi- 
cients register and reading the conversion result from the output 


data register. DB15 - DBO 


Conversion Control and Data Reads 

Conversion can be controlled in hardware by asserting the 

CONVST input (Asynchronous Mode) or the device can be set Figure 12. Typical Write Timing 
up for continuous “back-to-back” conversions (Synchronous 

Mode). The M/S input controls these as outlined above. In 

synchronous mode, a power-up, CAL or CONVST will initiate | 

operation. 
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Table i. ponte Register Bit Suncdon: 


: : | ‘Power-Up | - 
Bit Location | WOOption. | Default Function | 


CRO ~ Read Only |. oO | - Conversion status. This bit is high during conversion. 
CRI Read Only . 0 Calibration status. This bit is high during calibration. . 
CR2 | Read/Write _ BIP/UP BIP/UP Select. Unipolar operation is selected when CR2 is 0; bipolar operation 
| | is selected when CR2 is 1. This assumes that arg is 1. When CR3 is 0, CR2 | 
——- = : | | reflects the BIP/UP input. 
CR3 | Read/Write 0 If CR3 = 1, then Control Register bits CR2, CR9 and CR10 have priority. 


Otherwise external pins, SLEEP and BIP/UP, have priority. 

CR4 to CR7 determine the calibration function, see Table III. 

Calibration function, See CR4. 

CR6 —'|_—séRRead/Write Calibration function, See CR4. 

CR7 | Read/Write | Calibration function, See CR4. ° 

CR8 —. fT Not Used : 

CRO Read/Write | . SLEEP Sleep Control Bit. When CR3 j is 1, setting s CRO to 0 powers down all circuitry 

. except the reference. When CR3 is 0, CR9.reflects the state of the SLEEP input. 
CR10 | Read/Write SLEEP Reference power down. When CR3 is.1}reference is powered by writing a 0 to 
| ~ | CRIO. When CR3 is 0, CR10 reflec state of the SLEEP input. 

CR11 Read 0 A 1 in this location indicate: n Apy in the last conversion and a 
a | , | gain adjust is required ack within range. 

CR12 Read — 0 | Alin this locatié : ‘Aw i in the last conversion and a 

tut back within range. 


 CR4 - Read/Write 
CR5 _ Read/Write 


CR13 


CR14 © Read/Write 0 : ial is halted. Calibration can be 


CRI15 : Read/Write | 1 Bic is reset tien aQi is written to this location. | 


register read all bits except CR15 will have power-up default setting. Theterores 
to restart after a software reset, it is necessary to write a 1 back into CR15. 


Table III. Calibration Options ae the Control Register 


Normal Conversion, No Calibration - 
~Normal Conversion, No Calibration 

Gain Error Only—Device Calibration 

Gain Error Only—System Calibration 

Offset Error Only—Device Calibration 

Offset Error Only—System Calibration 

Offset and Gain Error Only—Device Calibration 
Offset and Gain Error Only~System Calibration 
Read All Calibration Coefficients 

Write All Calibration Coefficients 


Read Gain Calibration Coefficients Only 
Write Gain Calibration Coefficients Only 
Read Offset Calibration Coefficients Only 
Write Offset Calibration Coefficients Only 
Full Device Calibration 

Full System Calibration 


— ti rt tt OOO OOoododco 
== OO —-§ COF KF OO = CO OG 
== O-_— Om © — O=_= Oe CO =— © — © 


0 
0 
0 
0 
1 
1 
1 
] 
0 
0 
0 
0 
1 
] 
1 
1 
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ANALOG 
DEVICES 


~_LC7M0S 
12-Bit, 3.3 V Sampling ADC 


FEATURES 
Battery-Compatible Supply Voltage: Guaranteed Specs 
for Vpp of 3 V to 3.6 V 
12-Bit Monolithic A/D Converter 
50 kHz Throughput Rate 
15 ps Conversion Time 
5 ps On-Chip Track/Hold Amplifier 
Low Power 
Power Save Mode: 1 mW typ 
Normal Operation: 8 mW typ 
70 dB SNR 
Small 24-Lead SOIC and 0.3” DIP Packages 


APPLICATIONS 
Battery Powered Portable Systems 
Laptop Computers 


GENERAL DESCRIPTION 

The AD7883 is a high speed, low power, 12-bit A/D converter 
which operates from a single +3 V to +3.6 V supply. It consists 
of a 5 ys track/hold amplifier, a 15 ws successive-approximation 
ADC, versatile interface logic and a multiple-input-range circuit. 
The part also includes a power save feature. 


Fast bus access times and standard control inputs ensure easy 
interfacing to modern microprocessors and digital signal 
processors. 


The AD7883 features a total throughput time of 20 ps and can 
convert full power signals up to 25 kHz with a sampling fre- 
quency of 50 kHz. 


In addition to the traditional dc accuracy specifications such as 
linearity, full-scale and offset errors, the AD7883 is also fully 
specified for dynamic performance parameters including har- 
monic distortion and signal-to-noise ratio. 


The AD7883 is fabricated in Analog Devices’ Linear Compatible 
CMOS (LC?MOS) process, a mixed technology process that 
combines precision bipolar circuits with low power CMOS logic. 
The part is available in a 24-pin, 0.3 inch-wide, plastic dual-in- 
line package (DIP) as well as a small 24-lead SOIC package. 


This is an abridged data sheet. To obtain the most recent version or . 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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PRODUCT HIGHLIGHTS 
- 3 V Operation 


The AD7883 is guaranteed and tested with a ape voltage 
of 3 V to 3.6 V. This makes it ideal for battery-powered 
applications where 12-bit A/D conversion is required. 


. Fast Conversion Time 


15 ws conversion time and 5 ps acquisition time allow for 
large input signal bandwidth. This performance is ideally 
suited for applications in areas such as telecommunications, 
audio, sonar and radar signal processing. 


. Low Power Consumption 


1 mW power consumption in the power-down mode makes 
the part ideally suited for portable, hand held, battery pow- 
ered applications. 
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AD7883— SPECIFICATIONS (Vop = +3 V to +3.6 V, Veer = = Von, AGND = DEND = 0 ¥, foun = =2 Miz, - 


MODE = Logic High. All specifications Tyjy to Tax unless otherwise noted.) 


Parameter ; 


DYNAMIC PERF ORMANCE? 
Signal-to-Noise. Ratio* (SNR) 


Total Harmdnie Distortion (THD) 
Peak Harmonic or Spurious Noise 
Intermodulation Distortion (IMD) 
Second Order Terms 
Third Order Terms 


DC ACCURACY 
Resolution 


Integral Nonlinearity 
Differential Nonlinearity 
Full-Scale Error = 
Bipolar Zero Error 
Unipolar Offset Error 


ANALOG INPUT. . 
Input Voltage Ranges 


Input Resistance 


REFERENCE INPUT __ | 
Vrer (For sien Performance) 


IREF 


LOGIC INPUTS __ 
CONVST, RD, CS, CLKIN 
Input High Voltage, Vingy 
Input Low Voltage, Viny 
Input Current, Ip, 
Input Capacitance, Cy‘ | 
MODE INPUT <i 
Input High. Voltage, Vingy 
Input Low Voltage, Ving. 
Input Current, Ipy 
Input Capacitance, Cy’ 


LOGIC OUTPUTS _ 
DB11-DB0, BUSY 
Output High Voltage, Voy 
Output Low Voltage, Vo; 
DB11-DB0. 
Floating-State Leakage Current 
Floating-State Output Capacitance* 


CONVERSION 
Conversion Time . 
Track/Hold Acquisition Time 


POWER REQUIREMENTS 
Vpp 
Ipp 
Normal Power Mode @ +25°C 


Twin to Tmax 

Power Save Mode @ +25°C 
Turn tO Tyax 

Power Dissipation 

Normal Power Mode @ +25°C 
Tan to Tax 

Power Save Mode @ +25°C 
Twin tO Tyax 

NOTES 


'Temperature range is as follows: B Versions: —40°C to +85°C. 


24 ny = 0 to Vrer- 
3SNR calculation includes distortion and noise components. 
4Sample tested @ +25°C to ensure compliance. 


Specifications subject to change without notice. 
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A p Versions’ 


Units | 


Bits 


LSB max 
LSB max 
LSB max 
LSB max 
LSB max 


| Test jaca: 


“Typically SNR Is 71 dB 


Vin =] kHz Sine Wave, fy AMPLE ™ 50 kHz 
Vin = 1 kHz Sine Wave, fsampie = 50 KHz 
Vin = 1 kHz, foaMPLE = 50 kHz 


fa = 0.983 kHz, fb = 1.05 kHz, fgamprp = 50 kHz 
fa = 0.983 kHz, fb = 1.05 kHz, ESAMPLE * = 50 kHz 


All DC ACCURACY Specifications Apply for 
the Two Analog Input Ranges 


Guaranteed Monotonic 


See Figure 4 

See Figure 5 

0 to Varr Range 

8 kO typical: +Vprpr Range 


“Vey = 0V or Vpp © 


Vin = OV or Vpp 


source = 200 pA 
IgwK = 0.8 


forxin = 2 MHz 


+3 V to +3.6 V for Specified Performance 


Typically 2 mA; MODE = Vpp 
Typically 2.5 mA; MODE = Vpp 


Logic Inputs @ 0 V or Vpp; MODE = 0 V; Typically 250 pA 


Vpp = 3.6 V: Typically 8 mW; MODE = Vpp 
Vop = 3.6 V: Typically 9 mW; MODE = Vpp 
Vpp = 3.6 V: Typically 1 mW; MODE = 0 V 
Vpp = 3.6 V: Typically 1 mW; MODE = 0 V 


Logic Inputs @ 0 V or Vpp; MODE = 0 V; Typically 300 pA 


REV. 0 


AD7883 
TIMING CHARACTERISTICS’ fee +3 V to +3.6 V, Veer = Vop, AGND = DGND = 0 V) 


Parameter (All Versions) (All Versions) Units Conditions/Comments 


ns min CONVST Pulse Width 
t ns max CONVST to BUSY Falling Edge 
t ns min BUSY to CS Setup Time 
t, ns min CS to RD Setup Time 
ts ns min CS to RD Hold Time 
ts ns min RD Pulse Width. 
te : ns max Data Access Time after RD 
tae ns min Bus Relinquish Time after RD 
ns max 
NOTES 


'Timing specifications in bold print are 100% production tested. All other times are sample tested at 25°C to ensure compliance: All input signals are specified 
with tr = tf = 5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 


ty is measured with the load circuit of Figure 2 and defined as the time required for an output to cross 0.8 Vv or 2.4 V. 
3t, is derived from the measured time taken by the data outputs to change by 0.5 V when loaded with the circuit of Figure 2. The measured number is then 


extrapolated back to remove the effects of charging the 50 pF capacitor. This means that the time, tg, quoted in the timing characteristics is the true bus relin- 
quish time of the part and as such is independent of external bus loading capacitances. 


CONVST <4—— TRACK/HOLD 


GOES INTO HOLD 


TO 
OUTPUT 
PIN 


BUSY +1.6V 


Figure 2. Load Circuit for Access and Relinquish Time 


THREE-STATE 
DBO - DB11 : 


Table I. AD7883 Truth Table 


Figure 1. Timing Diagram 


Not Selected 
Start Conversion 4 
Enable ADC Data 
Data Bus Three Stated 


_ ORDERING GUIDE 


Temperature Range 
—40°C to +85°C 
—40°C to +85°C 
*N = Plastic DIP; R = SOIC (Small Outline Integrated Circuit). 
For outline information see Package Information section. 


Package 
Option* 


N-24 


AD7883BN 
AD7883BR 
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~AD7883 


PIN CONFIGURATION - 


ABSOLUTE MAXIMUM RATINGS* | = 

Vpp toAGND ............... Siacetine -0.3Vto+7V 

Vpp to DGND ..... Wabasha 2s Set Pe sree -0.3Vtot+7V _ 

AGND to DGND .......... .... 70.3 V to Vpp +0.3 V 

Vina> Ving to AGND. (Fig 4) aaa ane —0.3 V to Vpp +0.3 V 

Vina to AGND (Fig 5) Ass Mi eaidal eee Nene 3 V to Vppt 0.3 V 

VrertoAGND........ Ey Giatae Scot es 0.3 V to Vpn 

Digital Inputs to DGND .........—-0.3 V to Vpp +0.3 V | 

Digital Outputs to DGND......... —0.3 V to Vpp +0.3 V AD7883 

Operating Temperature Range - ; ° TOP vEW 
Industrial (B Version)............... —40°C to +85°C eaneoes 
Storage Temperature Ralige. os Seiies —65°C to +150°C 

Lead Temperature (Soldering, 10 secs) ».......... + 300°C 

Power Dissipation (Any Fackase) to HID a5. SH acecae’ 450 mW 

Derates above +75°C by ...........0.2200- 10 mW/°C 


*Stresses above those listed under “Absolute: Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional < 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. — 


CAUTION 


ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are removed. 
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ize 


Pin 


Mnemonic 


Vina 
Vins | 
AGND 


VREF 
cS 
CONVST 


RD 


BUSY | 


CLKIN 


DGND 
DBO-DB11 
MODE 


Vpp 


WARNING! 
eae 


ESD SENSITIVE DEVICE 


PIN FUNCTION DESCRIPTION 


Function 


Analog Input. 


- Analog Input. 


Analog Ground. ; 
Voltage Reference Input. This is normally tied to Ves. 
Chip Select. Active Low Logic input. The device i is selected when this input is active. 


Convert Start. A low to high transition on this input puts the track/hold into hold mode and starts 
conversion. This input is asynchronous to the CLKIN and is independent of CS and RD. 


Read. Active Low Logic Input. This input is used in conjunction with CS. low to enable data outputs. 


. Active Low Logic Output. This status line indicates converter status. BUSY is low during conversion. 


Clock Input. TTL-compatible logic input. Used as the clock source for the A/D converter. The mark/ 
space ratio of the clock can vary from 40/60 to 60/40. 


Digital Ground. 

Three-State Data Outputs. These become active when CS and RD are Banacht low. 

MODE Input. This input is used to put the device into the power save mode (MODE = 0 V). During 
normal operation, the MODE input will be a logic high (MODE = Vpp). 

Power Supply. This is nominally +3.3 V. 


REV. 0 


@ ANALOG 
DEVICES 


LC’M0S 


16-Bit, High Speed Sampling ADCs 


-AD7884/AD7885 


FEATURES 

Monolithic Construction 
Fast Conversion: 5.3 ys 
High Throughput: 166 kSPS 
Low Power: 250 mW 


APPLICATIONS 

Automatic Test Equipment 
Medical Instrumentation 
Industrial Control 

Data Acquisition Systems 
Robotics 


GENERAL DESCRIPTION 

The AD7884/AD7885 is a 16-bit monolithic analog-to-digital 
converter with internal sample-and-hold and a conversion time 
of 5.3 ys. The maximum throughput rate is 166 kSPS. It uses a 
two pass flash architecture to achieve this speed. Two input 
ranges are available: +5 V and +3 V. Conversion is initiated by 
the CONVST signal. The result can be read into a microproces- 
sor using the CS and RD inputs on the device. The AD7884 has 
a 16-bit parallel reading structure while the AD7885 has a byte. 
reading structure. The conversion result is in 2s complement. 
code. 


The AD7884/AD7885 has its own internal oscillator which con- 
trols conversion. It runs from +5 V supplies and needs a Veg 
of +3 V. 


The AD7884 is available in a 40-pin plastic DIP package and in 
a-44-pin PLCC package. | 


The AD7885 is available in a 28-pin plastic DIP package and 
the AD7885A is available in a 44-pin PLCC package. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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FUNCTIONAL BLOCK DIAGRAMS 


+3Vin F +3Vin S$ 
@ 


AGNDS AGNDF AVpp AVss Vpop Vss 
C) 


A pB15 


16-BIT 


ACCURATE = 
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‘. TIMER CONTROL O RD 


Vacr+ F Vrer+S Vinv VReF- GND CONVST BUSY DGND 


+3VIN AGNDS AGNDF AVpp AVss Vop Vss 
O 


ACCURATE 


DAC <—_— 
‘. TIMER 


Vrer+F Verer+S Vinv Vrer- GND CONVST BUSY DGND 
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AD7884/AD7885/AD7885A— SPECIFICATIONS o,, - +0 51.14 ~- “vem 7 


Veer = = +3; AGND = DGND = GND = 0 V; foams = = 166 kHz. All paisa Twin to Fn unless otherwise noted). 


ton» 2 olde 0 Test Conditions/Comients 


Patameter 


ee ACCURACY. 
Resolution . — . af Bits 
Minimum ‘Resolution fe Which | 
No Missing Codes Are Guaranteed 6- Bits 
Integral Nonlinearity = ro % FSR max - Typically 0.003% FSR 
Positive Gain Error % FSR typ AD7885AN/BN: 0.1% typ ° 
Positive Gain Error % FSR max AD7885BN: 0.2% max 
Gain TC* ppm FSR/°C typ > 
Bipolar Zero Baar % FSR typ 
Bipolar Zero Error. % FSR max 
Bipolar Zero TC* |ppm FSR/C typ 
Negative Gain Error 1% FSR typ AD7885AN/BN: 0.1% typ © - 
Negative Gain Error % FSR max AD7885BN: 0.2% max 
Offset TC* ppm FSR/C typ . 
Noise a wV rms typ 78 V rms typical in +3 V Input Range 
DYNAMIC PERFORMANCE : 


Input Signal: +5 V, 1 kHz Sine Wave, Typically 86 dB 
Input Signal: +5 V, 12 kHz Sine Wave’ 

Input Signal: +5 V, 1 kHz Sine Wave 

|Input Signal: +5 V, 12 kHz Sine Wave 

Input Signal: +5 V, 1 kHz Sine Wave | 


Signal to ‘(Noise + Distortion) Ratio 
Total Hermonic Distortion 


Peak Hitiaodie or shatous Noise — 
Intermodulation Distortion (IMD) 


2nd Order Terms te - 11.5 kHz, f, = 12 kHz, fsampte = 166 kHz 
3rd Order Terms |fq = 11.5 kHz, fg = 12 kHz, fgampre = 166 KHz 
CONVERSION TIME p 


Conversion Time 
Acquisition Time 
Throughput Rate 
ANALOG INPUT 
Voltage Range 


There is an overlap between conversion and acquisition. 


Input Current 
REFERENCE INPUT 
Reference Input Current 


LOGIC INPUTS 
Input High Voltage, Ving 
Input Low Voltage, VINL 
Input Current, Ipy 
Input Capacitance, C;* 


LOGIC OUTPUTS _ . 
Output High: Voltage, Vor; 
Output Low Voltage, Vou 
DB15-DB0 
Floating-State Leakage Current | : 
Floating-State Output Capacitance* 


\Varr t $= 43V_ 


Vpp = 5 V+ 5% 
Input Level = 0 V to Vpp 


LsourcE = 40 pA 
Ionx = 1.6mA 


POWER REQUIREMENTS 
Vop +5% for Specified Performance 
Vss +5% for Specified Performance 
Ipp Typically 25 mA 
Ics Typically 25 mA 
Power Sandy Rejection Ratio 
AGain/AVpp > 
AGain/AVgg 
Power Dissipation Typically 250 mW 
NOTES 
1Temperature Ranges are as follows: A, B Versions: —40°C to +85°C. 
Vin =t5V 


3The AD7885AAP has the same specs as the AD7884AP. 
The AD7885ABP has the same specs as the AD7884BP. 
“Sample tested to ensure compliance. 

Specifications subject to change without notice. 
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AD7884/AD7885 


9 op = +5 V + 5%, Veg = —5V + 5%, AGND = DGND = GND = 0 V. See Figures 2, 3, 4 


TIMING CHARACTERISTICS” 7 ants) 


Limit at +25°C Limit at Tyn, Taax 
Parameter (All Versions) (A, B Versions) Units Conditions/Comments 


CONVST Pulse Width 


ty 

to CONVST to BUSY Low Delay 

ts CS to RD Setup Time 

ty RD Pulse Width 

ts CS to RD Hold Time 

og Data Access Time after RD 

ts? Bus Relinquish Time after RD 

ty New Data Valid before Rising Edge of BUSY 

ty HBEN to RD Setup Time 

Lin HBEN to RD Hold Time 

thi HBEN Low Pulse Duration 

ie HBEN High Pulse Duration 

tis Propagation Delay from HBEN Falling to 
Data Valid 

lia Propagation Delay from HBEN Rising to 
Data Valid 

NOTES 


Timing specifications in bold print are 100% production tested. All other times are sample tested at +5°C to ensure compliance. All input signals are specified 
with tr = tf = 5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 

ite is measured with the load circuit of Figure 1 and defined as the time required for an output to cross 0.8 V or 2.4 V. 

3t, is derived from the measured time taken by the data outputs to change 0.5 V when loaded with the circuit of Figure 1. The measured number is then extrap- 
olated back to remove the effects of charging or discharging the 100 pF capacitor. This means that the time, t,, quoted in the Timing Characteristics is the true 
bus relinquish time of the part and as such is independent of external bus loading capacitances. 


Specifications subject to change without notice. 


ORDERING GUIDE 


Linearity 
Temperature Error Package 
Range (% FSR) Option” 


—40°C to +85°C N-40A | 


AD7884AN 


AD7884BN —40°C to +85°C N-40A 

AD7884AP —40°C to +85°C P-44A TO OUTPUT PIN 

AD7884BP_ | —40°C to +85°C P-44A ead 
AD7885AN -| —40°C to +85°C N-28A ‘ane 

AD7885BN —40°C to +85°C N-28A 

AD7885ABP | —40°C to +85°C P-44A 


AD7885AAP | —40°C to +85°C 


NOTES 
‘Analog Devices reserves the right to ship cerdip (Q) in lieu of plastic DIP. 
2N = Plastic DIP; P = Plastic Leaded Chip Carrier (PLCC). For outline 


information see Package Information section. Figure 1. Load Circuit for Access Time and Bus Relinquish 
Time 
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AD7884/AD7885 


CONVST 


DATA OLD DATA VALID NEW DATA VALID 


Figure 3. AD7884 Timing Diagram, with CS and RD 
Permanently Low 


tio 


LT 
Yi 
HBEN 7 


DBO-DB7 DB8-DB15 


Figure 4. AD7885 Timing Diagram, Using CS.and RD 


CONVST th 


ty —_> | <a — th 2 — 


HBEN 


BUSY 
tis << ta ef 
D AT. A OLD DATA VALID . > NEW DATA VALID NEW DATA VALID NEW DATA VALID NEW DATA VALID: 
(DB8 — DB15) (DB8 — DB15) (DBo — DB7) (DB8 ~ DB15) (DBO — DB7) 


Figure 5. AD7885 Timing Diagram, with cS and RD Permanently Low 
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ABSOLUTE MAXIMUM RATINGS! 


VepilOAGND? 22 seca euiie ieee ed as -0.3V to +7 V 
AV si tOAGND: 205th dee eee es -0.3Vto+7V 
VeetO AGN D® 52505-9536 6-4-5 4s Bre ea ae +0.3 Vto -7 V 
AVceIO: AGND va cochw see eior oad es -0.3Vto-7V_ 
AGND Pins to DGND........... —0.3 V to Vpp +0.3 V 
AVEO Va net ae een BAe whe es -0.3Vto+7V 
AV ee10 Vee 6 ier ha Ge Rae ee ees +0.3 Vto -7 V 
GND to DGND ............... —0.3 V to Vpp +0.3 V 
VinS, VinF to AGND ........ Vss —0.3 V to Vpp +0.3 V 
Verge tOAGND fc tee ewe cae Vss —0.3 V to Vpp +0.3 V 
Vrer- toAGND ........... Vss —0.3 V to Vpp +0.3 V 


Vinv to AGND ............ Vss —0.3 V to Vpp +0.3 V 
Digital Inputs to DGND ......... —0.3 V to Vpp +0.3 V 
Digital Outputs to DGND ........ —0.3 V to Vpp +0.3 V 


CAUTION 


ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are removed. 


AD7884/AD7885 


Operating Temperature Range 


Commercial Plastic (A, B Versions) ...... —40°C to + 85°C 

Industrial Cerdip (A, B Versions) ....... —40°C to +85°C 
Storage Temperature Range ........... —65°C to + 150°C 
Lead Temperature (Soldering, 10 secs) ........... + 300°C 
Power Dissipation (Any Package) to +75°C ....... 1000 mW 
Derates above +75°C by 2... cece ee eee ees 10 mW/°C 
NOTES 


Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
If the AD7884/AD7885 is being powered from separate analog and digital 
supplies, AVs, should always come up before Vss. See Figure 13 for a 
recommended protection circuit using Schottky diodes. 


WARNING! <1 
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ESD SENSITIVE DEVICE 


PIN CONFIGURATIONS 


DIP 
Vinv 40] Vaer,S 
VreF- 39 | Vaers+F 
23VyS {38 | DB15 
23V iy F DB14 
+5VinS 36 | DB13 
25VinF 135 | DB12 
AGNDS [34] DB11 AD7885 
AGHEP oak ita [33 | DBt0 (Not to Seaie) 
AVop (Not to Scale) 
AVss 
GND [30] DGND 
GND CONVST |12| 
Vss cs 
Vss 
Vop 
CONVST 
cs 
RD 
Vss 
BUS 
REV. B 


+5V INF 
AGNDS 
AGNDF 
AVop 
AD7884. 

TOP VIEW 
_ NC (Not to Scale) 
GND 


AVss 


GND 
Vss 
Vss 


Vpp 


+5V INF 
AGNDS 
AGNDF 


AVop 


ses AD7885A 
TOP VIEW 


(Not to Scale) 


NC = NO CONNECT 


ANALOG-TO-DIGITAL CONVERTERS 2-361 


AD7884/AD7885 
PIN FUNCTION DESCRIPTION 


AD7884__| AD7885 | AD7885A | Description 


& 


Vinv This pin is connected to the inverting terminal of an op amp, as in Figure 6, and allows the 
inversion of the supplied +3 V reference. 

VReF- This is the negative reference input, and it can be obtained by using an external amplifier to 
invert the positive reference input. In this case, the amplifier output is connected to Verp_. 

Ho See Figure 6. 

+3V,,S This is the analog input sense pin for the +3 volt analog input range on the AD7884 and 
AD7885A. 

+3ViNF | This is the analog input force pin for the +3 volt analog input range on the AD7884 and 

| AD7885A. When using this input range, the +5 V;,F and +5 V;,\S pins should be tied to — 

AGND. | 

—_ This is the analog input pin for the +3 oli analog input range on the AD7885. When using 

| this input range, the +5 V,,F and +5 V,,S pins should be tied to AGND. 
+5VinS This is the analog input sense pin for the +5 volt analog input range on both the AD7884, Rs 
. _ | AD7885 and AD7885A. | 
+5V AF This is the analog input force pin for the +5 volt analog input range on both the AD7884, 
: AD7885 and AD7885A. When using this input range, the +3 V;,F and +3 VS pins 

should be tied to AGND. 

AGNDS This is the ground return sense pin for the 9-bit ADC and the on-chip residue amplifier. 

AGNDF This is the ground return force pin for the 9-bit ADC and the on-chip residue amplifier. 

AVpp | Positive analog power rail for the sample-and-hold amplifier and the residue amplifier. 

AVss Negative analog power rail for the sample-and-hold amplifier and the residue amplifier. 

GND This is the ground return for sample-and-hold section. 

Vss Negative supply for the 9-bit ADC. 

Vpp Positive supply for the 9-bit ADC and all device logic. 

CONVST This asynchronous control input starts conversion. 
Chip Select control input. _ 

RD Read control input. This is used i in conjunction with CS to read the conversion result from 
the device output latch. 

— High Byte Enable. Active high control input for the. AD78835. It selects either the high or 

| the low byte of the conversion for reading. 

BUSY Busy output. The Busy output goes low when conversion begins and stays low until it is 
completed, at which time it goes high. 

DBO—DBI15 Sixteen-bit parallel data word output on the AD7884. 

aa DBO-DB7 | DBO-DB7 | Eight-bit parallel data byte output on the AD78835. 

DGND DGND | DGND Ground return for all device logic. 

~ Veer+F Veer. F Vrer+F Reference force input. 


VreF+9 ~VereF+5 VreF+9 Reference sense input. The devise. operates from a +3 V reference. 
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TERMINOLOGY 

Integral Nonlinearity 

This is the maximum deviation from a straight line passing 
through the endpoints of the ADC transfer function. 


Differential Nonlinearity . 
This is the difference between the measured and the ideal 
1 LSB change between any two adjacent codes in the ADC. 


Bipolar Zero Error 
This is the deviation of the midscale transition (all Os to all Is) 
from the ideal (AGND). 


Positive Gain Error 

This is the deviation of the last code transition (01 . . . 110 to 
01... 111) from the ideal (+ Vagp. S — 1 LSB), after Bipolar 
Zero Error has been adjusted out. 


Negative Gain Error | 
This is the deviation of the first code transition (10 . . . 000 to 

10. . . 001) from the ideal (—Vprp,S + 1 LSB), after Bipolar 
Zero Error has been adjusted out. 


Signal to (Noise + Distortion) Ratio 

This is the measured ratio of signal to (noise + distortion) at the 
output of the A/D converter. The signal is the rms amplitude of 
the fundamental. Noise is the rms sum of all nonfundamental 
signals up to half the sampling frequency (f,/2), excluding dc. 
The ratio is dependent upon the number of quantization levels 
in the digitization process; the more levels, the smaller the © 
quantization noise. The theoretical signal to (noise + distortion) 
ratio for an ideal N-bit converter with a sine wave input is given 
by: 


Signal to (Noise + Distortion) = (6.02N + 1.76) dB 
Thus for an ideal 16-bit converter, this is 98 dB. 


Total Harmonic Distortion 

Total harmonic distortion (THD) is the ratio of the rms sum of 
harmonics to the fundamental. For the AD7884/AD7885, it is 
defined as: 


WE VE eVGA Ve ae Ve 


THD (dB) = 20 log 77 
l 


where V, is the rms amplitude of the fundamental and V,, V3, 
V,, V; and V, are the rms amplitudes of the second through the 
sixth harmonics. 


Peak Harmonic or Spurious Noise 

Peak harmonic or spurious noise is defined as the ratio of the 
rms value of the next largest component in the ADC output 
spectrum (up to f,/2 and excluding dc) to the rms value of the 
fundamental. Normally, the value of this specification is deter- 
mined by the largest harmonic in the spectrum, but for parts 
where the harmonics are buried in the noise floor, it will be a 
noise peak. 


Intermodulation Distortion 

With inputs consisting of sine waves at two frequencies, fa and 
fb, any active device with nonlinearities will create distortion 
products at sum and difference frequencies of mfa + nfb where 
m,n = 0, 1, 2, 3, etc. Intermodulation terms are those for 
which neither m or n are equal to zero. For example, the second 
order terms include (fa + fb) and (fa — fb), while the third 
order terms include (2fa + fb), (2fa — fb), (fa + 2fb) and 

(fa — 2fb). 
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The AD7884/AD78835 is tested using the CCIFF standard where 
two input frequencies near the top end of the input bandwidth 
are used. In this case, the second and third order terms are of 
different significance. The second order terms are usually dis- 
tanced in frequency from the original sine waves while the third 
order terms are usually at a frequency close to the input fre- 
quencies. As a result, the second ahd third order terms are 
specified separately. The calculation of the intermodulation dis- 
tortion is as per the THD specification where it is the ratio of 
the rms sum of the individual distortion products to the rms 
amplitude of the fundamental expressed in dBs. 


Power Supply Rejection Ratio 
This is the ratio, in dBs, of the change in positive gain error to 
the change in Vpp or Vgg. It is a dc measurement. 


OPERATIONAL DIAGRAM 

An operational diagram for the AD7884/AD7885 is shown in 
Figure 6. It is set up for an analog input range of +5 V. Ifa 
+3 V input range is required, Al should drive +3 V,,S and 

+3 ViAF with +5 VS, +5 Vy\F being tied to system AGND. 


AVpp Vop AVss Vss 


+5V IN Ss 
+5V in F 


+3VinS 
+3V in F 


AD7884 
AD7885 


DATA 
OUTPUTS 


CONTROL 
INPUTS 


AGNDS 


AGNDF 


VREF+ S 


AD845, AD817 OR 
a 


AD845, AD817 OR 


F EQUIVALENT 


NOTE: POWER SUPPLY DECOUPLING NOT SHOWN 


1 Vers F 


Vinv 


VReF- 
GND DGND 


Figure 6. AD7884/AD7885 Operational Diagram 


The chosen input buffer amplifier (Al) should have low noise 
and distortion and fast settling time for high bandwidth applica- 
tions. Both the AD711 and the AD845 are suitable amplifiers. 


A2 is the force, sense amplifier for AGND. The AGNDS pin 
should be at zero potential. Therefore, the amplifier must have a 
low input offset voltage and good noise performance. It must 
also have the ability to deal with fast current transients on the 
AGNDS pin. The AD817 has the required performance and is 
the recommended amplifier. 


If AGNDS and AGNDF are simply tied together to Star 
Ground instead of buffering, the SNR and THD are not signifi- 
cantly degraded. However, dc specifications like INL, Bipolar 
Zero and Gain Error will be degraded. 
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The required +3 V reference is derived from the AD780 and 
buffered by the high-speed amplifier A3 (AD845, AD817 or 


equivalent). A4 is a unity gain inverter which provides the —3 Vv 
negative reference. The gain setting resistors are on-chip and are : 


factory trimmed to ensure precise tracking of Vises Figure 6 
shows A3 and A4 as AD845s or AD817s. These have the ability 


to respond to the rapidly changing reference input impedance. _ 


CIRCUIT DESCRIPTION 

Analog Input Section 

The analog input section of the AD7884/AD7885 i is shown i in| 
Figure 7. It contains both the input signal conditioning and 
sample-and-hold amplifier. Note that the analog input is truly 
benign. When SWla goes open circuit to put the SHA into the 
hold mode, SW1b is closed. This means that the input resistors, 
RI and R2 are always connected to ane virtual ground or true 
ground. 


R33kQ 


+3V nF © 
R4 4kQ TO 
+3VinS O ol 


+5VinF © R5 4kQ 


+5VinS ) 


TO RESIDUE 


~ Vrer- 
AMPLIFIER A2 | 


Bicurs 7. AD7884/AD7885 Pusles Input Section 


When the +3 VinS and +3 V,,\F inputs are tied to 0 V, the 
input section has a gain of —0.6 and transforms an input signal 
of +5 volts to the required +3 volts. When the +5 V,,S and 
+5 VF inputs are grounded, the input section has a gain of 
—] and so the analog input range is now +3 volts. Resistors R4 
and RS, at the amplifier output, further condition the +3 volts 


signal to be 0 to —3 volts. This is the required input for the . 


9-bit A/D converter section. 


With SW1la closed, the output of Al follows the input ae 
sample-and-hold is in the track mode). On the rising edge of the 
CONVST pulse, SW1a goes open circuit, and capacitor Cl 
holds the voltage on the output of Al. The sample-and-hold is 
now in the hold mode. The aperture delay time for the sample- 
and-hold is nominally. 50 ns. _ 
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A/D Converter Section 
The AD7884/AD7885 uses a two-pass flash technique i in ‘order 

to achieve the required speed and resolution. When. the 
CONVST control input goes from low to high, the sample-and- 
hold amplifier goes into the hold mode and a 0 V to —3 V signal 
is presented to the input of the 9-bit ADC. The first phase of _ 
conversion generates the 9 MSBs of the 16-bit result and trans- 
fers these to the latch and ALU combination. They are also fed — 
back to the 9 MSBs of the 16-bit DAC. The 7 LSBs of the 

DAC are permanently loaded with 0s. The DAC output is sub- - 
tracted from the analog input with the result being amplified © 
and offset in the Residue Amplifier Section. The signal at the 
output of A2 is proportional to the error, between the first phase 
result and the actual analog input ‘signal and i is digitized i in the 
second conversion phase. This second phase begins when the 
16-bit DAC and the Residue Error Amplifier have both settled. 
First, SW2 is turned off and SW3 is turned on. Then, the SHA 
section of the Residue Amplifier goes into hold mode. Next 
SW2 is turned off and SW3 is turned on. The 9-bit result is 
transferred to the output latch and ALU. An error correction 
algorithm now compensates for the offset inserted in the Resi- 
due Amplifier Section and errors introduced in the first pass . 
conversion and combines both results to give the 16-bit answer. 


23V SIGNAL 
FROM INPUT 
SHA 


RESIDUE AMP 
+ SHA 


16-BIT 
ACCURATE 


~. DAC 
\13V -3V 


Oo. 0: “OC | 
VrersF: Vrer+S Vinv VreF- 


Figure 8. A/D Converter Section 
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Timing and Control Section 

Figure 9 shows the timing and soutals sequence for. the 
AD7884/AD7885. When the part receives a CONVST pulse, the 
conversion begins. The input sample-and-hold goes into the ~ 
hold mode 50 ns after the rising edge of CONVST and BUSY 
goes low. This is the first phase of conversion and takes 3.35 «ws 
to complete. The second phase of conversion begins when SW2 
is turned off and SW3 turned on. The Residue Amplifier and 
SHA section (A2 in Figure 8) goes into hold mode at this point 
and allows the input sample-and-hold to go back into sample 
mode. Thus, while the second phase of conversion is ongoing, 
the input sample-and-hold is also acquiring the input signal for 
the next conversion. This overlap between conversion and acqui- 
sition allows throughput rates of 166 kSPS to be achieved. © 


CONVST a SECOND 
| FIRST PHASE PHASE 
‘i 3.5us 
_ BUSY 
INPUT HOLD 


SHA SAMPLE 


FIRST PHASE OF CONVERSION 
1ST 9-BIT CONVERSION 
DAC SETTLING TIME. 
RESIDUE AMPLIFIER 
SETTLING TIME 


SECOND PHASE OF CONVERSION 
2ND 9-BIT CONVERSION 
ERROR CORRECTION 
OUTPUT LATCH UPDATE 


Figure 11. +3.V Input Range Connections 


The critical performance specification for a reference in a 16-bit 
application is noise. The reference pk-pk noise should be insig- © 


Figure 9. Timing and Control Sequence — nificant in comparison to the ADC noise. The AD7884/AD7885 


USING THE AD7884/AD7885 
Analog Input Ranges 
The AD7884/AD7885 can be set up to have either a +3 volts 


has a typical rms noise of 120 wV. For example a reasonable 
target would be to keep the total rms noise less than 125 pV. 
To do this the reference noise needs to be less than 35 pV rms. 


In the 100 kHz: band, the AD780 noise is less than 30 ey a a 
making it a very suitable peru, ; 


analog input range or a +5 volts analog input range. Figures 10 © 
and 11 show the necessary corrections for each of these. The 
output code is 2s complement and the ideal code table for both 


input ranges is shown in Table I The buffer ample used to anise the device Varr+ should 


have low enough noise performance so as not to affect the over- 
all system noise requirement. The AD845 and AD817 achieve 
this. 


Reference Considerations 
The AD7884/AD7885 operates from a +3 volt reference. This 
can be derived simply using the AD780 as shown in Figure 6. 


Table I. Ideal Output Code Table for the AD7884/AD7885 


Analog Input Digital Output 


+3 V Range® | +5 V Range* | Code Transition’ 


2.999908 4.999847 O11... 111 to0l1... 110. 
2.999817 4.999695 Ol1...110to 011... 101 
2.999726 - 4.999543 Ol1l...101to01l1...100 | 


In Terms of FSR? 


+FSR/2 — 1 LSB 
_ +FSR/2 — 2 LSBs 
+FSR/2 — 3 LSBs 


AGND + 1 LSB 0.000092 . 0.000153 | 000... 001 to 000. . . 000 
AGND 0.000000 0.000000 000...000to lll... 111 
AGND — 1 LSB —0.000092 —0.000153 4 eae 


111 to 111... 110 


. 011 to 100... 010 
. 010 to 100... 001 
. 001 to 100. . . 000 


_—-(FSR/2 — 3 LSBs) 
—(FSR/2 — 2 LSBs) 
—(FSR/2 - 1 LSB) - 

NOTES 

\This table applies for Vii Ge = 4+3V. 

2FSR (Full-Scale Range) is 6 volts for the +3 V input range and 10 volts for the +5 V input range. 

_ 31 LSB on the +3 V range is FSR/2*° and is equal to 91.5 pV. 

*1 LSB on the +5 V range is FSR/2!° and is equal to 152.6 wV. 


—2.999726 
—2.999817 
ca ah 


—4,999543 100.. 
—4.999695 100.. 
—4,999847 100.. 
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Decoupling and Grounding 

The AD7884 and AD7885A have one AVpp pin and two Vpyp 
pins. They also have one AVgg pin and three Vg pins. The 
AD7885 has one AVpp pin, one Vpp pin, one AVsg pin and 
one Vc, pin. Figure 6 shows how a common +5 V supply 


should be used for the positive supply pins and a common —5 V | 


supply for the negative supply pins. 


For decoupling purposes, the critical pins on both devices are 
the AVpp and AVgg pins. Each of these should be decoupled to 
system AGND with 10 »F tantalum and 0.1 wF ceramic capaci- 
tors right at the pins. With the Vpp and Vsg pins, it is suffi- 
cient to decouple each of these with ceramic 1 wF capacitors. 


~ AGNDS, AGNDF are the ground return points for the on-chip 
9-bit ADC. They should be driven by a buffer amplifier as 
shown in Figure 6. If they are tied directly together and then 
to ground, there will be a marginal degradation in linearity 
performance. 


The GND pin is the analog ground return for the on-chip linear 
circuitry. It should be connected to system analog ground. 


The DGND pin is the ground return for the on-chip digital cir- 
cuitry. It should be connected to the ground terminal] of the 
Vpp and Vgzs supplies. If a common analog supply is used for 
AVpp and Vpp then DGND should be connected to the com-— 
mon ground point. 


Power Supply Sequencing 


AVpp and Vpp are connected to a common substrate and there . 


is typically 17 © resistance between them. If they are powered 
by separate +5 V supplies, then these should come up simulta- 
neously. Otherwise, the one that comes up first will have to 

_ drive +5 V into a 17 © load for a short period of time. How- | 


ever, the standard short-circuit protection on regulators like the - 


7800 series will ensure that there is no possibility of damage to 
the driving device. | | 


AVsgs should always come up either before or at the same time 
as Ves. If this cannot be guaranteed, Schottky diodes should be 
used to ensure that Vsg never exceeds AVsg by more than 

0:3 V. Arranging the power supplies as in Figure 6 and using 
the recommended decoupling ensures that there are no power 
supply sequencing issues as well as giving the specified noise 
performance. 


HP5082-2810 
OR 
EQUIVALENT 


AVpp ~=Voo 


AD7884/AD7885 


Figure 12. Schottky Diodes Used to Protect Against 
Incorrect Power Supply Sequencing 
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AD7884/AD7885 PERFORMANCE 
Linearity 


The linearity of the AD7884/AD7885 i iS deicanined by the 


on-chip 16-bit D/A converter. This is a segmented DAC which 
is laser trimmed for 16-bit DNL performance to ensure that 
there are no missing codes in the ADC transfer function. Figure 


13 shows a typical INL: plot for the AD7884/AD7885. 


hed 
° 


LINEARITY ERROR - LSBs 
3° 


) 16384 32768 49152 65535 
OUTPUT CODE 


Figure 13. AD7884/AD7885 Typical asc Performance 


Noise 

In an A/D converter, noise exhibits itself as code uncertainty in 
dc applications and as the noise floor (in an FFT, for example) 
in ac applications. 


In a sampling A/D converter like the AD7884/AD7885, all 


information about the analog input appears in the baseband 


from dc to 1/2 the sampling frequency. An antialiasing filter will 
remove unwanted signals above f,/2 in the input signal but the 
converter wideband noise will alias into the baseband. In the 
AD7884/AD7885, this noise is made up of sample-and-hold 
noise and a/d converter noise. The sample-and-hold section con- 
tributes 51 »V rms and the ADC section contributes 59 pV 
rms. These add up to a total rms noise of 78 x V. This is the 
input referred noise in the +3 V analog input range. When 
operating in the +5 V input range, the input gain is, reduced to 
—0.6. This means that the input referred noise is now increased | 
by a factor of 1.66 to 120 pV rms. 


Figure 14 shows a histogram plot for 5000 oer oP a dc 
input using the AD7884/AD7885 in the +5 V input range. The 
analog input was set as close as possible to the center of a code 
transition. All codes other than the center code are due to the 
ADC noise. In this case, the spread is six codes. 


3000 


2000 


CODE FREQUENCY 


as ae 
(X-2) (X-1) (X) (X + 1) (+2) (X + 3) 
CODE 


Figure 14. Histogram of 5000 Conversions of a DC Input 
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If the noise in the converter is too high for an application, it can 
be reduced by oversampling and digital filtering. This involves 
sampling the input at higher than the required word rate and 
then averaging to arrive at the final result. The very fast conver- 
sion time of the AD7884/AD7885 makes it very suitable for 
oversampling. For example, if the required input bandwidth is 
40 kHz, the AD7884/AD7885 could be oversampled by a factor 
of 2. This yields a 3 dB improvement in the effective SNR per- 
formance. The noise performance in the +5 volt input range is 
now effectively 85 wV rms and the resultant spread of codes for 
2500 conversions will be four. This is shown in Figure 15. 


CODE FREQUENCY 


Figure 15. Histogram of 2500 Conversions of a DC Input 
Using a X2 Oversampling Ratio 


Dynamic Performance 

With a combined conversion and acquisition time of 6 ys, the 
AD7884/AD7885 is ideal for wide bandwidth signal processing 
applications. Signal to (Noise + Distortion), Total Harmonic 
Distortion, Peak Harmonic or Spurious Noise and Intermodula- 
tion Distortion are all specified. Figure 16 shows a typical FFT 
plot of a 1.8 kHz, +5 V input after being digitized by the 
AD7884/AD78835. | 


fyy = 1.8kHz, + 5V SINE WAVE 
fSAMPLE = 163kHz 

SNR = 87dB 

THD = -95dB 


2048 POINT FFT 


Figure 16. AD7884/AD7885 FFT Plot 


Effective Number of Bits 
The formula for SNR (see Terminology Section) is related to the 
resolution or number of bits in the converter. Rewriting the for- 
mula, below, gives a measure of performance expressed in effec- 
tive number of bits (N). 

= (SNR — 1.76)/6.02 
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EFFECTIVE NUMBER OF BITS 


FREQUENCY — kHz 


Figure 17. Effective Number of Bits vs. Frequency 


The effective number of bits for a device can be calculated from 
its measured SNR. Figure 17 shows a typical plot of effective 
number of bits versus frequency for the AD7884. The sampling 
frequency is 166 kHz. 


MICROPROCESSOR INTERFACING 

The AD7884/AD78835 is designed on a high speed process which 
results in very fast interfacing timing (Data Access Time of 

57 ns max). The AD7884 has a full 16-bit parallel bus, and the 
AD7885 has an 8-bit wide bus. The AD7884, with its parallel 
interface, is suited to 16-bit parallel machines whereas the 
AD7885, with its byte interface, is suited to 8-bit machines. 
Some examples of typical interface configurations follow. 


AD7884 to MC68000 Interface 

Figure 18 shows a general interface diagram for the MC68000, 
16-bit microprocessor to the AD7884. In Figure 18, conversion 
is initiated by bringing CSA low (i.e., writing to. the appropriate 
address). This allows the. processor to maintain control over the 
complete conversion process. In some cases it may be more 
desirable to control conversion independent from the processor. 
This can be done by using an external sampling timer. 


ADDRESS BUS 
ADDRESS 
DECODE LOGIC 

= ais aaa ball 
ene 
= , : ' DATA BUS 


MC68000 


AD7884 


DB15 — DBO 


Figure 18. AD7884 to MC68000 Interface 


Once conversion has been started, the processor must wait until 
it is completed before reading the result. There are two ways of 
ensuring this. The first way is to simply use a software delay to 
wait for 6.5 us before bringing CS and RD low to read the data. 
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The second way is to use the BUSY output of the AD7884 to 

_ generate an interrupt in the MC68000. Because of the nature of 
its interrupts, the MC68000 requires additional logic (not shown 
in Figure 18) to allow it to be interrupted correctly. For full 
information on this, consult the MC68000 User’ s Manual. 


AD7885 to 8088 Interface 

The AD7885, with its byte (8 + 8) data format, is ideal for use 
with the 8088 microprocessor. Figure 19 is the interface dia- 
gram. Conversion is started by enabling CSA. At the end of 
conversion, data is read into the processor. The read instruc- 
tions are: 


MOV AX, C001 Read 8 MSBs of data ~ 
MOV AX, C000 Read 8 LSBs of data 


| AD7885. 


DB7 - DBO 


_ DATABUS __ 


‘AD7 ~ADo | 


“Figure 19. AD7885 to 8088 Ba 
AD7884 to ADSP-2101 Interface 
Figure 20 shows an interface between the AD7884 and ihe 
ADSP-2101. Conversion is initiated using a timer which ‘allows 


very accurate control of the sampling instant. The'AD7884 _ 
BUSY line provides an interrupt to the ADSP-2101 when con-. 


version is completed. The RD pulse width of the processor can’ 


be programmed using the Data Memory Wait State Control 
Register. The result can then be read: from the ADC using ie | 
following instruction: = 


MRO = DM ae 
where MRO is the ADSP-2101 MRO pear and — 
ADC is the AD7884 address. 


| DMA13 - DMAO ADDRESS BUS | ; 
ADSP-2101 anaes | 
DECODE LOGIC 


"Figure 20., AD7884 to ADSP-2101 Interface 
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Stand-Alone ne Operation 

If CS and RD. are tied permanently low. on the AD7834, then, 
when a conversion is completed, output data will be valid on the 
rising edge of BUSY. This makes the device very suitable for 
stand-alone operation. All that is required to run the device is 
an external CONVST pulse which can be supplied by a sample 
timer. Figure. 21 shows the AD7884 set up in this mode ‘with 
the BUSY signal providing the clock for the 74HC574 3-state 
latches. , | 


Figure 21.. Stand-Alone paeeean 


Digital Peed titotigh nee an Active Bus i he ae 
It is very important when using the AD7884/AD7885 ; ina. 
microprocessor-based system to isolate the ADC data bus from | 
the active processor bus while a. conversion is being executed. “sg 
This will yield the. best noise performance from the ADC. _ 
Latches like the 74HC574 can be used to do this. If the device 7 
is connected directly to an active bus then the converter noise | 
will typically i increase by a factor of 30%. 
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FEATURES 

750 kHz/1 MHz Throughput Rate 

1 »s/750 ns Conversion Time 

12-Bit No Missed Codes Over Temperature 
67 dB SNR at 100 kHz Input Frequency 
Low Power —250 mW typ 

Fast Bus Access Time—57 ns max 


APPLICATIONS 

Digital Signal Processing 

Speech Recognition and Synthesis 
Spectrum Analysis 

DSP Servo Control 


GENERAL DESCRIPTION 

The AD7886 is 12-bit ADC with a sample-and-hold amplifier 
offering high speed performance combined with low power dissi- 
pation. The AD7886 is a triple pass flash ADC, which uses 15 
comparators in a 4-bit flash technique to achieve 12-bit accuracy 
in 1 ys/750 ns conversion time. An on-chip clock oscillator pro- 
vides the appropriate timing for each of the three conversion 
stages eliminating the need for any external clocks. Acquisition 
time of the sample-and-hold amplifier gives a resulting through- 
put rate of 750 kHz/] MHz.* 


The AD7886 operates from +5 V power supplies. Pin- 
strappable inputs offer a choice of three analog input ranges; 
0to5 V,0to 10 V or +5 V. | 


In addition to the traditional dc accuracy specifications such as 
linearity, offset and full-scale errors, the AD7886 is also speci- 
fied for dynamic performance parameters including harmonic 
distortion and signal-to-noise ratio. : 


The AD7886 has a high speed digital interface with three-state 
data outputs. Conversion control is provided by a CONVST 
input. Data access is controlled by CS and RD inputs, standard 
microprocessor signals. The data access time of less than 57 ns 
means that the AD7886 can interface directly to most modern 
microprocessors including DSP processors. . 


*Contact your local salesperson for further information on the 1 MHz 
version. | . 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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12-Bit, 750 kHz/1 MHz, Samol 
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FUNCTIONAL BLOCK DIAGRAM 
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e 
Vsg § DGND | 


The AD7886 is fabricated in Analog Devices’ Linear Compatible 
CMOS process, a mixed technology process that combines preci- 
sion bipolar circuits with low power CMOS logic. . | 


The AD7886 is available in both a 28-pin DIP and in a 28-pin 
leaded chip carrier. 


PRODUCT HIGHLIGHTS 

1. Fast 1.33 ys/] ws Throughput Time. 
Fast throughput time makes the AD7886 suitable for a wide 
range of data acquisition applications. 


2. Dynamic Specifications for DSP Users. 
The AD7886 is specified for ac parameters, including signal- 
to-noise ratio, harmonic distortion and intermodulation dis- 
tortion. Key digital timing parameters are also tested and 
guaranteed over the full operating temperature range. 


3. Fast Microprocessor Interface. 
Standard control signals, CS and RD, and fast bus access 
times make the AD7886 easy to interface to. microprocessors. 


4. Low Power. 


LC2MOS fabrication process gives low power dissipation of 
250 mW. ar 
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(pp = +5 V + 5%, Vss = —5 V + 5%, AGND = = DGND = OV, Vier = —3.5 V, 

AD7886— SPECIFIC ATIONS connected as shown in Figure 2. Ail Specifications T,,, to Tax uniess erigae 
y noted. a oa for 750 kHz version.) | oie Sa ted o 
Parameter. . | Test Conditions/Conments _ 7 


DYNAMIC PERFORMANCE? 
Signal-to-Noise Ratio® (SNR) 
Total Harmonic Distortion (THD) 

~ Peak Harmonic or Spurious Noise 
Intermodulation Distortion (IMD) — 

Second Order Terms 
Third Order Terms 


ACCURACY 
Resolution - & 
Integral Linearity T,,;,, to Tax 
Minimum Resolution for Which 
_ No Missing Codes Are Guaranteed 
Unipolar Offset Error @ +25°C 
T,;, to T;. . 
Bipolar Offset Error @ +25°C 
Tmin tO Tmax 
Unipolar Gain Error @ +25°C 
T nin 10° Tee 
Bipolar Gain Error @. +25°C 
Train t0 Tay 
ANALOG INPUT 
‘Unipolar Input Current 
Bipolar Input Current 


REFERENCE INPUT 


Veer 
Input Reference Current 


VIN = 100 kHz Sine Wave, fsamp_e = 750 kHz 
VIN = 100. kHz Sine Wave, fsampre = 750 kHz 
VIN = 100 kHz Sine Wave, fsamptz = 750 kHz 


f, = 96 kHz, f, = 103 kHz, fgampie = 750 kHz 


Input Range: 0 to 5 V or 0 to 10 V | 
Input Range: +5 V 
Input Range: 0 to 5 V or 0 to 10 V 


Input Range: +5 V 


Input Ranges: 0 to 5 V or 0 to 10 V 
Input Range: +5.V 


+2% For Specified Performance 


RI, Resistance. +25% 
R2, Resistance +25% 
R2/R1 Ratio | +0.1% © 
POWER SUPPLY REJECTION 
Vpp Only, (FS Change) > Vss = —5 V, Vpp = +4.75 V to +5.25.V ° 
Vss Only, (FS Change) Vpp = +5 V; Vss = —4.75 V to —5.25 V 
LOGIC INPUTS 


Input High Voltage, Ving 
Input Low Voltage, Ving | 
Input Current, Ip, 

Input Capacitance, Cy,;* 


Vpp = 5 V + 5% 
Vin = 0 V to Vpp 


LOGIC OUTPUTS | 
DB11-DB0, BUSY hog 
Output High Voltage, Voi Isource = 200 pA 
Output Low Voltage, Vo; lowx = 1.6 mA 
DB11-DB0 


Floating-State Leakage Current 
Floating-State Output Capacitance* 


POWER REQUIREMENTS 
Vio +5% for Specified Performance 
Vss +5% for Specified Performance 
ae Typically 25 mA, CONVST = CS = RD = Vpp 
les Typically 25 mA, CONVST = CS = RD = Vpp 


Power Dissipation CONVST = CS = RD = Vpp 


NOTES ‘ 
1Temperature ranges are as follows: J, K Versions: 0°C to +70°C; B Version: —40°C to +85°C; T Version: —55°C to + 125°C. 
2Applies to all three input ranges, VIN = 0 to FS, pk-to-pk V. 

3SNR calculation includes distortion and noise components. 

‘Sample tested @+25°C to ensure compliance. 


Specifications subject to change without notice. 
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AD7886 
TIMING CHARACTERISTICS! w,, = +5 v = 5%, vec = —5 V + 5%, AGND = GND = OW 


Limit at 
imix Tiaax 
(J, K Versions) 


Limit at 
T T 


min? max 


(B Version) 


Limit at 
Tino Was 
(T Version) 


Parameter Conditions/Comments 


t, CONVST Pulse Width 
t, CS to RD Setup Time 
ts CS to RD Hold Time 
C; RD Pulse Width 
ts CONVST to BUSY Propagation Delay, (C,, = 10 pF) 
i Data Access Time After RD __ 
t Bus Relinquish Time After RD 
tg Data Setup Time Prior to BUSY, (C,, = 20 pF) 
Data Setup Time Prior to BUSY, (C, = 100 pF) 
ts Bus Relinquish Time After CONVST 
tio CS High to CONVST Low 
thy BUSY High to RD Low 
tio BUSY High to CONVST Low, SHA Acquisition Time 
th3 Sampling Interval 
tconv Conversion Time 
NOTES 


'Timing specifications in bold print are 100% production tested. All other times are sample tested at +25°C to ensure compliance. All input signals are 
specified with tr = tf = 5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 

*t, is measured with the load circuit of Figure 1 and defined as the time required for an output to cross 0.8 V or 2.4 V. 

*t, and t, are derived from the measured time taken by the data outputs to change by 0.5 V when loaded with the circuit of Figure 1. The measured 

number is then extrapolated back to remove the effects of charging or discharging the load capacitor, C,;. This means that the times, t, and t,, quoted in the 
timing characteristics are the true bus relinquish times of the part and as such are independent of external bus loading capacitances. 


Specifications subject to change without notice. 


VIN1, VIN2, SUM, +5REF to AGND ....-15 Vto +15 V 
Veer toAGND ............ Vss5 —0.3 V to Vpp +0.3 V 
Digital Inputs to DGND . 

CS, RD, CONVST ........... —0.3 V to Vpp +0.3 V 
Digital Outputs to DGND 


DBO to DB11, BUSY .......... —0.3 V to Vpp +0.3V 


TO OUTPUT Beg Operating Temperature Range 

PIN wer Commercial (J, K Versions)............. 0°C to +70°C 
- Industrial (B Version) ............... —40°C to +85°C 
Extended (T Version) ........ ie ee —55°C to +125°C 
Storage Temperature Range ........... —65°C to +150°C 
Lead Temperature (Soldering, 10 secs) ........... +300°C 
Power Dissipation (Any Package) to +75°C ....... 1000 mW 
Derates above +75°C by ........ he a atntecee ate 10 mW/°C 

NOTES 


Figure 1. Load Circuit for Bus Access and Relinquish Time — ‘Stresses above those listed under ‘Absolute Maximum Ratings” may cause 


ABSOLUTE MAXIMUM RATINGS» ?” 


(T, = +25°C unless otherwise noted) 


Vpp to AGND Cr er er ee ee —0.3 V to +7 Vv 
Vss to AGND oe ee oe ew we ow we ee +0.3 Vv to —7 V 
AGND toDGND .............. ~0.3 V to Vpp +0.3 V 
CAUTION 


ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 
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permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
If Vss is open circuited with Vpp and AGND applied, the Vs, pin will be 
pulled positive, exceeding the Absolute Maximum Ratings. If this possibility 
exists, a Schottky diode from Vs, to DGND (cathode end to GND) ensures 
that the Absolute Maximum Ratings will be observed. 


WARNING! 
si 


ESD SENSITIVE DEVICE 
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AD7886 


/ ORDERING GUIDE 


Integral 
Nonlinearity . 
(LSBs) 


Temperature 
Range 
| OC to +70°C 
0°C to +70°C: 


- AD7886JD 
AD7886KD 


D-28 


AD7886JP_ | 0°C to +70°C | P-28A? 
AD7886KP: | 0°C to +70°C P-28A? 
AD7886BD. |. —40°C to +85°C D-28 


AD7886ED ae = 3 


NOTES 

1Contact your sales office for availability of AD7886BD, AD7886TD and 1 MHz version. 
Analog Devices reserves the right to ship J- Leaded Ceramic Chip Carrier EES: 

in lieu of PLCC packages. 

3D = Ceramic DIP;.P = Plastic Leaded Chip Carrier. For outline information see 


Package Information section. | 


PIN FUNCTION DESCRIPTION _ 


DIP Pin 
Number Mnemonic Description 
Power Supply | | 
10&19 = Vpn | Positive Power Supply, +5 V + 5%. Both Vpp pins must be tied together. 
&24 Vsp Negative Power Supply, —5 V + 5%. Both Vs; pins must be tied ice | 
16 & 23 AGND . Analog Ground. Both AGND pins must be tied or | ? 
a> 4 “DGND | _ Digital Ground. 
Analog aad Reference Inputs | | | 5 S. . . : ° 
17&18 VIN pnalee Inputs, VIN1 and VIN2. The part can be pin peek: for any one of three sie input ranges; 
fowsvc Connect VIN2 to VINI INTENT 
20 _+SREF _ +5 V Reference input. This input is used i in conjunction with SUM and Vene inputs to ale an external 
| +5 V reference to —3.5 V, the required reference for the part, see Figure 2. ’ 
«21 _ SUM Summing Point. This input is used in conjunction with +5REF and Veer inputs to scl an external 
. abs +5 V reference to —3.5 V, the required reference for the part, see Figure 2. 
2 ae Views Voltage Reference Input. The AD7886 i is specified with Verr = —3-5 V. 
Interface and Control . 7 | 
1-4, DB7-DB4 - Three-state dah outputs. 
6-9, DB3-DBO These outputs are controlled by cS and RD. DB11 is the. Most Significant Bit MOE): 
25-28 DB11-DB8 
11... BUSY ~~ BUSY Output indicates converter status. BUSY is low during conversion. 
12. CS =... Chip Select Input. The device is selected when this input is low. | - 
13 oe RD _._, Read Input. This active low signal, in conjunction with CS, is used to enable the output data three-state 
| t ne . ~ drivers. . 
14 = CONVST : Conversion Start Input. This input is used to start conversion. 
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AD7886 


PIN CONFIGURATIONS — 


DIP 


AD7886 
TOP VIEW 


(Not to Scale) 


TERMINOLOGY 

Unipolar Offset Error 

The ideal first code transition should occur when the analog in- 
put is 1 LSB above AGND. The deviation of the actual transi- 
tion from that point is termed the offset error. 


Bipolar Zero Error 

The ideal midscale transition (i. e., O11 1111 1111 to 1000 0000 
0000 for the +5 V range should occur when the analog input is 
at zero volts. Bipolar zero error iS the deviation of the actual 
transition from that point. 


Gain Error 

In the unipolar mode, gain error is measured with respect to the 
first and last code transition points. The ideal difference be- 
tween these points if FS—2 LSBs. For bipolar applications, the 
gain error is measured from the midscale transition to both the 
first and last code transitions. The ideal difference in this case is 
FS/2—1 LSB. The gain error is defined as the deviation between 
the ideal difference, given above, and the measured difference. 
For the bipolar case, there are two gain errors, the figure in the 
specification page represents the worst case. Ideal FS depends 
on the +5REF input; for the 0 to 5 V input, ideal FS = 
+5REF and for the 0 to'10 V and +5 V ranges, ideal.FS = 2 x 
+S5REF. 


CONVERTER DETAILS 

The AD7886 is a triple-pass flash ADC which uses 15 compara- 
tors in a 4-bit flash technique to perform the 12-bit conversion 
procedure. Each of the 4096 quantization levels is realized inter- 
nally with a precision resistor DAC. 


The fifteen comparators first compare - the analog input voltaze 
to the Vagp/16 voltages of the resistor array. This determines 
the four most significant bits and selects 1 out of 16 voltage seg- 
ments. The comparators are then switched to 15 subvoltages on 
that segment to determine the next four bits and.select 1 out of 
256 voltage segments. A further switching of the comparators to 
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AD7886 


TOP VIEW 
(Not to Scale) 


_ VIN2 eo | 


CONVST 


another 15 subvoltages produces the complete 12-bit conversion 
result. The 12 bits of data are then stored internally in a three- 
state et latch. 


REFERENCE INPUT 

The AD7886 operates from a —3.5 V ietate which must be . 
provided at the Vag input. Two on-chip resistors for use with 
an external amplifier can be used for deriving —3.5 V from 
standard 5 V references. Figure 2 shows an example with the 
AD586 which a is a high performance voltage reference which 
exhibits excellent stability performance, 5 ppm/°C max. The ex- 
ternal amplifier serves a second function of force/sensing the 
Vrer input. Force/sensing minimizes error contributions from 


AD7886* 


“ADDITIONAL PINS OMITTED FOR CLARITY 


Figure 2. Typical Reference Circuitry 
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voltage or IR drops along the internal conductors. IR drops in 
the reference path cause a gain error, and typically the external 
amplifier reduces this error by 2 LSBs. In systems where a 
—3.5 V reference is available then it can be applied to the Veer 
input directly causing a slight increase in gain error. A low op 
amp offset voltage is important as any offset voltage will add 
directly to the voltage that is being force/sensed: Suitable op 
amps for this application are precision op amps such as the 
AD705 or the AD707 which feature offset voltages of less than 
100 nV. ) 


Proper decoupling on the op amp output is important to sup- 
press high speed transients during the conversion procedure.. 
Note, connecting capacitors directly to op amp outputs can 
cause stability problems. However, the use of large capacitors, 
10 wF in Figure 2, limits the open-loop bandwidth preventing 
any closed-loop oscillations. foe 


TRACK-AND-HOLD AMPLIFIER 

The analog input is sampled by an on-chip track-and-hold am- 
plifier before being applied to the ADC. The 3dB bandwidth of 
this amplifier is typically 20 MHz which is much greater than 


the Nyquist limit of the ADC, so it can be used for undersam- | 


pling applications. The track-and-hold amplifier acquires the 
input signal to 12-bit accuracy in less than 333 ns. The overall 
throughput time is equal to the conversion time plus the track/ 
hold amplifier acquisition time which is 1.333 ys for the 
AD7886. 


The operation of the track/hold amplifier is essentially transpar- 
ent to the user. The track-to-hold transition occurs at the start 
of conversion on the falling edge of CONVST. The conversion 
procedure does not start until the rising edge of CONVST. The 
width of the CONVST pulse low time determines the track-to- 
hold settling time. The track/hold reverts back to the track - 


mode at the end of conversion when BUSY has returned high. | 


0 TO 5V ANALOG INPUT RANGE 
85K 


_45V ANALOG INPUT RANGE 


3.5k 


TO | 
COMPARATORS 


Figure 3. Analog Input Range Configurations 


2-374 ANALOG-TO-DIGITAL CONVERTERS 


ANALOG INPUT RANGES 


The AD7886 has three user selectable analog input ranges: 0 to 
5 V, 0 to 10 V and +5 V. Figure 3 shows how to configure the 
two analog inputs (VIN1 and VIN2) for these ranges. 


UNIPOLAR OPERATION | 

Figure 4 shows a typical unipolar circuit for the AD7886. The 
ideal input/output characteristic is shown in Figure 5. The de- 
signed code transitions occur on integer multiples of 1 LSB. 
The output code is natural binary with 1 LSB = FS/4096. FS is 
either +5 V or +10 V depending on how the analog inputs are 
configured. | | - 


+5V 


AIN 
0 TO 5V 


VIN1 Voo 


OR . 
0 TO 10V -VIN2** ; 


AGND 
AD7886* 


/+SREF 


*ADDITIONAL PINS OMITTED FOR CLARITY 
**0 TO 5V RANGE: CONNECT VIN2 TO VIN1 
0 TO 10V RANGE: CONNECT VIN2 TO AGND 


Figure 4. Unipolar Operation 


OUTPUT . 
CODE . 


440441 


11...110 | 
11...101 


11...100 


00...011 
 00...010 
00...001 
12 3 4 FS 
VIN, INPUT VOLTAGE (LSBS) 
FS -1LSB 


00...000 . 


Figure 5. Ideal Input/Output Transfer Characteristic for 
~ Unipolar Operation — : ee 3h 
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ANALOG  ______ . LC?MOS Single Supply, 
DEVICES | _ —-12-Bit 600 KSPS ADC 


AD7892 


FEATURES FUNCTIONAL BLOCK DIAGRAM 
Fast 12-Bit ADC with 1.3 us Conversion Time | : 
600 kSPS Throughput Rate (AD7892-3) jie RO 


500 kSPS Throughput Rate (AD7892-1, AD7892-2) 
_ Single Supply Operation 

On-Chip Track/Hold Amplifier 

Selection of Input Ranges: 


AD7892. © MODE 


() DBO 
+10 V or +5 V for AD7892-1 | one 

0 V to +2.5 V for AD7892-2 ; © pB3/RFS 
+2.5 V for AD7892-3 OC) DB4/SCLK 


‘ High Speed Serial and Parallel Interface Vinr & . a 
Low Power, 60 mW typ Ving C) DB11/LOw 


Overvoltage Protection on Analog Inputs (AD7892-1 
and AD7892-3) . 
CONTROL LOGIC 


CS RD EOC CONVST AGND DGND STANDBY 


GENERAL DESCRIPTION | The AD7892 is fabricated in Analog Devices’ Linear Compat- 


The AD7892 is a high speed, low power, 12-bit A/D converter ible CMOS (LC?MOS) process, a mixed technology process 
that operates from a single +5 V supply. The part contains a that combines precision bipolar circuits with low-power CMOS 

1.3 ps successive approximation ADC, an on-chip track/hold logic. It is available in a 24-pin, 0.3" mie, plastic or hermetic 
amplifier, an internal +2.5 V reference and on-chip versatile DIP or in a 24-pin SOIC. 


interface structures that allow both serial and parallel connec- 
tion to a microprocessor. The part accepts an analog input range PRODUCT HIGHLIGHTS 
of +10 V or +5 V (AD7892-1), 0 V to +2.5 V (AD7892-2) and 1. The AD7892-3 features a conversion time of 1. 3 us and a 


+2.5 V (AD7892-3). Overvoltage protection on the analog in- track/hold acquisition time of 0.35 us. This allows a 

puts for the AD7892-1 and AD7892-3 allows the input voltage throughput rate for the part up to 600 ksps. The AD7892- 1 
to go to +17 V or t7 V respectively without damaging the ports. and AD7892-2 operate with throughput rates of 500 ksps. 
The AD7892 offers a choice of two data output formats: a 2. The AD7892 operates from a single +5 V supply and con- 
single, parallel, 12-bit word or serial data. Fast bus access times sumes 60 mW typ making 1 it ideal for low power and portable 
and standard control inputs ensure easy parallel interface to applications. 


microprocessors and digital signal processors. A high speed 
serial interface allows direct connection to the serial ports of 
microcontrollers and digital signal processors. 


3. The part offers a high speed, flexible interface arrangement 
with parallel and serial interfaces for easy connection to 
microprocessors, microcontrollers and digital signal 

In addition to the traditional dc accuracy specifications such as processors. 

linearity, full-scale and offset errors, the part is also specified for 

dynamic performance parameters including harmonic distortion 

and signal-to-noise ratio. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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AD7892-SPECIFICATIONS 


Parameter : 


DYNAMIC PERFORMANCE 


Signal to (Noise + Distortion) Ratio® 
Total Harmonic Distortion? 
Peak Harmonic or Spurious Noise? 
Intermodulation Distortion? 

2nd Order Terms 

3rd Order Terms 


DC ACCURACY 
Resolution 
Minimum Resolution for Which No | 
Missing Codes Are Guaranteed 
Relative Accuracy’ 
Differential Nonlinearity’ 
Positive Full-Scale Error? 
AD7892-1 and AD7892-3 - 
Negative Full-Scale Error? 
Bipolar Zero Error? 
AD7892-2 Only 
‘Unipolar Offset Error? 


ANALOG INPUT 
AD7892-1 
Input Voltage Range 
Input Voltage Range © 
Input Resistance 


AD7892-2 | | | 
Input Voltage Range on Vini 0 to +2.5 0to+2.5 — 
Input Current — . 50 50 
Input Voltage Range on Vyy2 +50 +50 

AD7892-3 
Input Voltage Range on Viz os a ao +2.5 
Input Resistance 2 2 


REFERENCE OUTPUT/INPUT 


REF IN Input Voltage Range | 2.375/2.625 | 2.375/2.625 
Input Impedance TT 1.6 1.6 
Input Capacitance* Ses 10 10 
REF OUT Output Voltage . 2.5 2.5 
REF OUT Error @ +25°C : +10 +10 
Twi to Tmax . +20 +20 
REF OUT Temperature Coefficient. | 25 25 
REF OUT Output Impedance S fae 5.5. 


LOGIC INPUTS 
Input High Voltage, Vinu 
Input Low Voltage, Vinz 
Input Current, Ipy 
Input Capacitance, Cy’ 


LOGIC OUTPUTS 
Output High Voltage, Voy 
Output Low Voltage, Voy; 
DB11-DBO 
Floating-State Leakage Current 
Floating-State Capacitance? 


0 to +2.5 
50 
+50. 


+25 
2 


2.375/2.625 


1.6 


10 
2.5 
+10 
+25 
25 
5.5 


Output Coding 
AD7892-1 and AD7892-3 2s Complement 
AD7892-2 | Straight (Natural) Binary 
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Bits 


Bits 

LSB max 
LSB max 
LSB max 


LSB max 
LSB max 


LSB max 


‘V min/V max 


kQ min 
pF max 
V nom 
mV max 
mV max 


_ ppm/°C typ 


kQ nom 


© (Vpp = +5 V+ 5%, AGND = DGND = 0 V, REF IN = +2.5 V. All opi oa are Taw to Tu 
unless otherwise noted.) | 


fin = oa 100 kHz. ee = 500 om 
(AD7892- 1 and AD7892-2) and 600 ksps 
(AD7892-3) 


| fa = 49 kHz, fb = 50 kHz 


Input Applied to Vyy, with Ving Grounded 
Input Applied to Vix; and Vyn2 
Input Applied to Vpy; with Vinz Gesuniea 


Input Applied to Vini hd Reeees to Vis. 


Input Applied to Viy; with Vyyz Unconnected 


25V+t5% . 
Resistor Connected to intemal Reference Node 


Vpp = 5 Vt 5% 


Vpp = 5 Vt5% 
Vin = 0 V to Vpp 


source = 200 pA 


Ignnk = 1.6 mA 
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CONVERSION RATE 
Conversion Time 
Track/Hold Acquisition Time? 
Conversion Time 
Track/Hold Acquisition Time 


AD7892-3 
AD7892-3 
AD7892-1 and AD7892-2 
AD7892-1 and AD7892-2 


+5% for Specified Performance 


3 


POWER REQUIREMENTS 

Vpp 

Ipp 
Normal Operation 
Standby Mode? 

Power Dissipation 
Normal Operation 
Standby Mode? 


Vpp = +5 V. Typically 60 mW 


NOTES ae 
‘Temperature ranges are as follows: A, B Versions: —40°C to +85°C; S Version: -55°C to +125°C. 
§ Version available on AD7892-1 and AD7892-2. 
3See Terminology. 
4Sample tested @ +25°C to ensure compliance. 
- 5This standby current is achieved with resistors to either DGND or Vpp on Pins 8, 9, 16 and 17. A conversion should not be initiated on the part within 30 us of 
exiting standby mode. 
Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS* Junction Temperature ............ 0c cece cece ees +150°C 
(Ta= +25°C unless otherwise noted) . Plastic DIP Package, Power Dissipation ........... 450 mW 
VoptOAGND 215 c0ia pitta wooed exe diel qa -0.3 Vto +7 V Qjq Thermal Impedance ................0000- 105°C/W 
Vip 10 DGND) ones Séeen ee ee ne dasane ese 0.38 MV tO FTV Lead Temperature (Soldering, 10 sec) ........... +260°C 
Analog Input Voltage to AGN Cerdip Package, Power Dissipation ............... 450 mW 
BDT892R1. sass cici a sons dss Be Grik Sek le ten aed eg each Bon thes +17V Qj, Thermal Impedance ...................05. 70°C/W 
ADTS9222: 663 cai EKG ESF A ER ERE TER ORNS -0.3 V, Vpp Lead Temperature (Soldering, 10 sec) ........... +300°C 
DD TB925 3: ica Caen anes BEE w ade Esk) ARE +7V SOIC Package, Power Dissipation. ............... 450 mW 
Reference Input Voltage to AGND ....-0.3 Vto Vpp + 0.3 V Oj, Thermal Impedance ............-0 eee ee eee 75°C/W 
Digital Input Voltage to DGND ...... —0.3 V to Vpp + 0.3 V Lead Temperature, Soldering 
Digital Output Voltage to DGND ..... -0.3 V to Vpp + 0.3 V Vapor Phase (60 sec) .........cce cece cece’ +215°C 
Operating Temperature Range Infrared (15 SeG) v4.5 24. ccd oiee.as dian eo oe FLZOFE 
Commercial (A, B Versions). ............ —40°C to +85°C “Stresses above those listed under “Absolute Maximum Ratings” may cause 
Extended (S Version) .............00005 —55°C to +125°C permanent damage to the device. This is a stress rating only and functional 
Storage Temperature Range ............. 65°C to +150°C operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
ORDERING GUIDE 
AD7892AN-1 +5 Vor+10V 500 ksps —40°C to +85°C N-24 
AD7892BN-1 +5 Vortl0V 500 ksps +1 LSB ~40°C to +85°C N-24 
AD7892AR-1 +5 Vortl0V 500 ksps —40°C to +85°C R-24 
AD7892BR-1 +5 Vortl0V 500 ksps +1 LSB —40°C to +85°C R-24 
AD7892SQ-1 +5 Vor+l0V 500 ksps +1 LSB —55°C to +125°C Q-24 
AD7892AN-2 0Vto +2.5V 500 ksps —40°C to +85°C N-24 
AD7892BN-2 0Vto +2.5V 500 ksps +1 LSB —40°C to +85°C N-24 
AD7892AR-2 0Vto+2.5V 500 ksps —40°C to +85°C R-24 
AD7892BR-2 0V to +2.5 V 500 ksps +1 LSB —40°C to +85°C R-24 
AD7892SQ-2 0Vto +2.5V 500 ksps +1 LSB . —55°C to +125°C Q-24 
AD7892AN-3  £25°V 600 ksps —40°C to +85°C_ N-24 
AD7892BN-3. <E25V 600 ksps +1 LSB —40°C to +85°C N-24 
AD7892AR-3 <t£2.5V 600 ksps . —40°C to +85°C R-24 
AD7892BR-3 ~+2.5V 600 ksps +1 LSB —40°C to +85°C R-24 


*N = Plastic DIP; R= SOIC; Q = Cerdip. For outline information see Package Information section. 


REV. 0 ANALOG-TO-DIGITAL CONVERTERS 2-377 


AD7892 a 
TIMING CHARACTERISTICS! ? vp. = +5 v2 5%, AGNO = DGND=0V, REFIN=+25)) 


A,B S . Oe 
Poraeetet ee 


Conversion Time for AD7892-3 


TcCONV } 
Conversion Time for AD7892-1, AD7892-2 
taca Acquisition Time for AD7892-3 


Acquisition Time for AD7892-1, AD7892- 2 
Parallel Interface 


ty CONVST Pulse Width 

to EOC Pulse Width 

t3 EOC. Falling Edge to CS Falling Edge Setup Time 
ty CS to RD Setup Time 

ts Read Pulse Width 

te? Data Access Time After Falling Edge of RD 

t;* Bus Relinquish Time After Rising Edge of RD | 

tg CS to RD Hold Time. 

te. RD to CONVST Setup Time 


tio RFS Low to SCLK Falling Edge Setup Time 

ie RFS Low to Data Valid Delay , 

tio SCLK High Pulse Width. 

t13 SCLK Low Pulse Width 

tae SCLK Rising Edge to Data Valid Hold Time . 

tis SCLK Rising Edge to Data Valid Delay 

tis RFS to SCLK Falling Edge Hold Time 

tic Bus Relinquish Time after Rising Edge of RFS . 
tiza’ Bus Relinquish Time after Rising Edge of SCLK 
NOTES 


‘Sample tested at +25°C to ensure compliance. All input signals: are e measured with tr = tf = 1 ns (10% to 90% of +5 V) and timed from a voltage level of +1. 6 V. 

See Figures 2 and 3. 

3Measured with the load circuit of Figure 1 a defined as the time required for an output to cross'0.8 V or 2.4 V. 

“These times are derived from the measured time taken by the data outputs to change 0.5 V when loaded with the circuit of Figure 1.:The measured number is then 
extrapolated back to remove the effects of charging or discharging the 50 pF capacitor. This means that the times quoted in the timing characteristics are the true bus 
relinquish times of the part and as ‘such are independent of external bus loading capacitances. 

*Assumes CMOS loads on data bits. With TTL loads, more current is drawn from the data lines and the RD to CONVST time needs to be extended to 300 ns min. 


Specifications subject to change without notice. 


+1.6V 


Figure 1. Load Circuit for Access Time and Bus Relinquish Time 


CAUTION , 
ESD (electrostatic discharge) sensitive eee Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. | WARNING! S| 
Although the AD7892 features proprietary ESD protection circuitry, permanent damage may aii Ag: 

occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD: 

precautions are recommended to avoid performance ‘degradation or loss of functionality. as 


ESD SENSITIVE DEVICE 
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PIN FUNCTION DESCRIPTION 


Pin 
No. - Description 


Vpp 
STANDBY 


REV. 0 


Vino 


REF OUT/REF IN 


AGND 
MODE 


DB11/LOW 


DB10/LOW 


DB9 
DB8 
DB7 
DB6 


DGND 
DB5/SDATA 


Positive supply voltage, +5 V+ 5%. 

Standby Input. Logic Input. With this input at a logic high, the part is in its normal operating 
mode; with this input at a logic low, the part is placed in its standby or power-down mode, 
which reduces power consumption to 5 mW typical. 
Analog Input 2. For the AD7892-1, this input either connects to AGND or to Vyy; to 
determine the analog input voltage range. With Vi connected to AGND on the AD7892-1, 
the analog input range at the Vy, input is +10 V. With V;y. connected to Vy; on the 
AD7892-1, the analog input range to the part is +5 V. 

For the AD7892-2, the voltage range at the V;y; input is referenced to the voltage applied to 
the Vin input. The allowable span for the Vpy2 voltage is +50 mV. With Viy2 at AGND on 
the AD7892-2, the analog input voltage range at the Vj, input is 0 to +2.5 V. 

For the AD7892-3, this input should be connected to AGND. 


Analog Input 1. The analog input voltage to be converted by the AD7892 is applied to this 


input. For the AD7892-1, the input voltage range is either +5 V or +10 V depending on where 
the Vjn2 input is connected. For the AD7892-2, the voltage range on the Vjx; input is 0 V to 
+2.5 V with respect to the voltage appearing at the Vjn> input. For the AD7892-3, the voltage 
range on the Vy; input is +2.5 V. 

Voltage Reference Output/Input. The part can be used with either its own internal reference 
or with an external reference source. The on-chip +2.5 V reference is provided at this pin. 
When using this internal reference as the reference source for the part, REF OUT should be 
decoupled to AGND with a 0.1 uF disc ceramic capacitor. The output impedance of this 
reference source is typically 5.5 kQ. When using an external reference source as the reference 
voltage for the part, the reference source should be connected to this pin. This overdrives the 
internal reference and provides the reference source for the part. The REF IN input is buf- 
fered on-chip but must be able to sink or source current through the resistor to the output 

of the on-chip reference. The nominal reference voltage for correct operation of the AD7892 
is +2.5 V. 

Analog Ground. Ground reference for track/hold, comparator and DAC. 

Mode. Control input which determines the interface mode for the AD7892. With this pin at a 
logic low, the device is in its serial interface mode; with this pin at a logic high, the device is in 
its parallel interface mode. 

Data Bit 11/Test Pin. When the device is in ‘its parallel mode, this pin is Data Bit 11 (MSB), a 
three-state TTL-compatible, output. When the device is in its serial mode, this is used as a test 
pin which must be tied to a logic low for correct operation of the AD7892 

Data Bit 10/Test Pin. When the device is in its parallel mode, this pin is Data Bit 10, a three- 
state TTL-compatible output. When the device is in its serial mode, this is used as a test pin 
which must be tied to a logic low for correct operation of the AD7892. 

Data Bit 9. Three-state TTL-compatible output. This output should be left unconnected when 
the device is in its serial mode. 

Data Bit 8. Three-state T'TL-compatible output. This output should be left unconnected when 
the device is in its serial mode. 

Data Bit 7. Three-state TTL-compatible output. This output should be left unconnected when 
the device is in its serial mode. 

Data Bit 6. Three-state TTL-compatible output. This output should be left unconnected when 
the device is in its serial mode. 

Digital Ground. Ground reference for digital circuitry. 

Data Bit 5/Serial Data. When the device is in its parallel mode, this pin is Data Bit 5, a 
three-state T'TL-compatible output. When the device is in its serial mode, this becomes 

the serial data output line. Sixteen bits of serial data are provided with four leading 

zeros preceding the 12-bits of valid data. Serial data is valid on the falling edge of 

SCLK for sixteen edges after RFS goes low. Output coding is 2s complement for AD7892-1 
and AD7892-3 and straight (natural) binary for AD7892-2. 
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Pin 


No.. 


16 


17 


18 


19 


20 


21 


22 
23 


24 


DB4/SCLK 


DB3/RFS 


Description. 


Data Bit 4/Serial Clock. When the device is in its parallel mode, this pin is Data Bit 4, a three-state 


-TTL-compatible output. When the device is in its serial mode, this becomes the serial clock pin, 


SCLK. SCLK is an input and an external serial clock must be provided at this pin to obtain serial 


- data from the AD7892. Serial data is clocked out from the output shift register on the rising edges 


of SCLK after RFS goes low. 
Data Bit 3/Receive Frame Synchronization. When the device is in its parallel mode, this pin is 
Data Bit 3, a three-state TTL-compatible output. When the device is in its serial mode, this 


becomes the receive frame synchronization input with RFS provided externally to obtain serial 
data from the AD7892. 


Data Bit 2. Three-state TTL-compatible output. This output should be left unconnected when the 
device is in its serial mode. 

Data Bit 1. Three-state TTL-compatible output. This output should be left unconnected when the 
device is in its serial mode. 

Data Bit 0 (LSB). Three-state TTL-compatible output. Output coding is 2s complement for 


_ AD7892-1 and AD7892-3 and straight (natural) binary for AD7892-2. This output should be left 


unconnected when the device is in its serial mode. 


~ Read. Active low logic input which is used in conjunction with CS low to enable the data outputs. 


Chip Select. Active low logic input which is used in conjunction with RD to enable he data outputs. © 
End-of-Conversion. Active low logic output indicating converter status. The end of conversion is 
signified by a low-going pulse on this line. The duration of this EOC pulse is nominally 100 ns. 
Convert Start. Logic Input. A low to high transition on this input puts the track/hold into its hold 
mode and starts conversion. ; 


PIN CONFIGURATION | 
DIP and SOIC 


TOP VIEW 
MODE (Not to Scale) 18 Dee 


DB11/LOW | 8 | 17] DB3/RFS 
DB10/LOW | 9 | . 46] DB4/CSCLK 
) | . 115) DBS/SDATA 
DBS {11} _ 114| OGND | | 
DB7 113] DB6 
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CIRCUIT DESCRIPTION : 

The AD7892 is a fast, 12-bit single supply A/D converter. It 
provides the user with signal scaling, track/hold, reference, A/D 
converter and versatile interface logic functions on a single chip. 
The signal scaling on the AD7892-1 allows the part to handle 
either +5 V or +10 V input signals while operating from a single 
+5 V supply. The AD7892-2 handles a 0 to +2.5 V analog in- 
put range, while signal scaling on the AD7892-3 allows it to 
handle +2.5 V input signals when operating from a single sup- 
ply. The part requires a +2.5 V reference which can be pro- 
vided from the part’s own internal reference or from an external 
reference source. | 


Conversion is initiated on the AD7892 by pulsing the CONVST 
input. On the rising edge of CONVST, the track/hold goes 
from track mode to hold mode and the conversion sequence is 
started. At the end of conversion (falling edge of EOC), the 
track/hold returns to tracking mode and the acquisition time be- 
gins. Conversion time for the part is 1.3 us (AD7892-3) and the 
_track/hold acquisition time is 350 ns (AD7892-3). This allows 
the AD7892-3 to operate at throughput rates up to 600 ksps. 
The AD7892-1 and AD7892-2 are specified with a 1.6 ls con- 
version and 400 ns acquisition time allowing a throughput rate 
of 500 ksps. 


Track/Hold Section 

The track/hold amplifier on the AD7892 allows the ADC to ac- 
curately convert an input sine wave of full-scale amplitude to 
12-bit accuracy. The input bandwidth of the track/hold is 
greater than the Nyquist rate of the ADC even when the ADC is 
operated at its maximum throughput rate of 600 kHz (i.e., the 
track/hold can handle input frequencies in excess of 300 kHz). 


The track/hold amplifier acquires an input signal to 12-bit accu- 
racy in less than 350 ns. The operation of the track/hold is es- 
sentially transparent to the user. The track/hold amplifier goes 
from its tracking mode to its hold mode on the rising edge of 
CONVST. The aperture time for the track/hold (1.e., the delay 
time between the external CONVST signal and the track/hold 
actually going into hold) is typically 15 ns. At the end of con- 
version, the part returns to its tracking mode. The acquisition 
time of the track/hold amplifier begins at this point. 


Reference Section 

The AD7892 contains a single reference pin, labelled 

REF OUT/REE IN, which either provides access to the part’s 
own +2.5 V reference or to which an external +2.5 V reference 


AD7892 


can be connected to provide the reference source for the part. 
The part is specified with a +2.5 V reference voltage. Errors in 
the reference source will result in gain errors in the AD7892’s 
transfer function and will add to the specified full-scale errors 
on the part. On the AD7892-1 and AD7892-3, it will also re- 
sult in an offset error injected in the attenuator stage. 


The AD7892 contains an on-chip +2.5 V reference. To use this 
reference as the reference source for the AD7892, simply con- 
nect a 0.1 uF disc ceramic capacitor from the REF OUT/ 

REF IN pin to AGND. The voltage that appears at this pin is 
internally buffered before being applied to the ADC. If this ref- 
erence is required for use external to the AD7892, it should be 
buffered as the part has a FET switch in series with the refer- 
ence output resulting in a source impedance for this output of 
5.5 kQ nominal. The tolerance on the internal reference is 
+10 mV at 25°C with a typical temperature coefficient of 

25 ppm/°C and a maximum error over temperature of +25 mV. 


If the application requires a reference with a tighter tolerance or 
the AD7892 needs to be used with a system reference, then the 
user has the option of connecting an external reference to this 
REF OUT/REE IN pin. The external reference will effectively 
overdrive the internal reference and thus provide the reference 
source for the ADC. The reference input is buffered before be- 
ing applied to the ADC with the maximum input current is 
+100 pA. Suitable reference sources for the AD7892 include the 
AD680, AD780 and REF43 precision +2.5 V references. 


INTERFACING 

The part provides two interface options, a 12-bit parallel inter- 
face and a three-wire serial interface. The required interface | 
mode is selected via the MODE pin. The two interface modes 


are discussed in the following sections. 


Parallel Interface Mode 

The parallel interface mode is selected by tying the MODE in- 
put to a logic high. Figure 2 shows a timing diagram illustrating 
the operational sequence of the AD7892. The on-chip track/ 
hold goes into hold mode, and conversion is initiated on the ris- 
ing edge of the CONVST signal. When conversion is complete, 
the end of conversion line (EOC) pulses low to indicate that 
new data is available in the AD7892’s output register. This 
EOC line can be used to drive an edge-triggered interrupt of a 
microprocessor. The read operation should be completed 

200 ns prior to the next rising edge of CONVST. CS and RD 


| |< $$ +t, ., > 
i t, << ane t, tag ACQ 
— ! 5 | 
ities wee tconv ——>1 | lq t nee 
—— t, —, | 2 
—— 
CS (I) 


) a is aa 
RD (1) 


3-STATE 
DBO-DB11 (0) ———_———_—$—$——————— 
NOTE: 
| = INPUT; O = OUTPUT 


3-STATE 


Figure 2. Parallel Mode Timing Diagram 
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going low accesses the 12-bit conversion 1 result. In systems. 
where the part is interfaced toa gate ar array or ASIC, this EOC | 
pulse can be applied to the CS and RD inputs to latch. data out 
of the AD7892 and into the gate array or ASIC. This eliminates 
the logic required in the. gate array or ASIC to recognize the end 
of conversion and generate the read signal for the AD7892. To 
obtain optimum f performance from the AD7892, it is not recom- 
mended to tie CS and RD permanently low as this a REEDS the 
three-state active during c conversion. 


Serial Interface Mode 

The AD7892 is configured for serial mode interfacing by ‘ing 
the MODE input low.: It provides for a three-wire, serial link 
between the AD7892 and industry-standard microprocessors, 
microcontrollers and digital signal processors. SCLK and RFS 
of the AD7892 are inputs, and the AD7892’s serial interface is 
designed for direct interface to systems that provide a serial 
clock input that is synchronized to the serial data output includ- 
ing microcontrollers such as the 80C51, 87C51, 68HCll and 
68HCO5 and most digital signal ‘processors. 


Figure 3 shows the timing diagram for reading from the : 
AD7892 in the serial interface mode. RFS goes low to access 
data from the AD7892. The serial clock input does not have to 
be continuous. The serial data can be accessed in a number of 
bytes. However, RFS must remain low for the duration of the 
data transfer operation. Sixteen bits of data are transmitted 


RFS 5) E. . 4 : 7 ! [= 


with four leading zeros followed by the 12-bit conversion result 
starting with the MSB. Serial data is clocked out of the device. 
on the rising edge of SCLK. Old data is guaranteed.to be valid 
for 5 ns after this edge. This is useful for high speed serial clocks. 
where the access time of the part would not allow sufficient set- 
up time for the data to be accepted on the falling edge of the 
clock. In this case, care must be taken that RFS does not go just 
prior to a rising edge of SCLK. For slower serial clocks data is 
valid on the falling edge of SCLK. At the end of the read opera-. 
tion, the SDATA line is three-stated by a rising edge on either | 
the SCLK of RFS inputs, whichever occurs first. Serial data 
cannot be read during conversion to avoid feedthrough prob- 
lems from the serial clock to the conversion process. For opti- 
mum performance, a serial read should also be avoided within 
400 ns of the rising edge of CONVST to avoid feedthrough i into 
the track/hold during i its acquisition time. The serial read 
should, therefore, occur between the end of conversion (EOC 
falling edg edge) and 400 ns prior to the next rising edge of 
CONVST. This limits the maximum achievable throughput 

rate in serial mode (assuming 20 MHz serial clock) to 400 ksps 
for the AD7892-3 and 357 Raps for the AD7892- 1 and 

AD7892- 2. | | 


NOTE: 
1= INPUT; O = OUTPUT 


Figure 3. Serial Mode Timing Diagram 
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LC*MOS 12-Bit, Serial 6 jus 
ADC in 8-Pin Package 


AD7893 


FEATURES | 
Fast 12-Bit ADC with 6 ns Conversion Time 
8-Pin Mini-DIP and SOIC 
Single Supply Operation 
High Speed, Easy-to-Use, Serial Interface 
On-Chip Track/Hold Amplifier 
Selection of Input Ranges 
+10 V for AD7893-10 
0V to +2.5 V for AD7893-2 
Low Power: 25 mW typ 


GENERAL DESCRIPTION 

The AD7893 is a fast, 12-bit ADC which operates from a single 
+5 V supply and is housed in a small 8-pin mini-DIP and 8-pin 
SOIC. The part contains a 6 ps successive approximation A/D 
converter, an on-chip track/hold amplifier, an on-chip clock and 
a high speed serial interface. 


Output data from the AD7893 is provided via a high speed, 
serial interface port. This two-wire serial interface has a serial 
clock input and a serial data output with the external serial 
clock accessing the serial data from the part. 


In addition to the traditional dc accuracy specifications such as 
linearity, full-scale and offset errors, the AD7893 is also speci- 
fied for dynamic performance parameters including harmonic 
distortion and signal-to-noise ratio. 


The part accepts an analog input range of +10 V (AD7893-10) 
or 0 V to +2.5 V (AD7893-2) and operates from a single +5 V 
supply consuming only 25 mW typical. 


The AD7893 is fabricated in Analog Devices’ Linear Compatible 


CMOS (LC?MOS) process, a mixed technology process that 


combines precision bipolar circuits with low power CMOS logic. 


The part is available in a small, 8-pin, 0.3” wide, plastic or her- 
metic dual-in-line package (mini-DIP) and in an 8-pin, small- 
outline IC (SOIC). 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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FUNCTIONAL BLOCK DIAGRAM 


= 
REGISTER 


a ca 


AGND DGND 
*AD7893-10 ONLY 


PRODUCT HIGHLIGHTS 

1. Fast, 12-Bit ADC in 8-Pin Package 
The AD7893 contains a 6 ws ADC, a track/hold amplifier, 
control logic and a high speed serial interface, all in an 8-pin 
package. This offers considerable space saving over alterna- 
tive solutions. | 


2. Low Power, Single Supply Operation 
The AD7893 operates from a single +5 V supply and con- 
sumes only 25 mW. This low power, single supply operation 
makes it ideal for battery-powered or portable applications. 


3. High Speed Serial Interface : 
The part provides high speed serial data and serial clock lines 
- allowing for an easy, two-wire serial interface arrangement. 
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AD7893— SPECIFICATIONS 1 acs Yt ft = 018 = #2808 Sexo 
Peterlee | | ; : | Versions! Versions ae oben — - 


‘DYNAMIC PERFORMANCE 
~ Signal to (Noise + Distortion) Ratio” 
@ +25°C - : : 


fin = 10 kHz Sine Wave, fgamprp = 117 kHz 
Tyan to Tyax 
Total Harmonic Distortion (THD? 
Peak Harmonic or Spurious Noise” 
Intermodulation Distortion (IMD)? 
2nd Order Terms | 
3rd Order Terms 


DC ACCURACY 
Resolution . 7 
Minimum Resolution for which 
No Missing Codes are Guaranteed 
Relative Accuracy 
Differential Nonlinearity’ 
Positive Full-Scale Error’ 
AD7893-2 Only 
Unipolar Offset Error 
AD7893-10 Only: 
Negative Full-Scale Error? 
Bipolar Zero Error 


fry = 10 kHz Sine Wave, fgampiz = 117 kHz 
fin = 10 kHz Sine Wave, foaMPLE = 117 kHz 
fa=9 kHz, fb = 9.5 kHz, fs4MPLE = 117 kHz 


ANALOG INPUT 
AD7893-10 : YS ad 
Input Voltage Range . ae +10. 
Input Resistance . . 16 16 
AD7893-5 _ | ; 
Input Voltage Range ~ Oto +5 Oto +5 
Input Resistance . 9 9 
AD7893-2 8 aa” 
Input Voltage Range 5S. Oto+2.5 Oto +2.5 
Input Current | eee) - 500 
REFERENCE INPUT | | 
REF IN Input Voltage panes a lz : 2.375/2.625 2.375/2.625 | V min/V max |2.5V + 5% | 
Input Current . 10 


Input Capacitance? 


LOGIC INPUTS 
Input High Voltage, Ving: | 
Input Low Voltage, Viz. . 
Input Current, Ip; 
Input Capacitance, C,, 


Vop = 5V + 5% | 
Vin = 0V to Vop 


LOGIC OUTPUTS aa 
Output High Voltage, Vor . . 4.0 i IsourcE = 200 pA 
Output Low Voltage, Vo; : : 0.4 Ign = 1.6mA 
Output Coding | 

AD7893-10 2s Complement 
AD7893-2 Straight (Natural) Binary 
CONVERSION RATE | 


Conversion Time 
Track/Hold Acquisition Time? 


POWER REQUIREMENTS 
Vpp 


Ipp ° ‘te ° 
Power Dissipation 


+5% for Specified Performance 
Typically 25 mW | 


NOTES 

1Temperature Ranges are as follows: A, B Versions: ~40°C to +85°C; S Version: —55°C to +125°C. 
?See Terminology. 

3Sample tested @ +25°C to ensure compliance. 


Specifications subject to change without notice. 
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AD7893 
TIMING CHARACTERISTICS" 2 w,, = +5 v, aeno = eno = 0V, REF IN = +251) 


A, B S 
Parameter Version Units Test Conditions/Comments 


ty CONVST Pulse Width 

tp SCLK High Pulse Width 

ts SCLK Low Pulse Width 

ty SCLK Rising Edge to Data Valid Delay 

ti Bus Relinquish Time after Falling Edge of SCLK 
NOTES 


‘Sample tested at +25°C to ensure compliance. All input signals are measured with tr = tf = 1 ns (10% to 90% of +5 V) and timed from a voltage level of 
+1.6 V. 

See Figure 5. 

3Measured with the load circuit of Figure 1 and defined as the time required for an output to cross 0.8 V or 2.4 V. 

“Derived from the measured time taken by the data outputs to change 0.5 V when loaded with the circuit of Figure 1. The measured number is then extrapo- 
lated back to remove the effects of charging or discharging the 50 pF capacitor. This means that the time, ts, quoted in the timing characteristics is the true 
bus relinquish time of the part and as such is independent of external bus loading capacitances. 


ABSOLUTE MAXIMUM RATINGS* 
(T, = +25°C unless otherwise noted) 


Vi5p tO AGND: 255/25 Sek Oe eee ss —-0.3Vto+7V ~ 
Ven tO DGND” boat ee DR ews aes .70.3Vto+7V 
Analog Input Voltage to AGND 
AD7893-10, AD7893-5 2... ee we es +17 V To 
PLDT S932) Back, 2 ekg beatae eo eat ea eed -5V,+10V OUTPUT +2.1V 


Reference Input Voltage to AGND .. —0.3 Vto Vpp + 0.3 V oe 


Digital Input Voltage to DGND ....—0.3 V to Vpp + 0.3 V 
Digital Output Voltage to DGND ...-—0.3 V to Vpp + 0.3 V 
Operating Temperature Range 


Commercial (A, B Versions)........... —40°C to +85°C 
Extended (S Version) .............. Be to ieee Figure 1. Load Circuit for Access Time and Bus 
Storage Temperature Range ........... —65°C to +150°C Reli ; ; 
: 3 elinquish Time 
Junction Temperature ............. 02.00 ee aes +150°C 
Plastic DIP Package, Power Dissipation .......... 450 mW 
8;, Thermal Impedance ...............04. 130°C/W 
Lead Temperature, (Soldering, 10 sec) ......... +260°C 
Cerdip Package, Power Dissipation ............. 450 mW 
6;, Thermal Impedance ...............44. 125°C/W 
Lead Temperature, (Soldering, 10 secs) ......... +300°C 
SOIC Package, Power Dissipation.............. 450 mW 
8;, Thermal Impedance ...............04. 170°C/W 
Lead Temperature, Soldering 
Vapor Phase (60 sec)... 2.2... 2... eee eee +215°C 
Tntrared: CUS SEC) eca:d 35. a5e: BS eee Re ee +220°C 


*Stresses above those listed under “Absolute Maximum Ratings” may cause 
_ permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


CRU TON nn i a ee ee 
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. WARNI NG! 

Although the AD7893 features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD eprint A 

precautions are recommended to avoid performance degradation or loss of functionality. ESD SENSITIVE DEVICE 
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Pin | Pin a 
‘No. | Mnemonic pescophon 


i: 


PIN FUNCTION DESCRIPTION 


Voltage Reference. ees An external ehrence source should be Seance to fie pin to provide the pane 
voltage for the AD7893’s conversion process. The REF IN input is buffered on-chip. The nominal reference 
voltage for correct operation of the AD7893 i is +2.5 V. : 


| Analog Input Channel. The analog input range is +10 V (AD7893- ee 0 to +5 V (AD7893-5) and 0 to 
-| +2.5 V (AD7893-2). 


Analog Ground. ‘Ground: reference for track/hold, comparator aia DAC. 


Serial Clock Input. An external serial clock is applied to this input to obtain serial data from the AD7893. A 
new serial data bit is clocked out on the rising edge of this serial clock and data is valid on the falling edge. 
| The serial clock input should be taken low at the end of the serial data transmission. 


Serial Data Output. Serial data from the AD7893 is provided at this output. The serial data is clocked out by 
the rising edge of SCLK and is valid on the falling edge of SCLK. Sixteen bits of serial data are provided with 
four leading zeros followed by the 12-bits of conversion data. On the sixteenth falling edge of SCLK, the 
SDATA line is disabled (three-stated). Output data coding is twos complement for the AD7893-10 and 
straight binary for the AD7893-2 and AD7893-5. : 


DGND Digital Ground. Ground reference for digital circuitry. 


CONVST Convert Start. Edge-triggered logic input. On the falling edge of this input, the serial clock counter is reset to 
| zero. On the rising edge of this input, the track/hold goes into its hold mode ands conversion is tiated 


8 Vop Positive ged voltage, +5 V + 5%. 


PIN CONFIGURATION 
DIP and SOIC 


REFIN| 1] @ 
V~[2| AD7893 _ 
se Pee te TOP VIEW 
AGND Ey (Not to Scale) 


SCLK 4 | 


ORDERING GUIDE 


Temperature _ Linearity SNR 
Range Error (LSB) | (dB) 


Package 
Option* 


AD7893AN-2 | —40°C to +85°C | +1 LSB 
AD7893BN-2. | —40°C to +85°C | +1/2 LSB 
AD7893AR-2. | —40°C to +85°C | +1 LSB 
AD7893BR-2 | —40°C to +85°C | +1/2 LSB | 
AD7893SQ-2. | —55°C to +125°C | -+1.LSB 
AD7893AN-5 | —40°C to +85°C | +1 LSB 
AD7893BN-5 | —40°C to +85°C | +1/2 LSB © 
AD7893AR-5 | —40°C to +85°C | +1 LSB 
AD7893BR-5 | —40°C to +85°C | +1/2 LSB 
AD78938Q-5 | —55°C to +125°C | +1 LSB 
ie, by _AD7893AN-10: —40°C to +85°C | +1 LSB 
 *., AD7893BN-10-|. —40°C to +85°C:: | +1/2 LSB . 
~~ AD7893AR-10. | —40°C to. +85°C | +1 LSB 
' AD7893BR-10 | —40°C. to-+85°C | +1/2 LSB 


ig AD7893SQ-10 


—35°C to ay 125°C : +1 LSB é 


*N = Plastic DIP, Q = Cerdip, SO = SOIC. For outline information see Package 
Information section. . 
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TERMINOLOGY 


Signal to (Noise + Distortion) Ratio 

This is the measured ratio of signal to (noise + distortion) at the 
output of the A/D converter. The signal is the rms amplitude of 
the fundamental. Noise is the rms sum of all nonfundamental 
signals up to half the sampling frequency (f</2), excluding dc. 
The ratio is dependent upon the number of quantization levels 
in the digitization process; the more levels, the smaller the. 
quantization noise. The theoretical signal to (noise + distortion) 
ratio for an ideal N-bit converter with a sine wave input is given 
by: 


(6.02N + 1.76) dB 
Thus for a 12-bit converter, this is 74 dB. 


Signal to (Noise + Distortion) = 


Total Harmonic Distortion = 
Total harmonic distortion (THD) is the ratio of the rms sum of 
harmonics to the fundamental. For the AD7893, it is defined as: 


VIVE + VE + VEE VE Ve 
V; 


where V, is the rms amplitude of the fundamental and V,, V;, 
V,, V; and V, are the rms amplitudes of the second coe 
the sixth harmonics. 


THD(dB) = 20 log 


Peak Harmonic or Spurious Noise 

Peak harmonic or spurious noise is defined as the ratio of the 
rms value of the next largest component in the ADC output 
spectrum (up to f,/2 and excluding dc) to the rms value of the 
fundamental. Normally, the value of this specification is deter- 
mined by the largest harmonic in the spectrum, but for parts 
where the harmonics are buried in the noise eer it will be a 
noise peak. : | 


Intermodulation Distortion 
With inputs consisting of sine waves at two frequencies, fa and 
fb, any active device with nonlinearities will create distortion 
products at sum and difference frequencies of mfa + nfb where 
m, n = 0, 1, 2, 3, etc. Intermodulation terms are those for 
which neither m or n are equal to zero. For example, the second 
order terms include (fa + fb) and (fa — fb), while the third 
order terms include ie fa + fb), (2 fa — fb), (fa + 2 fb) and 
(fa — 2 fb). 


The AD7893 i is tested using the CCIF standard where two input 
frequencies near the top end of the input bandwidth are used. 
In this case, the second and third order terms are of different 
significance. The second order terms are usually distanced in 
frequency from the original sine waves, while the third order 
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terms are usually at a frequency close to the input frequencies. 
As a result, the second and third order terms are specified sepa- 
rately. The calculation of the intermodulation distortion is as per 
the THD specification where it is the ratio of the rms sum of 
the individual distortion products to the rms amplitude of the 
fundamental expressed in dBs. 


Relative Accuracy 

Relative accuracy or endpoint nonlinearity is the maximum devi- 
ation from a straight line passing through the endpoints of the 
ADC transfer function. 


Differential Nonlinearity 
This is the difference between the measured and the ideal 
1 LSB change between any two adjacent codes in the ADC. 


Positive Full-Scale Error (AD7893-10) 

This is the deviation of the last code transition (01... 110 to 
01... 111) from the ideal (4 x REF IN - — 1 LSB) afte the 
Bipolar Zero Error has been adjusted out. 

Positive Full-Scale Error (AD7893-5) 

This is the deviation of the last code transition (11... 110 to 
ll. 11d from the ideal (2 x REF IN — 1 LSB) after the 
Wuipolar Offset Error has been adjusted out. - 

Positive Full-Scale Error (AD7893-2) . 
This is the deviation of the last code manner (11...110 to 
11 ....111) from the ideal (REF IN — 1 LSB) after the Unipo- 
lar Offset Error has been adjusted out. 

Bipolar Zero Error (AD7893-10) 

This is the deviation of the midscale transition Gll Os to all Is) 
from the ideal 0 V (AGND). 


Unipolar Offset Error (AD7893-2, AD7893-5)__ 


This is the deviation of the first code transition (00 . . . 000 to 
00 . . . 001) from the ideal 1 LSB. : 

Negative Full-Scale Error (AD7893-10) 

This is the deviation of the first code transition (10. . . 000 to 


10. . . 001) from the ideal (—4 <x REF IN + 1 LSB) after 
Bipolar Zero Error has been adjusted out. 


Track/Hold Acquisition Time 

Track/Hold acquisition time is the time required for the output 
of the track/hold amplifier to reach its final value, within 

+1/2 LSB, after the end of conversion (the point at which the 
track/hold returns to track mode). It also applies to situations 
where there is a step input change on the input voltage applied 
to the V,,, input of the AD7893. This means that the user must 
wait for the duration of the track/hold acquisition time after the 
end of conversion or after a step input change to V,,, before 
starting another conversion, to ensure that the part operates to 
specification. 
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CONVERTER DETAILS 

The AD7893 is a fast, 12-bit single supply A/D converter. tt 
provides the user with signal scaling (AD7893-10), track/hold, 
A/D converter and serial interface logic functions on-a single 


chip. The A/D converter section of the AD7893 consists of a 
conventional successive-approximation converter based around 


an R-2R ladder structure. The signal scaling on the AD7893-10 - 


and AD7893-5 allows the part to handle +10 V and 0 to +5 V 
input signals respectively while operating from a single +5 V 
supply. The AD7893-2 accepts an analog input range of 0 V to 
+2.5 V. The part requires an external +2.5 V reference. The 
reference input to the part is buffered on-chip. 


A major advantage of the AD7893 is that it provides all of the 
above functions in an 8-pin package, either 8-pin mini-DIP or 
SOIC. This offers the user considerable spacing saving advan- 
tages over alternative solutions. The AD7893 consumes only 

25 mW typical making it ideal for battery-powered applications. 


Conversion is initiated on the AD7893 by pulsing the CONVST | 


input. On the rising edge of CONVST, the on- -chip track/hold 
goes from track to hold mode and the conversion sequence is 
started. The conversion clock for the part is generated internally 
using a laser-trimmed clock oscillator circuit. Conversion time 
for the AD7893 is 6 ws and the track/hold acquisition time is 
1.5 ys. To obtain optimum performance from the part, the read 
operation should not occur during the conversion or during 

600 ns prior to the next conversion. This allows the part to 
operate at throughput rates up to 117 kHz and achieve data 


sheet specifications. The part can operate at higher throughput _ 


rates (up to 133 kHz) with slightly degraded performance (see 
Timing and Control section). 


CIRCUIT DESCRIPTION 

Analog Input Section 

The AD7893 is offered as three part types, the AD7893-10 
which handles a +10 V input voltage range, the AD7893-5 
which handles a 0 to +5 V input range and the AD7893-2 

which handles a 0 V to +2.5 V input voltage range. 


Figure 2 shows the analog input section for the AD7893-10 sna 
AD7893-5. The analog input range of the AD7893-10 is +10 V 
into an input resistance of typically 33 kO. The input range on 
the AD7893-5 is 0 to +5 V into an input resistance of typically 
11 kQ. This input is benign with no dynamic charging currents 


as the resistor stage is followed by a high input impedance stage ~ 


TO ADC 
REFERENCE 
CIRCUITRY 


1 
30kKQ = 7.5kQ TO INTERNAL 


COMPARATOR 


AD7893-10/AD7893-5 


Figure 2. AD7893-10/AD7893-5 Analog Input Structure 
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—FSR/2 + 1 LSB (—9.995117) | 


of the track/hold amplifier. For the AD7893-10, R1 = 30 kQ,. 
R2 = 7.5 kQ and R3 = 10 kQ. For the. AD7893-5, R1 and R3 
= 5 kO while R2 is open-circuit. 


For the AD7893-10, the designed code transitions occur on suc- 
cessive integer LSB values (i.e., 1 LSB, 2 LSBs, 3 LSBs ...). 
Output coding is 2s complement binary with 1 LSB = FS/4096 
= 20 V/4096 = 4.88 mV. The ideal input/output transfer func- 
tion for the AD7893-10 is shown i in Table I. 


Table I. Ideal Input/Output Code Table for as AD7893-10 


Digital Output 
Code Transition 


1...110toOll... 
O11... 101 to 011... 110 
011... 100to 011... 101 


Analog Input? 


+FSR/2 — 1 LSB? (9.995117) 
+FSR/2 — 2 LSBs (9.990234) 
+FSR/2 — 3 LSBs (9.985352) 


AGND + 1 LSB (0.004883) 
AGND (0.000000) : 
AGND — 1 LSB (—0.004883) 


000... 000 to 000... . 001 
lll... 111 to 000... 000 
1l1...110to lll... 111 


100... 010 to 100... O11 
100... . 001 to 100. . . 010 
100... 000 to 100. . . 001 


—FSR/2 + 3 LSBs (—9.985352) 
~FSR/2 + 2 LSBs (—9.990234) 


NOTES . 
1FSR is full-scale range and is 20 V with REF IN. = +2.5 V. 
71 LSB = FSR/4096 = 4.883 mV with REF IN = +2.5 V. 


For the AD7893-5, the designed code transitions again occur on 
successive integer LSB values. Output coding is straight (natu- 
ral) binary with 1 LSB = FS/4096 = 5 V/4096 = 1.22 mV. The 
ideal input/output transfer function for the AD7893-5 i iS shown 
in Table II. 


The analog input section for the AD7893-2 sourins no biasing 
resistors. and the Vj, pin drives the input to the track/hold | 
amplifier directly. The analog input range is 0 V to +2.5 V into 
a high impedance stage with an input current of less than | 
500 nA. This input is benign with no dynamic charging cur- | 
rents. Once again, the designed code transitions occur on suc- 
cessive integer LSB values. Output coding is straight (natural) 
binary with 1 LSB = FS/4096 = 2.5 V/4096 = 0.61 mV. Table 
II also shows the ideal input/output transfer function for the 
AD7893-2. 


Table II. Ideal Input/Output Code Table for 
AD7893-2/AD7893-5 


Digital Output 
Code Transition 


..110to lll... 
lll...101to11l1...110 


Analog Input’ 
+FSR — 1 LSB? 


+FSR — 2 LSB 

+FSR — 3 LSB Hl... 100to lll... 101 
AGND + 3 LSB 000... 010 to 000... 011 
AGND + 2 LSB 000... . 001 to 000... . 010 


. 000 to 000... 


AGND + 1 LSB 


NOTES . 

1FSR is Full Scale Range and is 5 V for AD7893-5 and 2.5 V for AD7893-2 
with REF IN = +2.5 V. 

21 LSB = FSR/4096 and is 1.22 mV for AD7893-5 and 0.61 mV for 
AD7893-2 with REF IN = +2.5 V. 
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Track/Hold Section 

The track/hold amplifier on the analog input of the AD7893 
allows the ADC to accurately convert an input sine wave of full- 
scale amplitude to 12-bit accuracy. The input bandwidth of the 
track/hold is greater than the Nyquist rate of the ADC even 
when the ADC is operated at its maximum throughput rate of 
117 kHz (i.e., the track/hold can handle input frequencies in 
excess of 58 kHz). 


The track/hold amplifier acquires an input signal to 12-bit accu- 
racy in less than 1.5 ys. The operation of the track/hold is 
essentially transparent to the user. The track/hold amplifier goes 
from its tracking mode to its hold mode at the start of conver- 
sion (i.e., the rising edge of CONVST). The aperture time for 
the track/hold (i.e. the delay time between the external CON- 
VST signal and the track/hold actually going into hold) is typi- 
cally 15 ns. At the end of conversion (6 pws after the rising edge 
of CONVST) the part returns to its tracking mode. The acquisi- 
tion time of the track/hold amplifier begins at this point. 


Reference Input 

The reference input to the AD7893 is buffered on-chip with a 
maximum reference input current of 1 wA. The part is specified 
with a +2.5 V reference input voltage. Errors in the reference 
source will result in gain errors in the AD7893’s transfer func- 
tion and will add to the specified full-scale errors on the part. 
On the AD7893-10 it will also result in an offset error injected 
in the attenuator stage. Suitable reference sources for the 
AD7893 include the AD780 and AD680 precision +2.5 V 
references. 


Timing and Control Section 

Figure 4 shows the timing and control sequence required to 
obtain optimum performance from the AD7893. In the sequence 
shown, conversion is initiated on the rising edge of CONVST 
and new data from this conversion is available in the output reg- 
ister. of the AD7893 6 us later. Once the read operation has 
taken place, a further 600 ns should be allowed before the next 
rising edge of CONVST to optimize the settling of the track/ 
hold amplifier before the next conversion is initiated. With the 
serial clock frequency at its maximum of 8.33 MHz, the achiev- 
able throughput rate for the part is 6 zs (conversion time) plus 
1.92 ws (read time) plus 0.6 ps (acquisition time). This results 
in a minimum throughput time of 8.52 ws (equivalent to a . 
throughput rate of 117 kHz). 


AD7893 


The read operation consists of sixteen serial clock pulses to the 
output shift register of the AD7893. After sixteen serial clock 
pulses the shift register is reset and the SDATA line is three- 
stated. If there are more serial clock pulses after the sixteenth 
clock, the shift register will be moved on past its reset state. 
However, the shift register will be reset again on the falling edge 
of the CONVST signal to ensure that the part returns to a 
known state every conversion cycle. As a result, a read operation 
from the output register should not straddle across the falling 
edge of CONVST as the output shift register will be reset in the 
middle of the read operation and the data read back into the 
microprocessor will appear invalid. 


The throughput rate of the part can be increased by reading 
data during conversion or during the acquisition time. If the 
data is read during conversion, a throughput time of 6 ws (con- 
version time) plus 1.5 us is achieved. This minimum through- 
put time of 7.5 ys is achieved with a slight reduction in 
performance from the AD7893. The signal to (noise + distor- 
tion) number is likely to degrade by approximately 1.5 dB while 
the code flicker from the part will also increase (see AD7893 
PERFORMANCE section). | 


Because the AD7893 is provided in an 8-pin package to mini- — 
mize board space, the number of pins available for interfacing is 
very limited. As a result, no status signal.is provided from the 
AD7893 to indicate when conversion is complete. In many 
applications this will not be a problem as the data can be read 
from the AD7893 during conversion or after conversion. How- 
ever, applications which want to achieve optimum performance 
from the AD7893 will have to ensure that the data read does not 
occur during conversion or during 600 ns prior to the rising 
edge of CONVST. This can be achieved in either of two ways. 
The first is to ensure in software that the read operation is not — 
initiated until 6 ys after the rising edge of CONVST. This will 
only be possible if the software knows when the CONVST com- 
mand is issued. The second scheme would be to use the CON- 
VST ‘signal as both the conversion start signal and an interrupt 
signal. The simplest way to do this would be to generate a 
square wave signal for CONVST with high and low times of 

6 ws (see Figure 4). Conversion is initiated on the rising edge of. 
CONVST. The falling edge of CONVST occurs 6 us later 

and can be used as either an active low or falling edge-triggered 
interrupt signal to tell the processor to read the data from the 


CONVST rc ty > | | 


SCLK 


tconvert 


‘CONVERSION IS INITIATED CONVERSION ENDS 
AND TRACK/HOLD GOES 6us LATER 


INTO HOLD 


| 


SERIAL READ READ OPERATION OUTPUT SERIAL 


OPERATION SHOULD END 600ns SHIFT REGISTER IS 
PRIOR TO NEXT RESET 
RISING EDGE OF 


CONVST 


Figure 3. Timing Sequence for Optimum Performance from the AD7893 
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CONVST | Pe 
pe 600ns MIN 
. SCLK -. 
eae tconvert — ae 
oi "CONVERSION Is INITIATED i . CONVST INDICATES wuP INT SERVICE SERIAL READ READ OPERATION - 
AND TRACK/HOLD GOES — TO vP THAT OR POLLING OPERATION SHOULD END 60Ons 
-INTOHOLD . ~ CONVERSION IS. ROUTINE — ; PRIOR TO NEXT - 
- COMPLETE : RISING EDGE oF 


AD7893. Provided the read: ad operation i is. completed 600 ns 


before the rising edge of: CONVST, the AD7893 will aperite to 


specification: »: 


This scheme limits the throughput rate to 12 ‘ps minimum. 
However, depending | upon the response time of the microproces- 
sor to the interrupt signal and‘the time taken by the processor _ 
to read the data, this may the fastest which the system could 
have operated. In any case, the CONVST signal does ‘not have 
to have a 50:50 duty cycle. This can be tailored to optimize the . 
throughput rate of the part for a.given system. ° , 


Alternatively, the CONVST signal can be used as a normal nar- 


row pulse width. The rising edge of CONVST can be used as an 
active high or rising edge-triggered interrupt. A software delay 
of 6 ys can then be implemented before data i iS read from the 
part. 


Serial Interface: 7 

The serial interface to the AD7893 consists of j just two wires, a 
serial clock input (SCLK) and the serial data output (SDATA). 
This allows for an easy-to-use interface to most mucrorntrallers: 
DSP processors and shift registers. 


Figure 5 shows the timing diagram for the read aperation to the 
AD7893. The serial clock: input (SCLK) provides the clock. ~ 
source for the serial interface. Serial data is clocked out frou the 
SDATA line on the rising edge of this clock and is valid on the 


- falling edge of SCLK. Sixteen.clock pulses must be provided to — 


the part to access to full conversion result. The AD7893 pro- — 


vides four leading zeros followed by the 12-bit conversion result 


starting with the MSB (DB11). The last data bit to be clocked 


out on the final rising clock edge is the LSB (DBO). On the six- _ 


. SCLK (I). 


SDATA ( 0) THREE-STATE 


FOUR LEADING ZEROS 


Figure 4. CONVST Used as Status Signal | 


< CONVST:: 


teenth falling: edge of SCLK, the SDATA line is.disabled (three- 
stated).:After this last bit has been clocked out, the SCLK input 
should return low and remain low until the next serial data read 
operation. If there.are extra clock pulses after the sixteenth 
clock, the AD7893 will start over again with outputting data 
from its output register and the data bus will no longer be three- 


stated even when the clock stops. Provided the serial clock has 


stopped before the next falling edge of CONVST, ‘the AD7893 | 
will continue to operate correctly with’ the output shift register _ 
being reset on the falling edge of CONVST. However, the 
SCLK line must be low when CONVST goes low in order to 
reset the output shift register correctly. 


The serial clock input does not have to be continuous during the 3 
serial read operation. The sixteen bits of data (four leading zeros 
and 12 bit conversion result) can be read from the AD7893 in a. 
number of bytes. However, the SCLK input must remain low 
between the two bytes. 


Normally, the output register. is updated at the end of conver-:. 
sion. However, if a serial read from the output register is in. 
progress when conversion is complete, the updating of the out-. : 
put register is deferred. In this case, the output register is __ 
updated when the serial read is completed. If the serial read has 
not been completed before the next falling edge:of CONVST, :» : 
then-the output register will.be updated :on the falling edge of 
CONVST and the output shift register,count is reset. In appli- 
cations where‘ the data read has been started and. not completed — 
before the falling edge of CONVST, the user must provide:a 
CONVST pulse width of greater than 1.5 ws to ensure correct | 
setup of the AD7893 before the next conversion is initiated. In 


Figure 5. Data Read Operation 
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applications where the output update takes place either at the 
end of conversion or at the end of a serial read which is com- 
pleted 1.5 ys before the rising edge of CONVST, the normal 
pulse width of 50 ns minimum applies to CONVST. 


The AD7893 counts the serial clock edges to know which bit 
from the output register should be placed on the SDATA out- 
put. To ensure that the part does not lose synchronization, the 
serial clock counter is reset on the falling edge of the CONVST 
input provided the SCLK line is low. The user should ensure 
that a falling edge on the CONVST input does not occur, while 
a serial data read operation is in progress. 


MICROPROCESSOR/MICROCONTROLLER INTERFACE . 


The AD7893 provides a two-wire serial interface which can be 
used for connection to the serial ports of DSP processors and 
microcontrollers. Figures 6 through 9 show the AD7893 inter- 
faced to a number of different microcontrollers and DSP proces- 
sors. The AD7893 accepts an external serial clock and as a 
result, in all interfaces shown here, the processor/controller is 
configured as the master, providing the serial clock, with the 
AD7893 configured as the slave in the system. 


AD7893-8051 Interface 

Figure 6 shows an interface between the AD7893 and the 
8XC51 microcontroller. The 8XC51 is configured for its Mode 0 
serial interface mode. The diagram shows the simplest form of 
the interface where the AD7893 is the only part connected to 
the serial port of the 8XC51 and, therefore, no decoding of the 
serial read operations is required. It also makes no provisions for 
monitoring when conversion is complete on the AD7893. 


Either of these two tasks can readily be accomplished with 
minor modifications to the interface. To chip select the AD7893 
in systems where more than one device is connected to the 
8XCS51’s serial port, a port bit, configured as an output, from 
one of the 8XC51’s parallel ports can be used to gate on or off 
the serial clock to the AD7893. A simple AND function on this 
port bit and the serial clock from the 8XC51 will provide this 
function. The port bit should be high to select the AD7893 and 
low when it 1s not selected. 


AD7893 


Figure 6. AD7893 to 8XC51 Interface 
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To monitor the conversion time on the AD7893 a scheme such 
as outlined previously with CONVST can be used. This can be 
implemented in two ways. One is to connect the CONVST line 
to another parallel port bit which is configured as an input. This 
port bit can then be polled to determine when conversion is 
complete. An alternative is to use an interrupt driven system in 
which case the CONVST line should be connected to the INT1 
input of the 8XC51. 


The serial clock rate from the 8XC51 is limited to significantly 
less than the allowable input serial clock frequency with which 
the AD7893 can operate. As a result, the time to read data from 
the part will actually be longer than the conversion time of the 
part. This means that the AD7893 cannot run at its maximum 
throughput rate-when used with the 8XC51. 


AD7893-68HC11 Interface 

An interface circuit between the AD7893 and the 68HC11 
microcontroller is shown in Figure 7. For the interface shown, © 
the 68HC11 SPI port is used and the 68HC11 is configured in 
its single-chip mode. The 68HC11 is configured in the master 
mode with its CPOL bit set to a logic zero and its CPHA bit set 
to a logic one. As with the previous interface, the diagram 
shows the simplest form of the interface where the AD7893 is 
the only part connected to the serial port of the 68HC1I and, 
therefore, no decoding of the serial read operations is required. 
It also makes no provisions for monitoring when conversion is 
complete on the AD7893. 


Once again, either of these two tasks can readily be accom- 
plished with minor modifications to the interface. To chip select 
the AD7893 in systems where more than one device is con- 
nected to the 68HC11’s serial port, a port bit, configured as an 
output, from one of the 68HC11’s parallel ports can be used to 
gate on or off the serial clock to the AD7893. A simple AND 
function on this port bit and the serial clock from the 68HC11 - 
will provide this function. The port bit should be high to select 
the AD7893 and low when it is not selected. | 


To monitor the conversion time on the AD7893 a scheme, such 
as outlined in the previous interface with CONVST, can be | 
used. This can be implemented in two ways. One is to connect 
the CONVST line to another parallel port bit which is config- 
ured as an input. This port bit can then be polled to determine 
when conversion is complete. An alternative is to use an inter- 
rupt driven system in which case the CONVST line should be 
connected to the IRQ input of the 68HC11. 


68HC11 AD7893 | 


Figure 7. AD7893 to 68HC11 Interface 
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The serial clock rate from the 68HC11 is limited to. significantly’ 
less than the allowable input serial clock frequency with which ~ 


the AD7893 can operate. As a result, the time to read data from 
the part will actually be longer than the conversion time of the 
part. This means that the AD7893 cannot run at its: maximum 
throughput rate when used with the 68HC11.. 


AD7893-ADSP-2105 Interface _ a nea 
An interface circuit between the AD7893 and the ADSP-2105 
DSP processor is shown in: Figure 8. In the interface shown, the 


RFS1 output from the ADSP-2105’s SPORT1 serial port is used: 


to gate the serial.clock (SCLK1) of the ADSP-2105 before it is 
applied to the SCLK input of the AD7893:°The RFS1 output is 
configured for active high. operation. The interface ensures a 
noncontinuous clock for the AD7893’s serial:clock input,. with . 
only sixteen serial clock pulses provided and the serial clock line 
of the AD7893 remaining low between data transfers. The . 


SDATA line from the AD7893 is connected to the DRI line of | 


the ADSP- 2105’s serial port. 


/AD7893 


| Figure 8. AD7893 to ADSP-2105 Interface 


The timing PAanonship between tie SCLK1 aad RFS1 outputs 
of the ADSP-2105 are such that the delay between the rising 


edge of the SCLK] and the rising edge of an active high RFS]. 


is up to 25 ns. There is also a requirement that data must be 
setup 10 ns prior to the falling edge of the SCLK1 to -be read 
correctly by the ADSP-2105. The data access time for the | 
AD7893 is 50 ns from the rising edge of its SCLK input. | 


Assuming a 10 ns propagation delay through the external AND | 


gate, the high time of the SCLK1 output of the ADSP- 2105 - 
must be = (50 + 25 +10 +10) ns, ie., = 95 ns. This means 


that the serial clock frequency with which the interface of Fig- 7 


ure 13 can work with is limited to 5. 26 ‘MHz. 


An alternative scheme is to configure the ADSP- 2105 dich nae 
it accepts an external serial clock. In this case, an external non- 


continuous serial clock is provided which drives the serial clock _ 


inputs of both the ADSP-2105 and the AD7893. In this scheme, 
the serial clock frequency is limited to 5. MHz by the ADSP-2105. 


To monitor the conversion time on the AD7893 a scheme, such 
as outlined in previous interfaces with CONVST, can be used. 
This can be implemented. by connecting the’ CONVST line 
directly to the IRQ2 input of the ADSP-2105.. 
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AD7893-DSP56000 Interface és Py oe 
Figure 9 shows.an interface circuit ee ie AD7893 and the 
DSP56000 DSP processor: The DSP5600 is configured for nor- 
mal mode asynchronous operation with gated clock:.It.is also set 
up for a 16-bit word with the gated serial clock being generated. 
by the DSP56000 and appears on the SCO pin. The SCO pin 
should be configured as an output by setting bit SCDO0 to 1. In 
this mode, the DSP56000 provides sixteen serial clock pulses to 
the AD7893 in a serial read operation. The DSP56000 assumes. | 
valid data on the first falling edge of. SCK SO. the. interface i is | 
simply two-wire as shown i in ‘Figure 9. 


To monitor the conversion time on the AD7893 ; a gohemé. sick 
as outlined in previous interface examples. with CONVST, can 
be used. This can be implemented by. connecting. the CONVST 
line curecy: to the ae anes of the DSP56000: 


| Dspseo00 | _aAb7893. | 


— 9. AD7893 to DSP§6000 Interface 


AD7893. PERFORMANCE 

Figure 10 shows a. histogram plot for 8192 jeer te a de 
input using the AD7893. The analog input was set at the center | 
of a code transition. The timing and control sequence used was. 
as per Figure 3 where the optimum performance. of the ADC | 
was achieved. It can be seen that almost all the codes appear in. 
the one output bin indicating very good noise ‘performance from | 
the ADC. The rms noise performance for the AD7893- 2 for the 
above plot was 87. BV. Since the analog input: range, and hence 
LSB size, on the. AD7893- 10 is eight times what itis forthe = _ 
AD7893-2, the same output code distribution results i in an out- - 
put rms noise of 700 »V for the AD7893-10. 


OCCURRENCES OF CODE 


0 
(X—-4) (X-3) (X-2) (X-1) 
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Figure 10. Histogram of 8192 Conversions of a DC Input 
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DEVICES 


3,V, LC2MOS 12-Bit, Serial 8 us 
ADC in 8-Pin Package 


AD7896* 


FEATURES 

Fast 12-Bit ADC with 8 us Conversion Time 
8-Pin Mini-DIP and SOIC 

Single 3 V Supply Operation 

High Speed, Easy-to-Use, Serial Interface 
On-Chip Track/Hold Amplifier 

Analog Input Range is 0 V to Vpp 

High Input Impedance 

Low Power: 10 mW typ 


GENERAL DESCRIPTION 
The AD7896 is a fast, 12-bit ADC which operates from a sin 

+3 V supply and is housed in a small 8-pin mini-DIP and 8-p 
SOIC. The part contains an 8 Us successive appr 
converter, an on-chip track/hold amplifier, an 
a high speed serial interface. 


Output data from the AD7896 is provided via a high Speed, .... 
serial interface port. This two-wire serial interface has a Serial 
clock input and a serial data output with the external serial clock 
accessing the serial data from the part. 


In addition to the traditional dc accuracy specifications such as 
linearity, full-scale and offset errors, the AD7896 is also speci- 
fied for dynamic performance parameters including harmonic 
distortion and signal-to-noise ratio. 


The part accepts an analog input range of 0 V to Vpp and oper- 
ates from a single +3 V supply consuming only 10 mW typical. 
The Vpp input is also used as the reference for the part so that 
no external reference is required. 


The AD7896 features a high sampling rate mode and, for low 
power applications, a proprietary automatic power down mode 
where the part automatically goes into power down once con- 
version is complete and “wakes up” before the next conversion 
cycle. - , | 


The AD7896 is fabricated in Analog Devices’ Linear Compat- 
ible CMOS (LC?MOS) process, a mixed technology process 
that combines precision bipolar circuits with low power CMOS 
logic. The part is available in a small, 8-pin, 0.3" wide, plastic 
or hermetic dual-in-line package (mini-DIP) and in an 8-pin, 
small outline IC (SOIC).. 


*Patent pending. 


This is a preliminary data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


FUNCTIONAL BLOCK DIAGRAM 


AD7896 


TRACK/HOLD 


CONVST © 


BUSY SCLK SDATA. 


ving over alternative solutions. 


Low Power, Single Supply Operation —_ 

The AD7896 operates from a single +3V sipaly and con- 
sumes only 10 mW typical. The automatic power down | 
mode, where the part goes into power down once conversion 
is complete and “wakes up” before the next conversion cycle, 
makes the AD7896 ideal for battery powered or peraels 
applications. 


3. High Speed Serial Interface 
The part provides high speed serial data and serial clock lines 
allowing for an easy, two-wire serial interface arrangement. 


This information applies to a product under development. its characteristics and specifications are subject to change without. notice. 
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AD7896—SPECIFICATIONS acon =— Tee ee spe 


| fy =10 kHz Sine Wave, fsampiz = 100 kHz 


- LA: > 
Parameter | _ | Versions! 
DYNAMIC PERFORMANCE ” 
Signal to (Noise + Distortion) Ratio’ 
— @ 425°C. . 
Tw to Tmax 
Total Harmonic Distortion (THD)? 
Peak Harmonic or Spurious Noise? 
Intermodulation Distortion (IMD)? 
2nd Order Terms 
3rd Order Terms 


DC ACCURACY 
Resolution 
Minimum Resolution for which No 
Missing Codes are Guaranteed | 
Relative Accuracy? 
Differential Nonlinearity? 
Positive Full-Scale Error? 


: gos = 10 kHz Sine Wave, oe = 100 kHz 
| fin = 10 kHz Sine Wave, fsampLe = 100 kHz 
fa =9 Hz, fb = 9.5 kHz, fsaMPLE = = 100 kHz 


Unipolar Offset Error 
ANALOG INPUT 
Input Voltage Range 0 V to +Vpp |0 V to +Vpp 
50 


Input Current {50 


LOGIC INPUTS 
Input High Voltage, Vinu 
Input Low Voltage, Vint 
Input Current, Ip, 
Input Capacitance, Cy‘ 


LOGIC OUTPUTS 
Output High Voltage, Voy 
Output Low Voltage, Vo 
Output Coding . 


Vpp = 3.0 V to 3.6V 
Vin = 0 V to Vpp_ 


source = 2 mA 
“Wsink = 2 mA 


CONVERSION RATE 
Conversion Time: 
Mode 1 Operation 
Mode 2 Operation? 
Track/Hold Acquisition. Time? 


POWER REQUIREMENTS eS - 
Vpp +3.0/+3.6 | +3.0/+3.6 +3.0/+3.6 | V min/max 
Ipp 4.5 4.5 4.5 mA max 


Power Dissipation 15 15 15 


Power-Down Mode 


Ipp 
Power Dissipation 


}mW max |Vpp = 3.3 V, Typically 10 mW ’ 


10 
36 


10 
36 


10 
36 


| pA max 
uW max 


NOTES 

'Temperature ranges are as follows: A, B Versions: -40°C to +85°C; S Version: 55°C to +125°C. © 

Applies to Mode 1 operation. See section on operating modes. 

3See Terminology. 

4Sample tested @ +25°C to ensure compliance. . , <e 

This 13 us includes the “wake-up” time from standby. This “wake-up” time is timed from the rising edge of CONVST, whereas conversion is timed from the 
falling edge of CONVST, for narrow CONVST pulse width the conversion time is effectively the “wake-up” time plus conversion time hence 13 Us. ‘This can be 
seen from Figure 3. Note that if the CONVST pulse width is greater than 5 ps then the effective conversion time will increase beyond 13 us. | 


Specifications subject to change without notice. 


This information applies to a product under development. Its characteristics and. specifications are subject to change without notice. . 
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AD7896 
TIMING CHARACTERISTICS? (vos = +3.0 v to +3.6 V, AGND = DGND = 0V) 


A, B S 
Parameter Version Units Test Conditions/Comments 


ty CONVST Pulse Width 

ty SCLK High Pulse Width 

ts SCLK Low Pulse Width 

ty Data Access Time After Falling Edge of SCLK 
ts Data Hold Time After Falling Edge of SCLK 

ts Bus Relinquish Time After Falling Edge of SCLK 

NOTES 


‘Sample tested at +25°C to ensure compliance. All input signals are measured with tr = tf = 1 ns (10% to 90% of +3.3 V) and timed from a voltage level of +1.6 V. 

Measured with the load circuit of Figure 1 and defined as the time required for an output to cross 0.8 V or 2.0 V. 

Derived from the measured time taken by the data outputs to change 0.5 V when loaded with the circuit of Figure 1. The measured number is then extrapolated back 
to remove the effects of charging or discharging the 50 pF capacitor. This means that the time, t,, quoted in the timing characteristics is the true bus relinquish time 
of the part and as such is independent of external bus loading capacitances. 


ABSOLUTE MAXIMUM RATINGS* 


(T, = +25°C unless otherwise noted) 


2.0mA 


VpptO AGND” 26:¢:6<a%edco yw sea se ween —-0.3Vto+7V 
Von tO: DGND: 44 erudehhbs vascke eho siew s —0.3 Vto+7V 
Analog Input Voltage to AGND ...... —0.3 V to Vpp + 0.3 V +1.6V 
Digital Input Voltage to DGND ...... —0.3 V to Vpp t+ 0.3 V 
Digital Output Voltage to DGND ..... —0.3 V to Vpp + 0.3 V 


; 2.0mA 
Operating Temperature Range mt 


Commercial (A, B Versions) ............ 
Extended (S Version) : 
Storage Temperature Range .......... “15 it Circuit for Access Time and Bus Relinquish 
Junction Temperature ................ 5 > Times” 
Plastic DIP Package, Power Dissipation 
Qj, Thermal Impedance ..................00. : 
Qc Thermal Impedance. ..................0.. 
Lead Temperature (Soldering, 10 sec) 
SOIC Package, Power Dissipation ................ 
Qj, Thermal Impedance ...................4.. 


Qjc Thermal Impedance ..................004. 75°C/W 
Lead Temperature, Soldering 
Vapor Phasé:(60'S€C)- «sos kets heehee Geet es +215°C 
Inirared: (15: SCC). sera cawne ke atiins awed ek +220°C 


*Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


CAUTION 

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 

Although the AD7896 features proprietary ESD protection circuitry, permanent damage may erent Ag: 

occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 

precautions are recommended to avoid performance degradation or loss of functionality. sliedicsasnocebied leas 


WARNING! 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7896. 
PIN FUNCTION DESCRIPTION | 


Pin Pin 
No. Mnemonic. Description -- pay 


~ Analog Input. The analog input range is 0 V to Vpp. 
Positive supply voltage, +3.0 V to 3.6 V. 
Analog Ground. Ground reference for track/hold, comparator and DAC. 
r Serial Clock Input. An external serial clock is applied to this input to obtain serial data from 
a 3 the AD7896. A new serial data bit is clocked out on the falling edge of this serial clock. Data 
- is guaranteed valid for 15 ns after this falling edge so the uP: can accept data on the either the | 
falling edge or the rising edge. The ccm) Clock i input should be taken his at the oc of the: 
serial data transmission. | 
_ Serial Data Output. Serial data from the AD7896 is provided. at this output. The serial data 
is clocked out by the falling edge of SCLK, but the data can:also be read on the falling edge 
of the SCLK. This is possible because data bit N is valid fora specified time after the falling 
edge of the SCLK (data hold time) and can be read before data bit N+1 becomes valid a 
specified time after the falling edge of SCLK (data access time) (see Figure 4). Sixteen bits : 
of serial data are provided with four leading zeros followed by the 12-bits of conversion data. 
On the sixteenth falling edge of SCLK, the SDATA li eld for the data hold time and 
then disabled (three-stated). Output data coding i is gtt 


sion, the part goes into po 
“wakes up” the part. 
The BUSY pin is.ut 


Vpp AD7896 |7| CONVST 


AGND TOP VIEW 16] DGND 
es (Not to Scale) i 
SCLK | 4) 


15 | SDATA 


ORDERING GUIDE _ 
Package _ 


Temperature Linearity _ SNR_ 
Range Error (LSB) (dB) 


Option* 


AD7896AN -40°C to +85°C +1 LSB N-8 
AD7896BN -40°C to +85°C +1/2 LSB N-8 
AD7896AQ -40°C to +85°C +1 LSB Q-8 
- .AD7896BQ —40°C to +85°C +1/2 LSB Q-8 
- AD7896AR -40°C to+85°C | +1LSB_ R-8 
AD7896BR —40°C to +85°C +1/2 LSB R-8 

= epee 55°C to +125°C | +1 LSB. 


= Plastic DIP; Q= Cerdip; R = SOIC. For outline information see Package Information section. | 


This information applies to a product under development. Its characteristics. and specifications are subject to syands without notice.’ 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. . ; 
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TERMINOLOGY 

Relative Accuracy 

This is the maximum deviation from a straight line passing 
through the endpoints of the ADC transfer function. The end- 
points of the transfer function are zero scale (which is Vin = 
AGND + 1/2 LSB) a point 1/2 LSB below the first code transi- 
tion (00...000 to 00... 001) and full scale (which 1s Vin = 
AGND + Vpp- 1/2 LSB), a point 1/2 LSB above the last code 
transition (11...110 to 11...111). 


Differential Nonlinearity 
This is the difference between the measured and the ideal 1 LSB 
change between any two adjacent codes in the ADC. 


Unipolar Offset Error 
This is the deviation of the first code transition (00... 000 to 
00 ...001) from the ideal Vix voltage (AGND + 1 LSB). 


Positive Full-Scale Error | 

This is the deviation of the last code transition (11... 110 to 
11...111 from the ideal (Vpy = AGND + Vpp - 1 LSB) 
after the offset error has been adjusted out. 


Track/Hold Acquisition Time 
Track/hold acquisition time is the time required for the output 
of the track/hold amplifier to reach its final value, within 
+1/2 LSB, after the end of conversion (the point at which the 
track/hold returns into track mode). It also applies to a situation 
where there is a step input change on the input voltage a 
to the selected Vyy input of the AD7896. It means that 
must wait for the duration of the track/hold acquisi 
after the end of conversion or after a step inp 
before starting another conversion, to ensure thi part 
to specification. 


Signal to (Noise + Distortion) Ratio. 
This is the measured ratio of signal to (noise + distortion) 2 at the 
output of the AID. converter. The signal is the rms amplitude of 
the fundamental. Noise is the sum of all nonfundamental signals 
up to half the sampling frequency (fs/2), excluding dc. The ratio 
is dependent on the number of quantization levels in the digiti- 
zation process; the more levels, the smaller the quantization 
noise. The theoretical signal to (noise + distortion) ratio for an » 
ideal N-bit converter with a sine wave input is given by: 


Signal to (Noise + Distortion) = (6.02N + 1.76) dB 
Thus for a 12-bit converter, this is 74 dB. 


AD7896 


Total Harmonic Distortion _ 
Total harmonic distortion (THD) is the ratio of the rms sum of 
harmonics to the fundamental. For the AD7896, it is defined as: 


| Wy 4V 52 4V 2 4V 52 4V¢ 
THD (dB) = 20 log AA ae Naik Ae Ae® 
: 


where V, is the rms amplitude of the fundamental and V>, V3, 
V4, V5 and Vz are the rms amplitudes of the second through the 
sixth harmonics. 


Peak Harmonic or Spurious Noise 

Peak harmonic or spurious noise is defined as the ratio of the 
rms value of the next largest component in the ADC output 
spectrum (up to fs/2 and excluding dc) to the rms value of the 
fundamental. Normally, the value of this specification is deter- 
mined by the largest harmonic in the spectrum, but for parts 
where the harmonics are buried in the noise floor, it will be a 
noise peak. 


Intermodulation Distortion 

sting of sine waves at two frequencies, fa and 
ce with nonlinearities will create distortion 
.anid difference frequencies of mfa + nfb where 
» 3, etc. Intermodulation distortion terms are 
m nor n are equal to zero. For example, 
\s include (fa + fb) and (fa — fb), while the 
rms include an + me (2fa — fb), (fa + 2fb) and 


tested using the CCIF standard where two in- 


put tequ hciés near the top end of the input bandwidth are 
<‘used.“In'this case, the second order terms are usually distanced 


in frequency from the original sine waves while the third order. 
terms are usually at a frequency close to the input frequencies. 
As a result, the second and third order terms are specified sepa- 
rately. The calculation of the intermodulation distortion is as 
per the THD specification where it is the ratio of the rms sum of 
the individual distortion products to the rms amplitude of the 
fundamental expressed in dBs. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future-manufacture unless otherwise agreed to in writing. 
2-397 


REV. 0 ANALOG-TO-DIGITAL CONVERTERS. 


AD7896 


OPERATING MODES | 
Mode 1 Operation (High Sampling Perioraiauce): | 
The timing diagram in: Figure 2 is for optimum perforr performance i in 
Operating Mode 1 where the falling edge of CONVST starts : 
conversion and puts the Track/Hold amplifier into its hold 
mode. This falling edge of CONVST also causes the BUSY sig- 
nal to go high to indicate that a conversion is taking place. The 
BUSY signal goes low when the conversion is complete which is 
~ 8 tls max after the falling edge of CONVST, and new data from 


this conversion is available in the output register of the AD7896. 


<- t, >] 


A read operation accesses this data. This read operation consists 
of 16 clock cycles, and the length of this read operation will de- 
pend on the serial clock frequency. For the fastest throughput 
rate (with a serial clock of 10 MHz) the read operation will take . 
1.6 us. The read operation must be complete at least 400 ns_ 
before the falling edge of the next CONVST, and this gives a 
total time of 10 ps for the full throughput time (equivalent to 

100 kHz). This mode of pperenion should be used for high sam- 
pling applications. 


t, = 50ns min: 


<— tconverr = = me Peon 


sais Is 
INITIATED AND | 
_ TRACK/HOLD GOES INTO 
HOLD 


Bus LATER 


Figure 2. Mode 1 Timing Operation Di 


Mode 2 Operation (Auto Sleep After Conversion) 
The timing diagram in Figure 3 ; is for optimum performance | 
Operating Mode 2 where the part automatically goes into slee 
mode once BUSY goes low after conversion and “wakes up” be- 
fore the riext conversion takes place. This is achieved by keeping 
CONVST low at the end of conversion whereas it was high at 
the end of conversion for Mode 1 operation. The rising edge of 
CONVST “wakes up” the part. This wake- -up time is 5 us at 
which point the Track/Hold amplifier goes into its hold hold mode. 
The conversion takes 8 ps after this, provided the CONVST 
has gone low, giving a total of 13 us from the rising edge of 
CONVST to the conversion being complete which is indicated 
by the BUSY going low. Note that since the wake-up time from 
the rising edge of CONVST is 5 us, when the CONVST pulse 
width is greater than 5 us the conversion will take more than the 


L<- t, >| | 


CONVST 


BUSY 


SCLK | | ! 
. : { 
oa teonvent = = 13ys a 

| 


CONVERSION TRACK/HOLD 
IS INITIATED GOES INTO 
HOLD © 


CONVERSION ENDS ae READ 


CONVERSION ENDS SERIAL READ 
13s LATER 


OPERATION 


REGISTER 
- 1S RESET. 


complete for a further 8 ps. In this case the BUSY will be the es 
best indicator for when the conversion is complete: Even though 
the part is in sleep mode, data can still be read from the part. 


_ The read operation consists of 16 clock cycles as'in Mode 1 op- 
“eration. For the fastest serial clock of 10 MHz the read opera- 


tion will take 1.6 us, and this must be complete at least’ 400 ns 
before the falling edge of the next CONVST to allow the Track/ 
Hold amplifier to have enough time to settle. This mode is very 
useful when the part is converting at a slow rate as the power 
consumption will be significantly reduced from that of Mode 1 
operation. 


t, = 50ns min 


l¢— 400ns MIN 
4 4 ! 


READ OPERATION OUTPUT 
OPERATION ‘SHOULD END 400ns SERIAL 
PRIOR TO NEXT SHIFT 
RISING EDGE OF REGISTER - 
CONVST IS RESET 


Figure 3. Mode 2 Timing Diagram Where Automatic Sleep Function Is Initiated 


This information applies.to a product under development. Its characteristics and specifications are subject to change without notice. 
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2-398 ANALOG-TO-DIGITAL CONVERTERS 


REV. 0 


ANALOG 
DEVICES 


High Speed 
6-Bit A/D Converter 


_ —__AD9000 


FEATURES 

77MSPS Encode Rate 

Bipolar Input Range 

Low Error Rate 

Overflow Bit 

MIL-STD-883 Compliant Versions Available 


APPLICATIONS 

QAM Telecommunications 

Electronic Warfare (ECM, ECCM, ESM) 
Radar Guidance Digitizers 


GENERAL DESCRIPTION 

The AD9000 is a 6-bit, high speed, analog-to-digital converter 
with ECL compatible outputs and a bipolar input stage. The 
AD9000 is fabricated in a high-performance bipolar process 
which allows encode rates up to 77MSPS. 


The AD9000 employs the standard flash converter architecture 
based on 64 individual comparators which simultaneously deter- 
mine the precise analog signal level. The comparators are followed 
by two stages of decoding logic, allowing the AD9000 to operate 
with a very low error rate. The low 35pF input capacitance of 
the AD9000 greatly simplifies the analog driver stage. Also 
incorporated into the AD9000 design is an overflow output bit 
as well as a hysteresis control pin to modify comparator 
sensitivity. 


FUNCTIONAL BLOCK DIAGRAM 


+ Vas +Vs5 


COMPARATOR 


STAGES STAGES 


AD9000 


— Var Vu ENCODE ~Vs 


The AD9000 is offered as both an commercial temperature 
range device 0 to + 70°C, and as an extended temperature range 
device —55°C to + 125°C. Both versions are available packaged 
in a 16-pin ceramic DIP. The extended temperature range device 
is also available in a 28-pin ceramic LCC package. The extended 
temperature range versions are offered as fully compliant MIL- 
STD-883 Class B devices. 


PIN DESIGNATIONS 


16 | DIGITAL GROUND | 
115 | OVERFLOW 

14 | BIT 1(MSB) 

13] BIT2 

112 | BIT3 

}11] BIT4 

10] BITS 


TOP VIEW 
~ Vaer 5 | (Not to Scale) 


ORDERING GUIDE es ar rs J erreusey 
Temperature | | 
Range ' | Description 
Oto + 70°C 16-Pin DIP, Industrial 
AD9000SD —55°Cto +125°C | 16-Pin DIP D-16 
—55°Cto +125°C | 28-Pin LCC 
NC 5 25 OVERFLOW 
NOTES Vu 6 26 BIT 1 (MSB) 
1MIL-STD-883 versions available, contactfactory. ENCODE 7 23BN.e 
2D = Ceramic DIP; E = Leadless Ceramic Chip Carrier. For outline information sx Package NC 8 TOP VIEW 22 BIT3 
Information section. NC 9 (Not to Scale) 21 BIT 4 
—Vaer 10 20 BITS 
NC 11 19 BIT 6 (LSB) 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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ADS000—SPECIFICATIONS — 
ELI ECTRICAL CHARACTERISTICS inks ors sated) 


~ Commercial 


Oto +70°C 


Parameter 
RESOLUTION 
DC ACCURACY ee 


Differential ey 
, Integral Lneaany, 


No Missing Codes 


INITIAL OFFSET ERROR 
Top of Reference Ladder 


Bottom of Reference Ladder 


Offset Drift Coefficient | 


ANALOG INPUT 
Input Voltage Range 
Input Bias Current (Sampling)° 
Input Bias Current (Latched)” _ 
Input Resistance _ | 
Input Capacitance 
Full Power Bandwidth® 
REFERENCE INPUT?? 
Reference. Ladder. Resistance... _ 
Ladder Temperature Coefficient 
Reference Input Bandwidth 


DYNAMIC PERFORMANCE’ :,.. - 
Conversion Rate 
Conversion Time (+ 1 Clock) 
Aperture Delay (tp) ~ 
Aperture Uncertainty (Jitter) 
Output Propagation Delay (tpp)* 
Output Hold Time (tox)” 
Transient Response!? 
Overvoltage Recovery Time?! 
Output Rise Time!” 
Output FallTime!? 
Output Time Skew ~~ 


ENCODE INPUT 
Logic “1”? Voltage 
Logic “0” Voltage A 
Logic “1” Current © - 
Logic ‘“‘0’’Current 
Input Capacitance 
ENCODE Pulse Width High (tpw) 
ENCODE Pulse Width Low satel 
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(Supply Voltages = _2 nd +5 i Res ae = 2, 


— 55°C to + 125°C 


_, AD9000SD/SE 


REV. A 


ELECTRICAL CHARACTERISTICS ccxsnu 


Commercial 
Oto + 70°C 
AD9000JD 


Parameter — 


AC LINEARITY?! 
Dynamic Linearity!” 
In-Band Harmonics 
(DC to1MHz) 
(1MHz to 5MHz) 
(SMHz to 8MHz) 
Signal to Noise Ratio!? 
Signal to Noise Ratio!* 
Two Tone Intermodulation Rejection 
Noise Power Ratio(NPR)*® 


DIGITAL OUTPUTS? | 
Logic “‘1”’ Voltage 
Logic “0” Voltage 
POWER SUPPLY”’ 
Positive Supply Current (+5 OV) 


15 


Negative Supply Current (—5.2V) 


Nominal Power Dissipation 
Reference Ladder Dissipation 


NOTES 
"An = + Vrer. 
2Determined by 3dB reduction in reconstructed output at 75MSPS. 
3Under normal operating conditions, the analog input voltages should not 
exceed nominal +2V operating range, nor the supply voluees 
(+ Vs and — Vs), whichever is smaller. 
‘Under normal operating conditions the differential feheterise voltage may 
range from +0.5V to +2V; + Vrer= — Veer. 
Output terminated with 1000 resistors to —2.0V. 
Measured from the leading edge of ENCODE to data out on Bit 1. (MSB). 
7Measured from the trailing edge of ENCODE to data out on Bit 1 (MSB). 
®For full-scale step input, 6-bit accuracy is ‘attained in specified time. oe 
*Recovers to 6-bit accuracy in oor, time, after 150% full-scale 
input ie 


ABSOLUTE MAXIMUM RATINGS! 


Positive Supply Voltage ............ —0.3V to +6V 
Negative Supply Voltage .......... —6.0V to +0.3V 
- Analog-to-Digital Ground Voltage Differential ....... 0.5 
Analog Input Voltages (Ain, + Vrrr, ~VreF....-- +3V 
Differential Reference Voltage (+ VrgrF to —VreF) .... 6V 
ENCODE Input Voltage ............. - Vs to 0V 
HYSTERESIS Control Voltage ......... OV to +3.0V 
Digital Output Current ........... Soe xietien si th 20mA 
Power Dissipation (+ 25°C Free Air)*......... 745mW 
Operating Temperature Range 
AD9000] D <2:2-5.% 4G & oO ewe ack eS 0 to +70°C 
AD9000SD/SE .............. — 55°C to +125°C 
Storage Temperature Range. ........ — 65°C to + 150°C 
Junction Temperature... ............2.0- + 175°C 
Lead Soldering Temperature (10sec) ......... + 300°C 


REV. A 


apgo0d 


Military 
- —55°Cto +125°C 
AD9000SD/SE 
Typ 


Max 


10Measured on Bit 1 (MSB) only. 

1! Measured at SOMSPS encode rate. 

12 Analog input frequency = 15MHz. | _ 

13RMS signal to RMS noise, with 540kHz aiileg japut signal: 
14Peak-to-peak signal to rms noise, with ee analog input signal. 
15f, =9.3MHz; f,=7.6MHz; Encode=42MHz: 

16YC to 8.2MHz noise bandwidth with 3. s86MHz slot. . | 
17Supply voltage should remain stable within +5% for normal operation. 


Specifications subject to change without notice. 


NOTES 
1Absolute maximum ratings are limiting values, to be applied individually, 
and beyond which serviceability of the circuit may be impaired. Functional 
operability under any of these conditions is not necessarily implied. 
Exposure to absolute maximum rating conditions for extended periods 
may affect device reliability. 
2Under normal operating conditions, the analog input voltages should not 
exceed nominal +2V operating range, nor the supply voltages 
(+Vs and —Vs), whichever is smaller. 
3Under normal operating conditions the differential reference voltage may 
range from +0.5V to +2V; + Vrer= — Vrer. 
‘Typical thermal impedances . . . 
16-Pin Ceramic 0}. = 67°C/W;; 8; = 7°C/W 
28-Pin LCC Oj. = 62°C/W;; 8;. = 14°C/W 
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ANALOG 


DEVICES 


High Speed 8-Bit 
Monolithic A/D Converter 


FEATURES 

150MSPS Encode Rate 

Low Input Capacitance: 17pF 

Low Power: 750mW 

—5.2V Single Supply 

MIL-STD-883 Compliant Versions Available 


APPLICATIONS 

Radar Systems 

Digital Oscilloscopes/ATE Equipment 
Laser/Radar Warning Receivers | 
Digital Radio 

Electronic Warfare (ECM, ECCM, ESM) 
Communication/Signal Intelligence 


GENERAL DESCRIPTION 

The AD9002 is an 8-bit, high speed, analog-to-digital converter. 
The AD9002 is fabricated in an advanced bipolar process which 
allows operation at sampling rates in excess of 150 megasamples/ 
second. Functionally, the AD9002 is comprised of 256 parallel | 
comparator stages whose outputs are decoded to oe the ECL 
compatible output latches. 7 8 


An exceptionally wide large signal analog input bandwidth of 
160MHz is due to an innovative comparator design and very 
close attention to device layout considerations. The wide input 
bandwidth of the AD9002 allows very accurate acquisition of 
high speed pulse inputs, without an external track-and-hold. 
The comparator output decoding scheme minimizes false codes 
which is critical to high speed linearity. 


The AD9002 provides an external hysteresis control pin which 
can be used to optimize comparator sensitivity to further improve 
performance. Additionally, the AD9002’s low power dissipation 
of 750mW makes it usable over the full extended temperature 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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+ Vace OVERFLOW 
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BIT 8 (MSB) 
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GND  _—s- HYSTERESIS) = - Vs 


range. The AD9002 also incorporates an overflow bit to indicate 
overrange inputs. This overflow output can be disabled with the 
overflow inhibit pin. . 


The AD9002 is available in two grades, one with 0. 5LSB linearity . 
and one with 0.75LSB linearity. Both versions are offered in an 
industrial grade, — 25°C to + 85°C, packaged in a.28-pin DIP | 
and a 28-pin JLCC. The military temperature range devices, 

— 55°C to + 125°C, are available in ceramic DIP and LCC packages 
and are compliant to MIL-STD-883 Class B. 
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SPECIFICATIONS AD9002 


ABSOLUTE MAXIMUM RATINGS’ 


Supply Voltage(—Vs) ..... ..... -6V ~~ Digital Output Current ................. 20mA 
Analog-to-Digital Supply Voltage Differential . ... 0.5V Operating Temperature Range 

Analog Input Voltage ................ Ses to +0.5V AD9002AD/BD/AJ/BJ .......... —25°C to +85°C 
Digital Input Voltage ................... —Vsto0V AD9002SE/SD/TD/TE .......... —S5S5°C to +125°C 
Reference Input Voltage (+ Veer — Vac . —3.5Vto0.1V Storage Temperature Range: cee ee eh ee —65°Cto + 150°C 
Differential Reference Voltage ..............2.1V Junction Temperature? .... Ne ee ee ee eee Ye © 
Reference Midpoint Current .. . .......+4mA — Lead Soldering Temperature (10sec) pe hoe at a. eee, A SOOKE 
ENCODE to ENCODE Differential Voltage odiewie ete & 3 BV 


Electrical Characteristics (—v,=-—5.2y, piterential Reference Voltage =2.0V, unless otherwise stated) 


Test AD9002AD/AJ AD9002BD/BJ AD9002SD/SE AD9002TD/TE 
Parameter Temp | Level Min Typ Max Min Typ Max Min Typ Max Min Typ Max Units 


RESOLUTION a a (eae ee ee ee ee fs 
DC ACCURACY 


Differential Linearity 0.6 0.75 0.4 0.5 LSB 
1.0 0.75 LSB 
Integral Linearity 0.6 1.0 0.4 0.5 LSB 
1.2 1.2 LSB 
No Missing Codes GUARANTEED GUARANTEED 
INITIAL OFFSET ERROR 
Top of Reference Ladder 


Bottom of Reference Ladder 


Offset Drift Coefficient 


ANALOG INPUT 
Input Bias Current* 


Input Resistance 

Input Capacitance 

Large Signal Bandwidth? 
Input Siew Rate® 


REFERENCE INPUT 
Reference Ladder Resistance +25°C 
Ladder Temperature Coefficient 
Reference Input Bandwidth __. + 25°C 


DYNAMIC PERFORMANCE 
Conversion Rate 
Aperture Delay:. 
Aperture Uncertainty (Jitter) 
Output Delay (tpp)’*® 
Transient Response” 
Overvoltage Recovery Time!® 
Output Rise Time’ 
Output Fall Time’ 
Output Tithe Skew””!! 


ENCODE INPUT 

Logic “1” Voltage” 

Logic “0” Voltage’ 

Logic “1” Current 

Logic “0” Current 

Input Capacitance 

Encode Pulse Width (Low)!? 
Encode Pulse Width (High)'? 


OVERFLOW INHIBIT INPUT 
OV Input Current 


AC LINEARITY! 
- Effective Bits’* 
In-Band Harmonics 
dc to 1.23MHz 
dc to9.3MHz 
dc to 19.3MHz 
Signal-to-Noise Ratio!* 
Two Tone Intermod Rejection '® 
DIGITAL OUTPUTS’ 
Logic “1” Voltage 
Logic “0” Voltage 
POWER SUPPLY”’ 
Supply Current (—5.2V) 


- 64 80 110 64 80 110 64 80 110 64 80 110 2 


<<<s 


qn rie <= << 


Nominal Power Dissipation 
Reference Ladder Dissipation 
Power Supply Rejection Ratio!® 
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ADS002 


NOTES 
1Absolute maximum. ratings are limiting values, to be applied individually, 
and beyond which the serviceability of the. circuit. may be impaired. . 
‘Functional operability under any of these conditions is not necessarily 
implied. Exposure to absolute maximum rating conditions for extended _ 
periods of time may affect device reliability. 
?4+Vper = — Veer under all circumstances: 
3Maximum junction temperature (ty max) should not: ee 175°C 
_ for ceramic packages, and 150°C for plastic packages: _- 
i= PD (8ya) + ta 
PD (8yc) + tc 


where 
PD = power dissipation. ; 
8; = thermal impedance from j ne to Gane (CCIW) 
-Ojc = thermal impedance from junction, to case (°C/W) 
ta = ambient temperature Ce): 


tc = case temperature (°C) 

typical thermal impedances are: 
Ceramic DIP 0;4 = 56°C/W; 0;c= 20°C/W 
Plastic DIP. Bja= 60°C/W; 8jic= 20° C/W 
Ceramic LCC 05, =69°C/W3 0;¢ = 23°C/W 
PLCC Oya = 60 °C/W, Ojic= a 19°C/W. 


_ Recommended Operating. Conditions 


Parameter | 
cas Vs , 
+ VreF 
— VreF 
Analog Input 


Input Voltage ; 


‘Measured with AIN =OV. LN" a 
>Measured by FFT analysis where fundamental is — 3dB FS. 
Input slew rate derived from rise time (10 to 90%):of full scale input. | 
. 7Outputs terminated through 1000 to —2V. . os 
®Measured from ENCODE in to data out for LSB only. 
°For full-scale step input, 8-bit accuracy is attained in specified time. 
Recovers to 8-bit accuracy in specified time after 150% full-scale input 
 overvoltage. 
‘Output time skew includes high-to-low and low-to-high transitions as well 
as bit-to-bit time skew differences. | _ 
12ENCODE signal rise/fall times should be less than 10ns for normal 
operation. 
- 13Measured at 125MSPS encode rate. 
“Analog input frequency = 1. 23MHz. 
15RMS signal to rms noise, with 1.23MHz analog input signal. 
. 1Tnput signals 1V p-p @1.23MHz and 1V p-p @2.30MHz. 
'7Supplies should remain stable within +5% for normal operation. 
18Measured at —5.2V +5%. 


Specifications subject to change without notice. 


EXPLANATION OF TEST LEVELS 

100% production tested. 

100% production tested at + 25°C, and semple sued 
at specified temperatures. 

Sample tested only: 

Parameter is guaranteed by design and characteriza: 


Test Level I 
Test Level II 


Test Level III 

Test Level IV 

tion testing. 

Test Level V Parameter is a typical value only. 

Test Level VI All devices are 100% production tested at + 25°C, . 
100% production tested at temperature extremes fos 
extended temperature devices; sample tested at 
temperature extremes for commercial/industrial 
devices. 


ORDERING GUIDE 


AD9002AD 0.75LSB 
AD9002BD 0.50LSB 
AD9002AJ 0.75LSB 
AD9002BJ 0.50LSB 
AD9002SD?_|. 0.75 LSB 
AD9002SE2__ | +0.75 LSB 
AD9002TD? 0.50 LSB 


AD9002TE2 0.50 LSB 


NOTES 


Temperature Range 


Package 
Option! 


— 25°C to + 85°C D-28 
— 25°C to + 85°C D-28 
— 25°C to + 85°C J-28 

— 25°C to + 85°C J-28 

— 55°C to + 125°C D-28 
~55°Cto + 125°C E-28A 
—55°Cto + 125°C 

~55°Cto + 125°C 


1D = Ceramic DIP; E = Leadless Ceramic Chip Carrier; J = Ceramic Leaded 
Chip Carrier. For outline information see Package Information section. 


2MIL-STD-883 versions. 
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Pin # Name 


1 DIGITAL GROUND 
2 OVERFLOW INH 
3 HYSTERESIS 

4 + VrEF 

5 ANALOG INPUT 

6 ANALOG GROUND 
7 ENCODE | 


8 ENCODE 
9 ANALOG GROUND 


FUNCTIONAL DESCRIPTION 


Description 


ap9002 


One of four digital ground pins. All digital ground pins should be connected together. 
OVERFLOW INHIBIT controls the data curput polarity for overvoltage inputs. 


ANALOG 


Vin > + Vrer 
Vin= + Vrer 


OVERFLOW ENABLED 
(FLOATING OR —5.2V) 
OF D,; D2 D3; D4, Ds De D7 Dg 


0 0 0 0 


OVERFLOW INHIBITED (GND) 
OF D, D2 D3 D4 Ds De D7 Dg 


The Hysteresis control voltage varies the comparator hysteresis from OmV to 10mV, for a change 
from —5.2V to —2.2V at the Hysteresis control pin. Normally connected to —5. 2V. 
The most positive reference voltage for the internal resistor ladder. 
One of two analog input pins. Both analog input pins should be connected together. 
One of two analog ground pins. Both analog ground pins should be connected together. 

' Noninverted input of the differential encode input. This pin is driven in conjuncuon with 
ENCODE. Data is latched on the rising edge of the ENCODE signal. 
Inverted input of the differential encode input. This pin is driven in conjunction with ENCODE. 
One of two analog ground pins. Both analog ground pins should be connected together. 


10 ANALOG INPUT - One of two analog input pins. Both analog inputs should be connected together. 
11 — VreF | The most negative reference voltage for the internal resistor ladder. 
12 REF mip _ The midpoint tap on the internal resistor ladder. 
13 DIGITAL GROUND One of four digital ground pins. All digital ground pins should be connected together. 
14 DIGITAL —-Vs ~ - One of two negative digital supply pins (nominally —5.2V). Both digital supply pins should be 
rate connected together. 
15 D1 Digital data output (LSB). 
16-19 D2-D5 Digital data output. 
20 DIGITAL GROUND - One of four digital ground pins. All digital ground pins should be connected together. 
21,22 ANALOG —Vs One of two negative analog supply pins (nominally —5.2V). Both analog supply pins should be 
connected together. 
23 DIGITAL GROUND One of four digital ground pins. All digital ase 7 should be connected eiveeinen 
24,25 D6,D7 Digital data output. 
26 D8 Digital data output (MSB). . ts 
27 OVERFLOW Overflow data output. Logic high indicates an input overvoltage (Viy> + Veer) if OVERFLOW 
. ae . INHIBIT is enabled (overflow enabled, —5.2V). See OVERFLOW INHIBIT. . 
28 DIGITAL —Vs. | One of two negative digital supply pins (nominally —5. ee Both digital supply pins should be 
connected together. 
PIN DESIGNATIONS 
DIP LCC JLCC 
G gi 28] x 2 a Z 3 ‘s 
DIGITAL GROUND e DIGITAL -V5 o23s 92618 _ 
OVERFLOW INH | 2 | OVERFLOW M 6 3 é a E f e ¢ 2 
Hysteresis [3 | 26] Dy (MsB) £ b é P F & z 7 £38 #88 e 
ey rss] b, ‘Boa aoa glalalaleclelea 


ANALOG INPUT [ 5 | 
ANALOG GROUND | 6 | 


ENcoDE | 7 | 
ENCODE [ 8 | 


ANALOG GROUNO | 9 | 


AD9002 


TOP VIEW 
(Not to Scale) 


ANALOG INPUT | 10) 
— Veer 19 | 

REFiwo | 12 | 

DIGITAL GROUND | 13 | 
DIGITAL ~V¢ | 14 | 


115 | 0, (LSB) 


*SEE FUNCTION DESCRIPTIONS 
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ANALOG INPUT 5 
ANALOG GROUND 6 
ENCODE 7 

ENCODE 8 

ANALOG GROUND $ 
ANALOG INPUT 10 


~Vaee 11 


25 D, 

24D. 

23 DIGITAL GROUND 
22 ANALOG -V; 

21 ANALOG -V; 

20 DIGITAL GROUND 


TOP VIEW 
(Not to Scale) 


7) 
> 
1 
< 
= 
3 


19 D, 


DIGITAL GROUND & 


ANALOG INPUT | 5 | 
ANALOG GROUND {6 | 


ANALOG GROUND 


ANALOG INPUT | 10} 


AD9002 
TOP VIEW 
(Not to Scate) 


19] 0, 

ay [s3f 4] is] [se] [2] [2] 
#28 aa a 
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ANALOG-TO-DIGITAL CONVERTERS 2-405 


ANALOG 
DEVICES 


High Speed 8-Bit 
ML A/ D Converter 


FEATURES _ . 
100MSPS Encode Rate 
_ Very Low Input Capacitance . - 16pF 
Low Power ~— 1W 
TTL Compatible Outputs 
MIL-STD-883 Compliant Versions Available 


APPLICATIONS 

Radar Guidance i 
Digital Oscilloscopes/ATE eaulenieat 
Laser/Radar Warning Receivers 

Digital Radio 

Electronic Warfare (ECM, ECCM, ESM) 
Communication/Signal Intelligence 


GENERAL DESCRIPTION 
The AD9012 is an 8-bit, ultrahigh speed, analog-to-digital 
converter. The AD9012 is fabricated in an advanced bipolar 
process, which allows operation at sampling rates up to 100: 
megasamples/second. Functionally, the AD9012 is comprised of 
256 parallel comparator stages whose outputs are decoded to. 
drive the TTL compatible output latches. 


The exceptionally wide large signal analog input bandwidth of | 
160MHz is due to an innovative comparator design and very 
close attention to device layout considerations. The wide input 
bandwidth of the AD9012 allows very accurate acquisition of 
high speed pulse inputs without an external track-and-hold. The 
comparator output decoding scheme minimizes false aa 
which is critical to high speed linearity. 


The AD9012 is available in two grades, one with 0.5LSB linearity 
and one with 0.75LSB linearity. Both versions are offered in an 
industrial grade, — 25°C to + 85°C, packaged in a 28-pin DIP 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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and a 28-pin JLCC. The military temperature range devices, 
— 55°C to + 125°C, are available in ceramic DIP and LCC packages 
and are compliant to MIL-STD-883 Class B. 


The AD9012 is available in versions compliant with MIL-STD- 


883. Refer to the Analog Devices Military Products Databook 


or current AD9012/883B data sheet for detailed specifications. 
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SPECIFICATIONS 


AD9012 


ABSOLUTE MAXIMUM RATINGS’ 


Positive Supply Voltage PN) oe aus am are See el +6V 
Analog to Digital Supply. Voltage Differential (—Vs) . . . 0.5V 
Negative Supply Voltage (—Vs)...........088: > —6V 
Analog Input Voltage ............ —Vs to +0.5V 
ENCODE Input Voltage ........... —0.5V to +5V 
OVERFLOW INH Input Voltage . —5.2V to OV 
Reference Input Voltage (+ Vagr —Vrer” . —3.5V to +0.1V 
Differential Reference Voltage ......... She ee LV 


. +4mA 
30mA 


Reference Midpoint Current 
Digital Output Current ...... 
Operating Temperature Range 


es e e 28 «@ 


~25°C to +85°C 


AD9012AQ/BQ/AJ/BJ ..... 

AD9012SE/SQ/TE/TQ ..... —55°C to + 125°C 
Storage Temperature Range... . — 65°C to + 150°C 
Junction Temperature? ....... ve go gale Be. e1ISE 


Lead Soldering Temperature (10sec) . +300°C 


ELE CIR ICAL C HARACTER STI CS (+V,= +5.0V; —V,= —5.2V; Differential Reference Voltage = 2.0V, ue otherwise noted) 


Test AD9012AQ/AJ 
Parameter Temp | Level Min Typ Max Min 
RESOLUTION een eee) aie 
DC ACCURACY : 
Differential Linearity 0.6 
o 1.0 
Integral Linearity 0.6 1.0 
1.2 
No Missing Codes GUARANTEED 
INITIAL OFFSET ERROR 
Top of Reference Ladder 


Bottom of Reference Ladder 


Offset Drift Coefficient 


ANALOG INPUT 
Input Bias Current* 


Input Resistance 

Input Capacitance 

Large Signal Bandwidth> 
Analog Input Slew Rate® 


REFERENCE INPUT 
Reference Ladder Resistance 
Ladder Temperature Coefficient 
Reference Input Bandwidth 


DYNAMIC PERFORMANCE 
Conversion Rate 
Aperture Delay 
Aperture Uncertainty (Jitter) 
Output Delay (tpp)”’® 
Transient Response? 
Overvoltage Recovery Time’? 
Output Rise Time’ 
Output Fall Time’ 
Output Time Skew 


ENCODE INPUT 

Logic “1” Voltage’ 

Logic “0” Voltage” 

Logic “1” Current 

Logic “0” Current 

Input Capacitance 

Encode Pulse Width (Low)!? 
Encode Pulse Width (High)!* 


OVERFLOW INHIBIT INPUT 
OV Input Current 


AC LINEARITY? 
Effective Bits'* 
In-Band Harmonics 

dc to 1.23MHz 

dc to 9.3MHz 

dc to 19.3MHz 
Signal-to-Noise Ratio!* 
Noise Power Ratio'® 

DIGITAL OUTPUT 
Logic “1” Voltage 
Logic “0” Voltage 

POWER SUPPLY?” 
Positive Supply Current (+ 5.0V) 


<<< 


I 
V 
Vv 
I 
Vv 
Vv 
ie 
I 
V 


7,41 


Supply Current (—5.2V) 
Nominal Power Dissipation 


Reference Ladder Dissipation 
Power Supply Rejection Ratio!® 
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AD9012BQ/BJ 


AD9012SQ/SE 


AD9012TQ/TE 
Max Min Typ i 


Typ 


0.4 0.5 ; , 0.4 | 
0.75 : 

0.4 0.5 0.6 : 0.4 
1.2 


GUARANTEED 
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NOTES 
Absolute maximum ratings are limiting values, to be applied individually, 
and beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily 
implied. Exposure to absolute maximum raring < conditions aor extended 
| periods may affect device reliability. 
2+ Veer = — Veer under all circumstances. 
3 Maximum junction temperature (t; max) should not aeced + e. 
' for ceramic packages, and + pre for eau Panne: 
y =PD (Oya) + ta 
PD (8yc) + tc 
where. 
PD = power dissipation 
0,4 = thermal impedance from junction to ambient (°C/W) .. 
0;c = thermal impedance from junction to case COW ) 
ta =ambient temperature (°C) 
tc = case temperature (°C) 
typical thermal impedances are: 
Ceramic DIP 0;4 = 42°C/W; 8jc = 10°C/W 
Ceramic LCC 6), = 50°C/W; 0c = 15°C/W 
JLCC 0;,4 =59°C/W; Oy¢ = 15°C/W. 
‘Measured with Analog Input = OV. 
> Measured by FFT analysis where fundamental is — 3dBc. 


Recommended Operating Conditions 


Input Voltage 
Parameter is [Nominal [Max 
—Vs 


+ Vs 
+ VreF 


~ VREF 
Analog Input 


“Input slew rate coe from rise time (10% t to 90%) of full scale tent 
input. 

-7Outputs terminated with two cor *LS00 type loads: (See load 
circuit.) 

8Measured from ENCODE into data out for LSB only. 

°For full-scale step input, 8-bit accuracy is attained in specified time. 

lRecovers to 8-bit accuracy in specified time, after aye full-scale input 
overvoltage. 

!Qutput time skew includes high-to-low and low-to-high transitions as well 
as bit-to-bit time skew differences. 

12ENCODE signal rise/fall times should be less than 30ns for sociiial 
operation. 

13Measured at 73MSPS siete rate. Harmonic tae based on worst case 
harmonics. 

'4Analog input frequency = 1.23MHz. 

SRMS signal to rms noise, including harmonics with 1.23MHz analog input 
signal. 

16NPR measured @ 0.5MHz. Noise Source is 250mW (rms) from 0.5MHz 
to 8MHz. 

'7Supplies should remain stable within +5% for normal operation. 

18Measured at —5.2V +5% and +5.0V +5%. 


Specifications subject to change without notice. 


LOAD CIRCUIT | 
Vs 
1kO 


TTL 
OUTPUT 


15pF 


EXPLANATION OF TEST LEVELS 


Test Level I 
Test Level II 


100% production tested. 
100% production tested at + 25°C, and sample tested 


at specified temperatures. 


Test Level III 
Test Level IV 
tion testing: 
Test Level V 
Test Level VI 


Sample tested only. 
Parameter is guaranteed by design and characteriza- 


Parameter is a typical value only. 
All devices are 100% production tested ¢ at + 25°C. 


100% production tested at temperature extremes for 
extended temperature devices; sample tested at 
temperature extremes for commercial/industrial 


devices. 


ORDERING GUIDE 


Device 


AD9012AQ 0.75LSB. 
AD9012BQ — 0.50LSB 
AD9012AJ 0.75LSB 
AD9012BJ 0.50LSB 
AD9012SQ 0.75LSB — 
AD9012SE 0.75LSB 
AD9012TQ 0.50LSB 


AD9012TE 0.50LSB 


*E = Leadless Ceramic Chip Carrier; J = 
For outline information see Package Information section. 


2-408 ANALOG-TO-DIGITAL CONVERTERS 


| Temperature Range 


Package 
Option* 


~25°C to + 85°C Q-28 

25°C to + 85°C Q-28 
~25°C to +85°C J-28 
~ 25°C to +85°C J-28 
—55°Cto +125°C —s ||_-— Q-28 
~55°Cto + 125°C E-28A 
~55°Cto + 125°C Q-28 
~55°Cto + 125°C 


Ceramic Leaded Chip Carrier; Q = Cerdip. 
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Pin # 


REV. B 


Name 


DIGITAL + Vs 
OVERFLOW INH 


HYSTERESIS 


+ VreF | 
ANALOG INPUT 
ANALOG GROUND 
ENCODE 

DIGITAL +Vs 
ANALOG GROUND 
ANALOG INPUT 

— VrEF 

REF mip 

DIGITAL + Vs 
DIGITAL — Vs 


D, (LSB) 

D,-D; | 
DIGITAL GROUND 
ANALOG - Vs 


DIGITALGROUND 
De, D; 


~ Dg (MSB) 


OVERFLOW 


DIGITAL — Vs 


DIGITAL Vs+|1| @ 


OVERFLOW INH | 2 | 


HYSTERESIS Ex 


DIGITAL V,+| 13 | 


DIGITAL V,- 


AD9012 
TOP VIEW 
(Not to Scate) 


AD9012 


FUNCTIONAL DESCRIPTION 
Description 


One of three positive digital supply pins (nominally +5.0V). 
OVERFLOW INHIBIT controls the data output coding for overvoltage inputs (AIN=> + Vrgr). 


OVERFLOW INHIBITED (GND) 
OF D, D, D3 D, Ds De D, Dg 
1 11 11 = =421 


ANALOG OVERFLOW ENABLED (FLOATING 


INPUT OF D, D2 D3 D4, Ds De D7 Dg 


Vin 2 + Vrer 10000 00 0 0 
Vin< + VreF Oo X X X X X XK XK X 


0 1 1 
Oo X X X KX X K XK X 


The Hysteresis control voltage varies the comparator hysteresis from OmV to 10mV, for a change 
from —5.2V to —2.2V at the Hysteresis control pin. 

The most positive reference voltage for the internal resistor ladder. 

One of two analog input pins. Both analog input pins should be connected together. 

One of two analog ground pins. Both analog ground pins should be connected together. 

TTL level encode command input. ENCODE is rising edge sensitive. 

One of three positive digital supply pins (nominally +5.0V). 

One of two analog ground pins. Both analog ground pins should be connected together. 

One of two analog input pins. Both analog inputs should be connected together. 

The most negative reference voltage for the internal resistor ladder. 

The midpoint tap on the internal resistor ladder. 

One of three positive digital supply pins (nominally + 5.0V) 

One of two negative digital supply pins (nominally —5.2V). Both digital supply pins should be 
connected together. 

Digital data output. D, (LSB) is the least significant bit of the digital output word. 

Digital data output. | 

One of two digital ground pins. Both digital grounds pins should be connected together. 

One of two negative analog supply pins (nominally —5.2V). Both analog supply pins should be 
connected together. | 

One of two digital ground pins. Both digital ground pins should be connected together. 

Digital data output. | . : 

Digital data output Dg (MSB) is the most significant bit of the digital output word. 
Overflow data output. Logic HIGH indicates an input overvoltage (Vin> + Vreg), if OVERFLOW 
INHIBIT is enabled (overflow enabled, floating). Se OVERFLOW INHIBIT. | 
One of two negative digital supply pins (nominally —5.2V). Both digital supply pins should be 
connected together. | 


PIN DESIGNATIONS 
x 
eS A 

| 28 | DIGITAL V5 - ge > >8 . 

Ea ~ont aa re a 

27] OVERFLOW #56 & & 2 

| 26 | Dp (MSB) 4 3 2 1 28 27 26 

[25] 0, 

| 24 | D. ANALOG INPUT 5 ts 25D, 


ANALOG GROUND 6 
ENCODE 7 
DIGITAL Vs+ 8 


24 De 
23 DIGITAL GROUND | 
22 ANALOG Vs - 


AD9012 
TOP VIEW 


(Not to Scale) 


ANALOG GROUND 9 21 ANALOG Vs; - 


ANALOG INPUT 10 20 DIGITAL GROUND 


19 Os - Veer 11 19 Ds 
18] D. 
D; 14 16 17 18 

! add 


o 
N 
REF min § 


D, (LSB) & 


| 15 | 0, (LSB) 


DIGITAL V5+ 2 
DIGITAL V5 
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ANALOG =—_10-Bit 60 MSPS 
DEVICES. SAD Comverter 


AD9020 


FEATURES — | oe “4 2 Fe ae 7 FUNCTIONAL BLOCK DIAGRAM 


Monolithic 10- Bit/60 MSPS Converter -a —— | | 
TTL Outputs . Ri’ INVERT. INVERT 


Bipolar (+1.75 V) Analog Input 

56 dB SNR @ 2.3 MHz Input 

Low (45 pF) Input Capacitance ; 
MIL-STD-883 Compliant Versions Available 


APPLICATIONS | a — : AD9020 
Digital Oscilloscopes _ 7 ae Hs 
Medical Imaging © 

Professional Video 

Radar Warning/Guidance Systems 
infrared Systems 


(1) OVERFLOW 
GENERAL DESCRIPTION ~— . » AS Oy ee 
The AD9020 A/D converter is a 10-bit monolithic converter TY 
capable of word rates of 60 MSPS and above. Innovative archi-_ : 
tecture using 512 input comparators instead of the traditional 
1024 required by other flash converters reduces input capaci- | . 
tance and improves linearity. 


“| OVERFLOW 42) 0, 


x» oxwtrprw»erwsyeeto aA 


Encode and outputs are TTL-compatible, making the AD9020 an : 
ideal candidate for use in low power systems. An overflow bit is - 
provided to indicate analog input signals greater than + Vgpnsp- 


Voltage sense lines are provided to insure accurate driving of the 
+Vper Voltages applied to the units. Quarter-point taps on the 
resistor ladder help optimize the integral linearity of the unit. 


om=zrod per 
2 
[ = 
o 
= 


Either 68-pin ceramic leaded (gull wing) packages or ceramic. 
LCCs are available and are specifically designed for low thermal | 
impedances. Two performance grades for temperatures of both 0 
to +70°C and —55°C to +125°C ranges are offered to allow the 
user to select the linearity best suited for each application. Dy- 
namic performance is fully characterized and production tested 

at +25°C. MIL-STD-883 units are available. : 


The AD9020 A/D Converter is available in versions compliant 
with MIL-STD-883. Refer to the Analog Devices Military Prod- 
ucts Databook or current Sauces data sheet for detailed 
specifications. 


-Vz +V5 GROUND 


; > 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS! 


BIN Sesrte d tS Se cea aad ake ah he lai deals ee) 2 +6V 
SNe | sighs esa Gish on! hah Bead, lg lah ain lie Ede whe ey we -6V 
ANALOG UN 2 os eh et oes toads —2Vto+2V 
+Vrer ~Vrer 3/4eep W2eep W4erp ..--- -2Vto+2V 
TV pep (OT? Viggen Go ab ws oe ale eh he ye Sere 4.0V 
DIGITALAINPU ES: gos 4:ntn wae Owe Bae eS -0.5 Vto +Vs 


ELECTRICAL CHARACTERISTICS (=v, = +5 


Parameter (Conditions) 
RESOLUTION 


DC ACCURACY? 
Differential Nonlinearity 


Integral Nonlinearity 


No Missing Codes 


ANALOG INPUT 
Input Bias Current* 


Input Resistance 
Input Capacitance* 
Analog Bandwidth 


REFERENCE INPUT 
Reference Ladder Resistance 


Ladder Tempco 
Reference Ladder Offset 
Top of Ladder 


Bottom of Ladder 


Offset Drift Coefficient 


SWITCHING PERFORMANCE | 
Conversion Rate 
Aperture Delay (t,) 
Aperture Uncertainty (Jitter) 
Output Delay (to,)” 
Output Time Skew” 


DYNAMIC PERFORMANCE 
Transient Response 
Overvoltage Recovery Time 
Effective Number of Bits alee 
fin: = 2.3 MHz 


fix = 10.3 MHz- 

re = 15.3 MHz 
Signal-to-Noise Ratio® 
fy = 2.3. MHz 
fy = 10.3 MHz. © 

fix, = 15.3 MHz 


Signal-to-Noise Ratio® *. 
(Without Harmonics) 


fin = 2.3 MHz 
fin = 10.3 MHz 
fin = 15.3 MHz 


REV. A 


Test 
aa 


I 
VI 
I 
VI 
VI 


Min 
10 


AD9020 


3/4eres li2nepy W4epe Current a4 en eae Se +10 mA 
Digital Output Current...............04. ....20mA 
Operating Temperature 

AD9020JE/KE/JZ/KZ . 0.0.1... 2 ee eee 0 to +70°C 
Storage Temperature ................ —65°C to +150°C 
Maximum Junction Temperature? .............. +175°C 
Lead Soldering Temp (10 sec) .............0.2- + 300°C 


V; +Vsense = £1.75 V; ENCODE = 40 MSPS unless otherwise noted)* 


AD9020JE/JZ 
Typ 


AD9020KE/KZ — 


Typ 


ps, rms 
ns 
ns 


ANALOG-TO-DIGITAL' CONVERTERS 2-411 


AD9020 


7: ae Test AD9020JE/JZ  , AD9020KEKZ 
Parameter (Conditions) Temp Level | Min Typ Max Min Typ Max 
DYNAMIC PERFORMANCE a _ | | 
(CONTINUED) | 

Harmonic Distortion 

fin = 2.3 MHz 

fin = 10.3 MHz 

fin = 15.3 MHz 
Two-Tone Intermodulation 

Distortion Rejection’ | 
Differential Phase 
Differential Gain 


ENCODE INPUT 
Logic “1” Voltage 
Logic ‘‘0”’ Voltage 
Logic “1” Current 
Logic “0” Current 
Input Capacitance 
Pulse Width (High) 


Pulse Width (Low) 
DIGITAL OUTPUTS 
Logic “‘1” Voltage (Ip; = 2 mA) Full 
Logic “0” Voltage do, =10mA) | Full - 
POWER SUPPLY | 


+V. Supply Current 
—V, Supply Current 
Power Dissipation 


Power Supply Rejection 
Ratio (PSRR)® 


NOTES 

‘Absolute maximum ratings are limiting values to be applied individually, and beyond which the serviceability of the circuit may be impaired. Functional 
operability is not necessarily implied. Exposure to absolute maximum rating conditions for an extended period of time may affect device reliability. 

Typical thermal impedances (part soldered onto board): 68-pin leaded ceramic chip carrier: Bic = = 1°C/W; 9;, = 17 °C/W (no air flow); 4 = 15°C/W _ 

(air flow = 500 LFM). 68-pin ceramic LCC: 0;-. = 2.6°C/W; 0,4, = 15°C/W (no air flow); 8 ja = 13°C/W (air flow = 500 LFM). 

°3/4ner 1/2prp, and 1/4p¢, reference ladder taps are driven from dc sources at ‘+0. 875 V, 0 V, and —0.875 V, respectively. Accuracy of the overflow compare: 
tor is not tested and not included in linearity specifications. 

4Measured with ANALOG IN = +Vsensg- 

*Output delay measured as worst-case time from 50% point of the rising edge of ENCODE to 50% point of the slowest rising or falling edge of De Ds. Output 
skew measured as worst-case difference in output delay among D,-D,. ; 

®RMS signal to rms noise with analog input signal 1 dB below full scale at specified frequency. 

7Intermodulation measured with analog input frequencies of 2.3 MHz and 3.0 MHz at 7 dB below full scale. 

8Measured as the ratio of the worst-case change in transition voltage of a single comparator for a 5% change in +V, or -Vs. 


Specifications subject to change without notice. . 


| ORDERING GUIDE 

EXPLANATION OF TEST LEVELS | 

‘Test Level Temperature — 

I - 100% production tested. Device —_—_—| Range Description 

II 100% production tested at +25°C, and sample tested at AD9020JZ 0 to +70°C 68-Pin Leaded Ceramic |Z-68 

"specified temperatures. AD9020JE 0 to +70°C 68-Pin Ceramic LCC |E-68A 

Sample tested only. | AD9020KZ = {0 to +70°C 68-Pin Leaded Ceramic |Z-68 

IV Parameter is guaranteed by design and characterization AD9020KE 0 to +70°C 68-Pin Ceramic LCC /|E-68A 
testing. AD9020SZ/883 | —55°C to +125°C|68-Pin Leaded Ceramic | Z-68 

V Parameter is a typical value only. AD9020SE/883 | —55°C to +125°C|68-Pin Ceramic LCC |E-68A 

VI - All devices are 100% production tested at +25°C. 100% AD9020TZ/883} —55°C to +125°C|68-Pin Leaded Ceramic |Z-68 
production tested at temperature extremes for extended | AD9020TE/883}—55°C to +125°C|68-Pin Ceramic LCC | E-68A 


AD9020/PCB {0 to +70°C Evaluation Board. 


temperature devices; sample tested at temperature ex- 


tremes for commercial/industrial devices. *E = Ceramic Leadless Chip Carrier; Z = Cea Leaded Chip Carrier. 


For outline information see Package Information section. 
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REV. A 


+Vsense 


Pin No. 
1 


2, 16,28, 29; 35; 

41, 42, 54, 64 

3, 6, 15, 18, 25, 30, 

33, 34, 37, 40, 45, 

52, 55, 65, 68 

4,5, 13, 17, 27, 31, 32 
36, 38, 39, 43, 53, 66, 67 


7 


8,9 
ll 


12 


14 


19-23, 46-50 
51 


56 


37 


59 


61 


63 


[—— ANALOG IN 


© C—) ANALOG IN 


NC 


=~ 
Oo 


+Vrer 


AD9020 


2 C— MSB INVERT 


fez) 
i=) 


NC 
LSBs INVERT 


AD9020 
TOP VIEW E 
(Not to scale) OVERFLOW 

Dy (MSB) 


AD9020 PIN DESCRIPTIONS 


Function 


GROUND 


ANALOG IN 


+ VsensE 
+VeeEF 
ENCODE 


Do-Ds 
OVERFLOW 


—Verer 
= VsENSE 


LSBs INVERT 


MSB INVERT 


Midpoint of internal reference ladder. 


Negative supply voltage; nominally —5.0 V +5%. 


Positive supply voltage; nominally +5 V +5%. 


All ground pins should be connected together and to low- 
impedance ground plane. 


Three-quarter point of internal reference ladder. 
Analog input; nominally between +1.75 V. 


Voltage sense line to most positive point on internal resistor 
ladder. Normally +1.75 V. 


Voltage force connection for top of internal reference ladder. 
Normally driven to provide +1.75 V at +Vgensp- 


TTL-compatible convert command used to begin digitizing 
process. 


TTL-compatible digital output data. 
TTL-compatible output indicating ANALOG IN > 
+VsENsE- 


Voltage force connection for bottom of internal reference 
ladder.. Normally driven to provide —1.75 V at —-Vgense- 
Voltage sense line to most negative point on internal resistor 
ladder. Normally —1.75 V. 


Normally grounded..When connected to +V,, lower order 
bits (Do—Dg) are inverted. 


Normally grounded. When connected to +Vg, most 
significant bit (MSB; D,) is inverted. 


One-quarter point of internal reference ladder. 
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| ANALOG 
DEVICES 


12-Bit 20 MSPS 
Monolithic A/D Converter 


AD9022 


FEATURES 

Monolithic 

12-Bit 20 MSPS A/D Converter 
Low Power Dissipation: 1.3 Watts 
On-Chip T/H and Reference 
High-Spurii Free Dynamic nee 
TTL Logic 


APPLICATIONS 

Radar Receivers 

Digital Communications 
Digital Instrumentation 
Electro-Optics 


PRODUCT DESCRIPTION 
The AD9022 is a high speed, high Seifomnante, monolithic 12- 
bit analog-to-digital converter. All necessary functions, includ 
ing track-and-hold (T/H) and reference, are included on chi 
provide a complete conversion solution. It is a compani 
to the AD9023; the primary difference between the: 
all logic for the AD9022 is TTL compatible, while 
utilizes ECL logic for digital inputs and outputs. Pinouts f 
_ two parts are nearly identical. 


Operating from +5 V and —5.2 V supplies, the AD9022 pro- 
vides excellent dynamic performance. Sampling at 20 Msps with 
Am = 1 MHz, the spurious free dynamic range (SFDR) is typi- 
cally 80 dB; with Any = 9.6 MHz, SFDR is 74-dB.'SNR is STP 
cally 65 dB. 


The on-board T/H has a 100 MHz bandwidth and, more impor- 
tantly, is designed to provide excellent dynamic performance for 
analog input frequencies above Nyquist. This feature is neces- 
sary in many under-sampling signal processing applications, | 
such as in direct IF to digital conversion. 


To maintain dynamic performance at higher IFs, monolithic 


RF track-and-holds (such as the AD9100 and AD9101 
Samplifier™) can be used with the AD9022 to process signals 
up to and beyond 70 MHz. 


Samplifier is a trademark of Analog Devices, Inc. 


This is a preliminary data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


FUNCTIONAL BLOCK DIAGRAM 


DIGITAL 


an 0.5 LSB and 20 ns transient re- 
9022 provides excellent results 

g inputs must be oversampled (such 

. The full scale analog input is +1 V witha 
ce. The analog input can be driven directly 
or can be buffered by the AD96xx series 
rtion buffer amplifiers. 


ernal to the AD9022; the clock signal initiates 
the conversion cycle. For best results, the encode command 
should contain as little jitter as possible. High speed layout prac- 
tices must be followed to ensure optimum A/D performance. 


The AD9022 is built on a trench isolated bipolar process and 


utilizes an innovative multipass architecture (see the block 


diagram). The unit is packaged in 28-pin ceramic DIPs and 
gullwing surface mount packages. The AD9022 is specified to 
operate over the industrial (-25°C to +85°C) and military 
(-55°C to +125°C) temperature ranges. 


This information applies to a uprodukt inder development. Its. shepaciorctcs and specifications are subject to change without notice. 
Analog Devices assumes no ou lgeton regarding future manufacture unless otherwise agreed to in writing. 
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SPECIFICATIONS 8022 - 

ELECTRICAL CHARACTERISTICS (+¥s = +5 V;—-Vs =—5.2 V; Encode = 20 MSPS, unless otherwise noted) 
ce en 

Parameter (Conditions) Temp Level Min Typ Max | Min Typ Max | Min Typ Max | Units. 


DC ACCURACY 
Differential Nonlinearity 0.4 0.75 0.25 0.5 0.4 0.75 LSB 
1.0 0.75 1.0 LSB 
Integral Nonlinearity 12: -25 1.2 2.0 1.2 2.5 LSB 
1.25 3.0 1.25 3.0 1.25 3.0 LSB 
No Missing Codes Guaranteed Guaranteed Guaranteed 
Offset Error 5 25 45 25 5 25 mV 
: | 15 35 15 35 15 35 mV 
Gain Error +0.5 +2.5 205 E235 ht +0.5 +2.5 | % FS 
| 0.5 3.5 0.5 3.5 0.5 3.5 % FS 
Thermal Noise 0.5 0.5 0.5 LSB, rms 
ANALOG INPUT 
Input Voltage Range +1.024 +1.024 +1.024 
Input Resistance 300 375 300. 375 300 375 
Input Capacitance fi 7 
Analog Bandwidth 115 ‘ 115 MHz 
SWITCHING PERFORMANCE! 
Minimum Conversion Rate 2 Msps 
Maximum Conversion Rate = a , Msps 
Aperture Delay (ta) 1201. ; 112 1.42 
Aperture Uncertainty (Jitter) ps, rms 
Output Delay (top) ~ : ; 33.5 
ENCODE INPUT 
Logic Compatibility 
Logic “1” Voltage 


Logic “0” Voltage 
Logic “1” Current 
Logic “0” Current 
Input Capacitance 
Pulse Width (High) 
Pulse Width (Low) 


DYNAMIC PERFORMANCE 
Transient Response 
Overvoltage Recovery Time 
Harmonic Distortion 

Analog Input @ 1.2 MHz 

@ 1.2 MHz 

@ 4.3 MHz 

.@ 9.6 MHz 

@ 9.6 MHz 
Signal-to-Noise Ratio” 

Analog Input @ 1.2 MHz 

@ 4.3 MHz 

@ 9.6 MHz 

@ 9.6 MHz 
Signal-to-Noise Ratio” 
(Without Harmonics) 

Analog Input @ 1.2 MHz 

@ 1.2 MHz 

@ 4.3 MHz 

@ 9.6 MHz 

@ 9.6 MHz 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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oo a - Test AD9022AQ/AZ | AD9022BQ/BZ | 
Parameter (Conditions) == | Temp Level | Min Typ Max! Min Typ Max 


Two-Tone Intermodulation +25°C vz. 
Distortion Rejection’ 


DIGITAL OUTPUTS! 
Logic Compatibility | 
Logic “1” Voltage Full VI 
Logic “0” Voltage Full VI 
Output Coding | | 


POWER SUPPLY — 
+Vz5 Supply Voltage 
+Vz> Supply Current 
-Vs Supply Voltage 
-Vs Supply Current 
Power Dissipation 
Power Supply | 
Rejection Ratio (PSRR)* 


NOTES 

1AD9022 load is a single LS latch. 
2RMS signal-to-rms noise with analog i input signal 1 dB below full scale at specified frequency. 
3Intermodulation measured with analog input frequencies of 9.3 MHz and 9.6 MHz at 7 dB below full scale. 
4PSRR is sensitivity of offset error to power supply variations within the 5% limits shown. 


Specifications subject to change without notice. 


AD9022SQ/SZ | . 
Min Typ’ Max 


TIL TTL 


2.4 


0.5 
Offset Binary 


0.5 
Offset Binary 


0.5 
Offset Binary 


ANALOG 
IN. 


ENCODE 
DATA N 
OUTPUT 


ABSOLUTE MAXIMUM RATINGS! | | ORDERING GUIDE 


+Vs5 Sah wwe BS et Yaa ai sa ter oak eve ab ca ah ae ase TE ta pa ata OS iow ae +6 V 

pee nes ae nen ce ewe oy ee ee ee 

Analog Input’ iscc cn ntcceswd exae kanes see a .-Vs to +Vs5 Range Description | Option 

Digital Inputs ......... pee dtheneeneeEes ee -VstoOV  AD9022AQ/BQ|-25°C to +85°C_ | 28-Pin Ceramic DIP Q-28 

Digital Output Current ................. pera ere’ 20mA AD9022AZ/BZ |-25°C to +85°C. |28-Pin Ceramic 7-28 

Gain Adjust in ncctuct eats ete adil deta -Vs to +Vs | | Leaded Chip Carrier 

OMSCLAGIUSE dc hows enya ered dae ae ah aaes -Vsto+Vs AD9022SQ 55°C to + 1 25°C | 28-Pin Ceramic DIP|Q-28 

Operating Temperature Range (Case) : AD9022SZ -55°C to +125°C| 28-Pin Ceramic Z-28 
AD9022AQ/AZ/BQ/BZ 1... eee ee eee —25°C to +85°C Leaded Chip Carrier 
PD90Z2SO/SZ 5 hse eee Be ee a 0% ~55°C to +125°C aes 

Maximum Junction Temp erature? .......--.ceeee +175°C *For outline information see Package Information section. 

Lead Temperature (Soldering, 10 sec) ............. +300°C 

Storage Temperature Range ............ —65°C to +150°C 

NOTES 


‘Absolute maximum ratings are limiting values to be applied individually, and 
beyond which the serviceability of the circuit may be impaired. Functional 
operability is not necessarily implied. Exposure to absolute maximum rating 
conditions for an extended period of time may affect device reliability. 

Typical thermal impedances: “Q” Package (Ceramic DIP): Qc = 10°C/W3 Oy, = 
35°C/W. “Z” Package (Gullwing Surface Mount): Vic = 13°C/W; Oa = 45°C/W. 


This information applies to a product under development. Its characteristics and specifications are subject to. change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. | 
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AD9022 


\ EXPLANATION OF TEST LEVELS PIN DESCRIPTIONS 


Test Level Function 
—_ 0 1 
I - 100% production tested. 1-3 D3-D1 Digital output bits of ADC; TTL/CMOS 
II - 100% production tested at +25°C, and sample tested at compatible. 
specified temperatures. AC testing done on sample basis. 4 DO (LSB) | Least significant bit of ADC output; 
III- Sample tested only. TTL/CMOS compatible. | 
IV — Parameter is guaranteed by design and characterization 5 NC No Connection Internally 
testing. | . 6 +Vs +5 V Power Supply 
V —- Parameter is a typical value only. 7 GND G d 
r 
VI- All devices are 100% production tested at +25°C. 100% ik 
production tested at temperature extremes for extended ORs ane . —— a ee ape 
temperature devices; guaranteed by design and characteriza- es arts ie Bake " pis enend i 
tion testing for industrial devices. signal e vue : 
9 Ground 
10 +5 V Power Supply 
DIE LAYOUT AND MECHANICAL INFORMATION | 
Die Dimensions ................ 205 x 228 x 21 (£1) mils lI Ground 


Pad: Dimensions <i:65.0'e2 hos 8 ow bak ewe eteeds 4x4 mils Noninverting input to T/H amplifier. 
Metalization See ts Ru Gute ete ae ema aoa 5.2 V Power Supply 
DOCKING: 2 o6.Ge- ohne ore Aa eon hacated ae ate Ee dee eh eaaie ies 


+5 V Power Supply 


Transistor Count —5.2 V Power Supply 
POSSIVAUON. 572.6% i.e nt ae eee BRS itrid: Gta 
Die Attach a : 


Bond Wire Should be connected to —Vs ue 


0.1 uF capacitor. 


Most significant bit of ADC output; 
TTL/CMOS compatible. 


Digital output bits of ADC; TTL/CMOS 
compatible. 


+5 V Power Supply 
—5.2 V Power Supply 
Ground 


D1 


NC 


AD9022 
TOP VIEW 
ENCODE (Not to Scale) 


GND 


NC = NO CONNECT 
COMPENSATION (PIN 17) SHOULD BE 
CONNECTED TO -V., THROUGH 0.01,F 


This information applies to.a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD9022 


DEFINITIONS OF SPECIFICATIONS. 
Analog Bandwidth 
The analog input frequency at which ‘the eae power of the 


fundamental frequency (as determined by FFT analysis) i is re- 
duced by 3 dB. 


Aperture Delay. . 
The delay between the rising edge of the ENCODE command | 
and the instant at which the analog input is sampled. 


Aperture Uncertainty (Jitter) | 
The sample-to-sample variation in aperture delay. 


Differential Nonlinearity 
The deviation of any code from an ideal 1 LSB step. 


Harmonic Distortion 
The rms value of the fundamental divided by the rms value of a - 
the worst harmonic component. | Analog Input 


Integral Nonlinearity 

The deviation of the transfer function from a reference line mea- 
sured in fractions of 1 LSB using a “best straight line” deter- 
mined by a least square curve fit. 


O+Vs 


Minimum Conversion Rate 

The encode rate at which the SNR of the lowest analog signal 
frequency tested drops by no more than 3 dB below the guaran- 
teed limit. 


Maximum Conversion Rate 
The encode rate at which parametric testing is performed 


Output Propagation Delay . | 
The delay between the 50% point of the rising edge 
CODE command and the time when all output data bits ar 
within valid logic levels. 


Overvoltage Recovery Time 

The amount of time required for the converter to recover to 
12-bit accuracy after an analog input signal 150% of full scale is 
reduced to the full-scale range of the converter. 


Power Supply Rejection Ratio (PSRR) 
The ratio of a change in input offset voltage to a change in 
~ power supply voltage. 


Signal-to-Noise Ratio (SNR) 

The ratio of the rms signal amplitude to the rms value of 

“noise,” which is defined as the sum of all other spectral compo- | 
nents, including harmonics but excluding de, with an analog in- 
put signal 1 dB below full scale. 


Vs 
Compensation 


Signal-to-Noise Ratio (Without Harmonics) © 

ane ratio of the rms signal amplitude to the rms value of 
“noise,” which is defined as the sum ofall other spectral compo- 

nents, excluding the first five harmonics and: de, with an analog 

input signal 1 dB below full scale. : 


—O DIGITAL 
INPUT 


Transient Response is 
The time required for the converter to Site 12-bit accuracy 


when a step function is applied to the analog input. Ve 


Two-Tone Intermodulation Distortion (IMD) Rejection Output Stage 
The ratio of the power of either of two input signals to the | : 
power of the strongest third-order IMD signal. Figure 1. Equivalent Circuits 


This information applies to a product under development. Its characteristics and specifications are subject to shane without notice. 
Analog Devices assumes no obligation regarding: future manufacture unless otherwise agreed ‘to:in writing.. : ' 
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THEORY OF OPERATION 
Refer to the block diagram. 


The AD9022 employs a three pass subranging architecture and 
digital error correction. This combination of design techniques 
ensures 12-bit accuracy at relatively low power. 


Analog input signals are immediately attenuated eon a re- 
sistor divider and applied directly to the sampling bridge of the 
track-and-hold (T/H). The T/H holds whatever analog value is 
present when the unit is strobed with an ENCODE command. 
The conversion process begins on the rising edge of this pulse, 
which should conform to the minimum and maximum pulse 
width requirements shown in the specifications. Operation be- 
low the recommended encode rate (2 Msps) may result in ex- | 
cessive.droop in the internal T/H devices—leading to large dc 
and ac errors. 


The held analog value of the first track-and-hold is applied to a 
5-bit flash converter and a second T/H. The 5-bit flash con- 
verter resolves the most significant bits (MSBs) of the held ana- 
log voltage. These 5 bits are reconstructed via a 5-bit DAC and 
subtracted from the original T/H output signal to form a residue 
signal. 


A second T/H holds the amplified residue signal while it is en- 
coded with a second 5-bit flash ADC. Again the 5 bits are re- 
constructed and subtracted from the second T/H output to 
form a residue signal. This residue is amplified and encoded © 
with a 4-bit flash ADC to provide the 3 least signifi 
(LSBs) of the digital output and one bit of err 


Digital Error Correction logic aligns the data fom’ t 


may bé strobed on the rising edge of the ENCODE command. 


AD9022 IN RECEIVER APPLICATIONS 
Advances in semiconductor processes have resulted in low cost 
digital signal processing (DSP) and analog signal processing 
which can help create cost effective alternative receiver designs. 
Today, an all-digital receiver allows tuning, demodulation, and 
detection of receiver signals in the digital domain. By digitizing 
IF signals directly and utilizing digital techniques, it becomes 
possible to make significant i improvements in receiver design. 
For high frequency IFs, the ADC is the key to the receiver’s 
performance. Unfortunately, the specifications frequently used 
by receiver designers and analog-to-digital (ADC) manufactur- 
ers are often very different. Noise Figure and Intercept Point 
are.common measures of noise and linearity in analog RF sys- 
tem design. ADCs are more frequently eprenee in terms i 
SNR and harmonic distortion. 


Noise 

Noise figure (NF) is a measure of receiver sensitivity and is de- 
fined as the degradation of signal-to-noise ratio (SNR) as a sig- 
nal passes through a device. In equation form: 


NF = SNR (in) — SNR (out) 


Noise figure is a bandwidth invariant parameter for reasonably 


narrow bandwidths in most devices. The system noise figure for : 


a combination of amplifiers and mixers, for instance, can be 
analyzed without regard to the information bandwidth. 


AD9022 


Thermal noise contribution from the ADC behaves in a similar 
fashion; however, the spectral density of quantization noise is a 
function of the sample rate. In addition, the spectral density of 
the quantization noise is flat only in an ADC with perfect linear- 
ity, 1.e., perfect 1 LSB step sizes. 


To analyze the system noise performance, ADC noise figure is 
calculated by normalizing the SNR of the ADC output to a 1 Hz 
bandwidth. This result is given by: 
SNR (/Hz) = SNR + 10 logyo (Fs/2) 
where Fs 1s the sample rate. 


This will be true only for converters in which perfect quantiza- | 
tion noise dominates. There may be an upper sample rate, 
above which the thermal noise of the converter is the dominant 
source of noise. In this case, normalization would be based on 
the noise bandwidth of the ADC. For an AD9022 with a typical 
SNR of 64 dB and a sample rate of 20 Msps, the normalized 
SNR is equal to 134 dB (64 + 70). Both thermal and quantiza- 
tion noise contribute to this number, 


The SNR of the input is assumed to be limited by the thermal 
noise of the inputresistance, or —174 dBm/Hz. The input signal 
level is +10 d V, p-p into 50 Q). Noise figure of the ADC 


put SNR can be determined more accurately by 
ng the ratio of the signal voltage to the noise voltage of 
inig resistor. However, both the input signal and 


‘NE as a figure of merit tor an ADC. The rather large number | 
that results bolsters this belief: by indicating the ADC is often 
the weakest link in the signal processing path. 


Linearity 

The Third Order intercept point for a linear device (with some 
nonlinearity) is a good way to predict 3rd order spurious signals 
as a function of input signal level. For an ADC, however, this in 
an invalid concept except with signals near full scale. As the in- 
put signal is reduced, the performance burden shifts from the 
input track-and-hold (T/H) to the encoder. This creates a non- 
linear function, as contrasted with the third order intercept be- 
havior, which predicts an improvement in dynamic pane as the — 
signal level is decreased. 


For signals near full scale, the intercept point is calculated ne | 
same as any device: 


Intercept Point = (Harmonic Suppression! (N -1)] + Input Power 
where N = the order of the IMD (3 in this case) 


AD9022 Intercept Point = 80/2 + 3 dBm (7 dBm below full scale) 
= 43 dBm | 


For signals below this level, the spurious free dynamic range 
(SFDR) curves shown in the data sheet are a more accurate pre- 
dictor of dynamic range. The SFDR curve is generated by mea- 
suring the ratio of the signal (either tone in the two-tone _ | 
measurement) to the worst spurious signal which is observed as 
the analog input signal amplitude is swept. 
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The worst spurious signal is usually the second harmonic or 3rd 
order IMD. Actual results are shown on several plots. The © 
straightline with a slope of one is constructed at the point where 
the worst SFDR touches the line. This line, extrapolated to full 
scale, gives the SFDR of the ADC. This value can then be used. 


to predict the dynamic range by simply subtracting the input — 


level from the SFDR. As shown on the two-tone SFDR plot, for 


example, a signal 20 dB below full scale will always have a dy- 
_. namic range of at least 67 dB (87 dB — 20 dB). 


It should be noted that all SFDR lines are constructed to be 
valid only below a certain level below full scale. Above these 
points, the linearity of the device is dominated by the 
nonlinearities of the front end and best predicted by the inter- 
cept point. 


AD9022 NOISE PERFORMANCE 7 ) 
High speed, wide bandwidth ADCs such as the AD9022 are Op- 
timized for dynamic performance over a wide range of analog 


input frequencies. However, there are many applications (Imag- — 


ing, Instrumentation, etc.) where dc precision is also important. 
Due to the wide input bandwidth of the AD9022 for a given in- 
put voltage, there will be a range of output codes which may oc- 
cur. This is caused by unavoidable circuit noise within the 
wideband circuits in the ADC. If a dc signal is applied to the 
ADC and several thousand outputs are recorded, a distribution 
of codes such as that shown in the histogram below may result. 


ONE STANDARD — 
DEVIATION = RMS 


RELATIVE FREQUENCY OF OCCURRENCE 


OUTPUT CODE 


Figure 2. ADC Equivalent Input Noise 


The correct code appears most of the time, but adjacent codes | 
also appear with reduced probability. If a normal probability 
density curve is fitted to this Gaussian distribution of codes, the. 
standard deviation will be equal to the equivalent input rms 
noise of the ADC. The rms noise may also be approximated by 
converting the SNR, as measured by a low frequency FFT, to 
an equivalent input noise. This method is accurate only if the 
SNR performance is dominated by random thermal noise (the 
low frequency SNR without harmonics is the best measure). 
Sixty-three dB equates to 1 LSB rms for a 2 V p-p (0.707 V 
rms) input signal. The AD9022 has approximately 0.5 LSB of 
rms noise or a noise limited SNR of 69 dB, indicating that noise 


alone does not limit the SNR performance of the device (quanti- | 


zation noise and linearity are also anaet contributors). 


This thermal noise may come from several sources. The drive 
source impedance should be kept low to minimize resistor 

thermal noise. Some of the internal ADC noise is generated in 
the wideband T/H. Sampling ADCs generally have input band- _ 
widths which exceed the Nyquist frequency of one-half the | 
sampling rate. (The AD9022 has an input bandwidth of over 


100 MHz, even though the sampling rate is limited to 20 Msps.) 


Wide bandwidth is required to minimize gain and phase distor- 
tion and to permit adequate settling times in the internal ampli- 
fiers and T/Hs. But a certain amount of unavoidable noise is. 
generated in the T/H and other wideband circuits within the 
ADC; this causes variation in output codes for dc inputs. Good 
layout, grounding, and decoupling techniques are essential to | 
prevent external noise from coupling into the ADC and further 
corrupting performance. 


USING THE AD9022 


Layout Information 
Preserving the accuracy and dynamic sedisiuance of the 

AD9022 requires that designers pay special attention to the lay- 
out of the printed cir 


Analog paths sho 41 


pth short as possible and be properly . 


should be matched to avoid propagation. 
ne digital outputs should be buff-: 


low impédance acim plane on the component side of the 
board is recommended. Power supplies should be capacitively 
coupled to the ground plane with high quality 0.1 uF chip ca- 
pacitors to reduce noise in the circuit. All power pins of the : 
AD9022 should be bypassed individually. The compensation — 


pin (COMP Pin 17) should be bypassed directly to the —Vs 


supply (Pin 15) as close to the part as poss une a 0.1 a 
chip capacitor. 


Multilayer boards allow designers to lay out signal traces with- 
out interrupting the ground plane, and provide low impedance | 
ground planes. In systems with dedicated analog and digital 
grounds, all grounds for the AD9022 should be connected to. 
the analog ground plane. | 


In systems using multilayer boards, dedicated power planes are 
recommended to provide low impedance connections for device 
power. Sockets limit dynamic performance and are not recom-- 
mended for use with the AD9022. 

Timing 

Conversion by the AD9022 is initiated by the rising edge of the 
ENCODE clock (Pin 8). All required timing is generated inter- 
nal to the ADC. Care should be taken to ensure that the encode 
clock to the AD9022 is free from jitter that can degrade dy- 
namic performance. The clock driver should be compatible with 
TTL LS logic series devices. Drivers with excessive slew rate or 
overdrive will degrade the dynamic performance of the AD9022. 
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Pulse width of the ADC encode clock must be controlled to en- 
sure the best possible performance. Dynamic performance is 
guaranteed with a clock pulse HIGH minimum of 25 ns. Opera- 
tion with narrower pulses will degrade SNR and dynamic per- 
formance. From a system perspective, this is generally not a 
problem, because a simple inverter can be used to generate a 
suitable clock if the system clock is less than 25 ns wide. 


The AD9022 provides latched data outputs. Data outputs are 
available two pipeline delays and one propagation delay after the 
rising edge of the encode clock (refer to the AD9022 Timing 
Diagram). The length of the output data lines and the loads 
placed on them should be minimized to reduce transients within 
the AD9022; these transients can detract from the converter’s 
dynamic performance. 


Operation at encode rates less than 2 Msps is not recom- 
mended. The internal track-and-hold saturates, causing errone- 
ous conversions. This T/H saturation precludes clocking the 
AD9022 in a burst mode. 


The duty cycle of the encode clock for the AD9022 is critical for 
obtaining rated performance of the ADC. Internal pulse widths 

within the track-and-hold are established by the encode com- 

mand pulse width; to ensure rated performance, minimum and 
maximum pulse width restrictions should be observed. Opera- 
tion at 20 Msps is optimized when the duty cycle is held at 50% 
Duty cycle variations of less than +5% will cause no degrada 
in performance at 20 Msps. 


Analog Input 
The analog input (Pin 12) voltage range is no 
volts. The range is set with an internal voltage Rteren 
cannot be adjusted by the user. The input resistance is 3 
and the analog bandwidth is 100 MHz, making the AD9022 
useful in undersampling applications. 


The AD9022 should be driven from a low impedance source. 
The noise and distortion of the amplifier should be considered 
to preserve the dynamic range of the AD9022. 


Power Supplies 

The power supplies of the AD9022 should be isolated from the 
supplies used for noisy devices (digital logic especially) to re- 
duce the amount of noise coupled into the ADC. For optimum 
performance, linear supplies ensure that switching noise from 
the supplies does not introduce distortion products during 

the encoding process. If switching supplies must be used, 
decoupling recommendations above are critically important. 
The PSRR of the AD9022 as a function of the ripple frequency 
present on the supplies is shown in the performance graphs. 
Clearly, power supplies with the lowest possible frequency 
should be selected. 


AD9022 EVALUATION BOARD 

The evaluation, board for the AD9022 (AD9022/PCB) provides 
an easy and flexible method for evaluating the ADC’s perfor- 
mance without (or prior to) developing a user-specific printed 
circuit board. The two-sided board includes a reconstruction 
DAC and digital output interface; and uses the layout and appli- 
cations suggestions outlined above. It is available from Analog 
Devices at nominal cost. 


Ap9022 


Generous space is provided near the analog input and digital 
outputs to support additional signal processing components the 
user may wish to add. This prototyping area includes through 
holes with 100 mil centers to support a variety of component 
additions. 


Input/Output/Supply Information 

Power supply, analog input, clock connections, and recon- 
structed output (RC OUTPUT) are identified by labels on the 
evaluation board. 


Operation of the evaluation board will conform to the following 
characteristics: 


Parameter 


Supply Current 
+5 V mA 
- V mA 
Aw | 
Impedance Q 
Voltage Range V 
CLOCK 
Impedance Q 
Msps 
Q 


Reconstruction 

AD9022 evaluation board provides an sacboard AD9713B 
reconstruction DAC for observing the digitized analog i input 
signal. The AD9713B is terminated into 51 Q to Bronte a 

1 V p-p signal at the output (RC Output). 


Output Data 

The output data bits are latched with two T4LS574 jneeties | 
which drive a 40-pin connector (AMP p/n 102153-09). The — 
data and clock signals are available at the connector per the pin 
assignments shown on the schematic of the evaluation board. 
Data is latched on the rising edge of the encode clock. 
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2 Ronayne = Converter 


~ AD9023 


FEATURES | 

Monolithic | 

12-Bit 20 MSPS A/D Converter 
Low Power Dissipation: 1.3 Watts 
On-Chip T/H and Reference - 
High-Spurii Free Dynamic neues 
ECL Logic ; 


APPLICATIONS 

Radar Receivers 

Digital Communications. 
Digital Instrumentation 
Electro-Optic — 

Medical Imaging 

Digital Filters 


PRODUCT DESCRIPTION 
The AD9023 is a high speed, high performance, monolithic 12- . 
bit analog-to-digital converter. All necessary functions, 1 | 
ing track-and-hold (T/H) and reference, are include 
provide a complete conversion solution. It is a comp 
to the AD9023; the primary difference between the two is 
all logic for the AD9022 is TTL compatible, while the AD90 : 
utilizes ECL logic for digital inputs and outputs. Tous for the 
~ two parts are nearly identical. 


Operating from +5 V and -5.2 V eer the AD9023 a 


excellent dynamic performance. Sampling at 20 Msps with 
Ayn = 1 MHz, the spurious free dynamic range (SFDR) is typi- 
cally 80 dB; with Ayn = = 9.6 Dee SFDR is 74 dB. SNR is typ 
cally 65 dB. «| 


The on-board TH has a 100 MHz bandwidth and, more impor- 
tantly, is designed to provide excellent dynamic performance for 
analog input frequencies above Nyquist. ‘This feature is néces- 
sary in many undersampling signal processing applications, such 
as in direct IF to digital conversion. 


To maintain dynamic performance at higher IFs, monolithic RF 
track-and-holds (such as the AD9100 and AD9101 
Samplifier™) can be used with the AD9023 to process signals 
up to and beyond 70 MHz. 


Samplifier is a trademark of Analog Devices, Inc. 


This is a preliminary data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


FUNCTIONAL eae 5 abet 


DIGITAL 


By analog inputs must be over-sampled (such . 
The full-scale analog input is +1 V te a 


the conversion cycle. For best sale? the encode command 
should contain as little jitter as possible. High speed layout prac- 
tices must be followed: to ensure optimum A/D: performance. — 


The AD9023 is built ona trench isolated bipolar process and 
utilizes an innovative multipass architecture (see the block dia- 
gram). The unit is packaged in 28-pin ceramic DIPs:and 
gullwing surface mount packages. ‘The AD9023 is specified to 
operate over the industrial (-25°C to +85°C) and expeneed 
abe to ee ai dase aan : 
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SPECIFICATIONS AD9023 
ELECTRICAL CHARACTERISTICS (+, = +5 v;-v, =-5.2 V; Encode = 20 MSPS, unless otherwise noted) 


3 | Test AD9023AQ/AZ | AD9023BQ/BZ AD9023SQ/SZ 
Parameter (Conditions) Temp Level Min Typ Max |Min Typ Max | Min Typ Max | Units 


DC ACCURACY 
Differential Nonlinearity 


0.75 
Integral Nonlinearity ; ; 12 2.0 
-1.25 3.0 
No Missing Codes Guaranteed 
Offset Error 25 


Gain Error 


Thermal Noise 


ANALOG INPUT 
Input Voltage Range 
Input Resistance 
Input Capacitance 
Analog Bandwidth 


SWITCHING PERFORMANCE! 
Minimum Conversion Rate 
Maximum Conversion Rate 
Aperture Delay (t,) 

Aperture Uncertainty (Jitter) 
Output Delay (top) : ; ; 33.5 


ENCODE INPUT 
Logic Compatibility 
Logic “1” Voltage 
Logic “0” Voltage . 
Logic “1” Current 
Logic “0” Current 
Input Capacitance 
Pulse Width (High) 
Pulse Width (Low) 


DYNAMIC PERFORMANCE 
Transient Response 
Overvoltage Recovery Time 
Harmonic Distortion 

Analog Input @ 1.2 MHz 

@ 1.2 MHz 

@ 4.3 MHz 

@ 9.6 MHz 

@ 9.6 MHz 
Signal-to-Noise Ratio? 

Analog Input @ 1.2 MHz 

@ 1.2 MHz 

@ 4.3 MHz 

@ 9.6 MHz 

. @ 9.6 MHz 
Signal-to-Noise Ratio? 
(Without Harmonics) 

Analog Input @ 1.2 MHz 

@ 1.2 MHz 

@ 4.3 MHz 

@ 9.6 MHz 

@ 9.6 MHz 
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- Parameter (Conditions) i 


DYNAMIC PERFORMANCE 
Transient Response ga 
Overvoltage Recovery Time 
Harmonic Distortion .. 

Analog Input @ 1.2 MHz 

@ 1.2 MHz 

@ 4.3 MHz 

@ 9.6 MHz 

@9.6 MHz 

Signal-to-Noise Ratio? 

Analog Input @ 1.2 MHz 

@ 1.2 MHz 

@ 4.3 MHz 

@ 9.6 MHz 

 @9.6 MHz 
Signal-to-Noise Ratio? 
(Without Harmonics) 

Analog Input @ 1.2 MHz 

@ 1.2 MHz 

@ 4.3 MHz 

@ 9.6 MHz 

@ 9.6 MHz 

Two-Tone Intermodulation 
Distortion Rejection? 


DIGITAL OUTPUTS! 
Logic Compatibility 
Logic “1” Voltage 

Logic “0” Voltage _ 
Output Coding 


POWER SUPPLY 
+V, Supply Voltage 
+V, Supply Current 
-V, Supply Voltage 
-V, Supply Current 
Power Dissipation — 
Power Supply Rejection 

Ratio (PSRR)* 


NOTES 
1AD9023 load is a single LS latch: 


_ AD9023AQ/AZ | 


ie Typ Max Min Typ |: Max’ | 


AD9023BQ/BZ._ AD9023SQISZ_ 


“Min Typ_ Max 


ECL 
2.4 ee |e 
a: 0.5 
Offset Binary _ 


_ ?RMS signal-to-rms noise with analog input signal 1 dB below full scale at specified frequency. 
3Intermodulation measured with analog input frequencies of 9.3 MHz and 9.6 MHz at 7 dB below full scale. 
4PSRR is sensitivity of offset error to power supply variations within the 5% limits shown. ae 


Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS’ 


HV es 4icams ee ee a er ee ee re +6V 
ENG emaanancs it set Siw hearer eee siate secant ate Tea peed Hie te -6V 
Analog Input bial atin wihdeed ais tre ae Ost coh 12 aicVs to +Vg 
Digital Inputs cs ecw sansa sgiiai tho ta We: Senta ety wise at -Vsto0V 
Digital Output Cutrent 44.605 oe eeces ee Sheena .20mA 
Gain AGUSh, 4.4 oa aah te OU be ak CRS yeas eR ~Vs to +Vs 
Offset ACNiSt. iii wiiad Caeanndeeneevoa cede ~Vsto+Vs | 
Operating Temperature Range (Case) < . 
AD9023AQ/AZ/BQ/BZ ow. ee 225°C to +85°C 


a ae al ae MO Ae OR eas =55°C to +125°C 


Maximum Junction Temperature? ...... Eel at ste a +175°C 
_ Lead Temperature (Soldering, 10 sec) ...... Bei suet Sats +300°C 
- Storage Temperature Range ..........,. —65°C to +150°C 
NOTES | — 


Ne ee 


i ‘Absolute maximum ratings ¢ are limiting values to be applied individually, and 


beyond which the serviceability of the circuit may be impaired. Functional 
operability is not necessarily implied. Exposure ‘to absolute maximum rating 
conditions for an extended period of time may affect device reliability. . 

Typical thermal impedances: “Q” Package (Ceramic DIP): Qjc = 10°C/W; Oy = 


| 35°C/W . “Z” Package. (Gullwing Surface Mount): @jc = 13°C/W3 Oy, = 45°C/W. 
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ANALOG 
IN 


N+2 


ENCODE | —>| top ef | | | | 


top = 8 — 10ns TYPICAL 


| 
| 
OUTPUT 


Timing Diagram 


DIE LAYOUT-AND A ECHANICAL INFORMATION 


Die Dimensi SO ag ha. ye... 205 X 228 x 21 (+1) mils 


ORDERING GUIDE 


lai Rand Waa eases Saiahe a hans -. 4x4 mils 

oe ee re ree Aluminum 

AD9023AQ/BQ ‘ ; é . NREL eee eo Re ce See Woe 0 0 ee ew ee i, el eee None 
AD9023AZ/BZ _p; : : » OUDSTFalte. EOTENTal .... 1... eee Gea OIE. ta woe e tetas aah tee fatten ‘ fn 
AD9032SQ _p; ( Ssih cee eee Japa ceend des Oxynitride 
AD9023SZ _p 1 7 ie oe oc teens .... Silver Glass 


Seite cecieats (eohdeeateuseeeee ks AlUMNUM 


*For outline information see Package Information section. : 5 
; 
é g 
EXPLANATION OF TEST LEVELS a . 25 
re) = Mg ~ “ 2. | 
Test Level o 6 7 + 7 2 
I -— 100% production tested. = 


II -— 100% production tested at +25°C, and sample tested at O11 (SB) be 


specified temperatures. AC testing done on sample basis. D10 


III— Sample tested only. oil 
IV — Parameter is guaranteed by design and characterization ‘ 


testing. D8 


V —- Parameter is a typical value only. 


VI - All devices are 100% production tested at +25°C; guaranteed ; 07 he 
' by design and characterization testing at temperature be | 
extremes for industrial devices. 
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on DN OT 


19-25 


26 
27 
28 


PIN DESIGNATIONS 


PIN DESCRIPTION 
Name Function 
D3-D1 Digital output bits of ADC; ECL 7 88 _ [28] GND 
7 compatible. 7 7 _ D2 Vg 
DO (LSB) | Least significant bit of ADC output; = fee Vs 
| ECL compatible. —— | DO (LSB) D4 
ENCODE Complementary encode input to ADC. Eciae - 
‘NC No Connect ei ange = 
GND Ground | . : ENCODE (Not to Scale) DS 
ENCODE | Encode clock input to ADC. Internal GND ne) 
T/H is placed in hold mode (ADC is . Ve D10 
encoding) on rising edge of encode _ | GND D11 (MSB) 
signal. | Ay COMP 
GND Ground — | V, GND 
+Vs5 +5 V Power Supply | i Vs “Vs 
one round NC = NO CONNECT 
- Aw Noninverting input to T/H amplifier. COMPENSA PIN 17) SHOULD BE 
: : V., THROUGH 0.01,F 
-Vs —5.2 V Power Supply 
+Vs5 +5 V Power Supply 
-Vs -5.2V Power Supply 
GND Ground» 
COMP Should be connected to -Vs t 
| 0.1 WF capacitor. ep 
D11 (MSB) | Most significant bit of ADC outputs if? y,, 
~ | ECL compatible. | \ al 
D10-D4 Digital output bits of ADC; ECL 
compatible. 
+Vs +5 V Power Supply 
-Vs —5.2 V Power Supply 
GND 


; Ground ae 
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COMPENSATION © 


ANALOG 
INPUT 


Vs 
Analog Input Compensation Encode Input Output Stage 
Figure 1. Equivalent Circuits 
THEORY OF OPERATION AD9023 Noise:Perfermance 


andwidth ADCs such as the AD9023 are op- 
y lamic performance over a wide range of analog 
owever, there are many applications (Imag- 
sétc.) where dc precision is also important. 
€ input bandwidth of the AD9023 for a given in- | 
ere will be a range of output codes which may oc- 
sed by unavoidable circuit noise within the 


Refer to the block diagram. The AD9023 employs a three pass High spe: 
subranging architecture and digital error correction. This com- imized fe 
bination of design techniques insures 12-bit accuracy at rela- 
tively low power. 


Analog input signals are immediately attenuated thro) 
tor divider and applied directly to the sampling 
track-and-hold (T/H). The T/H holds whate 
present when the unit is strobed with an EN 


which should conform to the minimum and maximum puls se 
width requirements shown in the specifications. Operation be- 
low the recommended encode rate (2 Msps) may result in ex- 
cessive droop in the internal T/H devices—leading to large dc 
and ac errors. 


’ ONE STANDARD 
DEVIATION = RMS 


The held analog value of the first track-and-hold is applied to a 
5-bit flash converter and a second T/H. The 5-bit flash con- 
verter resolves the most significant bits (MSBs) of the held ana- 
log voltage. These 5 bits are reconstructed via a 5-bit DAC and 
subtracted from the original T/H output signal to form a residue 
signal. 

A second T/H holds the amplified residue signal while it is en- 
coded with a second 5-bit flash ADC. Again the 5 bits are re- 
constructed and subtracted from the second T/H output to form 
a residue signal. This residue is amplified and encoded with a 4- 
~ bit flash ADC to provide the 3 least significant bits (LSBs) of OUTPUT CODE 
the digital output and one bit of error correction. | 


RELATIVE FREQUENCY OF OCCURRENCE 


, Figure 2. Equivalent Input Noise 
Digital Error Correction logic aligns the data from the three ? 4 - : 


flash converters and presents the result as a 12-bit parallel digi- 
tal word. The output stage of the AD9023 is TTL. Output data 
may be strobed on the rising edge of the ENCODE command. 
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The correct code appears most of the time, but adjacent codes 
also appear with reduced probability. If a normal probability 
density curve is fitted to this Gaussian distribution of codes, the 
standard deviation will be equal to the equivalent input rms 
noise of the ADC. The rms noise may also be approximated by 
converting the SNR, as measured by a low frequency FFT, to 


an equivalent input noise. This-method is accurate only if the ee 
SNR performance is dominated by random thermal noise (the 


low frequency SNR without harmonics’is the best measure). 
Sixty-three dB equates to 1 LSB rms for a 2 V p-p (0.707 V rms) 
input signal. The AD9023 has approximately 0.5 LSB of rms 
noise or a noise limited SNR of 69 dB, indicating that noise 
alone does not limit the SNR performance of the device (quanti- 
zation noise and linearity are also major contributors). 


This thermal noise may come from several sources. The drive 
source impedance should be kept low to minimize resistor ther- 
mal noise. Some of the internal ADC noise is generated in the 
wideband T/H. Sampling ADCs generally have input band- . 
widths which exceed the Nyquist frequency of one-half the _ 
sampling rate. (The AD9023 has an input bandwidth of over 
100 MHz, even though the sampling rate is limited to 20 Msps.) 


USING THE AD9023 


Layout Information 
Preserving the accuracy and dynamic performance of the 
AD9023 requires that designers pay special attention to the lay- 
out of the printed circuit board. 


Analog paths should be kept as short as Béeabie and. é x 
terminated to.avoid reflections. The analog input con ction: 
should be kept away from digital signals paths; this reduces 
amount of digital switching noise which is capacitively couple 
into the analog section. Digital signal paths should also be kept 
short, and run lengths should be matched to avoid propagation 
_ delay mismatch. The AD9023 digital outputs should be buff- 
ered or latched close to the device (< 2 cm). This prevents load 
transients which may feed back-into the device. 


In high speed circuits, layout of the ground i is critical. A single, 
low impedance ground plane on the component side of the 
board is recommended. Power supplies should be capacitively 
coupled to the ground plane with high quality 0.1 pF chip ca- 
pacitors to reduce noise in the circuit. All power pins of. the 
AD9023 should be bypassed individually. The compensation 
pin (COMP Pin-17):should be bypassed directly to the ~Vs sup- 
ply (Pin 15) as close to the epee as Epes ai: a0. L ie chip 
capacitor. 


Multilayer boards allow designers. to lay out signal traces with- 
- out interrupting the ground plane, and provide low impedance 
ground planes. In systems with dedicated analog and digital 
grounds, all grounds for the AD9023 should be connected to 
the analog ground plane. 


In systems using multilayer boards, dedicated power nlanes are 
recommended to provide low impedance connections for device 
power. Sockets limit dynamic performance and are not recom- 
mended for use with the AD9023. 


Timing : 

Conversion by the AD9023 i is initiated by the rising edge of the 
ENCODE clock (Pin 8). All required timing is generated inter- 
nal to the ADC. Care should be taken to ensure that the encode 
clock to the AD9023 is free from j nue that can ii dy- 
namic performance. 


Pulse width of the ADC encode clock must be ‘controlled to en- 
sure the best possible performance. Dynamic performance is 
guaranteed with a clock pulse HIGH minimum of 25 ns. Opera- 
tion with narrower pulses will degrade SNR and'dynamic per- 
formance. From a system perspective, this is generally not a 
problem ‘because a simple inverter can be used to generate a 
suitable clock if the system clock is less than 25 ns wide. 


The AD9023 provides latched data outputs. Data outputs are 
available two pipeline delays and one propagation delay after the 
rising edge of the encode clock (refer to the AD9023 Timing 
Diagram). The length of the output data lines and the loads 


. placed on them should be minimized to reduce transients within 


the AD9023; these transients can detract from the converter’s 
dynamic performance. Operation at encode rates less than 2 
Msps is not recommendet Phe internal track-and- hold satu- 
rates, causing e O 
cludes clockin 


ensure rated performance, minimum and 
' trictions should be observed. haa ee | 


Analog nput . 
The analog input (Pin. 12) voltaxe range is. nominally: +1, 024 
volts. The range is set with an internal voltage reference and. 
cannot be adjusted by the user. The input resistance is 300Q 
and the analog bandwidth is 100 MHz, making the AD9023, ae, 
useful i in undersampling applications. | | 


The. AD9023 should be driven from a low. mapeddage source.. 
The noise and distortion of the amplifier should bevcomderd- 
to preserve the dynamic range of the AD9023. 


Power Supplies 

The power supplies of the AD9023 should be isolated from the 
supplies used: for noisy devices (digital logic especially) to re- 
duce the amount of noise coupled into the ADC. For optimum. 
performance, linear supplies ensure that switching noise from 
the supplies does not introduce distortion products ‘during the 
encoding process. If switching supplies:must be used, decoupling 
recommendations above are critically important. The PSRR of 
the AD9023 as.a function of the ripple frequency present on the 
supplies i is shown in the performance graphs. Clearly, power . 


supplies ‘with the lowest possible frequency should be selected. 


This information applies to:a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. . 
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ANALOG --12-Bit, 31 MSPS 
DEVICES st Monolithic A/D Converter 


AD9027 


FEATURES : | FUNCTIONAL BLOCK DIAGRAM _ 
12-Bit 31 MSPS A/D Converter 
Low Power Dissipation: 1.5 Watts 


On-Chip T/H and Reference ANALOG of>+[see}- +r, 
Wide Spurious-Free pynamic Range INPUT > DIGITAL 


ECL Logic ECL 

APPLICATIONS | Bre | 

Cellular Base Stations | 4 

Communications Receivers =NCODEO 

Radar Receivers eee 
_ Spectrum Analyzers | : GND 


Electro-Optics 
Medical Imaging 


to the AD9027; the clock signal initiates 
The AD9027 is a high speed, high performance, monolithic 12- ‘or best results, the encode command 

bit analog-to-digital converter. All necessary functions, inc]: le jitter as possible. High speed layout prac- 
ing track-and- hold (T/H) and reference, are includ ice t followed to ensure Seda anas A/D penormanee: 
provide a complete conversion solution. f 


PRODUCT DESCRIPTION 


It is a companion unit to the AD9026; the pr 
between the two is that all logic for the AD9026 is T’ 
patible, while the AD9027 utilizes ECL logic for digital in 
and outputs. Pinouts for the two parts are nearly identical. 


The on-board T/H has a 200 MHz bandwidth and, more impor- die. The pees is specified to operate over the maustniat 
tantly, is designed to provide excellent dynamic performance C25°C to +85°C) temperature range. ._ * 

for analog input frequencies above Nyquist. This feature is nec- 

essary In many undersampling signal processing applications, 

such as in direct IF-to-digital conversion. In addition, wide 

spurious-free dynamic range (SFDR) over the entire Nyquist 

bandwidth makes the AD9027 well suited for multichannel 

transceiver applications which need to digitize bandwidths up 

to 15 MHz. 


«Dhé:unit is cpecase in a 28-pin ceramic DIP; the cus- 
fired ceramic package forms a multilayer substrate to 
h are attached internal bypass capacitors and the AD9027 


This is a preliminary data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


This information applies to a product under development. Its characteristics and specifications are subject to | change without notice. 
Analog ‘Devices assumes no eeenoe regaralng future manutactire unless otherwise agreed to in writing. | 
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ADS027-SPECIFICATIONS bet th 
| ELECTRICAL CHARACTERISTICS (4Vs= +5V; Vs = =-5.2V= Encode = 31 “Msps, unless otherwise noted) 


| 7 Test | en a 
Parameter (Conditions) / Temp Level | Units 


RESOLUTION _ | a Bits 


DC ACCURACY . 
_ Differential Nonlinearity ae | | 0.4 
Integral Nonlinearity rr a ; | 1.2 
: 1,25 
No Missing Codes “+s Guaranteed 
Offset Error : | 


Gain Error 


Thermal Noise 


ANALOG INPUT | 
Input Voltage Range 
Input Resistance 
Input Capacitance 
Analog Bandwidth 


SWITCHING PERFORMANCE! 
Conversion Rate 
Aperture Delay (ta) 
Aperture Uncertainty (Jitter) 
Output Delay (top) 


ENCODE INPUT 
Logic Compatibility 
Logic “1” Voltage 
Logic “0” Voltage 

~ Logic “1” Current 
Logic “0” Current. 
Input Capacitance 
Pulse Width (High) 
Pulse Width (Low) 


DYNAMIC PERFORMANCE | 
Transient Response | +25°C V _ | ons 
Overvoltage Recovery Time +25°C Vv ns) 
Harmonic Distortion” | 4 | 7 8 
Analog Input @ 1.2 MHz | +25°C I 73 dBc 
~@1.2 MHz Full VI | 70 dBc 
@ 9.6 MHz +25°C I . 72 dBc 
@ 13.4 MHz — |) +25°C I 72 dBc 
@ 13.4 MHz Full VI | 70 7 dBc 
Signal-to-Noise-and-Distortion* (SINAD) tie 
Analog Input @ 1.2 MHz +25°C I 65 dB 
@ 1.2 MHz | Full VI 64 dB 
@ 9.6 MHz +25°C I 64 dB 
@ 13.4 MHz | +25°C | 63 dB 
@ 13. 4 MHz Full VI 62 dB 
Signai-io-Noise Ratio”? (SNR)(Without Harmonics) 
Analog Input @ 1.2 MHz dB 
@ 1.2 MHz dB 
@ 9.6 MHz dB 
@ 13.4 MHz dB 
- @ 13.4 MHz dB. 
Two-Tone Intermodulation dBc 


Distortion Rejection? 


This information applies to a product under development. Its characteristics and specifications.are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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Parameter (Conditions) 


DIGITAL OUTPUTS! 
Logic Compatibility 
Logic “1” Voltage 
Logic “0” Voltage 
Output Coding 


POWER SUPPLY 

+Vz; Supply Voltage 

+Vzs Supply Current 

—Vs Supply Voltage 

—Vs Supply Current 

Power Dissipation 

Power Supply 

Rejection: Ratio (PSRR)* 

NOTES : 


'‘AD9027 is terminated into 5.2 V through 2,000 ohms. - 
Analog input signal is 1 dB below full scale at specified frequency. 


3Intermodulation measured with analog input frequencies of 9.6 MHz and 11.3 MHz at 7 dB below fu 
*PSRR is sensitivity of offset error to power supply variations within the 5% limits shown. 


Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS! 
PV 6 ace ak ough a an te ayo SES eons 
OV Gotan Ga one ees see Gennes eee ree 
Analog Input ......... eee eelasas hanes 
Digital Inputs ..... arate s ages ee 

Digital Output Current ...0.5.........00 eee 
Operating Temperature Range (Case) i 
Maximum Junction Temperature? .....................0008. 


Lead Temperature (Soldering, 10 sec) ............. +300°C 
Storage Temperature Range ........... » 65°C to +150°C 
NOTES 


‘Absolute maximum ratings are limiting values to be applied individually, and 
beyond which the serviceability of the circuit may be impaired. Functional 
operability is not necessarily implied. Exposure to absolute maximum rating 
conditions for an extended period of time may affect device reliability. 

Typical thermal impedances: “Q” Package (Ceramic DIP): ®jc = x°C/W; 08), = 
x°C/W. 


ORDERING GUIDE 


Temperature Range 
—25°C to +85°C 


*For outline information see Package Information section. 


Package Option* 


AD9027AD 


AD9027 


AD9027AD 
Units 


Offset Binary 


mV/V 


LANATION OEF.TEST LEVELS 


% production tested. 

; production tested at +25°C, and sample tested at 
iff mperatures. AC testing done on sample basis. 
Sample tested only. 

Parameter is guaranteed by design and characterization 

testing. 

V_ - Parameter is a typical value only. | 

VI — All devices are 100% production tested at +25°C; 100% 
production tested at temperature extremes for extended 
temperature devices; guaranteed by design and character- 
ization testing for industrial devices. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD9027 


PIN DESCRIPTION 
Function _ eat 
D3-D1_,,- | Digital output bits of ADC; ECL 
; | | compatible. : 
4 DO (LSB) Least significant bit of ADC < output; 
| ECL compatible. 
5 _ ENCODE | Complement of encode clock i inpiat. 
6 NC No connection internally. 
7 GND Ground. 
8 ENCODE | Encode clock input to ADC. Internal 
T/H is placed in hold mode (ADC 
is encoding) on rising edge of encode © 
signal. : 
9 Ground. 
10 +5 V power supply. 
11 Ground. 
12 Noninverting input to T/H amplifier. 
13 —5.2 V power supply. 
14 +5 V power supply. 
15 —5.2 V power supply. 
16 Ground. 
17 | BYPASS Should be connected to+Vs through © 
0.1 uF capacitor. 
18 D11 (MSB) | Most significant. bit of ADC out 
- . .. | ECL compatible. 
19-25 | D10-D4 . Digital output bits of ADC; EC 
compatible. . 
26 +5 V power supply. 
27 -5.2 V power pg 
28 Ground. 
PIN DESIGNATIONS 


o3/1|° 128] GND 
D2 -Vg 
D1| 3| 26] +V5 
DO (LSB) 4 
ENCODE | 5 
NC | 6 
eno fF] 409027 Flo, 
TOP VIEW 
ENCODE | 8| (Not to Scale) [21] D8 
GND | 9| 
+Vo5 
GND |11| 


ANALOG 
INPUT 


NC = NO CONNECT 


BYPASS (Pin 17) SHOULD BE 
CONNECTED TO —VsTHROUGH 0.1 pF 


DIE LAYOUT AND MECHANICAL INFORMATION 


Die Dimensions ........... Aoaoeg 205 X 228 X 21 (+1) mils 
Pad Dimensions eee ee ee eee etiuss dave esc 474 mus 
Metalization .............-- I A One Aluminum 
Backing: sists baeba nausea ee oan Lea deeeces J NOrie 
Substrate Potential ...... eee ee eatin Mion we Vs 
Transistor Count ......... 0.00 c eee ees cnc dare Ringe 4 OO 
Passivation .........0 ccc cece cect eee Sa... Oxynitride 
Die Attach ...... ala sie ints ais Bel eee ... Silver Filled 
Bond Wire ...... GE Rachie ee aoe EAU wines. Gold 


; 2! 2 
7 O3il @ cRounn — 
ree? wae §9 ME ENCODE. |. ~ 


ua. Do(LsB) 7 
ToD 
“ 4 i 8 ; Ba a 8 i 
_ Z 
(o) 
& 
S 
AD9027 Chip Pinouts’ 


This information applies to a product under: development. Its characteristics and: specifications are subject to change without hotice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. aes 
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DEFINITIONS OF SPECIFICATIONS 
Analog Bandwidth 
The analog input frequency at which the Seca power of the 


fundamental frequency (as determined by FFT sae iS 
reduced by 3 dB. i 


Aperture Delay 

The delay between the 50% point of the rising edge of the 
ENCODE command and the instant at which the analog input 
is sampled. 


Aperture Uncertainty (Jitter) . 
The sample-to-sample variation in aperture delay. 


Differential Nonlinearity | 
The deviation of any code from an n ideal 1 LSB step. 


Harmonic Distortion 
The rms value of the fundamental divided by the rms value of 
the worst harmonic component. 


Integral Nonlinearity 

The deviation of the transfer function from a reference line 
measured in fractions of 1 LSB using a “best straight line” 
determined by a least square curve fit. 


Minimum Conversion Rate 
The encode rate at which the SNR of the iawest analog signal 


frequency tested drops by no more than 3 dB below the guaran-., 


teed limit. 


Maximum Conversion Rate | 
The encode rate at which parametric testing is 


Output Propagation Delay ; 
The delay between the 50% point of the rising edge o 
ENCODE command and the time when all output data bit 
are within valid logic levels. 


Overvoltage Recovery Time 

The amount of time required for the converter to recover to 
12-bit accuracy after an analog input agpa pe of full scale is 
reduced to midscale.. , 


Power Supply Rejection Ratio (PSRR) a 
The ratio of a change in input offset es to a change in — 
power supply voltage. 


Signal-to-Noise-and-Distortion (SINAD) © 

The ratio of the rms signal amplitude to the rms value of 
“noise,” which is defined as the sum of all other spectral compo- 
nents, including harmonics but excluding de, with an 1 analog 
input signal 1 dB below full scale. 


Signal-to-Noise Ratio (Without Harmonics) . | 

The ratio of the rms signal amplitude to the rms value of 
“noise,” which is defined as the sum of all other spectral compo- 
nents, excluding the first five harmonics and dc, with an analog 
input signal 1 dB below full scale. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 


Transient Response 
The time required for the converter to achieve 12- bit accuracy 


when a one-half full-scale step function i is applied to the analog’ 
input. | 

Two-Tone Intermodulation Distortion (IMD) Rejection 

The ratio of the power of either of two input signals to the 
power of the strongest third-order IMD signal. , 


ANALOG 
INPUT 


Analog Input 


O) ENCODE 


-Vs 


Encode Input as 


~Vs 


Output Stage 


Equivalent Circuits 


Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to:in writing. © 
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AD9027 


THEORY OF OPERATION 
_ Refer to the block diagram. 


The AD9027 employs | a three-pass subranging atchitecture and 
digital error correction. This combination of design techniques 
ensures 12-bit accuracy at relatively low power. 


Analog input signals are immediately attenuated through a resis- 
tor divider and applied directly to the sampling bridge of the 
track-and-hold (T/H). The T/H holds whatever analog value is 
present when the unit is strobed with an ENCODE command. 
The conversion process begins on the rising edge of this pulse, 
which should conform to the minimum and maximum pulse 
width requirements shown in the specifications. Operation be- 
low the recommended encode rate (4 Msps) may result in ex- 
cessive droop in the internal T/H devices—leading to large dc 
and ac errors. 


The held analog value of the first track-and-hold is applied to a 
5-bit flash converter and a second T/H. The 5-bit flash con- _ 
verter resolves the most significant bits (MSBs) of the held ana- 
log voltage. These five bits are reconstructed via a 5-bit DAC 
and subtracted from the original T/H output signal to form a 
residue signal. 


A second T/H holds the amplified residue signal while j it is en- 
coded with a second 5-bit flash ADC. Again the five bits are re- 
constructed and subtracted from the second T/H output to form 
a residue signal. This residue is amplified and encoded with a 
4-bit flash ADC to provide the three least significant bits (LS. 
of the digital output and one bit of error correction. 


Digital error correction logic aligns the data from th 
converters and presents the result as a 12-bit parallel 


may be strobed on the rising edge of the ENCODE Znnand 


AD9027 NOISE PERFORMANCE 

High speed, wide bandwidth ADCs such as the AD9027 are 
optimized for dynamic performance over a wide range of analog 
input frequencies. However, there are many applications (imag- 
ing, instrumentation, etc.) where dc precision is also important. 
Due to the wide input bandwidth of the AD9027 for a given in- 
put voltage, there will be a range of output codes that may oc- 
cur. This is caused by unavoidable circuit noise within the 
wideband circuits in the ADC. Ifa dc signal is applied to the 
ADC and several thousand outputs are recorded, a distribution | 
of codes such as that shown in the histogram may result. 


The correct code appears most of the time, but adjacent codes 
also appear with reduced probability. If a normal probability 
density curve is fitted to this Gaussian distribution of codes, the 


_ standard deviation will be equal to the equivalent input rms.” 


noise of the ADC. The rms noise may also be approximated by 
converting the SNR, as measured by a low frequency FFT, to | 
an equivalent input noise. This method is accurate only if the 
SNR performance is dominated by random thermal noise (the. 
low frequency SNR without harmonics is the best measure); __ 
63 dB equates to 1 LSB rms for a 2 V p-p (0.707 V rms) nee | 


signal. 


ONE STANDARD 
DEVIATION=RMS —Pl He 


NOISE LEVEL. 


RELATIVE FREQUENCY OF OCCURRENCE 


al noise may come from several s sources. The drive 
source ‘impedance should be kept low to minimize resistor ther- 
mal noise. Some of the internal ADC noise is generated in the 
wideband T/H. Sampling ADCs generally have input band- 
widths which exceed the Nyquist frequency of one-half the sam- 
pling rate. (The AD9027 has an input bandwidth of approxi- 
mately 200 MHz, even monn the sampling rate is limited to 

31 Msps.) | 


Wide bandwidth is required to minimize gain and she distor 
tion and to permit adequate settling times in the internal ampli- 
fiers and T/Hs. But.a certain amount of unavoidable noise is 
generated in the T/H and other wideband circuits within the 
ADC; this causes variation in output codes for dc inputs..Good — 
layout, grounding, and decoupling techniques are essential to 
prevent external noise from coupling into the ADC and further 
corrupting performance. 


This information applies to a product under development. Its characteristics and specifications are subject to change yeithiout notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing... 
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USING THE AD9027 

Layout Information 

Preserving the accuracy and dynamic performance of the | 
AD9027 requires that designers pay special attention to the lay- 
out of the printed circuit board. 


Analog paths should be kept as short as possible and be properly 
terminated to avoid reflections. The analog input connection 
should be kept away from digital signals paths; this reduces the 
amount of digital switching noise which is capacitively coupled 
into the analog section. Digital signal paths should also be kept 
short, and run lengths should be matched to avoid propagation 
delay mismatch. The AD9027 digital outputs should be buf- 
fered or latched close to the device (< 2 cm). This prevents load 
transients which may feed back into the device. 


In high speed circuits, layout of the ground is critical. A single, 
low impedance ground plane on the component side of the 
board is recommended. Power supplies should be capacitively 
coupled to the ground plane with high quality 0.1 uF chip 
capacitors to reduce noise in the circuit. All power pins of the 
AD9027 should be bypassed individually. The bypass pin 
(BYPASS Pin 17) should be bypassed directly to the -Vs supply 
(Pin 15) as close to the part as possible using a 0.1 uF chip 
capacitor. | 


Multilayer boards allow designers to lay out signal traces with- 
out interrupting the ground plane, and provide low impedan 
ground planes. In systems with dedicated analog a 
grounds, all grounds for the AD9027 should be 
the analog ground plane. 


In systems using multilayer boards, dedicated ) weL.p 


s 


recommended to provide low impedance connections : 
' power. Sockets limit dynamic performance and are not recom- 
mended for use with the AD9027. 

Timing 

Conversion by the AD9027 is initiated by the rising edge of the 
ENCODE clock (Pin 8). All required timing is generated inter- 
nal to the ADC. Care should be taken to ensure that the encode 
clock to the AD9027 is free from jitter that can degrade dy- 
namic performance. The clock driver should be differential 
ECL. Drivers with excessive slew rate or overdrive will degrade 
the dynamic performance of the AD9027. 


Pulse width of the ADC encode clock must be controlled to in- 
sure the best possible performance. The duty cycle of the en- 
code clock for the AD9027 is critical for obtaining rated 
performance of the ADC. Internal pulse widths within the track- 
and-hold are established by the encode command pulse width; 
to ensure rated performance, minimum and maximum pulse 
width restrictions should be observed. Operation at 31 Msps is 
optimized when the duty cycle is held at 50%. Duty cycle varia- 
tions of less than +5% will cause no degradation in performance 
at 31 Msps. 


AD9027 


The AD9027 provides latched data outputs. Data outputs are 
available two pipeline delays and one propagation delay after the 
rising edge of the encode clock (refer to the AD9027 Timing 
Diagram). The length of the output data lines and the loads 
placed on them should be minimized to reduce transients within 
the AD9027; these transients can detract from the converter’s 
dynamic performance. 


Operation at encode rates less than 4 Msps is not recom- 
mended. The internal track-and-hold saturates, causing errone- 
ous conversions. This T/H saturation precludes clocking the 
AD9027 in a burst mode. 


Analog Input 

The Analog Input (Pin 12) voltage range is nominally + 1.024 V. 
The range is set with an internal voltage reference and can not 
be adjusted by the user. The input resistance is 300 Q and the 
analog bandwidth is 200 MHz, making the AD9027 useful in 
undersampling applications. 


The AD9027 should be driven from a low impedance source. 
The noise and distortion of the amplifier should be considered 
to preserve the dy; mic range of the AD9027. 


es not introduce distortion products during the 
ess. If switching supplies must be used, decoupling 
@ns above are critically important. The PSRR of 


ae Net 
N+2 
ENCODE top 
| top = 8-10ns TYPICAL 
DATA 


OUTPUT 


Figure 2. Timing Diagram 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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AD9027 


Ag = 13-4MHz. 

= ENCODE = 30. 7MHZ. 
-SFDR:=.72.1dBFS © 

_SNR=639dB = = .:: 
2nd HARM. = —72.0dBe “8 
_ 3rd HARM. =--81.4dBce | 


|... F1=9.6MHz @-6.9dB 
'F2 = 11.3MHz @ -6.9dB 
ENCODE = 30.72MSPS 
SFDR = 81.1dBFS.~ 
_ 2F1-F2 = -84.9dBe 
2F2-F1 =-77.4dBO  wjesinniefien 


dB - FS 


00 . 31 6.1 92 123 | 15.4 0.0 31 6.1 92 . 123 15.4 


| FREQUENCY - MHz — | FREQUENCY ~ MHz 
Figure 3. | | ; Figure 5. 


~- Fl = 9.6MHz @ —41.9dB fetsessns To ae taneadrecngavn ie oe. 4 2 
| F2=11.3MHz @ -41.90B oe tes ; ‘esa 
‘|. ENCODE = 30.72MSPS 
* SFDR = 91.8dBFS | 
2F1-F2 = -52.0dBc 
2F2-F1 = ~52.6dBc 


00 8 8©=—3t 61° 92 123, 15.4 _ 0.0 31°. 641. 92 - 123 15.4» 
FREQUENCY — MHz a FREQUENCY - MHz . | 
Figure 4. a ce | ai: Figure 6. 


This:information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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ANALOG ——-12-Bit 25 MSPS 


FEATURES 


25.6 MSPS Conversion Speeds 

On-Board T/H, References, Timing 

Low Power: 3.8 W 

Single 40-Pin Package 

74 dB Spurious-Free Dynamic Range 
to 12 MHz Ain 

Bipolar Input: +1.024 V 


APPLICATIONS 

Radar 

Signal Intelligence 

Digital Spectrum Analyzers 
Medical Imaging 
Electro-Optics 


GENERAL DESCRIPTION | 
The AD9032 is the world’s fastest 12-bit analog-to-digital con- 
verter (ADC) that includes on-board T/H, voltage references, 
and timing circuits. The AD9032 uses a subranging converter 
architecture to achieve sample rates from dc to 25.6 Msps. Pack- 
aged in a single 40-pin hybrid, the AD9032 is pin-compatible 
with the AD9034, which operates at word rates up to 20 Msps. 


This ECL-compatible ADC requires only +5 V and —5.2 V 
supplies, an analog input, and a stable ECL clock to obtain the 
best dynamic performance available in a 12-bit ADC. This kind 
of performance is achieved with advanced bipolar circuits, cus- 
tom designed and manufactured by Analog Devices. The latest 
in monolithic track-and-hold technology ensures accurate sam- 
pling of high frequency analog. inputs. 

Dynamic performance has been optimized to achieve SNR of 
64 dB and a spurious-free dynamic range (SFDR) of 74 dB for 
analog bandwidths up to 12 MHz. All units are tested for 
dynamic performance at a sample rate of 25.6 Msps. 

The AD9032 is available in either a 40-pin ceramic DIP or 
leaded flatpack. The two versions operate over an industrial 
(—25°C to +85°C) or military (—55°C to + 125°C) temperature 
range... ; : 
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DEVICES sO Coomverter 


AD9032 


FUNCTIONAL BLOCK DIAGRAM 


ANALOG yiriaay FLASH ee DIGITAL 
INPUT ° ADC/DAC : 
ene faaic OUTPUT 
=> RESIDUE . 


ENCODER 


TIMING AD9032 
ENCODE CIRCUITS DATA 
READY 


EVALUATION BOARD - = 

An evaluation board which is available for the AD9032 (part 
number AD9034/PCB) provides an easy and flexible method for 
evaluating the ADC’s performance without (or prior to) develop- 
ing a user-specified printed circuit board. The evaluation board 
was originally designed and used for evaluating the AD9034 
A/D converter, but is equally useful for the pin-compatible 
AD9032. 


The board includes a reconstruction DAC, analog input ampli- 
fier, and digital output interface. Physically, it is 7.25 inches x 
6 inches in size and uses the layout and applications information 
contained in the AD9034 data sheet. 


Generous space is provided near the analog input and digital 
outputs of the evaluation board to support additional signal pro- 
cessing components the user may wish to add. These two proto- 
typing areas include through holes with 100-mil centers to 
support a variety of component additions. 


_ For additional operating details, a schematic of the evaluation 


board, and complete layout information, consult the data sheet 
on the AD9034 A/D converter. | 
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AD9032-SPECIFICATIONS — eee 
ELECTRICAL CHARACTERISTICS (V5 = +5 V; -Vs = —5.2 V; Encode = 25.6 Msns, untess otherwise noted) 


3 Test AD9032AD/AZ — AD9032BD/BZ AD9032TD/TZ ? 
Parameter (Conditions) Temp |Level| Min Typ Max |Min Typ Max |Min Typ Max | Units 


DC ACCURACY 
Differential Nonlinearity 


Integral Nonlinearity _ 


No Missing Codes 
Offset Error — 


Gain Error 


ANALOG INPUT 
Input Voltage Range 
Input Resistance 

Input Capacitance 
Analog Bandwidth 


SWITCHING PERFORMANCE! 
Conversion Rate 
Aperture Delay (t,) 
Aperture Uncertainty (jitter) 
Output Delay (top) 
Data Ready Delay (tpr) 
Output Time Skew 


ENCODE INPUT 
Logic “1” Voltage 
Logic “0” Voltage 
Logic “1” Current 
Logic “0” Current — 
Input Capacitance 


Pulse Width (High) 

~ Pulse Width (Low) 

DYNAMIC PERFORMANCE | - : a 
Transient Response ‘| +25°C {IV 12.0. (277 12 87 12. «+27 ns 
Overvoltage Recovery Time +25°C | IV 25 37 25 37 25 37 Ins 
Harmonic Distortion 7 | - 

Analog Input @ 1.2 MHz +25°C | I 70 80: 75 —s 82 75 82 | dBc 
@ 1.2 MHz Full |VI {67 70 +70 | | dBc 
@ 4.3 MHz - +25°C|V 76 77 ay / dBc 
@ 9.6 MHz +25°C | I 68 75 72 76 72 76 dBc - 
@ 9.6 MHz Full | VI 64 68 64 | dBc 
@ 12.1 MHz +25°C|V 72 74 74 dBc 

_ Signal-to-Noise Ratio? 

Analog Input @ 1.2 MHz +25°C } I 63 66 64 67 64 67 dB 
@ 1.2 MHz Full | VI 61 63 61 dB 
@ 4.3 MHz +25°C|V 64 . 65 65 dB 
@ 9.6 Miz 25°C |i 6Z 64 62 64 62 64 dab 
@ 9.6 MHz dB 
@ 12.1 MHz dB 


Two-Tone Intermodulation 
Distortion Rejection? 
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Parameter (Conditions) — 


DIGITAL OUTPUTS (10K ECL) 
Logic “1” Voltage 
Logic “0” Voltage 
Output Coding 


POWER SUPPLY 

+V, Supply Voltage 
+V, Supply Current 
—V, Supply Voltage 
—V., Supply Current 
Power Dissipation 

Power Supply 

Rejection Ratio (PSRR)* 


15) 


NOTES 


co 
2s Complement 


Test AD9032AD/AZ 
Temp |Level|Min Typ Max | Min 


AD9032 


AD9032BD/BZ AD9032TD/TZ 
Typ Max |Min’ Typ Max | Units 
—1.1 se (ea Vo: 


—1.5 
2s Complement 


1Outputs terminated dawnah 510 2 to —5.2 V; C,, < 4 pF. Typical values are valid for +25°C ambient. 
2RMS signal to rms noise with analog input signal 1 dB below full scale at specified frequency. 
3Intermodulation measured with analog input frequencies of 9.3 MHz and 9.6 MHz at 7 dB below full scale. 
*PSRR is sensitivity of offset error to power supply variations within the 5% limits shown. 


Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS’ 


EXPLANATION OF TEST LEVELS 


+V¢. egw. ee eh SO eh i te ee Ww es Se eee ies ete ie) ce cal ter Te, 0, (0) Se. w) He +7 V Test Level 
—Vs5 Ca ee a ae as ae TO SS ee —7 V I ses 100% production tested. 
Analog Input .....- 1s +e eee eee reese —Vs to +Vs II — 100% production tested at +25°C, and mines fested at 
Digital Inputs... 2-1. ee eee eee eens —Vs to OV specified temperatures. AC testing done on sample basis. 
Digital Output Cuttetits: 02 gtedecs nu Sa ae Pees 20 mA III — Sample tested only. 
Operating Temperature Range IV — Parameter is guaranteed by design and characterization 

AD9032AD/BD/AZ/BZ .............+. —25°C to +85°C testing. 

AD9032TD/TZ eae Se EN Rae 2 : a ok ale a —§5°C to +125°C V — Parameter is a typical value only. ‘eh, 
Maximum Junction Temperatur i Ba a de +175°C VI — All devices are 100% production tested at +25°C, Devices 
Lead Temperature (Soldering, 10 seconds) ........ +300°C are 100% production tested at temperature extremes for 
Storage Temperature Range ........... —65°C to +150°C extended temperature devices; sample tested at tempera- 
NOTES ture extremes for commercial/industrial devices. . 
1Absolute maximum ratings are limiting values to be applied individually, and 
beyond which the serviceability of the circuit may be impaired. Functional 
operability is not necessarily implied. Exposure to absolute maximum rating 
conditions for an extended period of time may affect device reliability. 
Typical thermal impedances: 6c, = 13°C/W; T; ~ Tc = 10°C max (worst case 
die junction temperature rise). See Thermal Management section. 

ORDERING GUIDE 


Temperature Range | Package Description 


Package Option’ 


AD9032AD —25°C to +85°C .. ..| 40-Pin Ceramic DIP» DH-40A 
AD9032AZ? 25°C to +85°C 40-Pin Ceramic Leaded Chip Carrier | Z-40 
AD9032BD —25°C to +85°C 40-Pin Ceramic DIP | DH-40A 
AD9032BZ7 —25°C to +85°C 40-Pin Ceramic Leaded Chip Cities Z-40 
AD9032TD =| —55°C to +125°C 40-Pin Ceramic DIP DH-40A 
AD9032TZ? —55°C to +125°C 40-Pin Ceramic Leaded Chip Carrier Z-40 
AD9034/PWB | Printed Circuit Board (only) of Evaluation Circuit 

AD9034/PCB | Complete Evaluation Board, Assembled and Tested 


(Order AD9032 DIP separately) 


NOTES 
1For outline information see Package Information section. 


?Ceramic leaded chip carrier packages are tested and shipped with unformed leads. Consult the factory for availability. 
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DEFINITIONS OF SPECIFICATIONS — 

Analog Bandwidth 

The analog input frequency at which the specedli power of the 
fundamental frequency (as determined by FFT pees) iS 
reduced by 3 dB. | 


Aperture Delay (ta) 
The delay between the rising edge of the ENCODE command 
and the instant at which the analog input is sampled. 


Aperture Uncertainty (Jitter) : 
The sample-to-sample variation in aperture ashy, 


_ Data Ready Delay (tpx) 
The delay between the 50% point of the change in output data 
and the 50% point of the rising edge of DATA READY. 


Differential Nonlinearity (DNL) 
The deviation of any code width from an ideal 1 LSB step, as 
determined by a histogram. 


Harmonic Distortion | 
The rms value of the fundamental divided by the rms value of 
the worst harmonic. . 


Integral Nonlinearity (INL) 

' The deviation of the transfer function’ from a reference line mea- 
sured in fractions of 1 LSB using a “best straight line” deter- 
mined by a least square curve fit, as s determined by a histogram. 


Output Delay (to;) 
The delay between the 50% point of the rising Age of the 
ENCODE command and the 50% point of the next change i in 
output data. 
Output Time Skew a. 
Bit-to-bit time variations among Dy to Dj, aipute Time skew 
includes HIGH-to-LOW and LOW-to- HIGH transitions of the 
digital output ve 


ANALOG 
IN 


| 
| t, = 3ns TYPICAL 


| Overvoltage Recovery Time 


The amount of.time required for the converter to recover to 
12-bit accuracy after an analog input signal 150% of full: scale is 
reduced to the midscale of the converter. 


Power Supply Rejection Ratio 
The ratio of a change in power supply a which results in a 
change in input offset voltage. 


Pulse Width (High and Low) : 

Rated performance of the ADC is assured anes stated restric- 
tions on ENCODE pulse width shown in Specifications table are 
observed. | . 


Signal-to-Noise Ratio (SNR) 

as ratio of the rms signal amplitude to.the rms value of 
“noise,” which is defined as the sum of all other spectral compo- 

nents, including harmonics but excluding dc, with an analog 

input signal 1 dB below full scale. - 


Spurious Free Dynamic Range (SFDR) 

The rms value of the fundamental divided by the rms value of 
the highest spurious signal. This is generally specified as a func- 
tion of input signal level. 


Transient Response 


‘The time required for the converter to sacieve 12- bit accuracy 


when a full-scale step function is applied to the analog input. ° 


Two-Tone Intermodulation Distortion (IMD) Rejection 
The ratio of the power of either of two input signals to the 
power of the strongest third-order a signal. 2 


ENCODE | >| tos | : | | = 


E top = 13ns TYPICAL 


Ua | TRACK | { | | | z 
| 


torn = 7.5ns TYPICAL 


Timing Diagram 
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PIN DESCRIPTIONS 
Pin |Name | Description 
l GAIN Can be used to null out initial gain 
ADJUST error of ADC. Normally open. 
2 OFFSET Can be used to null out initial off- 
ADJUST set error of ADC. Normally open. 
3, 5, 6, GROUND All ground pins should be connect- 
14, 21, ed together and to low-impedance 
22, 35, 40 ground plane near AD9034. 
4 ANALOG Analog input to ADC, +1.024 V 
INPUT input range; 100 ( input resist- 
ance; 7 pF input capacitance. 
7, 8, 9, 15 | DNC Do not connect. Internal test 
16, 36, 37 points. 
10 OVERFLOW | ECL-compatible output; normally 
low. High when analog input 
> +FS. 
11 DATA ECL-compatible output. Rising 
READY edge of signal suitable, for — 
_| externally latching Dy — Dj). 
12, 17, -Vs —5.2 V supply voltage. 
20, 38 ! , 
13, 39 +5.0 V supply voltage. 
18 ENCODE Differential ECL convert command. 
19 | ENCODE Sampling occurs on rising edge; 
no internal terminations. 
23-34 ECL-compatible digital outputs; - 
2s complement coding. 
PIN DESIGNATIONS 
pnc [1]. . 140] GROUND 
DNC 139] +V5 
GROUND Vs 
ANALOG INPUT DNC 
_ GROUND 136] DNC 
GROUND 135] GROUND 
_ pnc | 7]. . [34] Do (LSB) 
DNC 133] D, 
DNC AD9032_ [32] D, 
OVERFLOW TOP VIEW [31] D, 
DATA READY (Not to Scale) [30] D, 
Ve - 29] D, 
1 4Vg 128) Dz 
GROUND D, 
DNC 126] Dz 
pnc [16 25] Dy 
Vs | 124] Dig 
ENCODE 23] D,, (MSB) 
ENCODE |'22| GROUND 
Vg DIGITAL GROUND 
REV. 0 
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THEORY OF OPERATION , 

The AD9032 is a digitally corrected subranging analog-to-digital 
converter (ADC) optimized for fast sampling rates and dynamic 
range. Refer to the block diagram on the first page. The 
AD9032 is a vertically integrated structure consisting of a track- 
and-hold (T/H) amplifier, a combined flash ADC and digital-to- 
analog (DAC), a summation amplifier, digital error correction 
logic, and timing circuits. Reference circuits to generate stable 
DC voltages and currents that maintain the static accuracy of 
the device are also included, but are not shown on the block 
diagram. 


Internally, the monolithic T/H (AD9101) provides fast settling 
and acquisition times while minimizing distortion introduced by 
the sampling process. The unique design of the sampling bridge 
allows accurate sampling of high slew rate signals with negligible 
distortion. The effects of jitter and other aperture errors have 
been reduced to provide dynamic performance previously 
unavailable in monolithic and discrete designs. 


At the output of the T/H amplifier, the analog input is con- 
verted by the first (5-bit) ADC. This 5-bit representation of the 
input value is stored in the digital error correction logic. It is 
also converted back to an analog signal by the 14-bit-accurate 
DAC on the same chip with the ADC. The 32 DAC current 
sources are steered directly by the outputs of the 32 input com- 
parators on the 5-bit ADC. This minimizes propagation delay 
through the DAC, and allows the summation of the DAC signal 
and the held output of the T/H to settle quickly. The hold time 
of the T/H is optimized to allow sufficient settling time without — 
sacrificing the acquisition time necessary to acquire the next 
sample. : 


The residue signal, representing the difference between the 5-bit 
conversion (DAC output) and the input signal held by the T/H, 
is amplified by the summation amplifier. During the tracking — 
period of the T/H, this residue signal can be much larger than 
the input range of the 8-bit ADC and would saturate the output 
stage of a normal amplifier. To protect the ADC and maintain 
fast settling times under all conditions, the summation amplifier - 
is a custom design with clamping circuits that prevent satura- 
tion, limit the output voltage, and preserve settling time. 


_ The 8-bit flash ADC determines the 7 least significant bits 


(LSBs) of the 12-bit conversion and generates a correction bit 
for any small errors created by inaccuracies in the first 5-bit 
conversion. This 8-bit signal and the 5-bit quantization are com- 
bined to obtain a 12-bit-accurate representation of the analog 
input voltage. 
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USING THE AD9032. | 
Layout Information ~~ wo, ee a 
Preserving the accuracy and dynamic performance of the © 


AD9032 requires'that designers pay special attention to the lay- — 
out of the printed circuit board. Signal paths should be imped- — 


ance matched and ‘properly terminated at‘or near the package © 
connections. Analog signal paths should be isolated from digital 
signal paths. Capacitive and inductive coupling of digital signals 
into analog signal sections can degrade the overall performarice 

of the A/D converter. 


Analog Input . 

The analog input pin of the AD9032 is terminated with a 100-0 
load. The analog input range of the AD9032 is factory trimmed 
for a: +1.024 V input for compatibility with the AD9034. The 
signal presented to the monolithic T/H is divided in half to opti- 
mize dynamic performance. 


When the amplitude, bandwidth, or r de level of the analog input 
requires external signal conditioning, the selection of the input 
amplifier is of particular concern. The noise and distortion of 
the amplifier must be taken into account to preserve the 
dynamic range of the AD9032. The AD9617 wideband, current 
feedback amplifier i san excellent choice tor most apPeauonS. 


Timing 

Internal timing for the AD9032 i is trimmed at. the factory to sim- 
plify use. Care should be taken to ensure that the encode com- 
mand to the AD9032 is free from jitter that can degrade | 
dynamic performance. Differential ECL inputs to the AD9032 
can be derived from a single- -ended source using a fast compara- 


tor such as the AD96685. The encode source should be located . 


and terminated as close to the AD9032 as possible. 


The ECL- -compatible digital outputs are latched to provide valid 
data for the entire conversion period (less the transition region 
of latch). This data should be latched into external ECL regis- 
ters located near the AD9032. External termination resistors are 
required (510 ce) recommended). The data are latched. with 
either the encode command or the data. ready signal provided on 
the AD9032. The rising edge of the data ready signal occurs 
typically 7.5 ns after the data changes. 


Gain and Offset Adjustment 

Gain and offset pins are normally not connected. Rated perfor- 
mance is guaranteed without any external connection to these 
pins. In most applications, wide variations in input signal range 


and offset can be accommodated using external amplifiers. How- 


ever, in those applications where a vernier adjustment i 1s 
required (such as nulling out factory trim limits), the gain and 
offset pins will provide sufficient adjustment range. 


Both inputs offer a 20 kO input resistance that can be driven 
from a voltage source (DAC, amplifier) or the center tap of a 
potentiometer. The offset pin provides a 195 mV/V sensitivity to 
input offset, while the gain pin offers 120 mV/V adjustment of 
the full-scale input range of the ADC. The adjustment range for 
offset is limited to 10 mV and for gain is 20 mV without intro- 
ducing potential dynamic errors or restricting the operating tem- 
perature range of the part. 
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Power Supplies . ; 
The unique design of the AD9032 provides excellent ade 
performance without a need for high voltage power supplies. 
Two supplies (+5 Vv and —5.2 V) ate all that are required to 
achieve rated performance. Careful layout and decoupling of 
power supplies used in conjunction with a low impedance analog 
ground plane will reduce supply-related noise components. 


Separate analog and digital supplies are not required. In applica- 
tions with only limited analog supply current, a separate digital 
supply source can be used for the —5.2 V supply on Pin 20. 
This supply typically requires 310 mA (330 mA max) and may 
be shared. with other ECL logic devices when isolated with 
bypass capacitors and/or ferrite bead inductors (Fair-Rite Prod-' 
ucts Corporation part # 2743001111, Wallkill, NY). Each power 
supply pin should be capacitively decoupled to the ground plane 
through a good high frequency ceramic capacitor (0.1 F) and a 
single large value capacitor (tantalum 10 wF). , 


For optimum performance, ‘ ‘clean” linear supplies ensure that 


switching noise on the supplies does not introduce distortion 
products during the encoding process. Recognizing, however, 
that switching power supplies may be required in power- 
sensitive applications, decoupling recommendations, outlined 
above are critically important for using switching supplies effec- 
tively. Elsewhere i in this data sheet, a graph shows the PSRR of 
the AD9032 as a function of the ripple frequency present on the 


AD9032 supplies. Clearly, if they must be used, switching — 


power supplies with the lowest possible | should me 
selected. 


Thermal Management . 

The AD9032 design minimizes power dissipations however, the 
ADC does typically require 3.8 W (4.5 W max) to operate. To 
ensure long life and reliable operation, the maximum junction — 
temperature in the AD9032 ‘must be limited to + 175°C. 


Within the hybrid, the hottest discrete die has a. case to junction 
temperature rise of 10°C (max). Therefore, the case temperature 
of the AD9032 should not exceed +165°C under worst case 
operating conditions. Without airflow, the 0.4 of the hybrid 
package is 13°C/W. Assuming maximum power dissipation, this 
causes a 57°C rise in case temperature over the ambient air tem- 
perature. The maximum still air temperature, therefore, is equal 
to +108°C. 3 , 


Rated performance of ‘i AD9032 is eugnieee for case 
operating temperatures of +85°C (AD9032A/B) and + 125°C 
(AD9032T). This equates to a maximum operating ambient tem- 
perature of +28°C and +68°C, respectively, in still air. In most 
applications, airflow is recommended. The following improve- 
ments in the thermal characteristics of the system assume that 
the AD9032 is soldered to a PC board. 


The 8.4 of the hybrid is reduced to S°CiW with 500 LFPM air- 
flow. This will extend the rated performance to ambient operat- 


AD9032T. The addition of a heat sink (Thermalloy #60878, 
Dallas, Texas; phone 214-243-0839) will further improve the 
thermal transfer of the hybrid to 3°C/W (@ 500 LFPM). Using 
a heat sink with airflow, the total case to. ambient temperature 


rise is only 13°C, which results in a maximum ambient environ- 
ment of +72°C aba) and + 112°C Soa, 
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ENCODE = 25.6 MHz 
FREQ = 1.2 MHz 
SNR = 66.7 dB 

_ SFDR = 84.8. dBFS 
FUND = -1.0 dBFS 
2nd HARM = -90.3 dBc 


SNR = 64.1 dB 
ii SFDR = 75.2 dBFS 


3rd HARM = -89.3 dBc 


OUTPUT - dB 
OUTPUT - dB 


t merge 


—~-! 
—! 


ae | gl hf lf | ts || | 
ee 


dc .. 26 5.1 7.7 10.2 “12.8 
FREQUENCY — MHz 


AD9032 A/D Converter FFT 


— 


BN 


HARMONIC DISTORTION - dB. 
SIGNAL-TO-NOISE RATIO - dB 


INPUT FREQUENCY - MHz: : ; ‘INPUT FREQUENCY — MHz 


AD9032 Harmonic Distortion vs. Analog Input AD9032 SNR vs. Analog Input. 


SUPPLY RIPPLE ) 


PSRR = —_————____- 
Shh aay EOS ( EQUIV. INPUT RIPPLE 


ENCODE 


POWER SUPPLY REJECTION RATIO - dB 


Equivalent Analog Input Equivalent Encode Input 
Circuit Circuit 
SUPPLY RIPPLE FREQUENCY — MHz 
AD9032 PSRR vs. Supply Ripple Frequency 
Do-D,, 


Equivalent Digital Output Circuit 


REV. 0 | ANALOG-TO-DIGITAL CONVERTERS 2-443 


ANALOG 
DEVICES 


10-Bit 40 MSPS 
A/D Converter 
ADS040A 


FEATURES | 
Low Power: 940 mW 
53 dB SNR @ 10 MHz Ay — 
On-Chip T/H, Reference 
CMOS-Compatible | 
_ 2 Vp-p Analog Input 
Fully Characterized Dynamic F Performance 


APPLICATIONS: ; 

Ultrasound Medical. imaging 

Digital Oscilloscopes — 

Professional Video — 

Digital Communications 

Advanced Television (MUSE pene 
ietncocanen 


GENERAL DESCRIPTION 

The AD9040A is a complete 10-bit monolithic sampling analog- 

to-digital converter (ADC) with on-board track-and-hold and 

reference. The unit is designed for low cost, high performance 

applications and requires only an encode signal to achieve 40 
_Msps sample rates with 10- bit resolution. 


Digital. inputs and outputs are CMOS compatible; the analog 
input requires a signal of 2 V p-p amplitude. The two-step 
architecture used in the AD9040A is optimized to provide the 
best dynamic performance available while maintaining low 
power requirements of only 940 mW typically; maximum dissi- 
pation is 1.1 watt at 40 Msps. 


The signal-to-noise ratio (SNR), including harmonics, is 53 dB, 
or 8.5 ENOB, when sampling an analog input of 10.3 MHz at 
40 Msps. Competitive devices perform at less than 7.5 ENOB 
and require external references and larger input signals. 


The AD9040A A/D converter is available as either a 28-pin plas- 
tic DIP or a 28-pin SOIC. The two models operate over a com- 
mercial temperature range of 0°C to +70°C. Contact the factory 
regarding availability of ceramic military temperature range 
devices. 4 
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FUNCTIONAL BLOCK DIAGRAM 
ENCODE — 
® 


AD9040A — 


PRODUCT HIGHLIGHTS 


1. 
2. 


CMOS compatible logic for direct interface to ASICs. 


On-board T/H provides excellent high frequency perfor- 
mance on analog inputs, critical for communications and 


_ medical imaging applications. 


. High input impedance and 2 volt p-p input range reduce | 


need for external amplifiers. 


. Easy to use; no cumbersome external voltage references 


required, allowing denser packing of ADCs for multi- 
channel applications. 


5. Available in 28-lead plastic DIP and SOIC packages. 
6. Evaluation board includes AD9040AJR, reconstruction DAC, 


and latches. Space is available near the analog input and digi- 
tal outputs of the converter for additional circuits. Order as 
part number AD9040A/PCB (schematic shown in data sheet). 


REV. A 


SPECIFICATIONS 


AD9040A 


(+V, = Vy = +5 V; —V, = —5 V; internal reference; ENCODE = 40.5 Msps unless 


ELECTRICAL CHARACTERISTICS otherwise noted) 


AD9040AJN/JR 
Min Typ Max 


Parameter (Conditions) Units 
ces Bits 
DC ACCURACY 
Differential Nonlinearity 1.0 LSB 
LSB 
Integral Nonlinearity 1.0 LSB 
LSB 
No Missing Codes Guaranteed 
Gain Error +0.5 % FS 
% FS 
Gain Tempco! ppm/°C 
ANALOG INPUT 
Input Voltage Range Vp-p 
Input Offset Voltage mV 
mV 
Input Bias Current wA 
pA 
Input Resistance kQ 
Input Capacitance pF 
Analog Bandwidth MHz 
BANDGAP REFERENCE 
‘Output Voltage V 
Temperature Coefficient! ppm/°C 
SWITCHING PERFORMANCE oe 
~ Maximum Conversion Rate Msps 
Minimum Conversion Rate Msps 
Aperture Delay (t,) ns 
Aperture Uncertainty (Jitter) ps, rms 
Output Propagation Delay (tpp)’ ns 
ns 
DYNAMIC PERFORMANCE | 
Transient Response . ns 
Overvoltage Recovery Time ns 
Signal-to-Noise Ratio* 
fin = 2.3 MHz dB 
fin = 10.3 MHz dB 
Signal-to-Noise Ratio* 
(Without Harmonics) 
fin = 2.3 MHz dB 
fin = 10.3 MHz dB 
Signal-to-Noise Ratio” * 
fin = 2.3 MHz dB 
fin = 10.3 MHz dB 
Signal-to-Noise Ratio” * 
(Without Harmonics) 
fin = 2.3 MHz dB 
fin = 10.3 MHz dB 
2nd Harmonic Distortion 
fin = 2.3 MHz dBc 
fin = 10.3 MHz dBc 
3rd Harmonic Distortion 
fin = 2.3 MHz dBc 
fin = 10.3 MHz dBc 
Two-Tone Intermodulation dBc 
Distortion Rejection? 
Differential Phase Degrees 
Differential Gain % 
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AD9040A—SPECIFICATIONS 


Parameter (Conditions) 


Scctiacation: subject to change without notice. 


EXPLANATION OF TEST LEVELS 


— AD9040AJNJR - 


Sy ps Units 
ENCODE INPUT _ 
Logic “1” Voltage Vv 
Logic “0” Voltage | eee 
Logic “1” Current pA 
Logic “0” Current pA 
Input Capacitance . pF 
Encode Pulse Width (High) (tey)°_ “ns 
Encode Pulse Width (Low) (te) ns 
DIGITAL OUTPUTS = 
Logic “1” Voltage V 
Logic “0” Voltage | V 
Output Coding . Offset Binary wo 
POWER SUPPLY | 
Vp Supply Current mA 
+V, Supply Current mA: 
-V, Supply Current mA 
Power Dissipation aa 
Power Supply 
soheale Ratio (PSRR)’ mV/V 
NOTES cae 
“Gain Tempco” is for converter using internal reference; “Temperature BEY case nest aeaancd eta de dan nares eee +7 V 
Coefficient” is for bandgap reference only. eS 
2Output propagation delay (tpp) is measured from the 50% point of the fall- VD teri ettete ee ee e e ee ne ee +7V 
ing edge of the encode command to the min/max voltage levels of the digital ANALOG IN PPAR Be ByGs ee Bol eee Pee ee eee -Vs to +Vg 
outputs with 10 pF maximum loads. | DIGITAL INPUTS: 2:32:48 ete iee ees 4... 0Vt0O+V, 
3RMS signal to rms noise with analog input ae 1 eB below full scale at V cee PUl 0.42545 Soke ahs eee oe ....0Vt04+V, 
fe eee ee Digital Output Current ......... iP SG eeone ta ++++20mA 
°3rd order intermodulation measured with analog input paamiciees of 2.3 _ Operating Temperature . 
MHz and 2.4 MHz at 7 dB below full scale. . AD9IO40AJN/JR ........... ge b BR Robt oe 0°C to +70°C 
_ °For rated performance at 40 Msps, duty cycle of encode command should - Storage Temperature Re ee eae —65°C to +150°C | 
be 50% +10%. 2 1£90 
?Measured as the ratio of the change in offset voltage for a 5% eee in deperearact Junction pee pete ruse NITE Sure os eae ih lay © 


Lead Soldering Temp (10 sec) ....... ne eee « $300°C 


NOTES 


! Absolute maximum ratings are limiting values to be applied individually ; and 
beyond which the serviceability of the circuit may be impaired. Functional 


Test Level 
. ; operability is not necessarily implied. Exposure to absolute maximum rating 
I — 100% Production Tested. — conditions for an extended period of time may affect device reliability. 
II — 100% production tested at +25°C,.and sample ?Typical thermal impedances (parts soldered to board): 
: : i N Package (Plastic DIP): 0,4 = 42°C/W3 0;- = 10°C/W. 
tested at specified temperatures. AC testing done on 10°C. 


sample basis. 
III — Sample Tested Only. 
IV — Parameter is guaranteed by design and 
__ characterization testing. 

V — Parameter is a typical value only. 

VI — All devices are 100% production: tested at +25°C. 
100% production tested at temperature extremes for 
military temperature devices; guaranteed by design 
and characterization testing for industrial devices. 


R Package (SOIC): 6;, = 47°C/W; 8j- = 


AD9040A/PCB. 


ORDERING GUIDE 


Temperature Range Package Description 


AD9040AJN 0°C to +70°C 28-Pin Plastic DIP 
AD9040AJR =|: O°C to +70°C -28-Pin SOIC Package 
AD9040A/PWB | Printed Circuit Board (Only) of Evaluation Circuit 
Complete Evaluation Board, Assembled and Tested, 
Including AD9040AJR . 


N-28 
R-28 


-*For outline information see Package Information section. 
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REV.A 


AD9040A 


N 
N+1 
Aw 
\ ; 
% MIN TYP MAX 
Pinta #2 #3 ta APERTURE DELAY 1.9 
ENCODE Jtenltaf | of 1] te, PULSE WIDTH HIGH 10 100 
— te, PULSE WIDTH LOW 10 100 
> tpor- tpp OUTPUTPROPDELAY 7.5 10ns 12) 


DIGITAL 
OUTPUTS N-3 (N=2 XK onet | 
Timing Diagram 


PIN DESCRIPTIONS 


Function | “sys 28) DP (LSB) 
GND | 2| D1 
1, 12, 21 —5 V Power Supply wg [26] D2 
2, 4, 11, 14, 22 Ground ae 23:28 
3, 10 Analog +5 V Power Supply Your 131 eal 08 
5 | Internal Bandgap Voltage ner 18) AD9040A 23} Vo 
Reference (Nominally +2.5 V) BP REF TOP VIEW ze] ane 
6 Noninverting Input to Reference _ NC [2 (not to Scale) |21] ~Vs 
Amplifier. Voltage reference for ENCODE 8) 20} Ds 
ADC is connected here. #Ys 19] D6 
7 | BPer External Connection for (0.1 F) oi i ah 
Reference Bypass Capacitor Vs si 
8 NC No Connection Internally Ain 16} 09 (MSB) 
ENCODE | Encode Clock Input to ADC. GN EY 5g, “Ser 
Internal T/H placed in hold mode NC = NO CONNECT 
(ADC is encoding) on rising edge. PDIP and SOIC Pinouts 
13 Noninverting Input to T/H Set: 
Amplifier 
15 Out-of-Range Condition Output. 
Active high when analog input 
exceeds input range of ADC by 
1 LSB (<FS — 1 LSB or >+FS 
+ 1] LSB). 
16 D9 (MSB) | Most Significant Bit of ADC 
Output; TTL/CMOS Compatible 
17-20 Digital Output Bits of ADC; TTL/ 
| CMOS Compatible 
23 Digital +5 V Power Supply 
24-27 Digital Output Bits of ADC; 


TTL/CMOSL Compatible 


Least Significant Bit of ADC 
Output; TTL/CMOS Compatible 


Do (LSB) 


DIE LAYOUT AND MECHANICAL INFORMATION 


Die Dimensions ............. 204 X 185 x 21 (+1) mils 
Pad: Dimensions: ¢ 6 och 6 Sa eos a Ae Sw a 4 xX 4 mils 
Metalization ............. fang ae a Gra qvalicare © Aluminum 
Backing .......... Secds ioe Soa OP a ae Ie GS None 
Substrate Potential! <i 334.4 64.40 ssiand tard wow we -Vsz 
"Transistor COUNE, <o-c.0ro-o05 S00 PAG een ees tO a 5,070 
Passivation: 44 6-ssee eh eS OM eee wie ok Saas Oxynitride 
Die Attach (INR): 6.4.4.2. 224.4 46045 chi da eedes Epoxy 
Bond Wire (JN/JR) ........ pelea the delat aie exe gla eect Gold 
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DEFINITIONS OF SPECIFICATIONS 
Analog Bandwidth 
The analog input frequency at thick the spectral power of the - 


fundamental frequency (as determined by FFT analysis) i is 
reduced by 3 dB. 


Aperture Delay 
The delay between the rising r edoe of the ENCODE corinand 
- and the instant at which the analog input is sampled. 


Aperture Uncertainty (Jitter) 
The sample-to-sample variation in aperture delay. 


Differential Gain 

The percentage of amplitude change of a small high frequency 
sine wave (3.58 MHz) superimposed on a low frequency signal 
(15.734 kHz). 


Differential Nonlinearity 
The deviation of any code from an ideal 1 LSB step. 


Differential Phase 

The phase change of a small high frequency sine wave 
(3.58 MHz) SUpEHmposed on a low are UEnCY. signal 
(15.734 kHz). 


Harmonic Distortion | | 
The rms value of the fundamental divided by the rms value of 
the harmonic. | 


Integral Nonlinearity 

The deviation of the transfer function from a reference line mea- 
sured in fractions of 1 LSB using a “best straight line” deter- 
mined by a least square curve fit. 


Minimum Conversion Rate 

_ The encode rate at which the SNR of the lowest analog signal 
frequency tested drops by n no more than 3 dB below the guaran- 

teed limit. , 


Analog Input Reference Circuit 


Figure 1. 
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Maximum Conversion Rate 
The encode rate at which parametric testing is performed. 


Output Propagation Delay 
The delay between the 50% point of the falling edge of the 
ENCODE command and the 1 V/4 V points of output data. 


Overvoltage Recovery Time 

The amount of time required for the converter to recover to 
10-bit accuracy after an analog input signal 150% of full scale is 
reduced to the full-scale range of the converter. 


Power Supply Rejection Ratio (PSRR) 
The ratio of a change in input offset vonage: toa change i in 
power supply voltage: 


Signal-to-Noise Ratio (SNR) 

The ratio of the rms signal amplitude to fie rms value of 
“noise,” which is defined as the sum of all other spectral compo- 
nents, including harmonics but excluding dc, with an analog . 

input signal 1 dB below full scale. 7 


Signal-to-Noise Ratio (Without Harmonics) 


_ The ratio of the rms signal amplitude to the rms value of 


“noise,” which is defined as the sum of all other spectral compo-. 
nents, excluding the first eight harmonics and dc, with an ana- 


log input signal 1 dB below full scale. 


Vss 


Transient Response 
The time required for the converter to achieve 10- bit accuracy 
when a step function i 1s applied to the analog input. 


Two-Tone Intermodulation Distortion (IMD) Rejection 
The ratio of the power of either of two input signals to the 
power of the strongest third-order IMD signal. 


Vour 


Bandgap Output CMOS Output 


Equivalent Circuits 
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THEORY OF OPERATION 
Refer to the block diagram. 


The AD9040A employs subranging architecture and digital error 
correction. This combination of design techniques insures true 
10-bit accuracy at the digital outputs of the converter. 


At the input, the analog signal is applied to a track-and-hold 
(T/H) that holds the analog value which is present when the 
unit is strobed with an ENCODE command. The conversion 
process begins on the rising edge of this pulse, which should 
have a 50% (+10%) duty cycle. Minimum encode rate of the 
AD9040A is 10 Msps because of the use of three internal T/H 
devices. 


The held analog value of the first track-and-hold is applied to a 
5-bit flash converter and a pair of internal T/Hs (shown in the 
block diagram as a single unit). The T/Hs pipeline the analog 
signal to the amplifier array through a residue ladder and switch 
ing circuit while the 5-bit flash converter resolves the most sig- 
nificant bits (MSBs) of the held analog voltage. 


When the 5-bit flash converter has completed its cycle, its out- 
put activates l-of-32 ladder switches; these, in turn, cause the 
correct residue signal to be applied to the error amplifier array. 


The output of the error amplifier is applied to a 6-bit flash con- 
verter whose output supplies the five least significant bits 
(LSBs) of the digital output along with one bit of error correc- 
tion for the 5-bit main range converter. 


Decode logic aligns the data from the two converters and pre- 
sents the result as a 10-bit parallel digital word. The output 
stage of the AD9040A is CMOS. Output data are strobed on the 
trailing edge of the ENCODE command. 


Full-scale range of the AD9040A is determined by the reference 
~ voltage applied to the Verr (Pin 6) input. This voltage sets the 
internal flash and residue ladder voltage drops; these establish 
the value of the LSB. Because of headroom restraints, the full- 
scale range cannot be increased by applying a higher-than- 
specified reference voltage. Conversely, a lower reference voltage 
will reduce the full-scale range of the converter, but will also 
decrease its performance. An internal bandgap reference voltage 
of +2.5 V is provided to assure optimum performance over the 
operating temperature range. 


USING THE AD9040A 

Timing | 

The duty cycle of the encode clock for the AD9040A is critical 
for obtaining rated performance of the ADC. Internal pulse 
widths within the track-and-hold are established by the encode 
command pulse width; to ensure rated performance, the duty 
cycle should be held at 50%. Duty cycle variations of less than 
+10% will cause no degradation in performance. 


Operation at encode rates less than 10 Msps is not recom- 
mended. The internal track-and-hold saturates, causing errone- 
ous conversions. This T/H saturation precludes clocking the 
AD9040A in burst mode. The 50% duty cycle must be main- 
tained even for sample rates down to 10 Msps. 
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ADS040A 


The AD9040A provides latched data outputs, with 2 1/2 pipe-_ 
line delays. Data outputs are available one propagation delay 
(tpp) after the falling edge of the encode command (refer to 
AD9040A Timing Diagram). The length of the output data lines 
and the loads placed on them should be minimized to reduce 
transients within the AD9040A;; these transients can detract 
from the converter’s dynamic performance. 


Voltage Reference 

A stable voltage reference is required to establish the 2-V p-p 
range of the AD9040A. There are two options for creating this 
reference. The easiest and least expensive way to implement it is 
to use the (+2.5 V) bandgap voltage reference which is internal 
to the ADC. Figure 2 illustrates the connections for using the 
internal reference. The internal reference has 500 wA of extra 
drive current which can be used for other circuits. 


AD9040A 


BANDGAP 
REFERENCE 


REFERENCE 


-Vs 
Figure 2. AD9040A Using Internal Reference 


Some applications may require greater accuracy, improved tem-. 
perature performance, or adjustment of the gain (input range) of 
the AD9040A which cannot be obtained by using the internal 
reference. For these applications, an external +2.5 V. reference 
can be used, as shown in Figure 3. The Vagr input requires 

5 »A of drive current. 


AD9040A 


BANDGAP 
REFERENCE 


REFERENCE 


Figure 3. AD9040A Using External Reference 
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/AD9040A 


In applications using multiple AD9040As, slaving the reference 
inputs to a single reference output will i improve gain tracking 
among the ADCs, as shown i in 1 Figure 4, . 


AD9040A | 


Vout 


Figure 4. Slaving Multiple AD9040As to a Single Internal 
Reference — 


In the ear table, the Gain Tempco parameter under 
DC ACCURACY applies to the ADC when the internal refer- 
ence is being used. If:an external.reference is used, its tempera- 
ture coefficient.must be taken into account to determine overall 
temperature performance. 


The input rarige can be varied by Parn the reference voltage | 


applied to the AD9040A. By decreasing the reference voltage, 
the gain can be reduced approximately 10% with no degradation 
in performance. Increasing the reference voltage increases the 
gain; but for. proper operation, the reference voltage should not 
exceed +2.6 V. | 


AS AMP is a iiedemark of Analog Devices, . fic 
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| Time-Gain Control ADC 


Ultrasound and sonar systems require | an increase in gain versus 
time. This allows the system to correct for'attenuation of return | 
pulses. Figure 5 shows the AD600/602 amplifier and the ~ 
AD9040A ‘ADC-configured as a time-gain control ise ea PR 4 
digital converter. The control ‘voltage ramps from —625 mV to . 
+625 mV, permitting 40 dB of gain-control range. The voltage. 
used for. gain control can be either a linear ramp, or the output 
of a voltage-output DAC such as the AD7242. 


~ GAIN n contro. ic 


| wa +625 mV 
-625 mV 


~ AD9040A — 


Figure 5. Ultrasound/Sonar Time- Gain Control ADC elt 
dle a 


Transient Respinae’ : : 
Figure 6 illustrates the method for svuninane ADC transient 
performance. Two synthesizers are locked in synchronization, | 
but tuned to frequencies which are ates offset from a 2-to-1_ 
submultiple. : reed 


One synthesizer clocks a flat iis network at a frequsney ap 
19.9609375 MHz to provide the. analog input signal; the other . 
synthesizer output is shaped to provide a CMOS 40 MHz sam- 
pling clock. At the output of the AD9040A, output data reflects 
an interleaved alias of the input pulse. The repetitive sampling, 
allows the measurement of ADC transient response as shown. i in 
paces graphs elsewhere in this data sheet. | 7 


MARCONI 2030 .| . 
SYNTHESIZER | © 


to ANALOG 
FLAT PULSE IN 
NETWORK [ 


AD9040A }——> 
2 ig QUIET 


REF 
19.9609375 MHz 


ENCODE 


MARCONI 2030 
SYNTHESIZER 


REF 


40MHz 


- Figure 6 ADS040A Transient t Response Test 
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Layout Information 

Preserving the accuracy and dynamic performance of the 
AD9040A requires that designers pay special attention to the 
layout of the printed circuit board. 


Analog paths should be kept as short as possible and be prop- 
erly terminated to avoid reflections. The analog input and refer- 
ence voltage connections should be kept away from digital signal 
paths; this reduces the amount of digital switching noise which 
is capacitively coupled into the analog section. Digital signal 
paths should also be kept short, and run lengths should be 
matched to avoid propagation delay mismatch. The AD9040A 
digital outputs should be buffered or latched close to the device 
(<2 cm). This prevents load transients which may feedback into 
the device. ; 


In high speed circuits, layout of the ground is chteie A single, 
low impedance ground plane on the component side of the 
board is recommended. Power supplies should be capacitively 
coupled to the ground plane with high quality chip capacitors to 
reduce noise in the circuit. Multilayer boards allow designers to 
lay out signal traces without interrupting the ground plane, and 
provide low impedance ground planes. In systems with dedi- 
cated analog and digital grounds, all grounds of the AD9040A 
should be connected to the analog ground plane. 


The power supplies of the AD9040A should be isolated from the 
supplies used for external devices; this reduces the amount of 
noise coupled into the ADC. The digital +5 volt connection of 
the device (Vp, Pin 23) powers the digital outputs and should 
be connected to the same supply as +V, (Pins 3 and 10). Con- 
necting Vp to a system digital supply may couple noise into the 
device. Sockets limit dynamic performance and are not recom- 
mended for use with the AD9040A. 
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ADSO40A 
AD9040A EVALUATION BOARD 
The evaluation board for the AD9040A (AD9040A/PCB) pro- 
vides an easy and flexible method for evaluating the ADC’s per- 
formance without (or prior to) developing a user-specific printed 
circuit board. The two-sided board includes a reconstruction 
DAC and digital output interface, and uses the layout and appli- 


cations suggestions outlined above. It is available from Analog 
Devices at nominal cost. 


Generous space, is provided near the analog input and digital 
outputs to support additional signal processing components the 
user may wish to add. This prototyping area includes through 
holes with 100-mil centers to support a variety of component 
additions. | 


Input/Output/Supply Information | 

Power supply, analog input, clock connections, and recon- 
structed output (RC OUTPUT) are identified by labels on the 
evaluation board. Operation of the evaluation board should con- 
form to the following characteristics: | 


Table I. Evaluation Board Characteristics 


Parameter Typical . Units 
Supply Current 
+5Vo mA 
-5.2 V mA 
An . | 
Impedance 0) 
Voltage Range V 
CLOCK 
Impedance 0 
Frequency ~ Msps 
RC OUTPUT 
Impedance 0 


Voltage Range 


Analog Input . | 

Analog input signals can be fed directly into the Device Under 
Test input (Ay). The Ay input i is terminated at the device 
with a 51 CQ resistor. 
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Figure 7. AD9040A/PCB Top View Figure 8. AD9040A/PCB Bottom View 


Table II. AD9040A Digital Coding 


DAC Reconstruction 

The AD9040A evaluation board provides an on-board AD9721. 
reconstruction DAC for observing the digitized analog input | 
signal. The AD9721 is terminated into 51 ohms to provide a 1 V 
p-p signal at the output (RC OUTPUT). 


Output Data 


| Digital Output 


MSB ...LSB 
1111111111 | 


The output data bits are latched with a CMOS 74AC5S74 which =, yy |_Posttive Full Scale 1111111111 

drives a 40-pin connector (AMP p/n 102153-9). The data and Full Scale — 1 LSB 1111111110 
clock signals are available on the connector per the pin assign- Positive 1/2 Scale 1100000000 
ments shown on the schematic of the evaluation board. Output +1/2 V 1? Scale — 1 LSB Toll 
data are available on the falling edge of the clock. ane ae 
10000000000 
0V Bipolar Zero O1LN1111111 

12V 1/2 Scale +1 LSB 0100000000 

Negative 1/2 Scale 0011111111 

-iv Full Scale + 1 LSB 0000000001 

Negative Full Scale 0000000000 

—1.002 V| Negative Full Scale — 1 LSB 0000000000 
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“U4 
74AC574 


AIN U2 
BNC AD9040AJR 
J 
(o} 
= ad GND (28)- GND 
BNC 9 (27)— -5V 
(oF (22)— -5V 
= Bf GND (18)— GND 
CLK CAMP IN rat 


R15 100 


D4 REF OUT 


R14 100 


CAMP OUT — -5V 
ane: 
Re 0-1uF 
a 51 RC 
) 1. OUTPUT 
>) BNC 
29) = 33 
U1 51 — 
74HC86 4 t : 
12 "1 @ a 
(16) -5V 2k 
(15}- GND : 
(14) +5V 


rua ron 4 

JB -5V H3 H4 HS H6 ne 
~ C4 — C5. #4 = #4 #4 8=—-#4 ' a) \ 
Tone: $7 tour if I | { aan. ce 
aT ) 4 ! 

: i] 

J9 O——_____—_—_- Gn its ee 


O.1pF 0.1 pF 0.1uF O.1pF 0.1uF 


C7 e i. C9 C10 C1 C12— C18 
F F 5 pF 


0.1pF 0.1pF 


Figure 9. AD9040A/PCB Schematic 
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DISSIPATION — Watts 


4 6 10 20 
CLOCK RATE - MSPS 


Figure 10. Power Dissipation vs. | 
Clock Rate 


LEAST SIGNIFICANT BITS -LSBs | 


o- mae 
0 -10 © 2 20 ~ 30 40 
CLOCK notes: MSPS | 


Figure 13. Differential Petneeia 
vs. Clock Rate . 7 


SIGNAL-TO-NOISE RATIO — dB 
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Figure 16. SNR vs. Temperature 
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FREQUENCY - MHz 


Figure 19. 
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Figure 11. Harmonic Distortion and 
SNR vs. Re nated. Input Cre 
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Figure 14. Transient Response | 


ENCODE = 32.2 MSPS 
ANALOG IN = 2.3. MHz 
SNR = 56.79 dB 

SNR (w/o har.) = 57.58 dB 
2nd HARMONIC = -68.5 dB 
3rd HARMONIC = 80.7 dB 
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Figure: 17: 


ENCODE = 40.5 MSPS 
ANALOG IN = 2.3 MHz. 
SNR = 55.20 dB 
SNR (w/o har.) =55.90 dB 

~ 2nd HARMONIC = -75.1 dB 
3rd HARMONIC = -73.2 dB 


Tid: | did dunttilel (lit cil. Lal wa | 
mon | Maia a 
| ee a ee 


0 10.1 20.2 
FREQUENCY — MHz 


Figure 20. 
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Figure 12. SNR vs. Clock Rate 
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Figure 15. sreeneied Response 
(Expanded View) 
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Figure 18. 
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Figure 21. 
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DEVICES 


"Monolithic 8-Bit 
Video A/D Converter 


AD9048 


FEATURES 

35MSPS Encode Rate 

16pF Input Capacitance 

550mW Power Dissipation 
Industry-Standard Pinouts 

MIL-STD-883 Compliant Versions Available 


APPLICATIONS 

Professional Video Systems 

Special Effects Generators 
Electro-Optics 

Digital Radio 

Electronic Warfare (ECM, ECCM, ESM) 


GENERAL DESCRIPTION 

The AD9048 is an 8-bit, 35MSPS flash converter, made on a 
high speed bipolar process, which is an alternate source for the 
TDC1048 unit but offers enhancements over its predecessor. 
Lower power dissipation makes the AD9048 attractive for a 
variety of system designs. : 


Because of its wide bandwidth, it is an ideal choice for real-time 
conversion of video signals. Input bandwidth is flat with no 
missing codes. 


Clocked latching comparators, encoding logic and output buffer 
registers operating at minimum rates of 35MSPS preclude a 
need for a sample-and-hold (S/H) or track-and-hold (T/H) in 
most system designs using the AD9048. All digital control inputs 
and outputs are TTL compatible. 


Devices operating over two ambient temperature ranges and 
with two grades of linearity are available. Linearities of either 


FUNCTIONAL BLOCK DIAGRAM 


AD9048 


E 
N 
Cc 
\e] 
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G 
i 
Cc 


DGND AGND 
to + 70°C, or extended case temperatures of —55°C to + 125°C. 
Commercial versions are packaged in 28-pin DIPs; extended 
temperature versions are available in ceramic DIP and ceramic 
LCC packages. Both commercial units and MIL-STD-883 units 
are standard products. | 


The AD9048 A/D converter is available in versions compliant 
with MIL-STD-883. Refer to the Analog Devices Miltary Products 
Databook or current AD9048/883B data sheet for detailed 


0.SLSB or 0.75LSB can be ordered for a commercial range of 0 specifications. 
PIN DESIGNATIONS 
DIP LCC J-Leaded Ceramic 
3 
TELE 


NC =NOCONNECT 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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ABSOLUTE MAXIMUM RATINGS! 


Voc. to ‘DGND.* ae oe) aos ae on oo s a: 5V dc to +7.0V de 
AGND to DGND . sy ihe ee vee ee 70.5V de to +0.5V de- 
Vez to AGND..:. wee ee. £0.5V de to -7.0Vde ~ 


Vins Ver or. Vee to AGND . oe ee ee -+0.5V to Veg 
—2.2V dc to +2.2V.dc . 


Ver to Van Oe ee a aude cetacean as 
CONV, NMINV or. NLINV to. DGND.. —0.5V deto +5.5V de 
Applied Output Voltage to DGND . —0. 5V de to +5.5V dc? 
Applied shai penis amma Forced _ 

eae Gani as —1L0mA to +6.0mA 4 


AD 9048—SP EC l FI CATI 0 NS (typical with nominal supplies unless otherwise. — ) 


Output Short-Circuit Duratidin, ae 
Operating Temperature Range (Ambient) 


AD9048JJ/KJ/JQ/DKKQ........... . ee Oto +70°C. 
AD9048SE/SQ/TE/TQ .......... —55°C to + 125°C 
_Maximum Junction Temperature (Plastic) ........ ..+150°C§ 
Maximum Junction Temperature (Hermetic) | +175°C® 
Lead Temperature (Soldering, 10sec) ....... | = ine _+300°C 
Storage Temperature Range. ...... : —65°C to + 150°C 


ELECTRICAL CHARACTERISTICS « ec +5.0V; Vee= —5.2V; Differential Reference Voltage = 0 isin etic al 


AD9048JJ/JQ 


Parameter (Conditions) 
RESOLUTION 


DC ACCURACY 
Differential Nonlinearity 


Integral Nonlinearity : 


No Missing Codes | 


INITIAL OFFSET ERROR 
Top of Reference Ladder 


Bottom of Reference Ladder 


Offset Drift Coefficient 


ANALOG INPUT 
Input Voltage Range _ 


Input Bias Current” 
_ InputResistance .. ° 


Input Capacitance 
“Full Power Bandwidth® 

REFERENCE INPUT 
Positive Reference Voltage? 

_ Negative Reference Voltage? __ 

‘Differential Reference Voltage | 
Reference Ladder Resistance 
Ladder Temperature Coefficient 
Reference Ladder Current 
Reference Input Bandwidth 


DYNAMIC PERFORMANCE i 
Conversion Rate 
Aperture Delay 
Aperture Uncertainty (Jitter) 
Output Delay (tpp) 
Output Hold Time (tow) : 
Transient Response’? 
Overvoltage Recovery Time’? 
Rise Time 
Fall Time 
Output Time Skew" 


NMINV and NLINV INPUTS 
+ 0.4V Input Current 
+2.4VInputCurrent 
+5.5V Input Current_ 


CONVERT INPUT 
Logic “1” Voltage 
Logic “0” Voltage 
Logic “1” Current 
Logic “0” Current 
Input Capacitance 
Convert Pulse Width (LOW) 
Convert Pulse Width (HIGH) . 


Vv. 
Vv. 
Vv 

VI 
V 

VI 
V 
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AD9048KJ/KQ AD9048SE/SQ_. ADSO4STETQ 7? | 


0.4 ; 0.6 


GUARANTEED 


AD9048 


‘ AD9048JJ/JQ AD9048KJ/KQ AD9048SE/SQ AD9048TE/TQ a 
Test . 


Parameter (Conditions) Temp | Level] Min’ Typ Max Min Typ Max 


AC LINEARITY | wats 
In-Band Harmonics 
dc to 2.438MHz!> dBc 
dc to 9.35MHz!® dBc 
Signal-to-Noise Ratio (SNR)!° 
1.248MHz Input Frequency!” dB 
2.438MHz Input Frequency!” dB 
1.248MHz Input Frequency!® dB 
2.438MHz Input Frequency'® dB 
Signal-to-Noise Ratio (SNR)'® 
1.248MHz Input Frequency?” dB 
9.35MHz Input Frequency’” dB 
Noise Power Ratio (NPR)!® dB 
Differential Phase”? Degree 
Differential Gain”° _% 
DIGITAL OUTPUTS 
Logic “‘1” Voltage V 
Logic “0” Voltage Vv 
Short Circuit Current? mA 
POWER SUPPLY 
Positive Supply Current mA 
mA 
Negative Supply Current mA 
mA 
Nominal Power Dissipation mW 
Reference Ladder Dissipation mW 


NOTES . 
'Maximum ratings are limiting values, to be applied individually, and beyond which the serviceability of the device may be impaired. Functional operation under any of these 
conditions is not necessarily implied. Exposure to absolute maximum rating conditions for extended periods of time may affect device reliability. 
Applied voltage must be current-limited to specified range. . 
Forcing voltage must be limited to specified range. 
‘Current is specified as negative when flowing into the device. 
pune High; one pin to ground; one second duration. . 

ypical thermal impedances (no air flow) are as follows: 

Ceramic DIP: 0;, =49°C/W; 0;¢ = 15°C/W LCC: 054 = 69°C/W; 0;¢ = 21°C/W ORDERING GUIDE 

JLCC: Oya = SHC/W; Oye = 19PC/W ; ; : : 
Tocalculate junction temperature (T;), use power dissipation (PD) and thermal impedance: 

Ty =PD (Oya) + Tampient = PD (8;c) = +T case Temperature 
7Measured with Vin = OV and CONVERT low (sampling mode). ee 
®Determined by beat frequency testing for no missing codes. Oto + 70°C 


— AD9048J] 


eet = Vrs esas sedigra rary ee AD9048KJ Oto + 70°C J-28 © 

tputs terminated wi an ) pull-up resistors. AD9048JQ Oto +70°C Q-28 

' Interval from 50% point of leading edge CONVERT pulse to change in output data. . 

!2For full scale step input, 8-bit accuracy attained in specified time. AD9048KQ | Oto + 70°C Q-28 

Recovers to 8-bit accuracy in specified time after — 3V input overvoltage. AD9048SE* | —55°Cto + 125°C E-28A 
Output time skew includes high-to-low and low-to-high transitions as well as bit-to-bit time skew differences. AD9048TE2 ~ 55°C to + 125°C E-28A 

'5 Measured at 20MHz encode rate with analog input 1dB below full scale. é - 

'6Measured at 35 MHz encode rate with analog input 14B below full scale. AD9048SQ’ | —55°Cto +125°C | Q-28 

!7RMS signal to rms noise. AD9048TQ? | —55°C to + 125°C 


'Peak signal to rms noise. . 
'°DC to 8MHz noise bandwidth with 1.248MHz slot; four sigma loading; 20MHz encode. 
°Clock frequency = 4 x NTSC = 14.32MHz. Measured with 40-IRE modulated ramp. 


Specifications subject to change without notice. 


NOTES 

1— = Leadless Ceramic Chip Carrier; J = J-Leaded Ceramic; 
Q = Cerdip. For outline information see Package 
Information section. 

2For specifications, refer to Analog Devices Military Products 
Databook. 


EXPLANATION OF TEST LEVELS 


Test LevelI -— 100% production tested. Test Level V — Parameter isa typical value only. 
Test Level II — 100% production tested at + 25°C and Test Level VI — All devices are 100% production tested at 
sample tested at specified temperatures. 25°C. 100% production tested at temperature 
Test Level III -— Sample tested only. extremes for military temperature devices; 
Test LevelIV -— Parameter is guaranteed by design and sample tested at temperature extremes for 
characterization testing. commercial/industrial devices. 
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ANALOG st = _ 
DEVICES 10-Bit 40 MSPS ADC 


ADS050 


FEATURES | FUNCTIONAL BLOCK DIAGRAM | 
Low Power: 300 mW - 
On-Chip T/H, Reference ENCODE 


Single +5 V Power Supply Operation 
Selectable 5 V/3 V Outputs 
Wide Dynamic Performance 


APPLICATIONS 

Medical Imaging 
Instrumentation 

Digital Communications 
Professional Video 


GENERAL DESCRIPTION 
The AD9050 is a complete 10-bit monolithic sampling analog- 
to-digital converter (ADC) with on-board track-and-hold and 
reference. The unit is designed for low cost, high perform 
applications and requires only +5 V and an encode 
achieve 40 Msps sample rates with 10-bit resolution 
Do (LSB) 
D1 


The encode clock is TTL compatible and the digital outputs“are © . 
5 V/3 V, selected by the user. The two-step architecture used 1% 
the AD9050 is optimized to provide the best dynamic perfor- 
mance available while maintaining low power requirements. 


D2 


The 2.5 V reference is included on-board, or the user can pro- 
vide an external reference voltage for gain control, or matching 
of multiple devices. Fabricated on an advanced BiCMOS pro- 
cess, the AD9050 is packaged in space saving surface mount GND 


~ AD9050 


packages and will be specified over the commercial (0°C to TOP VIEW 
2 Vp (Not to Scale) GND 
+85°C) temperature range. | | 
AIN -Vpp 
AIN DS 
Vp D6 
GND D7 
ENCODE D8 
OR D9 (MSB) 


This is a preliminary data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
- Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. | 


2-458 ANALOG-TO-DIGITAL CONVERTERS | | REV. 0 


SPECIFICATIONS —-AD9050 
ELECTRI CAL CHARACTERISTICS (Vp, Voo-= +5 V; internal reference; ENCODE = 40 Msps unless otherwise noted) — 


Test AD9050JRIJJ 
Parameter Temp Level Min Typ Max Units 


RESOLUTION Bits 
DC ACCURACY 
Differential Nonlinearity LSB 
LSB 
Integral Nonlinearity LSB 
LSB 
No Missing Codes 
Gain Error % FS 
% FS 
Gain Tempco ppm/°C 
ANALOG INPUT 
Input Voltage Range V p-p 
Input Offset Voltage mV 
mV 
Input Bias Current pA 
pA 
Input Resistance kQ 
Input Capacitance pF 
Analog Bandwidth MHz 
BANDGAP REFERENCE 
Output Voltage V 
Temperature Coefficient ppm/°C 
SWITCHING PERFORMANCE 
Maximum Conversion Rate Msps 
Minimum Conversion Rate Msps 
Aperture Delay (ta) ns 
Aperture Uncertainty (Jitter) ps, rms 
Output Propagation Delay (tpp) ns 
ns 
DYNAMIC PERFORMANCE 
Transient Response ns 
Overvoltage Recovery Time ns 
Signal-to-Noise Ratio (SINAD) 
fin = 2.3 MHz dB 
fin = 10.3 MHz dB 
Signal-to-Noise Ratio 
(Without Harmonics) 
fin = 2.3 MHz dB 
fin = 10.3 MHz dB 
2nd Harmonic Distortion : 
fin = 2.3 MHz dBc 
fin = 10.3 MHz dBc. 
3rd Harmonic Distortion 
fin = 2.3 MHz dBc 
fin = 10.3 MHz ; dBc 
~ Two-Tone Intermodulation © 
-.. Distortion IMD) _ dBc 
_ Differential Phase Degrees 
_ Differential.Gain % 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 


REV. 0 _ ANALOG-TO-DIGITAL CONVERTERS 2-459 


Paha t 


AD9050-SPEC | Fl CATI ONS ee a iu ie ere ae 


t 
7 


Parameter 


ENCODE INPUT 
Logic “1” Voltage 
Logic “0” Voltage 
Logic “1” Current 
Logic “0” Current 
Input Capacitance 
Encode Pulse Width High (tg) 
Encode Pulse Width Low (tg) 


DIGITAL OUTPUTS 
Logic “1” Voltage 
Logic “0” Voltage 
Logic “1” Voltage (3.0 V): 
Logic “0” Voltage (3.0 V) 
Output Coding 


POWER SUPPLY 
Vp; Vpp Supply Current 
Power. Dissipation 
Power Supply Rejection Ratio 
(PSRR) 


Specifications subject to change without notice. 


EXPLANATION OF TEST LEVELS | 


Test Level 
I —- 100% Production Tested 
III —- Sample Tested Only. 
IV - Parameter is guaranteed by design and characterization 
- testing. 
V  —- Parameter is a typical value only. AeiEs 
VI —- All devices are 100% production tested at +25°C, 


100% production tested at temperature extremes for 
military temperature devices; guaranteed by design and 


characterization testing for industrial devices. 
ABSOLUTE MAXIMUM RATINGS _ 
Digital Inputs ...............00. 


VREF Input Psa Keenk ROM eRe aoe rete es 
Digital Output Current ........ 


Operating Temperature 


ADSOS0I BR: 4 oc eshe-cuiteaawaes | 
Storage Temperature ........... 


CAUTION 


ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. Although 
the AD9050 features proprietary ESD protection circuitry, permanent damage may occur on 
devices’ subjected to high energy electrostatic discharges. Therefore, proper ESD precautions are 
recommended to avoid performance degradation or loss of functionality. 


-... 0.5 Vt0 Vp + 0.5 V 
eee ee —0.5 V to Vp 
ee a ee —0.5 V to Vp 
ee eee 20 mA 


~ AD90SOJRIT 
Typ | 


4.95 


2.95 


Offset . Binary 


ENCODE 


TTT 


Figure 1. Typical Connections 


WARNING! |< 


ESD SENSITIVE DEVICE 


mV/V. 


This information applies to a product under development. ‘Its characteristics and specifica.ions are subject’ to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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REV. 0 


ANALOG Dual 8-Bit 50 MSPS 
DEVICES _ ~ MOD Converter 


FEATURES FUNCTIONAL BLOCK DIAGRAM | 
Two Matched ADCs on Single Chip 
50 MSPS Conversion Speed 
On-Board Voltage Reference 

‘Low Power (<1W) 

Low Input Capacitance (10 pF) 

+5 V Power Supplies | 

Flexible Input Range 


APPLICATIONS . 

Quadrature Demodulation for Communications 
Digital Oscilloscopes 

Electronic Warfare 

Radar | 


AD9058 
+V 


REF 


ENCODE 


DIGITAL 


co AW CONVERTER 


{ 


ENCODE 


GENERAL DESCRIPTION 7 , 
The AD9058 combines two independent high performance 8-bit 
analog-to-digital converters (ADCs) on a single monolithic IC. 
Combined with an optional on-board voltage reference, the 
AD9058 provides a cost effective alternative for systems requir- 
ing two or more ADCs. 


An 


TO- 
DIGITAL 
é CONVERTER 


, Loom 


Dynamic performance (SNR, ENOB) is optimized to provide up 
to 50 MSPS conversion rates. The unique architecture results in 
low input capacitance while maintaining high performance and 
low power (<0.5 watt/channel). Digital inputs and outputs are 
TTL compatible. 


Performance has been optimized for an analog input of 2 V p-p . 

(+1 V; 0 to +2 V). Using the on-board +2 V voltage reference, . RF 
the AD9058 can be set up for unipolar positive operation (0 to 3 : 
+2 V). This internal voltage reference can drive both ADCs. 


Commercial (0°C to +70°C) and military (—55°C to +125°C) 
temperature range parts are available. Parts are supplied in her- 
metic 48-pin DIP and 44-pin “J” lead packages. 


4, 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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AD9058 — SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 


Analog Input ...............0006. 1. 5 Vto +2.5 V 
PV SBE Sd A OER ORS GARE SR ON 
OV ie eed aa ee ree +0.8 V to —6 V? 
Digital Inputs: Be ieteab a atte anal ae ceitatn at eee oe —0.5 V to +Vs 
Digital Output Current........ UMtyed sade arenes 20 mA — 
Voltage Reference Current ..... Ee oer errr ee 53 mA 
Vinge, 5th Se ean areew ot S-Di ee evant ee ws +2.5V 


[+V, 


es Seecek coaad! ae a ke 218° 
Operating Temperature Reige | | ae 
AD90S8JD/JJ/KD/KJ .. 0.0... ee ee ee 0°C to +70°C 
Maximum Junction Temperature* : 
AD9058JD/JJ/KD/KJ ...........00.000 ee . +175°C 
Storage Temperature Range ......... . . 765°C to + 150°C 
Lead Temperature (Soldering, 10 ‘sec) wee ene eee es $300°C 


ELECTRICAL CHARACTERISTICS i GROUND, nes arse sted F ki secticataes soon) Winther ol 6s we ASCE” 


Parameter (Conditions) 
RESOLUTION 


DC ACCURACY | 
Differential Nonlinearity 


Integral Nonlinearity 


No Missing Codes 


ANALOG INPUT _ 
Input Bias Current 


Input Resistance 
Input Capacitance 
Analog Bandwidth 


REFERENCE INPUT 
_ Reference Ladder Resistance _ 


Ladder Tempco 
Reference Ladder Offset 
(Top) . 
Reference Ladder Offset 
(Bottom) . 
Offset Drift Coefficient 


INTERNAL VOLTAGE REFERENCE 
Reference Voltage | 


Temperature Coefficient 
Power Supply os 
Rejection Ratio (PSRR) 

SWITCHING PERFORMANCE 
Maximum Conversion Rate* 
Aperture Delay (t,) 

_ Aperture Delay Matching 
Aperture Uncertainty (Jitter) 
Output Delay (Valid) (t,)* 
Output Delay (ty) Tempco 
Propagation Delay (tpp)* 
Propagation Delay (tpp) Tempco 
Output Time Skew 


ENCODE INPUT 
Logic “1” Voltage 
Logic “0” Voltage 
Logic “1” Current 
Logic “0” Current 
Input Capacitance 
Pulse Width (High) 
Pulse Width (Low) 
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Test AD9058JD/JJ 
anaes Level | Min Typ Max 


AD9058SKD/KJ | 
Min Typ Max | Units 


ae iaanoease «ine Bis 


0.5 


REV.A 


ADS058 


er oe AD9058JD/JJ AD9058KD/KJ 
Parameter (Conditions) Temp Level Min Typ Max Min Typ Max Units 
DYNAMIC PERFORMANCE : 
Transient Response ns 
Overvoltage Recovery Time ns 
Effective Number of Bits (ENOB)° 
Analog Input @ 2.3 MHz Bits 
@ 10.3 MHz Bits 
Signal-to-Noise Ratio” 
Analog Input @ 2.3 MHz dB 
@ 10.3 MHz dB 
Signal-to-Noise Ratio’ (Without Harmonics) 
Analog Input @ 2.3 MHz dB 
@ 10.3 MHz dB 
2nd Harmonic Distortion 
Analog Input @ 2.3 MHz dBc 
@ 10.3 MHz dBc 
3rd Harmonic Distortion 
Analog Input @ 2.3 MHz dBc 
@ 10.3 MHz dBc 
Crosstalk Rejection® dBc 
DIGITAL OUTPUTS 
Logic “1” Voltage (Ip5;; = 2 mA) Full VI 
Logic “0” Voltage (I5, = 2 mA) Full =| VI 
POWER SUPPLY’ 
+V, Supply Current Full VI 
—-V, Supply Current Full VI 
Power Dissipation Full VI 
NOTES 


‘Absolute maximum ratings are limiting values to be applied individually, and beyond which the serviceability of the circuit may be impaired. Functional 
operability is not necessarily implied. Exposure to absolute maximum rating conditions for an extended period of time may affect device reliability. 

For applications in which +V, may be applied before —Vs, or +V, current is not limited to 500 mA, a reverse biased clamping diode should be inserted 
between ground and —V, to prevent destructive latch up. See section entitled “Using the AD9058.” 

"Typical thermal impedances: 44-pin hermetic J-Leaded ceramic package: 0,, = 86.4°C/W; Vier = 24.9°C/W; 48-pin hermetic DIP 6;, = 40 °CIW 

Oc = 12°C/W. 

‘To achieve guaranteed conversion rate, connect each data output to ground through a 2 k() pull-down resistor. 

SSNR performance limits for the 48-pin DIP “D” package are 1 dB less than shown. ENOB limits are yer by 0.3 dB. SNR and ENOB measured with 
analog input signal 1 dB below full scale at specified frequency. 

Crosstalk rejection measured with full-scale signals of different frequencies (2.3 MHz and 3.5 MHz) applied to each channel. With both signals synchronously 
encoded at 40 MSPS, isolation of the undesired frequency is measured with an FFT. 

“Applies to both A/Ds and includes internal ladder dissipation. 


Specifications subject to change without notice. 


EXPLANATION OF TEST LEVELS ORDERING GUIDE 


Test Level Temperature 

I - 100% production tested. Range Description 

II - 100% production tested at +25°C, and sample tested at AD9058)] 0° to +70°C  [44-Pin J-Leaded 
specified temperatures. Corainict 

IIf - Sample tested only. : AD9058K]J 0°C to +70°C —*|44-Pin J-Leaded —‘|J-44 

IV — Parameter is guaranteed by design and characterization Ceramic, AC Tested 
testing. | AD9058TJ/883# | —55°C to +125°C| 44-Pin J-Leaded J-44 

V -— Parameter is a typical value only. Ceramic, AC Tested 

VI —- All devices are 100% production tested at +25°C. AD9058JD 0°C to +70°C 48-Pin Ceramic DIP | D-48 

- 100% production tested at temperature extremes for AD9058KD 0°C to +70°C 48-Pin Ceramic DIP, | D-48 

extended temperature devices; sample tested at tem- AC Tested 
perature extremes for commercial/industrial devices. AD9058TD/883# | —55°C to +125°C|48-Pin Ceramic DIP, | D-48 


AC Tested 
AD9058 Evaluation 
Board (J-Lead) 


-AD9058/PCB 0°C to +70°C 


_*D = Hermetic Ceramic DIP Package; J = Leaded Ceramic Package. For 
' outline information see Package Information section. 
tHermetically sealed ceramic package; footprint equivalent to PLCC. 
#For specifications, refer to Analog Devices Military Products Databook. | 
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AD9058 


PIN DESCRIPTIONS 


Ceramic DIP. 
Pin Number’. 


| A J-Lead 
’ Pin Number 
ADC-A ADC-B 


Function | + 
| Top of internal voltage reference ladder. 


3 +VreF 
4 GROUND | Analog ground return. 5 ~S 
5. 4] Positive 5 V analog supply. voltage. 16 2. 
6 40 - Analog input voltage. ~ 17 Be 
7 39 Negative 5 V supply voltage. 19 6 
8 38 Bottom of internal voltage reference ladder. | 20 3 
9 37 | Positive 5 V digital supply voltage. 22 3 
10 36 TTL compatible convert command. | 23. Qe 
1] 35 | Most significant bit of TTL digital output. 25 48° 
12-17 . 34-29 TTL compatible digital output bits. 26-31 47-42 
18 —«28 | DOC(LSB) | Least significant bit of TTL digital output. | 32 | 4d 
19 27 GROUND | Digital ground return. 21, 24, 33-1, 4, 40 
20 26 -Vs Negative 5 V supply voltage. 34 “39 
21 25 GROUND | Analog ground return. 35 38 
22 24 +V¢5 Positive 5 V analog supply voltage. 36 37 
COMMON PINS | | COMMON PINS 
] COMP | Connection for external (0.1 »F) 12 

| | compensation capacitor. 
2 Internal +2 V reference; can drive ee 


+ Vint 
+Veer for both ADCs. 


GROUND [1 asf) 0, (MSB) 


ENCODE [ De ; 
Vs D, 
GROUND dD, 
~Vrer D; 
39 “Ve, D. 
~V, “Vg . NC : 5 
~Vrer | ~Vaer _ ahaa . Ay “fl Dg (LSB) 
Ng +Vg . ws aes 
‘GROUND = 
ENCODE & 4 (7 ENCODE pao GROUND 7 
D, (MSB) AD9058 0, (wSB) comp +Vs 
Os TOP VIEW Dg 2 a: : Vint f +Vy 
Ds aba (Notto Scale) do, ee SU. Vee GROUND 
D, 0, "GROUND | Vg 
aN ‘GROUND 
a i ee pO ase) 
ss ROUND NC: p Os. . 
° a ; “Vs } Og 
~Vrer D; 
GROUND Dy. 
Vg . Ds 
ENCODE [ Dg 
GROUND 724 D, (MSB): 
NC. NO CONNECT NC = NO CONNECT 3 — 
AD9058JJ/KJ Pinouts ae AD9058JD/KD. Pinouts | *::.. 


AD9058 | 
POPs —Vper 
eee . . . : An : J 


oa vaeone Vv 


ENCODE ea sane 


*INDICATES EACH PIN IS CONNECTED THRU 2 kQ 
_* “INDICATES EACH PIN IS CONNECTED THROUGH 100 2 


AD9058 Equivalent Digital Outputs’ AD9058 Equivalent Encode Circuit AD9058 Burn-in Connections 
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ANALOG 10-Bit 75 MSPS 
DEVICES © ~ MD Converter 


AD9060 


FEATURES FUNCTIONAL BLOCK DIAGRAM 
Monolithic 10-Bit/75 MSPS Converter 
ECL Outputs — sine oe 


Bipolar (+1.75 V) Analog Input 

57 dB SNR @ 2.3 MHz Input 

Low (45 pF) Input Capacitance 
MIL-STD-883 Compliant Versions Available 


APPLICATIONS 

Digital Oscilloscopes 

Medical Imaging 

Professional Video 

Radar Warning/Guidance Systems 
Infrared Systems 


OVERFLOW OVERFLOW 
GENERAL DESCRIPTION 

The AD9060 A/D converter is a 10-bit monolithic converter ca- 
pable of word rates of 75 MSPS and above. Innovative architec- 
ture using 512 input comparators instead of the traditional 1024 
required by other flash converters reduces input capacitance and 
improves linearity. 


x» oa’trmresrFr> 89 €& 0A 


Inputs and outputs are ECL-compatible, which makes the 
AD9060 the recommended choice for systems with conversion 
rates >30 MSPS, to minimize system noise. An overflow bit is 
provided to indicate analog input signals greater than + Vcense-. 


omxrteas4 } Fr 


Voltage sense lines are provided to insure accurate driving of the 
+Veer voltages applied to the units. Quarter-point taps on the _ 
resistor ladder help optimize the integral linearity of the unit. 


Either 68-pin ceramic leaded (gull wing) packages or ceramic 
LCCs are available and are specifically designed for low thermal 
impedances. Two performance grades for temperatures of both 0 e 
to, +70°C and —55°C to +125°C ranges are offered to allow the Me Me GROUND 
user to select the linearity best suited for each application. Dy- 

namic performance is fully characterized and production tested 

at +25°C. MIL-STD-883 units are available. ORDERING GUIDE 


The AD9060 A/D converter is available in versions compliant 
Temperature . 
Range 


with MIL-STD-883. Refer to the Analog Devices Military 


Products Databook or current AD9060/883B data sheet for de- Device 

aa ace AD9060JZ | 0 to +70°C Z-68 
AD9060JE 0 to +70°C E-68A 
AD9060KZ 0 to +70°C Z-68 
AD9060KE 0 to +70°C E-68A 
AD9060SZ? —55°C to +125°C | Z-68 
AD9060SE? —55°C to +125°C | E-68A 
AD9060TZ? —55°C to +125°C | Z-68 
AD9060TE? —55°C to +125°C | E-68A | 
AD9060/PCB | 0 to +70°C Evaluation Board 
NOTES 


1E = Ceramic Leadless Chip Carrier; Z = Ceramic Leaded Chip Carrier. 
For outline information see Package Information section. 


For specifications, refer to Analog Devices Military Products Databook. 
This is an abridged data sheet. To obtain the most recent version or ia ONES PR eae Seed ey 


complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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ans060— -SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS! 34 cas Wiggs W4 pup Curent oo. ce fe esate ee E10 mAS 
Ve: x iuewatn aia ae ee ee ee ee eee +6V Digital Output Current «60+. 20+ e ee ee ee ee es  20:mA 
NG aiceacas chia Dtiog as bao won oe erent a —6V. Operating Temperature Wo | 
ANALOG IN . ae ee —2 v to+2V $AD9060JE/KE/JZ/KZ .......... 00 eee . 0 to +70°C 
Vcore. = Vaees 3/4ner, l/2pre W4enp .---. —2Vto+2V Storage Temperature .............0.- —65°C to +150°C_ 
+Vper tO —VRER eee ee eee ee eee eee ee +40 V Maximum Junction Temperature? .............. +175°C 


ENCODE, ENCODE ee ee ee te tate Sec 0 V to -Vs; Lead Soldering Temp (10 sec) ............25 .. - +300°C 


(4Vg = +5 Vj Ve = —5.2 Vi #Vecuse = £1.75 V; ENCODE = 60 MSPS 


ELECTRICAL CHARACTERISTICS : unless otherwise noted)? 


Test a i RE a 
Parameter (Conditions) a ane Max ‘Units 


RESOLUTION 


DC ACCURACY? 
Differential Nonlinearity 


Integral Nonlinearity | | ' : ~ 1.0 


No Missing Codes Guaranteed 


ANALOG INPUT 
Input Bias Current* 


Input Resistance | 
Input Capacitance* 
Analog Bandwidth 


REFERENCE INPUT 
Reference Ladder Resistance 


Ladder Tempco 
Reference Ladder Offset 
Top of Ladder 


. Bottom of Ladder 


Offset Drift Coefficient 


SWITCHING PERFORMANCE 
Conversion Rate 
Aperture Delay (t,) _ 
Aperture Uncertainty (Jitter) 
Output Delay (to,)° 


Output Rise Time 
Output Fall Time 
Output Time Skew? 

DYNAMIC PERFORMANCE 9 : | : 
Transient Response. . +25°C | V- 10 | 10 © ns 
Overvoltage Recovery Time — +25°C; |. V | 10 10 ns 
Effective Number of Bits (ENOB) |. | | | | 

fin = 2.3MHz | +25°C 87 ° 91 8.7 9.1 Bits 

fix = 10.3 MHz . {- +25°C IV 8.0 8.6 8.0 8.6 Bits 

fin = 29.3 MHz Bits 
Signal-to-Noise Ratio® - 

fin = 2.3 MHz dB 

fin = 10.3 MHz | 


fin 


= 29.3. MHz. 
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AD9060 


Test AD9060JE/JZ AD9060KE/KZ 
Parameter (Conditions) Temp Level Min Typ Max Min Typ Max Units 


DYNAMIC PERFORMANCE 
(CONTINUED) 
Signal-to-Noise Ratio® 

(Without Harmonics) 

fin = 2.3 MHz 

fin = 10.3 MHz 

fin = 29.3 MHz 
Harmonic Distortion 

fin = 2.3 MHz 

fin = 10.3 MHz 

fix = 29.3 MHz 
Two-Tone Intermodulation 

Distortion Rejection’ 
Differential Phase 
Differential Gain 


ENCODE INPUT 
Logic “1” Voltage 
Logic “0” Voltage 
Logic “1” Current 
Logic “0” Current 
Input Capacitance 
Pulse Width (High) 
Pulse Width (Low) 


DIGITAL OUTPUTS 
Logic “11” Voltage 
Logic “0” Voltage 

POWER SUPPLY 
+V, Supply Current 


—Vg, Supply Current 
Power Dissipation 


Power Supply Rejection 
Ratio (PSRR)® 


NOTES 

‘Absolute maximum ratings are limiting values to be applied individually, and beyond which the serviceability of the circuit may be impaired. Functional 
operability is not necessarily implied. Exposure to absolute maximum rating conditions for an extended period of time may affect device reliability. 
Typical thermal impedances (part soldered onto board): 68-pin leaded ceramic chip carrier: 8yc = °C/W; 8,4 = 17°C/W (no air flow); 6;, = 15°C/W 

(air flow = 500 LFM). 68-pin ceramic LCC: 6;, = 2.6°C/W; 8), = 15°C/W (no air flow); 0,4 = 13°C/W (air flow = 500 LFM). 

73/4erp, l/2per, and 1/4ppp reference ladder taps are driven from dc sources at +0.875 V, 0 V, and —0.875 V, respectively. Outputs terminated through 100 
to —2.0 V; C, < 4 pF. Accuracy of the overflow comparator is not tested and not included i in linearity specifications. 
4Measured with ANALOG IN = +Veensg- 

Output delay measured as worst-case time from 50% point of the rising edge of ENCODE to 50% point of the slowest rising or falling edge of D,-D,. Output 
skew measured as worst-case difference in output delay among D,-Dg. 
°RMS signal to rms noise with analog input signal 1 dB below full scale at specified frequency. 
7Intermodulation measured with analog input frequencies of 2.3 MHz and 3.0 MHz at 7 dB below full scale. 
®Measured as the ratio of the worst-case change in transition voltage of a single comparator for a 5% change in +V, or —Vsg. 


Specifications subject to change without notice. 


EXPLANATION OF TEST LEVELS 


Test Level 

I —- 100% production tested. V - Parameter is a typical value only. 

II - 100% production tested at +25°C, and ame tested at VI - All devices are 100% production tested at +25°C. 
specified temperatures. | , 100% production tested at temperature extremes for 

III - Sample tested only. | extended temperature devices; sample tested at temper- 

IV - Parameter is guaranteed by design and dharacterization ature extremes for commercial/industrial devices. 
testing. 
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Pin No. 


Oa,2 


2, 16, 28, 29, 35, 
41, 42, 54, 64 


3, 6, 15, 30, 33, 34, 
37, 40, 65, 68 


4, 5, 17, 18, 25, 27, 
31, 32, 36, 38, 39, 43, 
45, 52, 53, 66, 67 


a 
8, 9 
ll 


12 


| LSBs INVERT 


——j ANALOG IN © 


© [—) ANALOG IN 


are 
o 


AD9060 PIN DESCRIPTIONS 
Name Function . 
l/2REF Midpoint of internal reference ladder. 
-Vs Negative supply voltage; nominally —5.2 V +5%. 
+V5 Positive supply voltage; nominally +5 V +5%. 
GROUND All ground pins should be connected together and to low- 
impedance ground plane. 
3/4gEF Three-quarter point of internal reference ladder. 
ANALOG IN Analog input; nominally between +1.75 V. 
+VsensE Voltage sense line to most positive point os internal resistor 
sy ladder. Normally +1.75 V. | | 
+Verr Voltage force connection for top of internal reference ladder. 
| | Normally driven to provide +1. 75.V at +Veense:. | 
ENCODE | Differential ECL convert signal which starts digitizing process. 
ENCODE ECL-compatible convert : command used to besa digitizing ; 
process. 
D,.-D. ECL-compatible digital output data. | 
OVERFLOW ECL-compatible output indicating ANALOG IN > 
+ VsEnsE: 
—Varr | Voltage force connection for bottom of internal reference 


MSB INVERT | 


l/4nzr 


2-468 ANALOG-TO-DIGITAL CONVERTERS 


bd 

ec 

Aw 

_ > 

a 

OF FOV SOS ZOOM SOW 
FOOtITSTGGt1S2Z25 
| 61 


LSBs En 


TOP VIEW 


(Not to scale) OVERFLOW 


D, (MSB) 


ladder. Normally driven to provide —1.75 V at —Vsense. ° 
Voltage sense line to most negative point on internal resistor 
ladder. Normally —1.75 V. 


Normally grounded. When connected to +Ve, lower order 
bits (Do-Dg) are inverted. Not ECL-compatible. 


Normally grounded. When connected to +Vs, most — | 
significant bit (MSB; Dg) is inverted. Not ECL-compatible. 


One-quarter point of internal reference ladder. 
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DIGITAL-TO-ANALOG 


DIGITAL-TO-DIGITAL 


CONVERTERS CONVERTERS 


, a COMPLETE DACS TRUE 
SIGNAL SUPPLY 


STEREO ASYNCHRONOUS 
SAMPLE RATE 


CONVERTERS 
¢ No Output Amplifier | « With On-Chip Amplifier 
* No On-Chip Reference e With On-Chip Reference 


> 4Quad/ Multiplying ¢ Require Multiple Supplies 
| Without On-Chip Vagg | 


SPECIAL PURPOSE 
‘sHaseD (Ae 
° DDS Functions 
« Video Graphics DACs 
-— « Audio DACs 


+ LOGDACs (LOGDAC®) 


LOGDAC is a registered trademark of Analog Devices, Inc. -. 
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- SINGLE | 
8-Bit | 


AD7524 (8-Bit I/O) 


12-Bit | 


AD7943 (Serial, Fast I/O) © 
AD7945_ (Latched, Fast I/O) 
AD7948_ (8-Bit I/O, Fast I/O) 
DAC8043 (Serial) 


_. AD7538 (14-Bit I/O) 


NOTES we 
‘All are inverted R/2R ladders, except as noted. 
?R/B = Readback feature. | re 


‘Voltage switching ladder. 


Selection Trees — Digital-to-Analog Converters 


D/A CONVERTERS | 
LOW POWER: 


AD7528 (Not TTL @ +15 V) 
AD7628 (TTL @ +15 V) 


_ 12-Bit — 


_ AD7537 = (8-Bit I/O) 
AD7547_—(12-Bit I/O) 
DAC8221 (12-Bit I/O) 

~. DAC8222 (12-Bit I/O, R/B) 
DAC8248 (8-Bit I/O) 


QUAD 


8-Bit 
DAC8408 


12-Bit 


AD7564 (Serial) 


OCTAL 


8-Bit | 


DAC8800 (Serial)? 


AD7568 (Serial) _ 
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WITH 
_ ON-CHIP REFERENCE 


SINGLE 


AD7248A (8-Bit I/O) 


AD667 (12-Bit I/O) 
AD/767 (12-Bit I/O) 
AD7233 (Serial) 
AD7243. (Serial) 
AD7245A (12-Bit I/O) 
AD DAC80/85/87 


14-Bit 


AD7840 (14-Bit I/O) 


16-Bit 


AD420 (4-20 mA Output) 
AD766_ (Serial) 

AD660 (Serial) 

AD669 (16-Bit I/O) 
AD760_ (Self-Calibrating) 


COMPLETE VOLTAGE OUTPUT 
D/A CONVERTERS 


DUAL 

12-Bit 
AD7237A (8-Bit I/O) 
AD7247A (12-Bit I/O) 


AD7242 (Serial) © 
AD7249 (Serial) 


14-Bit 
AD7244 (Serial) 


QUAD 


8-Bit 

DAC8426 (8-Bit I/O) 
10-Bit 

AD7804 


AD7226 


WITHOUT 
ON-CHIP REFERENCE 


SINGLE 


AD7224 (8-Bit I/O) 


AD7845 (12-Bit I/O) 
DUAL 


DAC8229 (8-Bit I/O) 


16-Bit 
AD7846 (16-Bit I/O) 


AD7837 (8-Bit I/O) 
AD7847 (12-Bit I/O) 


QUAD 


(8-Bit I/O, 1 Veg Input) 


DAC8840 (Serial I/O) 


12-Bit 


AD664 (4/8/12-Bit I/O) 
AD75004 (12-Bit I/O) 


12-Bit 


DAC8412 (12-Bit I/O, Readback, Reset Midscale) 
DAC8413 (12-Bit I/O, Readback, Reset Zero Scale) 


OCTAL 


10-Bit 
AD7808 


DAC8420 (Serial) 


OCTAL 


DAC8840 (4 QM/Serial) 
DAC8842 (2 QOM/Serial) 
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Selection Trees — Digital-to-Analog Converters 


~ TRUE SINGLE 
SUPPLY 


: SINGLE | te QUAD 


AD557 (+5 V, 8-Bit1/O) ; DAC8228 (+12/15 V, 8-Bit I/O) | |. AD7225 (415 V, 8-Bit I/O, 4 Vepp) 


| =e AD 7226 (+15 V, 8-Bit I/O, 1 V 
AD558 (+5/15 V, 8-Bit I/O) = ". AD7237A (+15 V, 8-Bit I/O) » = 


ee AD7224 (+15 V, 8-Bit I/O) _ —. ADZ247A (+15 V, 12-Bit 1/O) 5 tr ae DAC8412 (12-Bi t 1/0)! i ? 
- | ip eee a  DAC8413 (12- Bit VOY 
‘Bit 7 : AD8582 (+5 V, Parallel) —— DAC8420 (45 Y, Serial) | 


—-AD7243 (412/15 V, Serial) 4 | . 
AD7248A (+12 V, 8-Bit I/O) Se | 
DAC8512 (+5 V, Serial) es #° _ OCTAL 
~DAC8562 (+5 V, Parallel) — | | i 
16-Bit. = % : | = ee... 
i os | , | | ~AD7228/AD7228A (+15 V, 8-Bit I/O) 
AD420 (+12/36 V, Serial, 4-20 mA) | . 3 | 
_AD7849 (45 V, Serial) 


16 CHANNEL 


-AD8600 45 V, 8-Bit Y O) 


NOTES 
‘Readback, reset to midscale 
2Readback, reset to zero scale 
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SPECIAL PURPOSE 


DACS 


FAST D/A 


SINGLE 
(BIPOLAR) | 


AD9701 (250 MSPS) 
AD9768 (20 ns) 
DAC08 (885 ns) 


10-Bit 


AD9720 (ECL) 
AD9721 (TTL, 10 ns) 


12-Bit 


AD9712B (ECL) : 
AD9713B (TTL, 30 ns) 
AD568 = (35. ns) 

AD668 (120 ns) . 
AD565A (350 ns w/ref) 
AD566A_ (350 ns) 
DAC312 (250 ns) — 


16-Bit 


Direct Digital 
_ | Synthesizers 32-Bit 


. AD7943 (Serial I/O, 300 ns) 
AD7945 (12-Bit I/O, 300 ns) 
AD7948 (8-Bit I/O, 300 ns) 


10-Bit 


AD7008 (50 MHz, 
On-Board 10-Bit D/A) 


AD9955 (85 MHz) 


AD569 (4 Quadrant Multiplying) 


~AD768 (35 MSPS, Low Glitch) 
- DACI6 (300ns)- xs 
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— Selection Trees — Digital-to-Analog Converters 


| SPECIAL PURPOSE 
DACS 


AUDIO 
FUNCTION 


~ LOGDACS | 


AD7111 | (0.375 dB Res) 
AD7I111A (0.375 dB Res) 


AD7112 (Dual AD7111A) 


Selection Guides—Digital-to-Analog Converters 
Single DACs, Voltage Output 


Settling 
Time Bus Reference 

oe Res pis Interface Volt Package Temp 

_ Model — Bits typ Bits! Int/Ext (M)” Options? Ranges* Comments Page> 
AD557 8 0.8 8, »P Int N, P Ce 4 Lowest Cost 8-Bit DACPORT®; Single +5 V Supply 3-24 
AD7569 8 1.0 8, wP Int E,N,P,Q,R  C,I, M/p CMOS, Complete 8-Bit DAC/ADC/SHA/Reference CII 8-7 
AD558 8 3.0 8, pP Int D, E, N, P C, M/, 10 V Out DACPORT, Single or Dual Supply 3-26 
AD7224 8 5.0 (max) 8, pP 2-12.5 V, Ext E,N,P,Q,R_  C,I, M/s CMOS, Low Cost 8-Bit DAC 3-107 
AD7848 12 25 12, pP Int (+3 V), Ext N, P,Q C, I - CMOS, Complete 12-Bit DAC with 8-Word FIFO CI 2-735 
AD7845 — 12 2.5 12, pP Ext (M) E,N,P,Q,R C,I, M/ CMOS, 12-Bit Multiplying DAC with Output Amplifier 3-213 
AD667 12- 3.0 4/8/12, pP 10 V, Int D, E, N, P C,1, M/p, Highest Accuracy Complete 12-Bit DAC 3-59 
AD767 12 3.0 12, pP 10 V, Int D, N C,1I, M/ps Fastest Interface Complete 12-Bit DAC 3-86 
AD DAC80/85/87_ 12 3 12 Int (6.3 V), Ext D,N C,I,M General Purpose 12-Bit DAC . 3-285 
AD7233 12 10 (max) _— Serial, pP Int N I Smallest 12-Bit Serial DACPORT (8-Pin) 3-123 
. Bipolar +5 V Output Range 
AD7243 12 10 (max) _—_ Serial Int (+5 V), Ext N, Q, R I, M/p Low Cost 12-Bit Serial DACPORT in 16-Pin SOP 3-137 
AD7245A 12 10 (max) 12, pP 5 V, Int E,N,P,Q,R C,I, M/, Faster Interface, 12 V and 15 V AD7245 3-141 
AD7248A 12: 10 (max) 8, pP 5 V, Int N, P, Q,R C, I, M/y Faster Interface, 12 V and 15 V AD7248 3-141 
DAC8512 12 16 Serial, »P Int : N,R I _ 5 Volt Supply, Complete 12-Bit DAC, Serial Input 3-356 
DAC8562 12 16 12, pP Int (2.5 V) N,R I,M.. 5 Volt Supply, Complete 12-Bit DAC, Parallel Input 3-375 
AD7840 14 2.0 14/Serial, »P Int (+3 V), Ext N, P, Q C, I, M/p CMOS, 14-Bit Complete DAC, Parallel or Serial Load 3-209 
AD7849 14/16 7 (max) Serial, »P Ext (M) N, Q, R ILM. High Accuracy Multiplying DAC, Serial Input 3-221 
AD766 16 1.5 Serial, pP Int D,N C,1I,M Zero-Chip Interface 16-Bit DSP DACPORT 3-83 
AD1851 16 1.5 Serial, wP Int N,R C 16-Bit, 16 X Fy, PCM Audio DAC CI 2-173 
AD760 16 8 8/Serial, pP Int (+10 V), Ext N, P,Q I,M 16-Bit Self-Calibrating High Accuracy DACPORT 3-71 
AD569 16. 3.0 8/16, pP +5 V, Ext (M) D,N I, M _ Monolithic, 16-Bit Monotonic DAC 3-38 
AD7846 16 6 16, pP Ext (M) D, E, N, P C, I, M/y CMOS, 16-Bit Multiplying DAC with Readback 3-217 

. Capability 

AD660 16 8 Serial, 8 10 V, Int N,Q, R I,M Monolithic, Complete Serial/Byte I/P 16-Bit DAC 3-42 
AD669 16 8. 16, pP 10 V, Int N,Q,R I,M Monolithic, Complete 16-Bit DAC 3-67 
AD1861 18 1.5 Serial Int N,R C 18-Bit, 16 x Fy PCM Audio DAC CI 2-173 
AD1139 18 40 18, pP -10 V, Int D C True 18-Bit Accuracy CI 2-167 
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‘This column lists the data format for the bus with “wP” indicating microprocessor capability—i.e., for a 12-bit converter 8/12, .P indicates that the data can be formatted for an 8-bit bus or can be in parallel (12 
bits) and is microprocessor compatible. . 

Ext indicates external reference with the range of voltages listed where applicable. Ext (M) indicates external reference with multiplying capability. Int indicates reference is internal. A voltage value is given if the 
reference is pinned out. 

3Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; J = J-Leaded Ceramic Package; 
M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline “SOIC” Package; RS = SSOP—Shrink Small Outline Package; S = Plastic 
Quad Flatpack; ST = Thin Quad Flatpack; T = TO-92; U = TSOP—Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In-Line “SIP” Package; Z = Ceramic Leaded Chip Carrier. 

“Temperature Ranges: C = Commercial, 0°C to +70°C; I = Industrial, —40°C to +85°C (Some older products —25°C to +85°C); M = Military, —55°C to +125°C. If a device has military grade offerings, the M 
temperature designator will be followed by: / to indicate 883B, ,; for JAN, , for SMD, and , for space level. 

°CI = Data Converter Reference Manual, Volume I; CIIl = Data Converter Reference Manual, Volume II. All other entries refer to this volume. 

Boldface type: data sheet information in this volume. * Sa 

DACPORT is a registered trademark of Analog Devices, Inc. 
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Conineins 


Ultrahigh Speed, ECL Compatible, 20 mA Output Current 
250 MSPS Video DAC | 
8-Bit High Speed Multiplying DAC : 

CMOS, Low Cost, 8-Bit Multiplying DAC with Latch 
Ultrahigh Speed, ECL Compatible, Low Power, 10 pV-s Glitch 


-Ultrahigh Speed, TTL Compatible, Low Power, 10 pV-s Glitch 


Industry Standard 10-Bit DAC, JAN Part-Available - 
10-Bit Current Output DAC 


‘COMDAC Companding DAC (U-255. Law) 


CMOS, Low Cost, 10-Bit Multiplying DAC 


-ECL Compatible, 25 pV-s Glitch, 0.5 LSB DNL Typ. 


TTL Compatible, 25 pV-s Glitch, 0.5 LSB DNL Typ 
Highest Accuracy 12-Bit Ultrahigh Speed DAC. 
Multiplying 12-Bit Ultrahigh Speed DAC 


Industry Workhorse High Speed, JAN Part: Available = 
_8-Pin DIP Serial Input 12-Bit CMOS siesta adios oe 


CMOS, Nibble Load 12-Bit Multiplying DAC . 

Low Cost, High Speed 12-Bit Multiplying DAC. a2 

High Speed DAC 

CMOS, Serial Load 12- Bit Mulapiviie DAC 
CMOS, Serial Load 12-Bit Multiplying DAC, Daisy Chain 
3 to 5 Volt Supply Multiplying DAC, Serial - 


3 to 5 Volt Supply Multiplying DAC, 12-Bit Bus 


3 to 5 Volt Supply Multiplying DAC, 8-Bit Bus’ 

CMOS, 12-Bit Multiplying DAC - 

12-Bit CMOS DAC with Memory and Readback aed 
CMOS, Byte Load 12-Bit DAC, Single or Dual Supply . 
Industry Standard, JAN Part Available 

Industry Standard 

CMOS, Improved AD7545_ 

CMOS, Byte Load 

CMOS, Parallel or Byte Load 

CMOS, Parallel or Byte Load, Bipolar Output 

CMOS, Parallel Load 


LL-€E SYFILYAANOD DOTVNV-OL-TVLIDIC 


Settling 


Time Bus Reference 
Res ws Interface Volt Package Temp ; 
_-Model. Bits typ Bits’ Int/Ext (M)’ Options® Ranges‘ Comments Page> 
- AD768 16 0.025 16, pP Int (+2.5 V) R I 32 MSPS, 16-Bit, Low Glitch for Waveform Synthesis 3-89 
~ADI1851 16 | es Serial Int N,R C 16-Bit 16 X Fy PCM Audio DAC CI 2-173 
DACI16 16 0.5 16 Ext (M) D,E,N,R I, M 16-Bit High Speed Multiplying DAC 3-293 
AD420 16 2500 Serial Int (+5 V), Ext N,R I Complete Digital to 4-20 mA Loop Controller 3~15 
AD1861 18 1.5 Serial Int N,R C 18-Bit 16 x F; PCM Audio DAC CI 2-173 
AD1862 ~=—.20 0.35 Serial Int N C 20-Bit Audio DAC CI 2-203 


'This column lists the data format for the bus with “jP” indicating microprocessor capability—i.e., for a 12-bit converter 8/12, .P indicates that the data can be formatted for an 8-bit bus or can be in parallel 
(12 bits) and is microprocessor compatible. 

Ext indicates external reference with the range of voltages listed where applicable. Ext (M) indicates external reference with multiplying capability. Int indicates reference is internal. A voltage value is given if the 
reference is pinned out. _ 

3Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; J = J-Leaded Ceramic Package; 
M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline “SOIC” Package; RS = SSOP—Shrink Small Outline Package; S = Plastic 
Quad Flatpack; ST = Thin Quad Flatpack; T = TO-92; U = TSOP—Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In-Line “SIP” Package; Z = Ceramic Leaded Chip Carrier. 

“Temperature Ranges: C = Commercial, 0°C to +70°C; I = Industrial, —40°C to +85°C (Some older products —25°C to +85°C); M = Military, —55°C to +125°C. If a device has military grade offerings, the M 
temperature designator will be followed by: / to indicate 883B, , for JAN, » for SMD, and , for space level. 

°CI = Data Converter Reference Manual, Volume I; D = Data Sheet. All other entries refer to this volume. 

Boldface Type: Data sheet information in this volume. 


SYALYANNOD DOTVNV-OL-TVLIDIG ZL-€ 


Selection Guides — Digital-to-Analog Converters 
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Model 
AD7669 


AD8600 
DAC8229 


AD7769 


DAC8426 


 PM7226A_— 


AD7226 


AD7225_ 


DAC8800 
DAC8840 _ 


DAC8841 


AD7228A 


DAC8228 
AD8842 
AD75004 


AD7242 
AD390. 
AD7249 
AD7837 
AD7847 
DAC8412 


DAC8413 


DAC8420 


— AD75089 
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Bits 


Settling 
Time 
Ms typ 
1.0 


5.0 (max) 


5.0 (max) 


Bus 


Interface 


Bits! 
8, wP 


8, pP 
8, pP 


8, wP 
8, pP 
8, wP 


8, pP 


8, eR 


. °8, Serial 
- Serial 


Serial 
8, pP 
8, pP 
Serial, pP 
8, pP 


Serial, »P 
12, pP 


Serial, pP 


8, wP 
12, pP 


; 12, pP 


(12, pP 


Serial 


12 


Reference 
Voltage 
Int/Ext’ 


Int 


Ext, 2.5 V 
Ext (M) 


Ext 


10 V, Int 


Ext (M) 


2-12.5 V, Ext — 


2-12.5 V, Ext | 


DC, Ext 
Ext (M) 


Ext (M) 
2-10 V, Ext 
Ext (M) 
Ext (M) 
5 V, Int 


3 V, Int | 
10 V, Int 


Int (+5 V), Ext . 


Ext (M) 
Ext (M) 


Ext 


Ext 


5 V; Int 


& 0 N 
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C, I, M/p 


C, I, M/ 
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Comments 


CMOS, Complete 8-Bit Dual 
DAC/ADC/SHA/Reference 

16-Channel, 8-Bit Multiplying DAC 
CMOS, Single or Dual Supply 
Operation 

CMOS, Complete 8-Bit Dual DAC/ 
2-Channel ADC 

CMOS, Complete with 10 V Reference, 
Improved Timing 

CMOS, Improved Timing, Specified 
for +5 V to +15 V Operation 

CMOS, No User Trims, Specified 
with Single or Dual Supplies 

CMOS, Separate References for 

Each DAC 

Octal 8-Bit CMOS DAC (TrimDAC®) 
CMOS, Four-Quadrant Multiplying. 
TrimDACs with Op Amps, 8 Channel 
Octal 8-Bit, Two Quadrant, Multiplying 


- TrimDAC, +5 V Operation 


CMOS, Specified for Single or Dual 
Supply, 5 V to 15 V Skinny 24-Pin SOP/DIP 


_ Dual 8-Bit Multiplying DAC 


Octal 8-Bit Multiplying TrimDAC 
Fastest Quad 12-Bit Voltage Output 


_ DACPORT 


Complete +5 V 12-Bit Dual DAC 

Double Buffered, Simultaneous Update 
Complete 12-Bit. Dual DAC, Serial Input _ 
CMOS, MDAC, Byte Load, Double Buffered 


CMOS, MDAC, Parallel Load 


Readback, Reset to Midscale, Low Power 
Quad DAC, +5 V to +15 V Operation 
Equivalent to DAC8412 with Reset to 

Zero Scale 

BiCMOS, Equivalent to 8412/8413 with Serial 
Interface in 16-Pin Package 

Monolithic Octal 12-Bit Voltage Output 
DACPORT 


Page? 


CIl 8-7 


3-253 
3-322 


CII 8-27 


3-352 


CI 2-303 


3-115 
3-111 


3-390 


3-393 


— ch2-1131- 


3-119 


3-318 
3-257 | 


12-777 | 
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Settling - Bus Reference 


. Res Time Interface Voltage # of Package Temp : 
Model Bits ys typ Bits! Int/Ext” DACs _ _ Options® Ranges* Comments Page” 
AD7237A = 12 10 (max) 8, pP Int (+5 V), Ext 2 N,Q, R ~ CI CMOS, Complete 12-Bit Dual DAC, 3—127 
. 12 V-15 V Supplies 
AD7247A 12 10 (max) 12, pP Int (+5 V), Ext 2 N,Q, R C,I Same as AD7237A, Except 8+4 Interface 3-127 
AD8522 12 16 Serial, pP = Int (+2.5 V) . "2 N,R I Complete 12-Bit Dual DAC, 5 V Supply, 3-241 
: Serial 
~ AD8582 12 16 12, pP Int (+2.5 V) Z N,R I Complete 12-Bit Dual DAC, 5 V Supply, 3-245 
Parallel 
AD664 12 10 12, pP Ext (M) 4 D, E, N, P C, I, M/p Readback, Reset, Low Power Quad DAC 3—+54 
AD394 12 10 12, wP Ext (M) 4 D C, M/, Four Independent Reference Inputs, CI 2-31 
- Bipolar Outputs : 

AD7244 14 2 Serial, »P +3 V, Int 2 N,Q,R C, I, M Complete +5 V 14-Bit Dual DAC 3-107 
AD1866 16 1.5 Serial Int 2 N,R I Dual 16-Bit Audio DAC, +5 V Single Supply CI 2-235 
AD1865 18 1.5 Serial Int 2 N,R C Dual 18-Bit, 16 x Fy PCM Audio DAC CI 2-225 
AD1868 18 1.5 Serial Int Zz N,R C Dual 18-Bit Audio DAC, +5 V Single Supply CI 2-237 


1This column lists the data format for the bus with “.P” indicating microprocessor capability—i.e., for a 12-bit converter 8/12, .P indicates that the data can be formatted for an 8-bit bus or can be in parallel (12 
bits) and is microprocessor compatible. 

?Ext indicates external reference with the range of voltages listed where applicable. Ext (M) indicates external reference with multiplying capability. Int indicates reference is internal. A voltage value is given if the 
reference is pinned out. 

3Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = G-rainic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; J = J-Leaded Ceramic Package; 
M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline “SOIC” Package; RS = SSOP—Shrink Small Outline Package; § = Plastic 
Quad Flatpack; ST = Thin Quad Flatpack; T = TO-92; U = TSOP—Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In-Line “SIP” Package; Z = Ceramic Leaded Chip Carrier. 

“Temperature Ranges: C = Commercial, 0°C to +70°C; I = Industrial, —40°C to +85°C (Some older products —25°C to +85°C); M = Military, —55°C to +125°C. If a device has military grade offerings, the M 
temperature designator will be followed by: / to indicate 883B, ; for JAN, » for SMD, and , for space level. 

°CI = Data Converter Reference Manual, Volume I; CII = Data Converter Reference Manual, Voliene IT. All other entries refer to this volume. 

Boldface type: Data sheet information in this volume. 

TrimDAC is a registered trademark of Analog Devices, Inc. 
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Settling Bus Reference 
Res Time Interface Voltage # of Package Temp 
Model © Bits ps typ Bits! Int/Ext? DACs Options? Ranges‘ Comments Page” 
AD7528 | 8 0.18 8, pP Ext (M) 2 E, N, P,Q, R C, I, M/, CMOS, +5 V to +15 V Operation, TTL 3~163 
| Compatible at Vjpjy = +5 V 
DAC8408 = 8 0.19 . 8, pP Ext (M) 4 N, P,Q, R C, I, M/, CMOS, Data Readback Memory Function, 3-329 
Separate Vrrr 
PM7628 8 0.20 8, »P Ext (M) 2: E, N, P, Q,R I, M/ CMOS, +5 V or +15 V Operation, CI 2-665 
: Improved Timing 
AD7628 8 0.35 8, pP Ext (M) 2 E, N, P, Q; R C, I, M/ CMOS, +12 V to +15 V Operation, TTL 3-191 
? Compatible at Vj, = 12 Vto 15 V 
DAC8221 12. 0.45 12,pP Ext (M) 2 E, N,Q, R C, I, M/ps CMOS, Buffered Inputs, +5 V Operation 3-311 
AD7568 | 12 0.2 Serial, »P = Ext (M) 8 P,S Single +5 V Supply, Separate References, 3-185 
. oe - oo ere | . Stee 44-Pin PQFP and PLCC - 
AD7564 | 12 0.5 Serial, pP. Ext (M) 4: - NR I — Quad 12-Bit Multiplying DAC, 5 V Supply 3-177 
DAC8222 - 12 1.0 (max) 12, pP . Ext (M) 2 ~ ELN,Q,R C, I, M/ps CMOS, Double Buffered Inputs, Parallel Load - 3-315. . 
: DAC8248 | 12 1.0 (max) 8, pP > Ext(M) = 2 N,Q, R- C,1,M/ ~~ CMOS, Double Buffered Inputs, Byte Load ~~ 3-325 -5 
AD7537 | 12 1.5 (max) 8, pP .. Ext(M) 2 E,N,P,Q,R  C,I,M/y ~~ CMOS, Byte Load, Double Buffered: —e * 3-167 
AD7547 2. 1.5 (max) 12, pP ~ Ext (M)~ 2 E, N, P, Q, R C, I, M/p CMOS, Parallel Load 3-167 
AD7549-. 12. 1:5(max) 4,pP . = Ext(M)... 2-. - E,N, P,.Q C, I, M/, CMOS, Nibble Load, Double Buffered — CI 2-629 . 
PDE RORS 18 os Serial, »P _—_Int 2 N C Dual 18-Bit, 16 x Fy, PCM Audio DAC CI 2-225 
LOGDAGS® : 
Res Full-Scale Accuracy Package Temp . : 
Model dB Range dB dB Options® Ranges’ Comments Page>. 
-AD7111 —0.375—88.5 0.17 E,N,Q,R C, 1, M/ Low Distortion - | 3-93 
AD7111A 0.375. 88.5 0.17 N,R I Low Glitch, Pin Compatible v with AD7524 3-93 
AD7112 0.375 88.5 0.17 N,R I Low Glitch, Pin Compatible with AD7528 399 
AD7118 — 1.5 88.5 0.35 E,N,P,Q,R C,I,M/ CMOS. CI 2-253 


This er lists the data jiniak for the bus shih “uP” iviicadng microprocessor capability —i.e., for a 12-bit converter 8/12, wP indicates that the data can be anneal for : an 8- bit bus or can be in ‘ealiel (12 


- bits) and is microprocessor compatible. 


2Ext indicates external reference with the range of voltages listed where applicable. a (M) indicates external reference wiels multiplying capability. Int indicates reference i is interial. A voltage value i is given if the 
reference is pinned out. 

3Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = Geaents Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; J = J-Leaded Ceramic Package; 

M =-Hermetic Metal Can DIP:'N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline “SOIC” Package; RS = SSOP—Shrink Small Outline Package; S. = Plastic 
Quad Flatpack; ST = Thin Quad Flatpack; T = TO-92; U = TSOP—Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In-Line “SIP” Package; Z = Ceramic Leaded Chip Carrier. 


| 4Temperature Ranges: C = Commercial, 0°C to +70°C; I = Industrial, —40°C to +85°C (Some older’ products —25°C to +85°C); M = Military, —55°C to + 125°C. Ifa device has military grade offerings, the M _ 


temperature designator will be followed by: / to indicate 883B,’ yf for JAN, , for SMD,.and , for space level. 
SCI = Data Converter Reference Manual, Volume I. All other entriés‘ refer to this volume. 

Boldface Type: Data sheet information in this volume. : 

LOGDAC is a registered trademark of Analog Devices, Inc. 
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DEVICES 


AD420 


FEATURES 

4-20 mA, 0-20 mA or 0-24 mA Current Output 
16-Bit Resolution and Monotonicity 
+0.012% max Integral Nonlinearity 

+0.05% max Offset (Trimmable) 

+0.15% max Total Output Error (Trimmable) 
Flexible Serial Digital Interface (3.3 Mbps) 
On-Chip Loop Fault Detection 

On-Chip 5 V Reference (25 ppm/°C max) 
Asynchronous CLEAR Function 

Power Supply Range of 12 V-36 V 

Output Loop Compliance of 0 V—33.5 vo 
24-Pin SOIC and PDIP Packages 


PRODUCT DESCRIPTION 

The AD420 is a complete digital to current loop output con- 
verter, designed to meet the needs of the industrial control mar- 
ket. It provides a high precision, fully integrated, low cost 
single-chip solution for generating current loop signals, in a 
compact 24-pin SOIC or PDIP package. 


The output current range can be programmed to 4-20 mA, 
0-20 mA or an overrange function of 0-24 mA. The AD420 can 
alternatively provide a voltage output from a separate pin that 
can be configured to provide 0 V-5 V, 0 V-10 V, +5 V or 

+10 V with the addition of a single external buffer amplifier. 


The 3.3M Baud serial input logic design minimizes the cost of 
galvanic isolation and allows for simple connection to commonly 
used microprocessors. It can be used in three-wire or asynchro- 
nous mode and a serial-out pin is provided to allow daisy chain- 
ing of multiple DACs on the current loop side of the isolation 
barrier. 


The AD420 uses sigma-delta (2A) DAC technology to achieve 
16-bit monotonicity at very low cost. Full-scale settling to 0.1% 
occurs within 3 ms. The only external components that are 
required (in addition to normal transient protection circuitry) 
are three low cost capacitors which are used in the DAC output 
filter. 


If the AD420 is going to be used at extreme temperatures and 
supply voltages, an external output transistor can be used to 
minimize power dissipation on the chip via the “BOOST” pin. 


The FAULT DETECT pin signals when an open circuit occurs 
in the loop. The on-chip voltage reference can be used to supply 
a precision +5 V to external components in addition to the 
AD420 or, if the user désires temperature stability exceeding 

25 ppm/°C, an external precision reference such as the AD586 
can be used as the reference. 


The AD420 is available in a 24-pin SOIC and PDIP over the 
industrial temperature range of —40°C to +85°C. 


REV. 0 


Serial Input 16-Bit 
4—20 mA, 0-20 mA DAC 


FUNCTIONAL BLOCK DIAGRAM 


OFFSET TRIM CAP 1,2,3 GND 


PRODUCT HIGHLIGHTS 

1. The AD420 is a single chip solution for generating 4-20 mA 
or 0-20 mA signals at the “controller end” of the current 
loop. 


2. The AD420 operates on +12 V to +36 V errs with an 
output loop compliance of 0 V to Vgc - 2.5 V. 


3. The flexible serial input can be used in Three-Wire Mode 
with SPI* or MICROWIRE}F microcontrollers, or in Asyn- 
chronous Mode which minimizes the number of control sig- 
nals required. 


4. The Serial Data Out pin can be used to oe chain any num- 
ber of AD420s together in Three-Wire Mode. 


5. At Power-Up the AD420 initializes its output to the low end 
of the selected range. 


6. The AD420 has an asynchronous CLEAR pin which sends 


the output to the low end of the selected range (0 mA, 4mA, 
or 0 V). 


7. The AD420 BOOST pin accommodates an external transistor 
to off-load power dissipation from the chip. 


8. The offset of +0.05% and total output error of 0.15% can — 
be trimmed if desired, using two external potentiometers.” 


*SPI is a registered trademark of Motorola. 
tMICROWIRE is a registered trademark of National Semiconductor. 
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AD420—SPECIFICATIONS c, = outa Ye = +241, = 900 ses vi ot 


| AD420AN/AR | 
Parameter: 7 ‘Units 
RESOLUTION .. Bits 
ACCURACY! — 
Monotonicity ; Bits 
_ Integral Nonlinearity % 
Offset (0 mA or 4 mA) (T, = 425°C) % 
Offset Drift ppm/°C 
Total Output Error (20 mA or 24 mA) (Ta = = Tee) % 
Total Output Error Drift ppm/°C 
PSRR? A/V 
OUTPUT CHARACTERISTICS 
Operating Current Ranges mA 
mA 
: | mA 
Current Loop Voltage Compliance? Vv 
Output Voltage Range (Pin 17) _V 
~ Settling Time (to 0.1% of FS)* ms 
Output Impedance (Current Mode) MQ 
VOLTAGE REFERENCE > 
REF OUT 
Output Voltage (T, = = 72) V 
Drift ppm/°C 
Externally Available Current mA 
Short Circuit Current mA 
REFIN 
Resistance kQ 
Vi 
Output Voltage V 
Externally Available Current mA 
Short Circuit Current mA 
DIGITAL INPUTS _ 
Vir (Logic 1) Vv 
Tn (Vin = 5.0 V) — pA 
In Vin = 0V) | pA 
Data Input Rate (“3-Wire” Mode) Mbps 
Data Input Rate (“Asynchronous” Mode) kbps 
DIGITAL OUTPUTS 
FAULT DEFECT 
Von (10 kO Pull-Up Resistor to V,1) Vv 
Vor (10 kO Pull-Up Resistor to V;;) V 
Vor @ 2.5 mA Vv 
DATA OUT 
Vou (ow = —0.8 mA) V 
Vor Uo, = 1.6 mA) V 
POWER SUPPLY 
Operating Range Vcc V 
Quiescent Current mA | 
Quiescent Current (External V,;) mA » 


TEMPERATURE RANGE 
Specified Performance 


NOTES 

'Total Output Error includes Offset and Gain Error. Total Output Error and Offset Error are with respect to the Full- Scale Output and are measured with an > 
ideal +5 V reference. If the internal reference is used, the reference errors must be added to the Offset and Total Output Errors. 

2PSRR is measured by varying Vc, from 12 V to 36 V. 

>When Vgc is greater than 32 V the Minimum R, is 200 0. 

‘External capacitor selection must be as described in Figure 5. 


Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS* 


Veoto GND: isos ta meek odode ee Seas 36 V 
IOUT I@:GND 's.5.4:54, ie ha ee ee eee a Vec 
Digital Inputs toGND ............... -0.5 Vto+7V 


Digital Outputs to GND -0.5VtoV,, + 0.3 V 
V,z and REFOUT: Outputs safe for indefinite short to ground. 
Storage Temperature —65°C to + 150°C 


eee ee © © @ @ @ 


Lead Temperature (Soldering, 10 sec) ........... +300°C 
Thermal Impedance: 
SOIC (R) Package ............ 00008. O54 = 75°C/W 
PDIP (N) Package. ocean deka we Ree os By, = SO°C/W 


*Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any conditions above those indicated in the 
operational specification is not implied. Exposure to absolute maximum 
specifications for extended periods may affect device reliability. 


ORDERING GUIDE 
Temperature Package 


40°C to +85°C | 24-Pin Plastic DIP | N-24 
40°C to +85°C | 24-Pin SOIC 


*For outline information see Package Information section. 


AD420AN 
AD420AR 


PIN DESIGNATIONS 


TOP VIEW 
(Not to Scale) 


NC = NO CONNECT 


CAUTION 


ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the AD420 features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 


REV.0 


AD420 


REF OUT (14) 
REF IN (15) 

DATA OUT 
CLEAR 
LATCH (7) 
oe unger 
DATA IN (9) SOURCES 
RANGE FILTERING 


RANGE 
SELECT 2 


OFFSET TRIM CAP 1,2,3 


GND 


Figure 1. Functional Block Diagram 


Table I. Truth Table 


nx mM 


0-20 mA Range 
0-24 mA Range 


Inputs 
Range Range | 
CLEAR | Select 2 | Select 1 | Operation 
xX xX Normal Operation 
x Output at Bottom of Span 
0 0 V-5 V Range | 
0 4-20 mA Range 
1 
] 


—~ Oo — © 


I RAT RELL RES DUNE PEN INE 


WARNING! 


ESD SENSITIVE DEVICE 
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aD420 = 
‘Timing Requirements (hy = 40°C to +85°C, Veg = 


THREE-WIRE INT ERFACE 


DATA IN ; ‘WORD "N + 1" 


DATA OUT — 


Figure 2. nae Diagram for Three-Wire Interface 


Table Il. Timing Specification for. Three-Wire Interface 


Parameter. | 


Data Clock Period 


Data Clock Low Time ns min 
Data Clock High Time ns min 
Data Stable Width ns min 
Data Setup Time ns min 
Data Hold Time ns min 
Latch Delay Time ns min 
Latch Low Time ns min 
Latch High Time ns min 
Serial Output Delay Time ns max 


Clear Pulse Width 
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Parameter 


0 
- 
DATA IN EE A t 25 © EE 
<<. E ee - 
o a Qa ”, 


. / EXPANDED TIME VIEW BELOW 


‘CLOCK COUNTER STARTS HERE “om 4 SE. aed 
CONFIRM START BIT _ SAMPLEBIT15 


START BIT | Aaa 


~ EXPANDED TIME VIEW aa | 
tack a 
tact 2 J 
CLOCK \ 7 
tacn 
tapw 
paraw XP +S 


Figure 3. Timing Diagram for Asynchronous Interface 


Table III. Timing Specifications for Asynchronous Interface 


Asynchronous Clock Period. 
Asynchronous Clock Low Time. 
Asynchronous Clock High Time J 4 1: 
Data Stable Width (Critical Clock Edge) | tapw 
Data Setup Time (Critical Clock Edge) | 
Data Hold Time (Critical Clock Edge) | 
Clear Pulse Width : 


ASYNCHRONOUS INTERFACE 


Note in the timing diagram for Acpathicabus Mode operation 
each data word is “framed” by a START (0) bit and a STOP (1) 
bit. The data timing is with respect to the rising edge of the _ 
CLOCK at-the center of each bit cell. Bit cells.are 16 clocks ne 
long, and the first cell (the START bit) begins at the first’ clock | 


“ following the leading (falling) edge of the START bit. Thus the - 
~~ MSB (D15) is sampled 24-clock cycles after the beginning of the 


START bit, D14 is sampled at clock number 40, and so on. 


- During any “dead time” before writing the next word the 


DATA IN pin must remain at logic 1. 


The DAC output updates when the STOP bit is received. In the 
case of a “framing error” (the STOP bit sampled as a 0) the . 
AD420 will output a pulse at the DATA OUT pin one clock 
period wide during the clock period subsequent to sampling the 
STOP bit. The DAC output will not update if a “framing error” | 
is detected. | | : 
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AD420 


PIN DESCRIPTION 


Auxiliary buffered +4.5 V digital logic voltage. This pin is the internal supply 
voltage for the digital circuitry and can be used as a termination for pull-up 
resistors. An external +5 V power supply can be connected to V,,. It will override 
this buffered voltage, thus reducing the internal power dissipation. 

3 FAULT DETECT FAULT DETECT, connected to a pull-up resistor, is asserted low when the output 
current does not match the DAC’s programmed value. For example, in case the 


current loop is broken. 
4 RANGE SELECT 2 Selects the converters output operating range. One aurpiit voltage range and three 
5 RANGE SELECT 1 output current ranges are available. 


6 CLEAR Valid V,,; will unconditionally force the output to go to the minimum of its 

| programmed range. After CLEAR is removed the DAC output will remain at this — 

value. The data in the input register is unaffected. 

7 LATCH | In the three-wire interface mode a rising edge parallel loads the serial input register 
: data into the DAC. To use the asynchronous mode connect LATCH through a 

current limiting resistor to Vgc. 


8 CLOCK Data Clock Input. The clock period is equal to the input data bit rate in the 
three-wire interface mode and is 16 times the bit rate in asynchronous mode. 

9 DATA IN Serial Data Input. 

10 DATA OUT Serial Data Output. In the three-wire interface mode, this output can be asa for 


daisy chaining multiple AD420s. In the asynchronous mode a positive pulse will 
indicate a framing error after the stop-bit is received. 


11 | GND | Ground (Common). 
14 REF OUT +5 V Reference Output. 
15 REF IN Reference Input. 
16 OFFSET TRIM Offset Adjust. 
17 Vout Voltage Output. 
18 Iour Current Output. 
19 BOOST Connect to an external transistor to reduce the power cisipates 2 in the AD420° 
| output transistor, if desired. 
20 CAP 1 These pins are used for internal filtering. Connect capacitors between each of these 
21 CAP 2 pins and Vqc. Refer to the description of current output ‘operation. 
22 CAP 3 
23 Vec +12 V to +36 V Power. 
1, 12, 13, 24 | NC No Connection. No internal connections inside device. 


Type: AI = Analog Input, AO = Analog Output, DI = Digital Input, DO = Digital Output, P = Power | 
DEFINITIONS OF SPECIFICATIONS GAIN ERROR: Gain error is a measure of the output error 


RESOLUTION: For 16-bit resolution, 1 LSB = 0.0015% of the between an ideal DAC and the actual device output with all Is 
FSR. In the 4-20 mA range 1 LSB = 244 nA. | loaded after offset error has been adjusted out. 

INTEGRAL NONLINEARITY: Analog Devices defines inte- OFFSET ERROR: Offset error is the deviation of the output 
gral nonlinearity as the maximum deviation of the actual, current from its ideal value expressed as a percentage of the full- 
adjusted DAC output from the ideal analog output (a straight scale output with all 0s loaded in the DAC. 


line drawn from 0 to FS—1 LSB) for any bit combination. This DRIFT: Drift is the change in a parameter (such as gain an a 


is also referred to as relative accuracy. offset) over a specified temperature range. The drift temperature 
DIFFERENTIAL NONLINEARITY: Differential dealin coefficient, specified in ppm/°C, is calculated by measuring the 
is the measure of the change in the analog output, normalized to parameter at Ty, 25°C, and Tax and dividing the change in 
full scale, associated with an LSB change in the digital input the parameter by the corresponding temperature change. 


code. Monotonic behavior requires that the differential linearity CURRENT LOOP VOLTAGE COMPLIANCE: The voltage 
ner be greater than —1 LSB over the temperature range of compliance is the maximum voltage at the IOUT pin for which 
mere the output current will be equal to the programmed value. 
MONOTONICITY: A DAC is monotonic if the output either 
increases or remains constant for increasing digital inputs with 
the result that the output will always be a single-valued function 
of the input. 
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THEORY OF OPERATION 


The AD420 uses a sigma-delta (ZA) architecture to carry out on 7 


digital-to-analog conversion. This architecture is particularly 
well suited for the relatively low bandwidth requirements of the 


industrial control environment because.of its a monoto- " ae 


nicity at high resolution. | 


In the AD420 a second order modulator is used to on com- 
plexity and die size to a minimum. The single bit’stream’ from 
the modulator’ controls a switched current source that is then 
filtered by three, continuous time resistor-capacitor sections. 


| _ The capacitors are the only external components that have ‘to be 
added for standard current-out operation. The filtered current is . . 
amplified and mirrored to the supply rail so that the eee 7 


simply sees a 4-20 mA, 0-20 mA, or 0-24 mA current source. 
output with respect to ground. The AD420 is manufactured on 
a BiCMOS process that is well suited to implementing low volt- 
age digital logic with high performance and high voltage analog 
circuitry. 


The AD420 can also provide a voltage output instead of a cur- 
rent loop output if desired. The addition of a single external 
amplifier allows the user to obtain 0 V-5 V, 0 V-10 V, +5 V, 
or +10 V. 


The AD420 has a loop fault detection circuit that warns if the — 


voltage at IOUT attempts to rise above the compliance range, 
due to an open loop circuit or insufficient power supply voltage. 
The FAULT DETECT is an active low open drain signal so 


that one can connect several AD420s together to one pull-up: - 


resistor for global error detection. The pull-up resistor can be 
tied to the VLL pin, or an external +5 V logic supply. 


The IOUT current is controlled by a PMOS transistor and 
internal amplifier as shown in the functional block diagram. The 


internal circuitry that develops the fault output avoids usinga.. .,. . 


comparator with “window limits” since this would require an 
actual output error before the FAULT DETECT output =e 


becomes active. Instead, the signal is generated when the inter- | te 


nal amplifier in the output stage of the AD420 has less than 


approximately one volt remaining of drive capability (when the _ 


gate of the output PMOS transistor nearly reaches ground). 


Thus the FAULT DETECT output activates slightly before the — 


compliance limit is reached. Since the comparison is made _ 
within the feedback loop of the output amplifier, the output 
accuracy is maintained by its. open loop gain, and no output . 
error occurs before the fault detect output becomes active. 


The three-wire digital interface, comprising DATA IN, 
~CLOCK, and LATCH, interfaces to all commonly used serial 
microprocessors without the addition of any external glue. logic.. 
Data is loaded into an input register.under control of CLOCK 
and is loaded to the DAC when LATCH is strobed. If a user , 
wants to minimize the number of galvanic isolators in an intrin- 
sically safe application, the ‘AD420 can be configured to'run in 

“asynchronous” mode. This mode is selected by connecting the 
LATCH pin to Voc through a current limiting resistor. The _ 
data must then be combined with a’ start and stop bit to oe 
the information. and trigger the internal LATCH signal. | 


3-20 DIGITAL-TO-ANALOG CONVERTERS 


= 0. 01 aaa and C3 = 0.0033 ae 


OFFSET ies CAP 1,2,3 


GND 


Figure 4, Functional Block Diagram 


r APPLICATIONS 
CURRENT OUTPUT — 
The AD420 can provide 4-20 mA, 0-20 mA, or 0-24 mA out- 
_ put without any active external components. The three capaci- 
tors shown i in. Figure 5 are all that is required. These can be any 
~ type of low cost ceramic capacitors. To meet the specified full- 


scale settling time of 3 ms, low dielectric absorption capacitors 
(NPO) are required. Suitable values are Cl: = 0. 01 pF, C2 


~ RANGE 
SELECT1 


RANGE 
SELECT2 


CLEAR O 
LATCH O 
' . CLOCK O 
DATA IN O- 


REF OUT za REF IN © | 
3. GND Pian F i tit 


Figure 5. sinderd Configuration 


DRIVING INDUCTIVE LOADS 7 ao 
When driving inductive’ or poorly defined loads connect a : 
0.01 pF capacitor between IOUT (Pin 18) and GND (Pin 1). 
This will ensure stability of the AD420 with loads beyond — 

50 mH. There is no maximum capacitance limit. The capacitive 
component of the load may cause slower settling, though this 
maybe masked by the settling time of the AD420. A pro- 
grainmed change in the current may cause a back EMF veieey 
on the output that may exceed the compliance of the AD420. 
To prevent this voltage from exceeding the supply rails connect: 
protective diodes between IOUT and each of V.-:and GND. 
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VOLTAGE-MODE OUTPUT 

Since the AD420 is a single supply device, it is necessary to add 
an external buffer amplifier to the VOUT pin to obtain a selec-. 
tion of high quality bipolar output voltage ranges as shown in 
Figure 6. 


Vec 
@ 


RANGE 
SELECT1 
RANGE 
SELECT2 


CLEAR O 
LATCH O 
CLOCK O 
DATA IN O 


Figure 6. 
Table IV. Buffer Amplifier Configuration 


Suitable R = 5 kQ. 


OPTIONAL SPAN AND ZERO TRIM 

For those users who would like lower than specified values of 
offset and gain error, Figure 7 shows a simple way to trim these 
parameters. Care should be taken to select low drift resistors 
because they will affect the temperature drift performance of the 
DAC. 

The adjustment algorithm is iterative. The procedure for trim- 
ming the AD420 in the 4-20 mA mode can be accomplished as 
follows: 

STEP I. ..OFFSET ADJUST 

Load all zeros. Adjust RZERO for 4.00000 mA of output 
current. 

STEP II... .GAIN ADJUST 

Load all ones. Adjust RSPAN for 19.99976 mA (FS — 1 LSB) 


of output current. 
Return to STEP I and iterate until convergence is obtained. 
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RANGE 
SELECT1 
RANGE 
SELECT2 


CLEAR O 
LATCH O 
CLOCK O 
DATA IN O 


Figure 7. Offset and Gain Adjust 


THREE-WIRE INTERFACE 

Figure 8 shows the AD420 connected in the three-wire interface 
mode. The AD420 data input block contains a serial input shift 
register and a parallel latch. The contents of the shift register 
are controlled by the DATA IN signal and the rising edges of 
the CLOCK. Upon request of the LATCH pin the DAC and 
internal latch are updated from the shift register parallel outputs. 
The CLOCK should remain inactive while the DAC is updated. 
Refer to the timing requirements for Three-Wire Interface. 


FAULT DETECT 
Vec 


clock PAC2 


DATA DATA 
IN OUT 


lour 


Figure 8. Three-Wire Interface Using Multiple DACs with 
Joint Fault Detect 


USING MULTIPLE DACS WITH FAULT DETECT 

The three-wire interface mode can utilize the serial DATA OUT 
for easy interface to multiple DACs. To program the two > 
AD420s in Figure 8, 32 data bits are required. The first 16 bits 
are clocked into the input shift register of DAC1. The next 16 


bits transmitted pass the first 16 bits from the DATA OUT pin 


of DAC] to the input register of DAC2. The input shift regis- 
ters of the two DACs operate as a single 32-bit shift register, 
with the leading 16 bits representing information for DAC2 and 
the trailing 16 bits serving for DAC1. Each DAC is then 
updated upon request of the LATCH pin. The daisy-chain can 
be extended to as many DACs as required. — 
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ASYNCHRONOUS INTERFACE USING 
~OPTO-COUPLERS 
The AD420 connected in ASYNCHRONOUS INTERFACE 
mode with opto-couplers is shown in Figure 9. Asynchronous 
operation minimizes the number of control signals required for 


isolation of the digital system from the control loop. The resistor 


connected between the LATCH pin and V¢¢ is required to acti- 
vate this mode. For operation with Vcc below 18 V use a 50 kD 


The SPI data port is configured to process data in 8-bit bytes. 
The most significant data byte (MSBY) is retrieved from mem- 
ory and processed by the SENDAT routine. The SS pin is 
driven low by indexing into the PORTD data register and clear 
Bit 5. The MSBY is then sent to the SPI data register where it 
is automatically transferred to the AD420 internal shift resister. 
The HC11 generates the requisite eight clock pulses with data 


_ valid on the rising edges. After the MSBY is transmitted, the 


pull-up resistor, from 18 V-36 V use 100 k©.. Asynchronous 
mode requires that the clock run at 16 times the data bit rate, 
therefore to operate at the maximum input data rate of 150 kbps 
an input clock of 2.4 MHz is required. The actual data rate 
achieved may be limited by the’ type of opto-couplers chosen. 
The number of control signals can further be reduced by creat- 
ing the appropriate clock signal on the current loop side of the 
isolation barrier. 


least significant byte (LSBY) is loaded from memory and trans- 
mitted in a similar fashion. To complete the transfer, the 

_ LATCH pin is driven high when loading the complete 16-bit 
word into the AD420. 


© crock AD420 


Figure 10. AD420 to 68HC11 (SPI) Interface 


AD420 TO MICROWIRE INTERFACE 

The flexible serial interface of the AD420 is also compatible 
with the National Semiconductor MICROWIRE interface. The 
MICROWIRE interface is used in micro controllers such as the 
COP400 and COP800 series of processors. A generic interface to 
use the MICROWJIRE interface is shown in Figure 11. The Gl, 
SK, and SO pins of the MICROWIRE interface are respectively 
connected to the LATCH, CLOCK, and DATA IN pins of the 
AD420. 


\/ 
GALVANIC , ISOLATION 
BARRIER | 


MICROWIRE 


Figure 9. Asynchronous Interface Using Opto-Couplers 


MICROPROCESSOR INTERFACE SECTION 

AD420 TO MC68HC11 (SPI BUS) INTERFACE 

The AD420 interface to the Motorola SPI (Serial Peripheral 
Interface) is shown in Figure 10. The MOSI, SCK, and SS pins 
of the HC11 are respectively connected to the DATA IN, 
CLOCK, and LATCH pins of the AD420. The majority of the 
interfacing issues are done in the software initialization. A typi- 
cal routine such as the one shown below begins by initializing 
the state of the various SPI data and control registers. 


INIT  LDAA #$2F _ ;8S = 1; SCK = 0; MOSI = 1 


Figure 11. AD420 to MICROWIRE Interface 


STAA PORTD _ ;SEND TO SPI OUTPUTS 
LDAA #$38 38S, SCK,MOSI = OUTPUTS 
STAA DDRD _ ;SEND DATA DIRECTION INFO 

~LDAA -#$50 > ;DABL INTRPTS,SPI IS MASTER & ON 
STAA SPCR ;CPOL = 0,.CPHA = 0, IMHZ BAUDRATE 


NEXTPT LDAA MSBY — ;LOAD ACCUM W/UPPER 8 BITS 
BSR. SENDAT_ ;JUMP TO DAC OUTPUT ROUTINE 
_ JMP = - NEXTPT_ ; INFINITE LOOP 
SENDAT LDY  #$1000 ;POINT AT ON-CHIP REGISTERS | 
- BCLR $08,Y,$20 ;DRIVE SS (LATCH) LOW 
STAA SPDR. 


Sere OA ANY OT An Pre 


3SEND MS-BYTE TO SPI DATA REG 


WAIT1 LDAA SPSR ;CHECK STATUS OF SPIE 
- BPL WAIT1 — ;POLL FOR END OF X-MISSION 
LDAA LSBY ;GET LOW 8 BITS FROM MEMORY 
STAA SPDR - ;SEND LS-BYTE TO SPI DATA REG 
WAIT2 LDAA SPSR ;CHECK STATUS OF SPIE | 
BPL WAIT2  ;POLL FOR END OF X-MISSION 


BSET $08,Y,$20 ;DRIVE SS HIGH TO LATCH DATA 
RTS | 


3-22 DIGITAL-TO-ANALOG CONVERTERS REV. 0 


EXTERNAL BOOST FUNCTION 

The external boost transistor reduces the power dissipated in the 
AD420 by reducing the current flowing in the on-chip output 
transistor (dividing it by the current gain of the external circuit). 
A discrete NPN transistor with a breakdown voltage BVcrgo;. 
greater than 36 V can be used as shown in Figure 12. 


Figure 12. External Boost Configuration 


The external boost capability has been developed for those users 
who may wish to use the AD420, in the SOIC package, at the 
extremes of the supply voltage, load current, and temperature 
range. The PDIP package (because of its lower thermal resis- 
tance) will operate safely over the entire specified voltage, tem- 
perature, and load current ranges without the boost transistor. 
The plot in Figure 13 shows the safe operating region for both 
package types. The boost transistor can also be used to reduce 
the amount of temperature induced drift in the part. This will 
minimize the temperature induced drift of the on-chip voltage 
reference, which improves drift and linearity. 


Voc 
AD420N, OR AD420R WITH BOOST TRANSISTOR 


36V 


- 28V 


20V 


AD420N OR AD420R 


12V 


-60 -40 -20 0 20 40 60 80 100 
TEMPERATURE - °C 


Figure 13. Safe Operating Region 
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AD420 PROTECTION 

TRANSIENT VOLTAGE PROTECTION 

The AD420 contains ESD protection diodes which prevent dam- 
age from normal handling. The industrial control environment 
can, however, subject I/O circuits to much higher transients. In 
order to protect the AD420 from excessively high voltage tran- 
sients such as those specified in IEC 801, external power diodes 
and a surge current limiting resistor may be required, as shown 
in Figure 14. The constraint on the resistor is that during nor- 
mal operation the output voltage level at IOUT must remain 
within its voltage compliance limit IOUT x (Rp + Ry oap) = 
Vcc ~ 2.5 V) and the two protection diodes and resistor must 
have appropriate power ratings. 


AD420 


lout 


GND Rioap 


Figure 14. Output Transient Voltage Protection 


BOARD LAYOUT AND GROUNDING 

The AD420 ground pin, designated GND, is the “high quality” 
ground reference point for the device. Any external loads on the 
REF OUT and VOUT pins of the AD420 should be returned to 
this reference point. Analog and digital ground currents should 
not share a common path. Each signal should have an appropri- 
ate analog or digital signal return routed close to it. Using this 
approach, signal loops enclose a small area, minimizing the 
inductive coupling of noise. Wide PC tracks, large gauge wire, 
and ground planes are highly recommended to provide low 
impedance signal paths. 


POWER SUPPLIES AND DECOUPLING 9 
The AD420 supply pins, Voc (Pin 23) and V,; (Pin 2), should 
be decoupled to GND with 0.1 wF capacitors to eliminate high 
frequency noise that may otherwise get coupled into the analog 
system. High frequency ceramic capacitors are recommended. 
The decoupling capacitors should be located in close proximity 
to the pins and the ground line to have maximum effect. 
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DACPORT Low Cost, Complete 
pe Copa 8- ot DAG 


FEATURES | 

Complete 8-Bit DAC 

Voltage Output — 0 to 2.56V. 

Internal Precision Band-Gap Reference 
Single-Supply Operation: +5V.(+ 10%) 
Full Microprocessor Interface | 

Fast: 1s Voltage Settling to + 1/2LSB 
Low Power: 75mW 

No User Trims Required 

Guaranteed Monotonic Over Temperature 
All Errors Specified T yin to Tmax 

Small 16-Pin DIP or 20-Pin PLCC pacneae 
Low Cost | 


PRODUCT DESCRIPTION | . 
The AD557 DACPORT™ is a compléte voltage-output 8-bit 

- digital-to-analog converter, including output amplifier, full 
microprocessor interface and precision voltage reference on a 
single monolithic chip. No external components or trims are 
required to interface, with full accuracy, an 8-bit data bus to an 
analog system. 


The low cost and versatility of the ADS57 DACPORT : are 
the result of continued development in monolithic bipolar 
technologies. . 


The complete microprocessor snieHice and control logic is im- 
plemented with integrated injection logic (I7L), an extremely . 
dense and low-power logic structure that is process-compatible 
with linear bipolar fabrication. The internal precision voltage 
reference is the patented low-voltage band-gap circuit which 
permits full-accuracy performance on a single + 5V power supply. 
Thin-film silicon-chromium resistors provide the stability required 
for guaranteed monotonic operation over the entire operating 
temperature range, while laser-wafer trimming of these thin-film 
resistors permits absolute calibration at the factory to within 

+ 2.5LSB; thus, no user-trims for gain or offset are required. A 
new circuit design provides voltage settling to + 1/2LSB for a 
full-scale step in 800ns. 


The AD557 is available in two package configurations. The 
AD557JN is packaged in a 16-pin plastic, 0.3”-wide DIP. For 
surface mount applications, the AD557JP is packaged in a 20-pin 
JEDEC standard PLCC. Both versions are specified over the 
operating temperature range of 0 to + 70°C. 


DACPORT is a trademark of Analog Devices, Inc. 
Covered by U.S. Patent Nos. 3,887,863; 3,685,045; 4,323,795; other 
patents pending. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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FUNCTIONAL BLOCK DIAGRAM 


DIGITAL INPUT DATA (BUS) 


CONTROL 
INPUTS 
—~—oéiIT1 BITB ° 
GND CS CE i(MSB), . « «© « . (LSB) +Vcc 


' 8-BIT VOLTAGE-SWITCHING 
D-TO-A CONVERTER 


PRODUCT HIGHLIGHTS 

1. The 8-bit I7L input register and fully microprocessor- 
compatible control logic allow the AD557 to be directly: 
connected to 8- or 16-bit data buses and operated with standard 
control signals. The latch may be disabled for direct DAC 
interfacing. | 


2. The laser-trimmed on-chip SiCr thin-film resistors are cali- 
brated for absolute accuracy and linearity at the factory. 
Therefore, no user trims are necessary for full cated accuracy 
over the operating temperature range. 


3. The inclusion of a precision low-voltage band-gap reference 
eliminates the need to specify and | apply a separate reference 
source. 


4. The ADS557 is designed and thea to operate from a single 
—+4.5V to +5.5V power supply. 


5. Low digital input currents, 100A max, minimize bus loading. 
Input thresholds are TTL/low voltage CMOS compauble. 


6. The single-chip, low power I7L design of the AD557 is in- 
herently more reliable than hybrid multichip or. conventional 
single-chip bipolar designs. . 
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SPECI Fl CATIONS (@T, = +256, Ve = +5V unless otherwise specified) 


 ADSS7J 


Model’ 

RESOLUTION © — 

RELATIVE ACCURACY! 
Oto + 70°C ; 


OUTPUT 
Ranges 
Current Source 

Sink | Internal Passive 


Oto + 2.56 


Pull-Down to Ground? 


OUTPUT SETTLING TIME? 


FULL SCALE ACCURACY* 
@25°C 
6 ere to Tissy 
ZERO ERROR 
@25°C | 
Tin to Tmax 


MONOTONICITY? — 
‘Lia to Tmax 
DIGITALINPUTS 
Tmin to Tineke: 
Input Current 
Data Inputs, Voltage 
Bit On — Logic “1” 
Bit On— Logic “0” 
Control Inputs, Voltage 
On — Logic “1” 
On — Logic “0” 
Input Capacitance 
TIMING 
ty Strobe Pulse Width 
Tmin to Tmax 
tp Data Hold Time 
TmintO Tmax ~ 
tps Data Setup Time 
Timin tO Tmax 
POWER SUPPLY 
Operating Voltage Range (Vcc) 
2.56 VoltRange — 
‘Current (Ic¢c) | 
Rejection Ratio 
POWER DISSIPATION, Vcc =5V 


OPERATINGTEMPERATURERANGE [0 = == +70.—s |_sC 


NOTES 


ADS57 


“PIN CONFIGURATIONS | 
Units te . 


ee oe 


LSB BIT 8 (LSB) Vout 
BIT 7 Vour SENSE A 
V BIT 6 Vour SENSE B 
mA BIT 5 GND 
TOP VIEW 
BIT 4 (Not to Scale} GND 
BIT 3 +Voc 
ih BIT 2 cs 
LSB (MSQ) BIT 1 CE 
LSB 
PLCC 
LSB _ 
a 4 
beg 8 3 
3 WL 2 EL hh 20) 
pA 18) Vouy SENSE B 
17) Gn 
V 16} wc 
v 15) GND 
V +Vec 
V 
pF 9 Jo} [39 | 
2 2 18 I 
ns . - 
ns Nc = NO CONNECT 5 
ns | 
ns 
ns . 3 
on ORDERING GUIDE 


= Package 
Vv D Option* 
ann ADS57JN | Plastic(N-16) | Oto +70°C 
%/% ADS57JP_ | PLCC(P-20A) | Oto +70°C 


mW *N = Plastic DIP; P = Plastic Leaded Chip Carrier. For outline 
information see Package Information section. 


1Relative Accuracy.is defined as the deviation of the code transition points from the ideal transfer point ona 
straight line from the offset to the full scale of the device. See “Measuring Offset Error” on AD558 data sheet. 


?Passive pull-down resistance is 2kQ. 


3Settling time is specified for a positive-going full-scale step to + 1/2LSB. Negative-going steps to zero 


are slower, but can be improved with an external pull-down. 
‘The full-scale output voltage is 2.55V and is guaranteed with a + 5V supply. 
>A monotonic converter has a maximum differential linearity error of + 1LSB. 


Specifications shown in boldface are tested on all production units at final electrical test. 


Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS* 3 
Vcc to Ground ..........0.2. 2.0028 ee OV to +18V 
Digital Inputs (Pins 1-10) ............. 0 to +7.0V 
Vout . er ae Indefinite Short to Ground 
a Momentary Short to Vcc 
Power Dissipation. ..........2.. wee 450mW 
Storage Temperature Range 
N/P (Plastic) Packages 
Lead Temperature (soldering, 10 sec). ......... 


e ee © ee #© e® © © © © # #@© 8 @ @ 


300°C 


REV.:A 


Thermal Resistance © . 
Junction to Ambient/Junction to Case 


N/P oe) Packages ws Apis Meee ioe eS Ox 140/55°C/W 


*Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 
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ANALOG 
DEVICES 


FEATURES 

Complete. 8-Bit DAC 

Voltage Output — 2 Calibrated Ranges 
Internal Precision Band-Gap Reference 
Single-Supply Operation: +5V to +15V 

Full Microprocessor Interface 

Fast: 1us Voltage Settling to +1/2LSB 

Low Power: 75mW ss 

No User Trims 

Guaranteed Monotonic Over Temperature 
All Errors Specified Tin tO Tmax 

Small 16-Pin DIP and 20-Pin PLCC Packages 
Single Laser Wafer-Trimmed Chip for Hybrids 
Low Cost | 

MIL-STD-883 Compliant Versions Available 


PRODUCT DESCRIPTION 

The AD558DACPORT™ is a complete voltage-output 8-bit 
digital-to-analog converter, including output amplifier, full 
microprocessor interface and precision voltage reference on a 
single monolithic chip. No external components or trims are’ 
required to interface, with nt accuracy, an 8-bit data bus to 
an analog system. 


The performance and versaciligy of the DACPORT isa result of 
several recently-developed monolithic bipolar technologies. 

The complete microprocessor interface and control logic is 
implemented with integrated injection logic (I7L), an extreme- 
ly dense and low-power logic structure that is process-compat- 
ible with linear bipolar fabrication. The internal precision 
voltage reference is the patented low-voltage band-gap circuit 
which permits full-accuracy performance on a single +5V to 
+15V power supply. Thin-film silicon-chromium resistors 
provide the stability required for guaranteed monotonic op- 


eration over the entire operating temperature range (all grades), 


while recent advances in laser-wafer-trimming of these thin- 
film resistors permit absolute calibration at the factory to 
within +1LSB; thus no user-trims for gain or offset are re- 
quired, A new circuit design provides voltage arene to . 
+1/2LSB for a full-scale step in 800ns. 


The AD558 is available in four performance grades. The 
AD558] and K are specified for use over the 0 to +70°C tem- 
perature range, while the AD558S and T grades are speci- 
fied for -55°C to +125°C operation. The “J” and “K” grades 
are available either in 16-pin plastic (N) or hermetic ceramic 
(D) DIPS. They are also available i in 20-pin JEDEC standard 
PLCC packages. The “‘S” and “‘T”’ grades are available in the — 
a hermetic ceramic DIP package. 


*protected by U.S. Patent Nos. 3,887,863; 3,685 045; 4, 323 795; 
Patents Pending. 


DACPORT i is a trademark of Analog Devices, Inc. : | 


. This is. an abridged data sheet.. To obtain the Somer version or. 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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~ DACPORT Low Cost, Complete 
pP- ee -Bit DAC 


FUNCTIONAL BLOCK DIAGRAM 


CONTROL 


INPUTS DIGITAL INPUT DATA (BUS) 


DN 
GND cS. cE isp 8 & 


228 8 2 8 use +Voc 


PRODUCT HIGHLIGHTS 

1. The 8-bit I7L input register and fully microprocessor- 
compatible control logic allow the AD558 to be directly 
connected to 8- or 16-bit data buses and operated with 
standard control signals. The latch may be disabled for 
direct DAC interfacing. : 


2. The laser-trimmed on-chip SiCr thin-film resistors are cali- 
brated for absolute accuracy and linearity at the factory. 
Therefore, no user trims are necessary for full rated:ac- 
curacy over the operating temperature range. 


3. The inclusion of a precision low-voltage band-gap reference 
eliminates the need to ad and apply a septate refer 
ence source. 


4, The voltageawitehing: structure of the AD558 DAC section 
along with a high-speed output amplifier and laser-trimmed 
resistors give the user a choice of OV to +2.56V or OV'to _ 
+10V output ranges, selectable by pin-strapping. Circuitry: 
is internally compensated for minimum settling time on 
both ranges; typically settling to +1/2LSB for a full-scale 
2.55 volt step in 800ns. 


5. The AD558 is designed and specified to operate from a 
single +4.5V to +16.5V power supply. | 


6. Low digital input currents, 100UA max, minimize bus 
loading. Input thresholds are TTL/low voltage CMOS _ 
compatible | over the entire operating Vec range. 


7. All AD558 grades are available 1 in chip form with guar- 
anteed specifications from +25°C to Tmax. MIL-STD-883, 
Class B visual inspection is standard on Analog Devices 
bipolar chips. Contact the factory for additional chip 
information. 


8. The ADS 58 is available i in versions codsliaaie with MIL- 
STD-883. Refer to Analog Devices Military Products 
Databook or current AD588/883B data sheet for detailed 
specifications. 


REV. A 


SPECIFICATIONS (@T, = 125, Veg = +5V to +15V unless otherwise seen ADS98 


Model ADS558J series apes priaicg 
Min Typ Max Units 
RESOLUTION a Bits 
RELATIVE ACCURACY? 
Oto + 70°C LSB 
— 55°C to + 125°C LSB 
OUTPUT 
Ranges? Oto +2.56 Oto + 2.56 Oto + 2.56 Oto + 2.56 
Oto +10 Oto + 10 Oto +10 Oto +10 
Current Source 
Sink Internal Passive Internal Passive Internal Passive Internal Passive 
Pull-Down to Ground‘ Pull-Down to Ground Pull-Down to Ground Pull-Down to Ground 
OUTPUT SETTLING TIME’ | 
0102.56 Volt Range 0.8 1.5 BS 
0 to 10 Volt Range* 2.0 3.0 Ms 
FULL SCALE ACCURACY® 
@25°C LSB 
Tin tO Tmax LSB 
ZERO ERROR 
@25°C + 1/2 LSB 
Tmin tO Tmax +1 LSB 
MONOTONICITY’ 
T min tO Tmax 
DIGITALINPUTS 
T min tO Tmax 
Input Current pA 
Data Inputs, Voltage 
Bit On— Logic “1” Vv 
Bit On— Logic “0” Vv 
Control Inputs, Voltage 
On — Logic “1” V 
On- Logic “0” Vv 
Input Capacitance pF 
TIMING 
ty Strobe Pulse Width ns 
Tmin to Trax ns 
tpH Data Hold Time ns 
Tmin tO Tmax ns 
tps Data Set-Up Time ns 
Tmin tO Tmax ns 
POWER SUPPLY 
Operating Voltage Range (Vcc) 
2.56 Volt Range Vv 
10 Volt Range Vv 
Current (Icc) mA 


Rejection Ratio %/% 


POWER DISSIPATION, Vcc =5V An rs a re ES 7 ie se - 
Veco = 15V 


OPERATING TEMPERATURE RANGE 


NOTES 

'The ADS58 S & T grades are available processed and screened to MIL-STD-883 Class B. Consult Analog Devices’ Military Databook for details. 

*Relative Accuracy is defined as the deviation of the code transition points from the ideal transfer point ona /astraight line from the offset to the full scale of the device. See “Measuring 
Offset Error”. 

3Operation of the 0 to 10 volt output range requires a minimum supply voltage of + 11.4 volts. 

‘Passive pull-down resistance is 2kQ for 2.56 volt range, 10k2. for 10 volt range. 

Settling time is specified for a positive-going full-scale step to + 1/2LSB. Negative-going steps to zero are slower, but can be improved with an external pull-down. 

*The full range output voltage for the 2.56 range is 2.55V and is guaranteed with a + 5V supply, for the 10V range, it is 9.960V guaranteed witha + 15V supply. 

7A monotonic converter has a maximum differential imestity error of + 1LSB. . 


Specifications shown in boldface are tested on all production units at final electrical test. 
Specifications subject to change without notice. 
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ADS98 


_ ABSOLUTE MAXIMUM RATINGS*. 


Vcc to Ground ........2.2..00200 00s OV to +18V 
Digital Inputs (Pins 1- 10) . a Aets  iGle oe oe aenat (OV EOL OM. 
NV Gr sie wae Bw eo BES ow wee A Indefinite Short to Ground 
tie Ge dh b ‘Momentary Short to Vcc 
Power Dissipation. .........-0-05+050e8eee 450mW 
Storage Temperature Range | 
N/P (Plastic) Packages’... 1... .. — 25°C to + 100°C 
D (Ceramic) Package .......... —S55°C to +150°C 
Lead Temperature (soldering, 10. S€C) oi 5 BBld ee 300°C ... 
Thermal Resistance 
es to AmbienvJunction toCase — ae 
D (Ceramic) Package ........ eee « 100/30°C/W | 
N/P (Plastic) Packages ............ 140/55°C/W 


" *Stresses greater than those listed under “Absolute Maximum ‘Ratings” may . 


cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above those 

_ indicated in the operational section of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 


ADSS8 METALIZATION PHOTOGRAPH - . 


Dimensions shown in inches and (mm). 


ers 0.112 (2.8) a _— — 


ORDERING GUIDE 


Temperature T min tO Tmax 
ADSS8JIN |0to+70°C + 1/2LSB 
ADS58JP | Oto +70°C + 1/2LSB 
ADS558JD |0to +70°C + 1/2LSB. 
ADS58KN | 0to +70°C | +V/4LSB - 


ADS558KP | 0to +70°C 


ADS58KD |0to+70°C | + 1/4LSB 
ADS58SD_ | —55°Cto + 125°C + 3/4LSB 
ADS58TD | —55°Cto + 125°C + 3/8LSB 


NOTES 


Relative Accuracy | 
Error Max 


+ 1/4LSB. 


Full Scale 
Error, Max 
T min tO Tax 


Plastic (N-16) 

PLCC (P-20A) 
TO-116 (D-16) 
Plastic (N-16) 

PLCC (P-20A) 
TO-116 (D-16) 
TO-116 (D-16) 
TO-116(D-16) 


1For details on afate ail packaue efrecingé scicenads in accordance with MIL-STD- 883, a to 
Analog Devices’ Military Products Databook or current AD558/883B data sheet. 
2D = Ceramic DIP; N = Plastic DIP; P= Plastic Leaded Chip Carrier. For outline information see 


Package Information section. 


(LSB) DBO . Vout 
DBI. Vout SENSE.” 
DB2 Vour SELECT 
DB3 AD558 ‘GND 
TOP VIEW 
OB4 | (Not to Scale} GND 


085 
- DB6 
(MSB) DB7 


Figure 1a. AD558 Pin Configuration (DIP) 
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DBO (LSB) 


3 
a) 
NC = NO CONNECT 


Figure 1b. AD558 Pin Configuration (PLCC) 


REV. A 


ANALOG 
DEVICES 


High Speed 12-Bit 
Monolithic D/A Converters 


AD565A*/AD566A* 


AD565A FUNCTIONAL BLOCK DIAGRAM 
REF OUT Vec 


FEATURES | 
Single Chip Construction 
Very High-Speed Settling to 1/2LSB 
AD565A: 250ns max 
AD566A: 350ns max 
Full-Scale Switching Time: 30ns 
Guaranteed for Operation with +12V Supplies: AD565A 
with -12V Supply: AD566A 
Linearity Guaranteed Over Temperature: 
1/2LSB max (K, T Grades) 
Monotonicity Guaranteed Over Temperature 
Low Power: AD566A = 180mW max; 
AD565A = 225mW max 
Use with On-Board High-Stability Reference (AD565A) 
or with External Reference (ADS66A) 
Low Cost 
MIL-STD-883-Compliant Versions Available 


PRODUCT DESCRIPTION 

The AD565A and AD566A are fast 12-bit digital-to-analog 
converters which incorporate the latest advances in analog 
circuit design to achieve high speeds at low cost. 


The AD565A and AD566A use 12 precision, high-speed 
bipolar current-steering switches, control amplifier and a 
laser-trimmed thin-film resistor network to produce a very 
fast, high accuracy analog output current. The AD565A also 
inclues:s a buried zener reference that features low-noise, 
long-term stability and temperature drift characteristics 
comparable to the best discrete reference diodes. 


The combination of performance and flexibility in the 
AD565A and AD566A has resulted from major innovations 
in circuit design, an important new high-speed bipolar pro- 
cess, and continuing advances in laser-wafer-trimming tech- 
niques (LWT). The AD565A and AD566A have a 10-90% 
full-scale transition time less than 35ns and settle to within 
+1/2LSB in 250ns max (350ns for AD566A). Both are 
laser-trimmed at the wafer level to +1/8LSB typical linearity 
and are specified to +1/4LSB max error (K and T grades) at 
+25°C. High speed and accuracy make the AD565A and 
AD566A the ideal choice for high-speed display drivers as 
well as fast analog-to-digital converters. 


The laser trimming process which provides the excellent 
linearity is also used to trim both the absolute value and the 
tempert ture coefficient of the reference of the ADS65A re- 
sulting in a typical full-scale gain TC of 10 ppm/°C. When 
tighter TC performance is required or when a system refer- 
ence is available, the AD566A may be used with an external 
reference. 


*Covered by Patent Nos.; 3,803,590; RE 28,633; 4,213,806; 
4,136,349; 4,020,486; 3,747,088. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


REV.C 


BIPOLAR OFF 


20V SPAN 


9.95k 10V SPAN 


DAC (9) DAC OUT 
: x . lace x CODE 
CODE INPUT 
Ver POWER MSB @----© LSB | 
GND 
AD566A FUNCTIONAL BLOCK DIAGRAM 
BIPOLAR OFF 


AD566A 


CODE INPUT 


DAC 
lout = iG mt 
4 X Iper x CODE 


-Vee POWER 2 ----© 
GND 


ADS565A and ADS66A are available in four performance grades. 
The J and K are specified for use over the 0 to + 70°C temperature 
range while the S and T grades are specified for the —55°C to 

+ 125°C range. The D grades are all packaged in a 24-pin, 
hermetically sealed, ceramic, dual-in-line package. The JR grade 
is packaged in a 28-pin plastic SOIC. 


PRODUCT HIGHLIGHTS 


1. 


The wide output compliance range of the ADS565A and 


‘-AD566A are ideally suited for fast, low noise, accurate 


voltage output configurations without an output amplifier. 


. The devices incorporate a newly developed, fully differen- 


tial, nonsaturating precision current switching cell structure 
which combines the dc accuracy and stability first developed 
in the AD562/3 with very fast switching times and an pop 
mally-damped settling characteristic. | 


. The devices also contain SiCr thin film application resistors | 


which can be used with an external op amp to provide a 
precision voltage output or as input resistors for a succes- 
sive approximation A/D converter. The resistors are 
matched to the internal ladder network to guarantee a low 
gain temperature coefficient and are laser-trimmed for 
minimum full-scale and bipolar offset errors. 


. The AD565A and AD566A are available in versions com- 


pliant with MIL-STD-883. Refer to the Analog Devices 


' Military Products Databook or current /883B data sheet 


for detailed specifications. 
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ADS69A— -§P ECIFICATIONS (Ty, = +25°C, Veg = +15V, Veg = +15V, unless otherwise = 


MODEL MIN 


DATA INPUTS (Pins ist to 24) 
TTL or 5 Volt CMOS 
Input Voltage 
Bit ON Logic “1” +2.0° 
Bit OFF Logic ‘‘0” 
Logic Current (each bit) 
Bit ON Logic “1” 
Bit OFF Logic “0”. 
RESOLUTION 


OUTPUT 
Current 


Resistance (exclusive of span 
resistors) 6k 
Offset i" 
Unipolar : 
Bipolar (Figure 3, R2 = 5022 fixed) 
Capacitance 
Compliance Voltage 
Tina tO ig - =1.5 
ACCURACY (error relative to 
full scale) +25°C 


Tmin to Tmax 


DIFFERENTIAL NONLINEARITY 
+25°C 
Tmin tO Tmax 
TEMPERATURE COEFFICIENTS 
With Internal Reference 
Unipolar Zero 
Bipolar Zero 
Gain (Full Scale) 
Differential Nonlinearity 


SETTLING TIME TO 1/2LSB 
All Bits ON-to-OFF or OF F-to-ON 


FULL SCALE TRANSITION 
10% to 90% Delay plus Rise Time 
90% to 10% Delay plus Fall Time 


_ TEMPERATURE RANGE | 


Operating . On-5 
Storage - -65 
POWER REQUIREMENTS 


Vec, +11.4 to +16.5V de © 
Veg, -11.4 to -16.5V de 


POWER SUPPLY GAIN SENSITIVITY 
Voc = +11.4 to +16.5V de 
VEE = ~11.4 to -16.5V de 


PROGRAMMABLE OUTPUT 
RANGE (see Figures 2, 3, 4) 


EXTERNAL ADJUSTMENTS 
Gain Error with Fixed 50Q 
_ Resistor for R2 (Figure 2) 
Bipolar Zero Error with Fixed — 
5092 Resistor for R1 (Figure 3) 
Gain Adjustment Range (Figure 2) +0.25 
Bipolar Zero Adjustment Range '.. £0.15 


REFERENCE INPUT 
Input Impedance os 15k 


REFERENCE OUTPUT 
Voltage . 9.90 
Current (available for external aes 
loads)? 1.5 
POWER DISSIPATION 
NOTES 


1 The digital inputs are guaranteed but not ene over the operating temperature range. 


Unipolar (all bits on) -1.6 | 
Bipolar (all bits on or off) +0.8 


seb 


TYP 


+120 © 


+35 


-2.0 
+1.0 


8k 


0.01 — 
0.05 


25 


_ £1/4 


(0.006) 
1/2 
(0.012) _ 


1/2 


15 
30 


0to +5 


-2.5 to +2.5° 


0 to +10 
-§ to +5 


‘-10 to +10 


2.5 
225, 


MAX 


+5.5 


(+0.8 


+300 
+100 


12 


-2.4 
+1.2 


10k 
0.05 
0.15 
+10 
+1/2 
(0.012) 


£3/4 
(0.018) 


£3/4 


MONOTONICITY GUARANTEED 


345 


? The power supply gain sensitivity is tested in reference to a Vcc, VEE of +15V dc. 
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AD565AK 
MIN TYP 


+1/4 
MONOTONICITY GUARANTEED 


_ MAX 


£0.25 


UNITS 


% of F.S. Range 
% of F.S. Range 
pF 


LSB 
% of F.S. Range 
LSB 

% of F.S. Range 


LSB 


mA 
mA 


ppm of F.S./% 


' ppm of F.S./% 


<<<<< 


% of FS. Range 
% of F.S. Range 


% of F.S. Range 
% of F.S. Range 


Q 


Vv 


mA 
mW 


* For operation at elevated temperatures the reference cannot supply current for 
‘external loads. It, therefore, should be buffered if additional loads are to be nee 
Specifications mbiect to oe without notice. . 


REV. C 


MODEL MIN 


DATA INPUTS! (Pins 13 to 24) 
TTL or 5 Volt CMOS 
Input Voltage 
Bit ON Logic “1” +2.0 
Bit OF F Logic “0” 
Logic Current (each bit) 
Bit ON Logic ‘‘1"’ 
Bit OFF Logic “0” 
RESOLUTION 


OUTPUT 
Current 
Unipolar (all bits on) ~1.6 
Bipolar (all bits on or off) +0.8 
Resistance (exclusive of span 
resistors) 6k 
Offset 
Unipolar 
Bipolar (Figure 3, Rz = 502 fixed) 
Capacitance 
Compliance Voltage 
Tmin to Tmax -1.5 
ACCURACY (error relative to 
full scale) +25°C 


Tmin to Tmax 


DIFFERENTIAL NONLINEARITY 
+25°C 
Tmin to Tmax 


TEMPERATURE COEFFICIENTS 
With Internal Reference 
Unipolar Zero 
Bipolar Zero 
Gain (Full Scale) 
Differential Nonlinearity 


SETTLING TIME TO 1/2LSB 
All Bits ON-to-OFF or OFF-to-ON 


FULL SCALE TRANSITION 
10% to 90% Delay plus Rise Time 
90% to 10% Delay plus Fall Time 


TEMPERATURE RANGE 
Operating -55 
Storage — -65 


POWER REQUIREMENTS 
Vcc, +11.4 to +16.5V de 
Veg, -11.4 to -16.5V dc 


POWER SUPPLY GAIN SENSITIVITY? 
~ Vec = +11.4 to +16.5V de 
VEE = -11.4 to -16.5V dc 


PROGRAMMABLE OUTPUT 
RANGES (see Figures 2, 3, 4) 


EXTERNAL ADJUSTMENTS 
Gain Error with Fixed 5022 — 
Resistor for R2 (Figure 2) 
Bipolar Zero Error with Fixed 
50Q Resistor for R1 (Figure 3) 


Gain Adjustment Range (Figure 2) £0.25 


Bipolar Zero Adjustment Range £0.15 
REFERENCE INPUT 
Input Impedance 15k 
REFERENCE OUTPUT 
Voltage 9.90 
Current (available for external * 
loads)? 1.5 


POWER DISSIPATION 


ADS565AS 
TYP 


+120 
+35 


+1/4 
(0.006 ) 
2 WA 
(0.012) 


+1/2 


15 
30 


-12 


0 to +5 
-2.5 to +2.5 
0 to +10 

-5 to +5 
-10 to +10 


+0.1 


£0.05 


' 20k 


10.00 


2.5 
225 


Specifications shown in boldface are tested on all production units at 
final electrical test. Results from those tests are used to calculate out- 
going quality levels. All min and max specifications are guaranteed, 
although only those shown in boldface are tested on all production 


units. 
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MAX 


.+5.5 


+0.8 


+300 
+100 


12 


-2.4 
+1,2 


10k 
0.05 
0.15 
+10 
+1/2 
(0.012) 


+3/4 
(0.018) 


+3/4 


MONOTONICITY GUARANTEED 


£0.25 


£0.15 


25k 


10.10 


345 


ADS65AT 
MIN TYP 


MAX 


+1/4 
(0.006) 
+1/4 +1/2 

(0.012) 


+1/4 +1/2 
MONOTONICITY GUARANTEED 


0 to +5 
~2.5 to +2.5 
0 to +10 

-§ to +5 
-10 to +10 


10.00 


2.5 
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AD565A/AD566A 


UNITS 


% of F.S. Range 
% of F.S. Range 


pF 

Vv 

LSB 

% of F.S. Range 


LSB 
% of F.S. Range 


LSB 


te] 
ppm/ 


ppm/°C 


mA 
mA 


ppm of F.S./% 
ppm of F.S./% 


<<<<< 


- % of F.S. Range 


% of F.S. Range 
% of F.S. Range 
% of F.S. Range 


2 


V 


mA 
mW 


ADS66A — -SPECIFICATIONS (T, = +25°C, Vee = —15V, unless otherwise eve: 


MODEL 


DATA INPUTS! (Pins 13 to 24) 
TTL or 5 Volt CMOS 
Input Voltage 
Bit ON Logic ‘‘1” 
Bit OFF Logic “0” 
Logic Current (each bit) 
Bit ON Logic “1” 
Bit OFF Logic ‘‘0" 


RESOLUTION 


OUTPUT 

Current 
Unipolar (all bits on) 
Bipolar (all bits on or off) 

Resistance (exclusive of span 
resistors) 

Offset - 
Unipolar (adjustable to 
zero per Figure 3) 
Bipolar (Figure 4 Rj. and 

R, = 502 fixed) 

Capacitance 

Compliance Voltage 
Tmin tO Tmax 


ACCURACY (error relative to 
full scale) +25°C 


DIFFERENTIAL NONLINEARITY 
+25°C 
Tmin to Tmax 
TEMPERATURE COEFFICIENTS 
Unipolar Zero 
Bipolar Zero 
Gain (Full Scale) 
Differential Nonlinearity 


SETTLING TIME TO 1/2LSB 
All Bits ON-to-OFF or OFF-to-ON (Figure 8) 


FULL SCALE TRANSITION 
. 10% to 90% Delay plus Rise Time 
90% to 10% Delay plus Fall Time 


POWER REQUIREMENTS 
Veg, ~11.4 to -16.5V de 


POWER SUPPLY GAIN SENSITIVITY? 
VEE = -11.4 to -16.5V dc 


PROGRAMMABLE OUTPUT 
RANGE (see Figures 3, 4, 5) 


EXTERNAL ADJUSTMENTS §_ 
Gain Error with Fixed 50Q 
Resistor for R2 (Figure 3) 
Bipolar Zero Error with Fixed 
50Q Resistor for R1 (Figure 4) 
Gain Adjustment Range (Figure 3) 
Bipolar Zero Adjustment Range 


REFERENCE INPUT 
‘Input Impedance 


POWER DISSIPATION 


. MIN 


-1.6 


. £0.8 


6k 


£0.25 


£0.15 


1Sk . 


MULTIPLYING MODE PERFORMANCE (All Models) 


Quadrants 
Reference Voltage 
Accuracy 
Reference Feedthrough (unipolar mode, 
all bits OFF, and 1 to +10V [p-p], sinewave 
frequency for 1/2LSB [p-pj feedthrough) 
Output Slew Rate 10%-90% 
90%-10% 


Output Settling Time (all bits on and a 0—-10V_ 


step change in reference voltage) 


CONTROL AMPLIFIER 
Full Power Bandwidth 
Small-Signal Closed-Loop Bandwidth 


NOTES 


ADS66AJ 
. TYP 


+120 
+35 


-2.0 


' $1.0 


8k 


0.01 


0.05 
25 


+1/4 
(0.006) 
41/2 
(0.012) 


1/2 


te ao 


250 . 


4S 


30 


-12 


15 


Oto +5 


-2.5 to +2.5 


0to +10 
~§ to +5 
-10 to +10 


£0.1 


£0.05 


20k 
180 


MAX 


+525 
‘+0.8 


+300 
+100 


12... 


-2.4 


21,2 


10k 


0.05 


0.15 


+10 


£1/2 
(0.012) 
£3/4 
(0.018) 


£3/4 


_. MONOTONICITY GUARANTEED 


350 


30 
50 


-18 


25 


£0.2 5 


t0.1 5 


.ADS66AK 
TYP 


1/4 
(0.006) 
1/2 
(0.012) 


41/4 1/2 
MONOTON ICITY G UARANTEED ED 


0 to +5 
-2.5 to +2.5 
0 to +10 

-§ to +5 
-10 to +10 


Two (2): Bipolar Operation at Digital Input Only — 


+1V to +10V, Unipolar 


10 Bits (£0.05% of Reduced F.S. ) for 1V de Reference Voltage 


40kHz typ 
SmA/pS | 
ImA/ps 


1.5ys to 0.01% FS. 


300kHz 


1.8MHz 


' The digital input levels are guaranteed but not tested over the temperature range. 
*The power supply gain sensitivity is tested in reference to a VEE of -15V dc. 


Specifications subject to change without notice. 


332 


DIGITAL-TO-ANALOG CONVERTERS 


UNITS 


% of F.S.R. 


% of F.S.R. 
pF 


Vv 


LSB 
% of F.S.R. 
LSB 
% of F.S.R. 


LSB 


ppm/* C 
ppm/* Cc 
ppm/* Cc 
ppm/°C 


ns 


ns 
ns 


mA 


ppm of F.S./% 


<<cce 


’ % of F.S.R. 


% of F.S.R. 
% of F.S.R. 
% of F.S.R. 


Q | 
mW . 
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ADS65A/ADS66A 


MODEL _ MIN TYP MAX MIN TYP MAX UNITS 


DATA INPUTS! (Pins 13 to 24) 
TTL or 5 Volt CMOS 
Input Voltage 
Bit ON Logic “1” +2.0 +5.5 


Vv 
Bit OFF Logic ‘‘O”’ | 0 +0.8 Vv 
- Logic Current (each bit) 
~ Bit ON Logic “1” +120 +300 LA 
Bit OFF Logic “0” +35 +100 pA 
RESOLUTION __ go 
OUTPUT 
Current ; 
Unipolar (all bits on) -1.6 ~2.0 -2.4 mA 
Bipolar (all bits on or off) +0.8 +1.0 $1.2 mA 
Resistance (exclusive of span 
resistors) 6k 8k 10k Q 
Offset 
Unipolar (adjustable to 
zero per Figure 3) 0.01 0.05 % of F.S.R. 
Bipolar (Figure 4 Ry and 
R2 = 502 fixed) 0.05 0.15 % of F.S.R 
Capacitance . 25 pF 
Compliance Voltage 
Tmin tO Tmax -1.5 +10 Vv 
ACCURACY (error relative to 
full scale) +25°C +1/4 +1/2 +1/8 +1/4 LSB 
(0.006) (0.012) (0.003) (0.006) % of F.S.R. 
Tmin tO Tmax +1/2 3/4 +1/4 +1/2 LSB 
(0.012) (0.018) (0.006) (0.012) % of F.S.R. 
DIFFERENTIAL NONLINEARITY 
+25°C +1/2 £3/4 . +1/4 £1/2 LSB 
Tue te Tings MONOTONICITY GUARANTEED MONOTONICITY GUARANTEED 
TEMPERATURE COEFFICIENTS 
Unipolar Zero 1 2 ppm/°C 
Bipolar Zero 5 10 ppm/°C 
Gain (Full Scale) 7 10 ppm/c 
Differential Nonlinearity 2 ppm/°C 


SETTLING TIME TO 1/2LSB . . 
All Bits On-to-OFF or OFF-to-ON (Figure 8) 250 350 ns 
FULL SCALE TRANSITION 


10% to 90% Delay plus Rise Time 15 30 ns 
90% to 10% Delay plus Fall Time 30 . 50 ns 


POWER REQUIREMENTS 
Veg, -11.4 to -16.5V de ; “12 -18 -12 -18 } mA 


POWER SUPPLY GAIN SENSITIVITY? 


VEE = -11.4 to -16.5V de 15 25 ppm of F.S./% 
PROGRAMMABLE OUTPUT 
RANGE (see Figures 3, 4, 5) 0 to +5 Vv 
. —  =2.5 to +2.5 ~2.5 to +2.5 Vv 
0 to +10 Oto +10 Vv 
-5 to +5 -5 to +5 Vv 
-10 to +10 -10 to +10 Vv 
EXTERNAL ADJUSTMENTS 
Gain Error with Fixed 5082 
Resistor R2 (Figure 3) +0.1 _ £0.25 % of F.S.R. 
Bipolar Zero Error with Fixed ; 
50Q Resistor for R1 (Figure 4) +0.05 +0.15 % of F.S.R. 
Gain Adjustment Range (Figure 3) +0.25 . % of F.S.R. 
Bipolar Zero Adjustment Range +0.15 ‘ % of F.S.R. 
REFERENCE INPUT rg! 
POWER DISSIPATION 180 300 . 180 300 mW 
MULTIPLYING MODE PERFORMANCE (Ali Models) 
Quadrants Two (2): Bipolar Operation at Digital Input Only 
Reference Voltage +1V to +10V, Unipolar — ; 
Accuracy 10 Bits (0.05% of Reduced F.S.) for 1V de Reference Voltage 
Reference Feedthrough (unipolar mode, : 
all bits OFF, and 1 to +10V [p-p], sinewave 
frequency for 1/2LSB [p-p] feedthrough) 40kHz typ 
Output Slew Rate 10%-90% SmA/Us 
90%-10% ImA/ps 
Output Settling Time (all bits on and a O—-10V 
step change in reference voltage) 1.5us to 0.01% F.S, te at 
CONTROL AMPLIFIER . 
Full Power Bandwidth 300kHz mw 4 
Small-Signal Closed-Loop Bandwidth 1.8MHz on 
Specifications subject to change without notice. Specifications shown in boldface are tested on all production units at _ although only those shown in boldface are tested on all production 


final electrical test. Results from those tests are used to calculate out- units. 
going quality levels. All min and max specifications are guaranteed, 
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ABSOLUTE MAXIMUM RATINGS 


Vcc to Power Ground. ...........02.0. OV to +18V_ 
Ver to Power Ground (ADS565A) ......... OV to —18V 
Voltage on DAC Output (Pin9) ..... ty —3V to +12V 
Digital Inputs (Pins 13 to 24) to 
Power Ground ....... sped A irae es —1.0V to +7.0V 
Ref in to Reference Ground ......... ed koe Mes +12V 
Bipolar Offset to Reference Ground ........... +12V 
10V Span R to Reference Ground. ........... +12V 
20V Span R to Reference Ground. ....... +24V 
Ref out (ADS65A) ..... Indefinite Short to Power Ground 
Momentary Short to Vcc 
Power Dissipation .............2..-. .. . 1000mW 


ADS65A ORDERING GUIDE 


| Lineari 
MaxGainT.C. | Temperature Error ee Package 
een of F. S. /°C) | Range @ +25°C | Option” 
ADS65AJD Oto + 70°C Ceramic (D-24) 
ADS65AJR Oto + 70°C SOIC (R-28) 


ADS65AKD Oto + 70°C Ceramic (D-24) 
ADS6S5ASD —55°C to + 125°C Ceramic (D-24) 
_ADS65ATD - —55°C to + 125°C | + 


Ceramic (D-24) 


NOTES 

‘For details on grade and package sicitieas screened in accordance with MIL-STD-883, refer to the Analog 
Devices Military Products Databook or current /883B data sheet. 

2D = Ceramic DIP, R = SOIC. For outline information see Package Information section. 


AD566A ORDERING GUIDE 


Max Gain T.C. 
(ppm or F.S./°C) 


Temperature 
Range 


Oto + 70°C 


ADS66AJD Ceramic (D-24) 


ADS66AKD Oto + 70°C Ceramic (D-24) 
ADS566ASD — 55°C to + 125°C Ceramic (D-24) 
AD566ATD — 55°C to + 125°C Ceramic (D-24) 


NOTES 

'For details on grade and package offerings screened in accordance with MIL-STD-883, refer to the Analog 
Devices Military Products Databook or current /883B data sheet. 

2D = Ceramic DIP. For outline information see Package Information section. 


PIN DESIGNATIONS 
24-PIN DIP 


ne [ile [24] BIT 1 IN (MSB) 
Nc | 2) 123] BIT 2 IN 
Veo | 3) 22] BIT 3 IN 
REF OUT (+10V +1%) | 4 | 21) BIT 4IN 
REF GND | 5. 20| BIT 5 IN 
REFIN [6 ADS65A_ 49] BIT GIN 


PWR GND |12| BIT 12 IN (LSB) 


NC = NO CONNECT 


'24| BIT 1 IN (MSB) 
_ 123] BIT2IN- 


REF GND | 3 | 22| BITS IN 

AMP SUMMING BIT 4 IN 
JUNCTION 4 au 

REF VHIIN | 5 | 20| BIT SIN 


TOP VIEW 
(Not to Scale) 


NC ~ f17] BIT SIN 
DAC OUT (-2mA F.S.) |9 | | 16] BIT 9 IN 
10V SPAN R /10) 15| BIT 101IN 
20V SPAN R [111 14] BIT 11 IN. 
PWR GND |12| 13| BIT 12 IN (LSB) 


NC = NO CONNECT 


_ 28-PIN SOIC 


A 


AWUUI 


TOP VIEW 
8 | (Not to Scale) 21| BIT7 


~ NC = NO CONNECT 
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REV. C 


ANALOG 
DEVICES 


12- Bit Ultrahigh Speed 
Monolithic D/A Converter 


FEATURES 

Ultrahigh Speed: Current Settling to 1LSB in 35ns 

High Stability Buried Zener Reference on Chip 

Monotonicity Guaranteed Over Temperature 

10.24mA Full-Scale Output Suitable for Video 
Applications 

Integral and Differential Linearity Guaranteed Over “comme 
Temperature 

0.3” “Skinny DIP’ Packaging 

Variable Threshold Allows TTL and CMOS 
Interface — 

MIL-STD-883 Compliant Versions Available 


PRODUCT DESCRIPTION 

The ADS568 is an ultrahigh-speed, 12-bit digital-to-analog con- 
verter (DAC) settling to 0.025% in 35ns. The monolithic device 
is fabricated using Analog Devices’ Complementary Bipolar _ 
(CB) Process. This is a proprietary process featuring high-speed 
NPN and PNP devices on the same chip without the use of 
dielectric isolation or multichip hybrid techniques. The high 
speed of the AD568 is maintained by keeping impedance levels 
low enough to minimize the effects of parasitic circuit _ 
capacitances. ° 


The DAC consists of 16 current sources configured to deliver a 
10.24mA full-scale current. Multiple matched current sources 
and thin-film ladder techniques are combined to produce bit 
weighting. The DAC’s output is a 10.24mA full scale (FS) for 
current output applications or a 1.024V FS unbuffered voltage 
output. Additionally, a 10.24V FS buffered output may be 
generated using an onboard 1k( span resistor with an external 
op amp. Bipolar ranges are accomplished by pin strapping. 


Laser wafer trimming insures full 12-bit linearity. All grades of 
the AD568 are guaranteed monotonic over their full operating 
temperature range. Furthermore, the output resistance of the 
DAC is trimmed to 1000 + 1.0%. The gain temperature coefficient 
of the voltage output is 30ppm/°C max (K). 


The AD568 is available in three performance grades. The ws 
AD568JQ and KQ are available in 24-pin cerdip (0.3”) packages 


and are specified for operation from 0 to + 70°C. The ADS68SQ 


features operation from —55°C to + 125°C and is also packaged 
in the hermetic 0.3” cerdip. 


This is an abridged data sheet. To obtain the most recent version or. — 
complete data sheet, call our fax retrieval system at-1-800-446-6212. 
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| i 


THIN- ‘age. R: pe repeal 


1.4V 
| rrusepnanianoen 2R LADDER 


Gereer (hero) 
10V SPAN 
RESISTOR 


10V SPAN 
RESISTOR 


sigan HIGHLIGHTS : 

. The ultrafast settling time of the AD568 allows leading ‘sige 
performance in waveform generation, graphics oiepiay and 
high-speed A/D conversion applications. 

2. Pin strapping provides a variety of voltage and current output 
ranges for application versatility. Tight control of the absolute 
output current reduces trim requirements in sna aks 
applications. 

3. Matched on-chip resistors can be used for precision scaling: 
in high-speed A/D conversion circuits. 

4. The digital inputs are compatible with TTL and +5V CMOS 
logic families. 

5. Skinny DIP (0.3”) packaging minimizes board SPACE require- 
ments and eases layout considerations. 

6. The AD568 is available in versions compliant with MIL-STD- 
883. Refer to the Analog Devices Military Products Databook 
or current AD568/883B data sheet for detailed specifications. 
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AD968 — SPECIFICATIONS (@ = +25°C, Vee, Vee = +15V unless otherwise noted.) 


‘Model | 
wa ty : Units ee 

RESOLUTION | | Bits 

.ACCURACY! 

Linearity LSB 

Ti to Tmax LSB 

‘Differential Nonlinearity LSB - 

Trin tO Tmax. LSB 
Monotonicity- ae . 
Unipolar Offset %ofFSR - 

Bipolar Offset % of FSR 

Bipolar Zero  %of FSR 

Gain Error % of FSR 

TEMPERATURE COEFFICIENTS? aa 

Unipolar Offset ‘ppm of FSR/°C 

Bipolar Offset ppmofFSR/C - 

Bipolar Zero - ppm of FSR/°C 

Gain Drift _ ppm of FSR/°C 

Gain Drift (lout) ppm of FSR/°C 
-DATAINPUTS 

Logic Levels (Timin tO Tmax) 

Vin . Vv 

Vir. V 
Logic Currents (Tin tO Tmax) 

lin pA 

In. pA 

Vu Pin Voltage Vv 

CODING _ BINARY, OFFSET BINARY 
CURRENT OUTPUT RANGES _ Oto 10.24, + 5.12 mA. 
VOLTAGE OUTPUT RANGES Oto 1.024, +0.512 V 
COMPLIANCEVOLTAGE Wie 
OUTPUT RESISTANCE © 
- Exclusive of Ry. Q - 
Inclusive of Ry, 2 
SETTLING TIME 
Current to : 

+ 0.025% ns to 0.025% of FSR 

+0.1% nsto0.1I%ofFSR | 
Voltage + — 

~~ §092 Load?, 0.512V p-p, ay 
100.025% nsto0.025%of FSR... 
00.1% | nsto0.1%ofFSR 
to 1% _ nsto 1%of FSR 
759. Load?, 0. 768V p P-p, . 
t00.025% — ns to 0.025% of FSR 
160.1% ns t00.1% of FSR» 
to 1% ns to 1%of FSR 
1000 (Internal R; )?, 1.024V p-p, 7 
10 0.025% ns to 0.025% of FSR 
100.1% ns t00.1% of FSR° 
to 1% ‘nsto 1%of FSR: : 
Glitch Impulse* pV-sec 
. Peak Amplitude % of FSR 
FULL-SCALE TRANSITION® ~~ 4 | 
10% to 90% Rise Time ns 
90% to 10% Fall Time ns" 
POWER REQUIREMENTS . 
+ 13.5Vto +16.5V 27 32 * * * * mA 
~ 13.5Vto — 16.5V ie mA 
Power Dissipation * mW 
x 


PSRR 


TEMPERATURE RANGE 
Rated Specification” 
Storage 


% of FSR/V 


NOTES 

*Same as ADS68]. “At the major carry, driven by HCMOS logic. See text for further explatianion: 

' Measured in I-71 mode. 5 Measured in Vout mode. 

?Measured in Vous mode, unless otherwise specified. See text for further information. Specifications shown in boldface are tested on all orecion units at final electrical t test... 
*Total Resistance. Refer to Figure 3. Specifications subject to change without notice. 


3-36 DIGITAL-TO-ANALOG CONVERTERS | REV. A 


THRESHOLD 
CONTROL 


THRESHOLD 
COMMON 


LADDER’ ps ruseonantanoen | . aa LADDER 


ace 
COMMON 


Figure 1. Functional Block Diagram 


ABSOLUTE MAXIMUM RATINGS* 


(ane 
OFFSET Usp 
COMMON SET (spo) 
BIPOLAR ai 10V SPAN 
CURRENT $s RESISTOR 
GENERATOR ‘7 
. 10V SPAN 
ADS68 RESISTOR 
ee 


AD568 


-’ PIN CONFIGURATION 


BIT 1 (MSB) ht | e 


BIT 2 2 | 
BIT 3 Ei 


| 24 | + 15V (Voc) 


| 23 | REFERENCE COMMON (REFCOM) 


| 22 | — 15V (Vee) 


| 21| BIPOLAR OFFSET (Ippo) 


[20] tour 


| 19 LOAD RESISTOR (RL) 


LOAD RESISTOR 
(Ri) 


(21) BIPOLAR 


BITS| 5 | 


BIT 6 G AD568 - 
TOP VIEW 
BIT 7 (Not to Scale) ANALOG COMMON (ACOM) 


BIT 8| 8 | LADDER COMMON (LCOM) 
BIT 9[ 9 | | 16 | 10V SPAN RESISTOR 


|15 | 10V SPAN RESISTOR 


BIT 10| 10 | 
BIT 11) 11 | 
BIT 12 (LSB) | 12 | 


| 14 | THRESHOLD COMMON (THCOM) 


| 13 | THRESHOLD CONTROL (Vru) 


Power Dissipation. .............2.0288. 1000mW 

Vcc to REFCOM ..... ae ee ew a 8 OV to +18V Storage Temperature Range 
Var to REFCOM ... 2... +2 -e ee OV to — 18V Q (Cerdip) Package... ......... ~65°C to + 150°C 
REFCOM toLCOM ........... ? se to —10V_ Junction Temperature... 22... ee ee 175°C 
ACOM to LCOM. «3% 644 6 6k Be ee we + 100mV Thermal Resistance 
THCOM to LCOM ......:.......... + 500mV Oia pte Sou tan ta ak egd Meets fen tt te tebe, oh, eee 75°C/W 
SPANs to LCOM Sri Ter “Wag Ge Gah as Oke? Fey ee moe le See ea we ta, Wer pies veh ie +12V 05. ca ade ot Se Se eRe Oy eee Nets tbe ae he He et tet 25°C/W 
Ippo to LGCOMG ce ese Se 2 a Seek AER oe SA aS +5V 
Iour to LCOM ........2.0 2.00 ce eee — 5V to Vr *Stresses above those listed under “Absolute Maximum Ratings” may 

a - cause permanent damage to the device. This is a stress rating only an 
Digital Inputs to THCOM ........ 500mV to +7.0V d he device. This i ing only and 
Vol A Ss Res; 2V functional operation of the device at these or any other conditions above 

oltage ACTOSS Opan NESISLOE 2. eee ee ee those indicated in the operational sections of this specification is not 
Vru to THCOM .. 1... eae ees —0.7V to +1.4V implied. Exposure to absolute maximum rating conditions for extended 
Logic Threshold Control Input Current Deu de Wok sop atk 5mA periods may affect device reliability. 

ORDERING GUIDE 


ADS568JQ | 24-Lead Cerdip (Q-24) 
ADS568KQ] 24-Lead Cerdip (Q-24) 
AD568SQ | 24-Lead Cerdip (Q-24) 


NOTES 


Temperature 
Range °C 


Oto +70 
Oto +70 
—55to +125 


Voltage 
Gain T.C. 
Max ppm/°C 
+50 

+ 30 


Linearity 
Error Max. 
@ 25°C 


'For details on grade and package offerings screened in accordance with MIL-STD-883, refer 
to the Analog Devices Military Products Databook or current AD568/883B data sheet. 
2Q = Cerdip. For outline information see Package Information section. 


Definitions 


LINEARITY ERROR (also called INTEGRAL NON- 
LINEARITY OR INL): Analog Devices defines linearity — 
error as the maximum deviation of the actual analog output 
from the ideal output (a straight line drawn from 0 to FS) 
for any bit combination expressed in multiples of 1LSB. The 
AD568 is laser trimmed to 1/4LSB (0.006% of FS) maximum 
linearity error at + 25°C for the K version and 1/2LSB for 
the J and S versions. 


DIFFERENTIAL LINEARITY ERROR (also called 
DIFFERENTIAL NONLINEARITY or DNL): DNL is 
the measure of the variation in analog value, normalized to 
full scale, associated with a 1LSB change in digital input 
code. Monotonic behavior requires that the differential linearity 
error not exceed 1LSB in the negative direction. 


MONOTONICITY: A DAC is said to be monotonic if the 
output either increases or remains constant as the digital 
input increases. 


REV. A 


UNIPOLAR OFFSET ERROR: The deviation of the analog 
output from the ideal (OV or OmA) when the inputs are set 
to all Os is called unipolar offset error. 


BIPOLAR OFFSET ERROR: The deviation of the analog 
output from the ideal (negative half-scale) when the inputs 
are set to all Os is called bipolar offset error. 


BIPOLAR ZERO ERROR: The deviation of the analog 
output from the ideal half-scale output of OV (or OmA) for 
bipolar mode when only the MSB is on (100.....00) is called 
bipolar zero error. 


GAIN ERROR: The difference between the ideal and actual 
output span of FS — 1LSB, expressed in % of FS, or LSB, 
when all bits are on. 


GLITCH IMPULSE: Asymmetrical switching times in a 
DAC give rise to undesired output transients which are quan- 
tified by their glitch impulse. It is specified as the net area of 
the glitch in nV-sec or pA-sec. 
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ANALOG 


DEVICES 


16-Bit Monotonic 
_ Voltage — D/A Converter 


FEATURES 

Guaranteed 16-Bit Monotonicity 
Monolithic BiIMOS Il Construction 
+0.01% Typical Nonlinearity | 

8- and 16-Bit Bus Compatibility — 
3s Settling to 16-Bits 

Low Drift tas 

Low Power ~— 

Low Noise 


APPLICATIONS 

Robotics 

Closed-Loop Positioning 

High-Resolution ADCs 
Microprocessor-Based Process Control 
‘MIL-STD-883 Compliant Versions Available 


PRODUCT DESCRIPTION 

The AD569 is a monolithic 16-bit digital-to-analog converter 
(DAC) manufactured in Analog Devices’ BiMOS II process. © 
BiMOS II allows the fabrication of low power CMOS logic 
functions on the same chip as high precision bipolar linear circuitry. 
The AD569 chip includes two resistor strings, selector switches, 
decoding logic, buffer amplifiers, and couble-buftered input 
latches. 


The AD569’s voltage-segmented architecture insures 16-bit ! 
monotonicity over time and temperature. Integral nonlinearity is 
maintained at + 0.01%, while differential nonlinearity is 

_ +0.0004%. The on-chip, high-speed buffer amplifiers provide a 
voltage output settling tme of Sys to within +0.001% for a 
full-scale step. 


The reference input voltage which determines the output range 
can be either unipolar or bipolar. Nominal reference range is 
+5V and separate reference force and sense connections are 
provided for high accuracy applications. The AD569 can operate 
with an ac reference in multiplying applications. 


Data may be loaded into the AD569’s input latches from 8- and 

16-bit buses. The double-buffered structure simplifies 8-bit bus 

interfacing and allows multiple DACs to be loaded asynchronously 
and updated simultaneously. Four TTL/LSTTL/SV CMOS- 


compatible signals control the latches: ee pee) HBE, and 
LDAC. 


The ADS69 is available in five grades: J and K versions are 
specified from 0 to +70°C and are packaged i in a 28- -pin plastic 
DIP and 28-pin PLCC package; AD and BD versioiis are specified 
from — 25°C to +85°C and are packaged in a 28-pin ceramic 
DIP. The SD version, also in a 28-pin ceramic DIP, is specified 


from —55°C to + 125°C. 


This i is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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+Vner FORCE ¢ 


+ Veer SENSE e 


FUNCTIONAL BLOCK DIAGRAM - 


SEGMENT 


TAP. 
SELECTION “1 SELECTION 


nas 


seReadie 


a a Caan 


° e 
DB7 @ ee DBO 


DB15 @ @ @ DBS 


PRODUCT HIGHLIGHTS 
1. Monotonicity to 16 bits is insured by the AD569’s voltage- 
segmented architecture. 


2. The output range is ratiometric to an external reference or ac 


signal. Gain error and gain drift. of the AD569 are negligible. 


3. The AD569’s versatile data input structure allows loading 
from 8- and 16-bit buses. 


4. The on-chip output buffer amplifier can supply + 5V into a 


1kO load, and can drive capacitive loads of up to 1000pF. | 


5. Kelvin connections to the reference inputs preserve the gain | 


and offset accuracy of the transfer function in the eine of 
wiring resistances and ground currents. 


6. The AD569 is available in versions compliant with /-MIL-STD- 
883. Refer to the Analog Devices Military Products Databook 
or current AD569/883B data sheet for detailed specifications. 
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SPECIFICATIONS steviewe ADB 


Model AD569JN/JP/AD AD569KN/KP/BD AD569SD 

Parameter - Min Typ Max Min Typ Max 

RESOLUTION | 

LOGIC INPUTS 

Vix (Logic “1”) 
Vir (Logic “0”) 
In (Vi = 5.5V) 
In (Vir = 0V) 


TRANSFER FUNCTION 
CHARACTERISTICS 

Integral Nonlinearity 

Tmin tO Tmax 
Differential Nonlinearity 

T min tO Tmax 
Unipolar Offset’ 

Timin tO Tmax 
Bipolar Offset” 

T min tO T max 
Full Scale Error” 

Ti, 0 Tex 
Bipolar Zero” 

Tmin tO Tmax 


REFERENCE INPUT 
+ Veer Range? 
— Vrer Range? 
Resistance 


OUTPUT CHARACTERISTICS 
Voltage 
Capacitive Load 
Resistive Load 
Short Circuit Current 


POWER SUPPLIES 

Voltage 
+Vs5 
—Vs_ 

Current” 
+I; 
-Is 

Power Supply Sensitivity” 
+10.8V< + Vs< + 13.2V 
— 10.8V=— Vs= — 13.2V 


TEMPERATURE RANGE 
Specified 
JN, KN, JP, KP 
AD, BD 
SD 
Storage 
JN, KN, JP, KP 
AD, BD,SD 


NOTES 
‘FSR stands for Full-Scale Range, and is 10V fora —5 to + 5V span. Specifications shown in boldface are tested on all production units at final 
Refer to Definitions section. electrical test. Results from those tests are used to calculate outgoing quality 
3For operation with supplies other than + 12V, refer to the Power Supply levels. All min and max specifications are guaranteed, although only those 
and Reference Voltage Range Section. _ shown in boldface are tested on all production units. 
‘Measured between + Vagr Force and — Vagr Force. 
5Sensitivity of Full-Scale Error due to changes in + Vs and sensitivity 
of Offset to changes in — Vs. 


Specifications subject to change without notice. 
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- AD569. 
AC PERFORMANCE CHARACTERISTICS. 


These characteristics are included for Design Guidance Only and are not subject to test. 
+V; = +12); eas — 12; + Vee = +5V; Vee = — SV except where stated. 


Pacemetee | a Test Conditions/Comments 


Output Voltage Settling psmax sf No Load Applied es 

(Time to + 0.001% FS | ps typ (DAC output measured from falling edge of LDAC. ) 

For FS Step). ws max Vout Load = 1k0, Cpoap = 1000pF. 

- ps typ (DAC output measured from falling edge of LDAC.) 

Digital-to-Analog Glitch ~nV-sectyp | Measured with Vrgr = OV. DAC registers alternatively loaded 

Impulse . with input codes of 8000}; and OFFF}, (worst-case 

| : | transition). Load = 1kN. 
Multiplying Feedthrough _.| dBmax a Vrer = 1V rms 10KHz sine wave, 
| — Veer = 0V 

Output Noise Voltage ) nV/VHztyp | Measured between Voyrand — VrgF 


Density (1kHz-1MHz) 


Test Conditions/Comments 


150ns Pulse on HBE, LBE, and LDAC | 
Tus = 140ns min, Ty; = 10ns min 


two CS Pulse Width 

tsc CS Data Setup Time 

tHc CS Data Hold Time 

Case B None | 

twB HBE, LBE Pulse Width 

tsp HBE, LBE Data Setup Time 

tr HBE, LBE Data Hold Time 

tscs CSSetupTime _ 

tucs CS Hold Time 

twp LDAC Pulse Width 

Case C None | , 

twa HBE, LBE Pulse Width — as oan tees | 
tsp HBE, LBE Data Setup Time : ‘hes a 
tp HBE, LBE Data Hold Time BEBE : 

tscs CS Setup Time we 


CS Hold Time 


as twe twe 
Figure 2a. AD569 Timing Diagram — Case B 
_HBE tis tas 
CBE tus tan tecs = ‘ees tas 
| tec [tel La tac [tool ee eae 


_ Figure 1. AD569 Timing Diagram - Case A 


Figure 2b. AD569 Timing Diagram— Case C 
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ABSOLUTE MAXIMUM RATINGS* 
(Ta = +25°C unless otherwise noted) 


Power Dissipation (Any Package) . ee 1000mW 
Operating Temperature Range | 


+Vs (Pin 1) to GND (Pin 18) ......... +18V, —0.3V Commercial Plastic (JN, KN, JP, KP Versions) .0 to +70°C 
—Vs (Pin 28) to GND (Pin 18) ......... —18V, +0.3V Industrial Ceramic (AD, BD Versions) . . —25°C to + 85°C 
+ Vs (Pin 1) to —Vs (Pin 28) ......... +26.4V, —0.3V Extended Ceramic (SD Versions) .... . — 55°C to + 125°C 
Digital Inputs Storage Temperature ............ — 65°C to + 150°C 

(Pins 4-14, 19-27) to GND (Pin 18) ..... +Vs, —0.3V Lead Temperature Range (Soldering, 10secs) ..... + 300°C 
+ Veer Force (Pin 3) to + Vr Sense (Pin 2) +16.5V 


— Veer Force (Pin 15) to — Vrgr Sense (Pin 16) ... +16.5V 


*Stresses above those listed under “Absolute Maximum Ratings” may 


V Force (Pins 3, 15) to GND (Pin 18). ..... ee | cause permanent damage to the device. This is a stress rating only and 
vo. S - >. 1 . to GND . 3 “Vv. functional operation of the device at these or any other conditions above 

aca ne sedate y m Rk oe aah a ke =e those indicated in the operational sections of this specification is not 
Vour (Pin 17) 2... ee ee eee Indefinite Short to GND implied. Exposure to absolute maximum rating conditions for extended 


Momentary Short to + Vs, — Vs periods may affect device reliability. 


ESD SENSITIVITY 
The ADS569 features input protection circuitry consisting of large ‘‘distributed”’ diodes and polysilicon 
series resistors to dissipate both high-energy discharges (Human Body Model) and fast, low-energy 
pulses (Charged Device Model). Per Method 3015.2 of MIL-STD-883C, the AD569 has been classified 
as a Category A device. | 


WARNING! 


rr | 


Proper ESD precautions are strongly recommended to avoid functional damage or performance degra- 
dation. Charges as high as 4000 volts readily accumulate on the human body and test equipment and 
discharge without detection. Unused devices must be stored in conductive foam or shunts, and the 
foam should be discharged to the destination socket before devices are removed. For further informa- 
tion on ESD precautions, refer to Analog Devices’ ESD Prevention Manual. 


ESD SENSITIVE DEVICE 


w wi 
Oo DN 
xc 2 ms 
PIN DESIGNATIONS o a 
4 is is wad 
c fF ww of 
> > > > 
ane aS 
-V 
— 4 UE 3 hf 2h 1] f28]f 27] [26 
27] DBO (LSB) 
26] DB1 
DB9 DB2 
25] DB2 i 25) 
24] DBS DB10 | 6 | 124] DB3 
TOP VIEW iBE pet | 7 ADS69 23] TBE 
(Not to Scale) TOP VIEW 
22] DB4 HBE | 8 | (Not to Scale) 22] Dae 
[27] DBS DB12 | 9 | 21] DBS 
20] DBG DB13 | 10| 20] DBG 
49] DB7 pB14 [11 19] DB7 
| 18] GND 
117] Vour Ashe] lv] [6 
—Vrer SENSE 
= 88 So & 3 8 
~ Vree FORCE [= 8 3 é > oO 
a zo 
2 z £ 
= > > 
| I 
ORDERING GUIDE 


Integral Nonlinearity | Differential Nonlinearity 


Model! 


Temperature 
Range 


ADS569JN +0.04% | +0.04% Oto +70°C 

ADS569JP +0.04% | +0.04% Oto +70°C P-28A 
ADS69KN + 0.024% | +0.024% Oto +70°C N-28 
ADS69KP + 0.024% | +0.024% Oto + 70°C P-28A 
AD569AD +0.04% | +0.04% — 25°C to + 85°C D-28 
AD569BD +0.024% | +0.024% — 25°C to + 85°C D-28 
ADS569SD +0.04% | +0.04% — 55°C to + 125°C 


NOTES 

1For details on grade and package offerings screened in accordance with MIL-STD-883, refer to the Analog Devices Military 
Products Databook or current AD569/883B data sheet. 

2D = Ceramic DIP; N = Plastic DIP; P = Plastic Leaded Chip Carrier. For outline information see Package 
Information section. 
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ANALOG 
DEVICES 


Monolithic 16-Bit 
eral DACPORT 


FEATURES 7 | 
Complete 16-Bit D/A Function’ 
On-Chip Output Amplifier | | 
_ On-Chip Buried Zener Voltage: Reference 
+1LSB Integral Linearity © 3 | 
_15-Bit Monotonic over Temperature | 
Microprocessor Compatible — 
Serial or Byte Input 
Double Buffered Latches 
Fast (40 ns) Write Pulse 
_ Asynchronous Clear (to 0 V) Function 
Serial Output Pin Facilitates Daisy Chaining | 
- Unipolar or Bipolar Output | 
~~ Low Glitch: 15nV-s 
tow Te 0. alae - 


PRODUCT DESCRIPTION | 

The AD660 DACPORT® is a complete 16- bit iondlithic D/A 
converter with an on-board voltage reference, double buffered 
latches and output amplifier. It is manufactured on Analog 
Devices’ BiMOS II process. This process allows the fabrication 
of low power CMOS logic functions on the same chip as high 
precision bipolar linear” circuitry. 


The AD660’s architecture ensures 15-bit monotonicity over time 
and temperature. Integral and differential nonlinearity is main- 
tained at +0.003% max. The on-chip output amplifier provides 
a voltage output settling time of 10 js to within 1/2 LSB for a 
full-scale step. 


The AD660 has an extremely flexible digital interface. Data can 
be loaded into the AD660 in serial mode or as two 8-bit bytes. 
This is made possible by two digital input pins which have dual 
functions. The serial mode input format is pin selectable to be 
MSB or LSB first. The serial output pin allows the user to daisy 
chain several AD660s by shifting the data through the input 
latch into the next DAC thus minimizing the number of control 
lines required to SIN, CS and LDAC. The byte mode input 


format is also flexible in that the high byte or low byte data can © 


be loaded first. The double buffered latch structure eliminates 
data skew errors and provides for simultaneous updating of 
DACs in a multi-DAC system. 


The AD660 is available in five grades. AN and BN versions are es. 


specified from —40°C to +85°C and are packaged in a 24-pin 
300 mil plastic DIP. AR and BR versions are: also specified from 
—40°C to +85°C and are packaged in a 24-pin SOIC. The SQ 


te ann elen en ion 2 DA mite 2NN al 
version is packaged in a 24-pin 300 mil cerdip package and is 


also available compliant to MIL-STD-883. Refer to the AD660/ | 


883B data sheet for specifications and test conditions. 


DACPORT is a registered trademark of Analog Devices, Inc. 
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| FUNCTIONAL BLOCK DIAGRAM 


UNVBIPCLR/  SiNy MSB/LSB/ 
isE CS DBO DB! DB7 


Se 


es 16-BIT LATCH | a 
SER 
= a 
Lacs I UAUAHIAAT — 
REF IN (23) "16-BIT DAC 
- = Vour 
(20) AGND 


 REFOUT -Vee #Voc  +¥4,, DGND 


PRODUCT HIGHLIGHTS 


1 


The AD660 is a complete 16-bit DAC, with a voltage refer- _ 
ence, double buffered latches and output amplifier on a sin- 
gle chip. 


. The internal buried Zener reference is laser trimmed to 


10.000 volts with a +0.1% maximum error and a tempera- 
ture drift performance of +15 ppm/°C. The reference is 
available for external applications. 


. The output range of the AD660 is pin programmable and can 


be set to provide a unipolar output range of 0 V to +10 V or 
a bipolar output range of — a Vv to + 10 V. No external com- 
ponents are required. 


. The AD660 is both dc sida ac specified. DC specifications 


include +1 LSB INL and +1 LSB DNL errors. AC specifi- 
cations include 0.009% THD+N and 83 dB SNR. 


. The double buffered latches on the AD660 eliminate data 


skew errors and allow simultaneous updating of DACs in 
multi-DAC applications. 


. The CLEAR function can asynchronously set the output to 


0 V regardless of whether the DAC. is in unipolar or bipolar 


~ mode. 


_.7., The output amplifier settles within 10 ps to +1/2 LSB for a 


full-scale step and within 2.5 ys for a 1 LSB step over tem- 
perature. The output glitch is pay 15 nV-s when a full- 


| scale step is loaded. 
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SPECIFICATIONS (Ty, = +25°C, Vog = +15 V, Vee = —15 V, V,, = +5 V unless otherwise noted) AD660 
Parameter | aca _Typ ' Units | 


RESOLUTION Bits 
DIGITAL INPUTS (Tym to Tyax) 
Vier (Logic “1°’) Volts 
Vir. (Logic ‘‘0’’) Volts 
Tn (Vig = 5-5 V) pA 
lin (Vi. = 0 V) pA 
TRANSFER FUNCTION CHARACTERISTICS! 
Integral Nonlinearity LSB 
T mim to Tyax LSB 
Differential Nonlinearity LSB 
Tain to Tmax LSB 
Monotonicity Over Temperature Bits 
Gain Error” ? * % of FSR 
Gain Drift? (Tam to Tmax) 1 ppm/°C 
DAC Gain Error* * —% of FSR 
DAC Gain Drift* * ppm/°C 
Unipolar Offset * mV 
Unipolar Offset Drift (Tyr to Taax) sl ppm/°C 
Bipolar Zero Error ie mV 
Bipolar Zero Error Drift (Ty to Taax) ppm/°C 
REFERENCE INPUT 
Input Resistance kQ 
Bipolar Offset Input Resistance kQ, 
REFERENCE OUTPUT 
Voltage Volts | 
Drift ppm/°C 
External Current? mA 
Capacitive Load pF 
Short Circuit Current mA 
OUTPUT CHARACTERISTICS 
Output Voltage Range 
Unipolar Configuration Volts 
- Bipolar Configuration Volts 
Output Current ‘mA 
Capacitive Load pF 
Short Circuit Current mA 
POWER SUPPLIES 
Voltage . 
Ver" Volts 
Vir? Volts 
LL Volts 
Current (No Load) 
lec mA 
| rn mA 
the 
@ Vin. Vir. = 5,0 V mA 
@ Vin» Vir. = 2.4, 0.4 V mA 
Power Supply Sensitivity — ppm/% 
Power Dissipation (Static, No Load) mW 
TEMPERATURE RANGE 
Specified Performance (A, B) a & 
Specified Performance (S) °C 
NOTES 


For 16-bit resolution, 1 LSB = 0.0015% of FSR. For 15-bit resolution, 1 LSB = 0.003% of FSR. For 14-bit resolution, 

1 LSB = 0.006% of FSR. FSR stands for Full-Scale Range and is 10 V in a Unipolar Mode and 20 V in Bipolar Mode. 

Gain error and gain drift are measured using the internal reference. The internal reference is the main contributor to gain drift, If lower gain drift is required, 
the AD660 can be used with a precision external reference such as the AD587, AD586 or AD688. 

3Gain Error is measured with fixed 50 0 resistors as shown in the Application section. Eliminating these resistors increases the gain error by 0.25% of FSR 
(Unipolar mode) or 0.50% of FSR (Bipolar mode). 

“DAC Gain Error and Drift are measured with an external voltage reference. They represent the error contributed by the DAC alone, for use with an external 
reference. 

*External current is defined as the current available in addition to that supplied to REF IN and SPAN/BIPOLAR OFFSET on the AD660. 

Operation on +12 V supplies is possible using an external reference such as the AD586 and reducing the output range. Refer to the Internal/External Reference 
section. 

*Indicates that the specification is the same as AD660AN/AR/SQ. 


Specifications subject to change without notice. 
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AD660 ao —— ee oe hee 
AC PERFORMANCE CHARACTERISTICS (With the exception of Total Harmonic Distortion + Noise and Signal-to-Noise 


Ratio, these characteristics are included for design guidance only and are not subject to test. THD+N and SNR are 100% = 
Twi = Ta = Twaxy Veo = +15 V, Veg = —15 V, Vy, = +5 V except where noted.) 


Parameter Test Conditions/Comments 


Output Settling Time | 20 V Step, T, = +25°C 

(Time to +0.0008% FS - 20 V Step, T, = +25°C 

with 2 kO, 1000 pF Load) 20 V Step, Taw < Ta < Tmax 
10 V Step, T, = +25°C 
10 V Step, Tym = Ta = Tmax 
1 LSB Step, Tym = Ta = Tomax 


Total Harmonic Distortion + Noise | ee 
A, B, S Grade 0 dB, 990.5 Hz; Sample Rate = 96 kHz; T, = +25°C 
A, B, S Grade —20 dB, 990.5 Hz; Sample Rate = 96 kHz; Ta = +25°C. 


A, B, S Grade —60 dB, 990.5 Hz; Sample Rate = 96 kHz; Ta = 25°C 


Signal to-Noie Rat 8 [amin [T= 28 
Digital-to-Analog Glitch Impulse eae Ree DAC Alternately Loaded with 8000,, and 7FFF,,; ~— 


Digital Feedthrough DAC Alternately Loaded with 0000,, and FFFF,,; CS High 


Output Noise Voltage _ - 120 nV/Rt Hz typ Measured at Voy, 20 V Span; Excludes Reference 
Density (1 kHz-1 MHz) . 


Reference Noise | Ss nV/Rt Hz typ .Measured at REF OUT 


Specifications subject to change without notice. 


CON sc eee 

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 7 

accumulate on the human body and test equipment and can discharge without detection. WARNING! 
Although the AD660 features proprietary ESD protection circuitry, permanent damage may Saprrnt Ag: 

occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 

precautions are recommended to avoid performance degradation or loss of functionality. 


ESD SENSITIVE DEVICE 


ABSOLUTE MAXIMUM RATINGS* __ - PIN CONFIGURATION 


Veete AGND 6 ont ees es SOR A —0.3 Vto +17.0 V 
Ver tO AGND 2.0... cc ccc cee ee +0.3 V to —-17.0 V 
Vig tOCDGND: ove how, bh are leary 6 oes -~0.3Vto +7 V 
AGND 10:DGND. 95-6. 35654. G4. WAG HSE SA ROS +1V 
Digital Inputs (Pins 5 through #2) to DGND .....71.0 V to 
3 +7.0 V 
REE IN 06 AGND* 655.224 bob 1 Bah ee eae ae +10.5 V 
Span/Bipolar Offset to AGND .............00. +10.5 V 
Ref Out, Vour ..-.--- Indefinite Short To AGND, DGND, é 
: Voc Veg, and Vpr sie 
Power Dissipation (Any Package) | ee 
TO POO 6 ae oh ew ah oS ee mde hie aed 1000 mW 
Derates above +60°C ............ Segara Ta taeda 8.7 mW/°C 
Storage Temperature .............64.% —65°C to. +150°C 
Lead Temperature (Soldering, 10 sec)........ eels 300°C 


*Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those indi- 
cated in the operational section of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended periods may affect 
device reliability. 
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Linearity Error Max | Linearity Error Max | Gain TC max | Package 

Temperature Range | +25°C Tan — Tmax ppm/°C Description 
AD660AN —40°C to +85°C 25 Plastic DIP 
AD660AR —40°C to +85°C 25 SOIC R-28 
AD660BN —40°C to +85°C 15 Plastic DIP | N-28 
AD660BR —40°C to +85°C 15 SOIC R-28 
AD660SQ —55°C to +125°C 25 Cerdip Q-28 
AD660SQ/883B** | —55°C to +125°C as hal 


*N = Plastic DIP; Q = Cerdip; R = SOIC. For outline information see Package Information section. 
**Refer to AD660/883B military data sheet. 


TIMING CHARACTERISTICS v,, = +15 v, Vee = —15V, Vy, = +5 V,Vy, = 24V, Vip = O4V 


(Figure la) 
tcs 40 ns min 
tps 40 ns min 
toy ns min 
tpEs ns min 
tae ns min 
toy ns min 
try ns min 
(Figure 1b) 
tcLK ns min 
tro ns min 
tan ns min 
tss ns min 
tps ns min 
ton ns min 
tsp ns min 
tly ns min 
trw ns rhin 
(Figure 1c) 
torr 80 110 ns min 
tser 80 110 ns min 
tHoLp 0 10 ns min 
(Figure 1d) 
lprop 50 100 ete 
ts 50 80 | ns min 


Specifications subject to change without notice. 


Figure 1a. AD660 Byte Load Timing 
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LDAC 


Figure 1b. AD660 Serial Load Timing 
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Figure 1c. Asynchronous Clear to Bipolar or Unipolar Zero 
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Figure 1d. Serial Out Timing 


DEFINITIONS OF SPECIFICATIONS 

INTEGRAL NONLINEARITY: Analog Devices defines 
integral nonlinearity as the maximum deviation of the actual, 
adjusted DAC output from the ideal analog output (a straight 
line drawn from 0 to FS-1 LSB).for any bit combination. ‘This 
is also referred to as relative accuracy. 


DIFFERENTIAL NONLINEARITY: Differential esiiatahes 
is the measure of the change in the analog output, normalized to 
full scale, associated with a 1 LSB change in the digital input 
code. Monotonic behavior requires that the differential linearity 
error be greater than or equal to —1 LSB over the temperature | 
range of interest. 


MONOTONICITY: A DAC is monotonic if the suipit either 


increases or remains constant for increasing digital inputs with | 
the result that the output will always bea single-valued function 


of the input. 
GAIN ERROR: Gain error is a measure of the output error © 


between an ideal DAC and the actual device output with all 1s 


loaded after offset error has been adjusted out. 


OFFSET ERROR: Offset error is a combination of the offset 
errors of the voltage-mode DAC and the output amplifier and is 
‘Measured with all 0s loaded in the DAC. 
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BIPOLAR ZERO ERROR: When the AD660 is connected for 
bipolar output and 10. . . 000 is loaded in the DAC, the devia- 
tion of the analog output from the ideal midscale value of 0 V is | 
called the bipolar zero error. 


DRIFT: Drift is the change in a parameter (such as gain, offset 
and bipolar zero) over a specified temperature range. The drift 
temperature coefficient, specified in ppm/°C, is calculated by 
measuring the parameter at Ty, 25°C and Tyax and dividing 
the change in the parameter by the corresponding temperature 
change. 


TOTAL HARMONIC DISTORTION + NOISE: Total har- 


’ monic distortion + noise (THD+N) is defined as the ratio of 


the square root of the sum of the squares of the values of the 
harmonics and noise to the value of the fundamental input fre- 


a SON 


quency. It is usuaiiy expressed in percent (%). 


THD+N i is a measure of the magnitude and distribution of lin- 


-earity error, differential linearity error, quantization error and 


noise. The distribution of these errors may be different, depend- 


ing upon the amplitude of the output signal. Therefore, to be 
the most useful, THD+N should be specified for both large and 
~ ‘small signal amplitudes. 
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SIGNAL-TO-NOISE RATIO: The signal-to-noise ratio. is 
defined as the ratio of the amplitude of the output when a full- 
scale signal is present to the output with no signal present. This 
is measured in dB. 


DIGITAL-TO-ANALOG GLITCH IMPULSE: This is the 
amount of charge injected from the digital inputs to the analog 
output when the inputs change state. This is measured at half 
scale when the DAC switches around the MSB and as many 
as possible switches change state, i.e., from 011... 111 to 
100. . . 000. 


DIGITAL FEEDTHROUGH: When the DAC is not selected 
(i.e., CS is held high), high frequency logic activity on the digi- 
tal inputs is capacitively coupled through the device to show up 
as noise on the Vopr pin. This noise is digital feedthrough. 


THEORY OF OPERATION | 

The AD660 uses an array of bipolar current sources with MOS 
current steering switches to develop a current proportional to 
the applied digital word, ranging from 0 to 2 mA. A segmented 
architecture is used, where the most significant four data bits 
are thermometer decoded to drive 15 equal current sources. The 
lesser bits are scaled using a R-2R ladder, then applied together 
with the segmented sources to the summing node of the output 
amplifier. The internal span/bipolar offset resistor can be con- 
nected to the DAC output to provide a 0 V to +10 V span, or it 
can be connected to the reference input to provide a —10 V to 
+10 V span. 


UNI/BIP ¢ CLRY SIN’ MSB/LSB/ 
LBE CS DBO DB1_ DB7 


a 


HBE /16-BIT LATCH 03) Sou, 

SER (17) 

CLR (18) 16-BIT LATCH aly 
OFFSET 


REFOUT -V,. +V,, +V¥,, DGND 


Figure 2. AD660 Functional Block Diagram 


ANALOG CIRCUIT CONNECTIONS 

Internal scaling resistors provided in the AD660 may be con- 
nected to produce a unipolar output range of 0 V to +10 V ora 
bipolar output range of —10 V to +10 V. Gain and offset drift 
are minimized in the AD660 because of the thermal tracking of 
the scaling resistors with other device components. 


UNIPOLAR CONFIGURATION 

The configuration shown in Figure 3a will provide a unipolar 
0.V to +10 V output range. In this mode, 50 ( resistors are 
tied between the span/bipolar offset terminal (Pin 22) and Voyur 
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(Pin 21), and between REF OUT (Pin 24) and REF IN (Pin 
23). It is possible to use the AD660 without any external com- 
ponents by tying Pin 24 directly to Pin 23 and Pin 22 directly to 
Pin 21. Eliminating these resistors will increase the gain error by 
0.25% of FSR. 


UNIBIP CLR) _ 


SIN/ MSB/LSB/ 
DBO DB1 DB7 


a 


— 16-BIT LATCH | 

oa LL 

CLA (8) | 16-BIT LATCH | 
LAC as Re 

| tearoac > DAC 


Figure 3a. 0 V to +10 V Unipolar Voltage Output 


If it is desired to adjust the gain and offset errors to zero, this 
can be accomplished using the circuit shown in Figure 3b. The 
adjustment procedure is as follows: 


STEP1 ... ZERO ADJUST 
Turn all bits OFF and adjust zero trimmer, R4, until the output 
reads 0.000000 volts (1 LSB = 153 »V). 


STEP 2... GAIN ADJUST 7 
Turn all bits ON and adjust gain trimmer, R1, until the output 
is 9.999847 volts. (Full scale is adjusted to 1 LSB less than the 
nominal full scale of 10.000000 volts). © 


UNV/BIP IPCLR/_ SIN’ MSB/LSB/ 
LBE CS DBO DB1 “DB? 


(21) —{5)— 1 
G2 ween 
—~o 


16-BIT LATCH 


16-BIT DAC 


Vee +Voc M. L 
R1 1002 . DGND AGND 


Figure 3b. 0 V to +10 V Unipolar Voltage Output with 
Gain and Offset Adjustment 
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BIPOLAR CONFIGURATION 


The circuit shown in Figure 4a will provide a bipolar output =~ 


voltage from —10.000000 V to +9.999694 V with positive full 


scale occurring with all bits ON. As in the unipolar mode, resis- 
tors R1 and R2 may be eliminated altogether to provide AD660 — 


bipolar operation without any external components. Eliminating 
these resistors will increase the gain error by 0.50% of FSR in 
the bipolar mode. | | a oo 


UNI/BIP CLR) 
(BE CS 


SIN) MSB/LSB/ 
DBO DB1 _—DB7 


‘SPAN/ 
BIP OFF 


_DGND | AGND- 


Figure 4a. +10V Bipolar Voltage Output 


Gain offset and bipolar zero. errors can be adjusted to zero using 
the circuit shown in Figure 4b as follows:. ) 


STEP I...OFFSET ADJUST 


‘8 


Turn OFF all bits. Adjust trimmer R2 to. give — 10.000000 volts | 


output. 7 | - | | 

STEP II... GAIN ADJUST. : mn se ans 
Turn all bits ON and adjust R1 to give a reading of +9.999694 
volts. 3 ee 

STEP III .. . BIPOLAR ZERO ADJUST (Optional) 

In applications where an accurate zero output is required, set _ 
the MSB ON, all other bits OFF, and readjust R2 for zero volts 
output. : So ee — 


ONVBIP CLR) _ 
ise cs 


ew 
LOGIC 


16-BIT DAC 


Vi ab 
DGND 
Figure 4b, +10 V Bipolar Voltage Output with Gain and 
Offset Adjustment 
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It should be noted that using external resistors will introduce a 
small temperature drift component beyond that inherent in the - 
AD660. The internal resistors are trimmed to ratio-match and ~ 
temperature-track other resistors on chip, even though their — 
absolute tolerances are +20% and absolute temperature coeffi- 
cients are approximately —50 ppm/°C. In the case that external 
resistors are used, the temperature coefficient mismatch between 
internal and external resistors, multiplied by the sensitivity of _ 
the circuit to variations in the external resistor value, will be the 
resultant additional temperature drift. 


INTERNAL/EXTERNAL REFERENCE USE sae 
The AD660 has an internal low noise buried Zener diode refer- 
ence which is trimmed for absolute accuracy and temperature 
coefficient. This reference is buffered and optimized for use in a 
high speed DAC and will give long-term stability equal or supe- 
rior to the best discrete Zener diode references. The perfor- 
mance of the AD660 is specified with the internal reference 
driving the DAC and with the DAC alone (for use with a preci- 
sion external reference ). | 


The internal reference has sufficient buffering to drive external 
circuitry in addition to the reference. currents required for the 
DAC (typically 1 mA to REF IN and 1mAto BIPOLAR | 
OFFSET). A minimum of 2 mA is available for driving external 
loads. The AD660 reference output should be buffered with an - 
external op amp if it is required to supply more than 4 mA total 
current: The reference is tested and guaranteed to +0.2% max 
error. 


It is also possible to use external references other than 10 volts 
with slightly degraded linearity specifications. The recom- 
mended range of reference voltages is. +5 V to +10.24 V, which 
allows 5 V, 8.192 V and 10.24 V-ranges to be used. For exam- 
ple, by using the AD586 5 V reference, outputs of 0 V to +5 V 
unipolar or +5 V bipolar can be realized. Using the AD586 
voltage reference makes it possible to operate the AD660 with 
+12 V supplies with 10% tolerances. _ 
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Figure 5 shows the AD660 using the AD586 precision 5 V refer- 
ence in the bipolar configuration. The highest grade ADS586MN 
is specified with a drift of 2 ppm/°C which is a 7.5x improve- 
ment over the AD660’s internal reference. This circuit includes 
two optional potentiometers:and one optional resistor that can 
be used to adjust the gain, offset and bipolar zero errors in a 
manner similar to that described in the BIPOLAR CONFIGU- 
RATION section. Use —5.000000 V and +4.999847 as the out- 
put values. 


UNI/BIP CLR __ 
iBE Cs 


a CONTROL 


SER el LOGIC 
G8 


>— TI 


AD660 


The AD660 can also be used with the AD587 10 V reference, 
using the same configuration shown in Figure 5 to produce a 
+10 V output. The highest grade AD587LR, N is specified at 5 
ppm/°C, which.is a 3X improvement over the AD660’s internal 
reference. 


Figure 6 shows the AD660 using the AD680 precision +10 V 
reference, in the unipolar configuration. The highest grade 
AD688BQ is specified with a temperature coefficient of 

1.5 ppm/°C. The +10 V output is also ideal for providing pre- 
cise biasing for the offset trim resistor R4. | 


LSB/ 
DB7 


(2)(11)——(5 ) 

i pete ; 
es 
INT 


SIN) MSB/ 
DBO DB1 


Figure 5. Using the AD660 with the AD586 5 V Reference 
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16-BIT LATCH 


16-BIT DAC 


R 
R4 
| ; 
OUT O OUT 


OUTPUT 
0 TO +10V 


Figure 6. Using the AD660 with the AD688 High Precision +10 V Reference 
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AD660 


OUTPUT SETTLING AND GLITCH 


The AD660’s output buffer amplifier typically settles to within’ - 
-0.0008% FS (1/2 LSB) of its final value in 8 ys for a full-scale’ ~ 


step. Figures 7a and 7b show settling for a full-scale and an 
LSB step, respectively, with a 2k, 1000 pF load applied. The 
guaranteed maximum settling time at +25°C for a full-scale step 
is 13 ws with this load. ane chia uns time for a 1 LSB. 
step is 2.5. ps. . 


The digital-to-analog glitch reer is eee as 15 nV-s typi- 
cal. Figure 7c shows the typical glitch impulse characteristic at 
“the code 011 . 


- 111 to 100 . .. 000 transition when loading 
the second rank register from the first rank register. 


ea ee ee ae 

Aa Ree eae 
eee eee a 
Litjii siti 


is 


c. D-to-A Glitch Impulse 


Figure 7. Output Characteristics - 
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‘DIGITAL CIRCUIT DETAILS 
_ The AD660 has several’ ‘“duial-use” pins which allow flexible: 


operation while maintaining the lowest possible pin count and 
consequently the smallest package size. The user should, 'there- . 
fore, pay careful attention to the polowans information when / 
applying the AD660. 


Data can be loaded into the AD660 i in serial or byte mode as 
described below. , 


Serial Mode Operation is -ehabled by baiigine SER (Pin 17) 
low. This changes the function of DBO (Pin 12) to that of the 
serial input pin, SIN. It also changes the function of DB1 (Pin 
11) to a control input that tells the AD660 whether the serial 
data is going to be loaded MSB or LSB first. 


In serial mode HBE and LBE are effectively disabled except for 


-LBE’s dual function which is to control whether the user wishes 
. to have the asynchronous clear function go to unipolar or bipo- 
~ Jar zero. (A low on LBE, when CLR is strobed, sends the DAC 
' output to unipolar zero, a high to bipolar zero.) The AD660 


does not’ care about the status of HBE when in serial mode. 


Data is clocked into the input register on the rising edge of CS 
as shown in Figure 1b. The data is then resident in the first 


rank latch and can be loaded into the DAC latch by taking 


LDAC high. This will cause the DAC to change to the appro- 
priate output value. 


.. It should be noted that the clear function clears the DAC latch 


but does not clear the first rank latch. Therefore, the data that 
was previously resident in the first rank latch can be reloaded 
simply by bringing LDAC high after the event that necessitated 
CLR to be strobed has ended. Alternatively, new data can be 
loaded into the first rank latch if desired. | 
The serial out pin (SOUT) can be used to daisy chain several 
DACs together in multi-DAC applications to minimize the num- 
ber of isolators being used to cross an intrinsic safety barrier. 


 . The first rank latch simply acts like a 16-bit shift register, and 


repeated strobing of CS will shift the data out through SOUT 


“and into the next DAC. Each DAC in the chain will require its 


own LDAC signal unless all of the DACs are to be updated 


re simultaneously. 


Bs Byte Mode Operation i is enabled simply by itis SER high, 
- which -h configures DBO-DB7 as data inputs. In this mode HBE 


and LBE : are used to identify the data as either the high byte or 
low byte of the 16-bit input word. (The user can load the data, 
in any order, into the first rank latch.) As in the serial mode 
case, the status of LBE, when CLR is strobed determines. 


. whether the AD660 clears to ‘unipolar | or bipolar zero. There- 


fore, when in byte mode, the user must take care to set LBE to 
the desired status before ore strobing CLR. (in serial mode the user 


can simply hardware LBE to the desired state.) 


NOTE: CS is edge triggered. 1 HBE, LBE and LDAC are level 
triggered. 
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AD660 TO MC68HC11 (SPI BUS) INTERFACE 

The AD660 interface to the Motorola SPI (serial peripheral 
interface) is shown in Figure 8. The MOSI, SCK, and SS pins 
of the HC11 are respectively connected to the BITO, CS and 
LDAC pins of the AD660. The SER pin of the AD660 is tied 
low causing the first rank latch to be transparent. The majority 
of the interfacing issues are taken care of in the software initial- 
ization. A typical routine such as the one shown below begins 
by initializing the state of the various SPI data and control 
registers. 


The most significant data byte (MSBY) is then retrieved from 
memory and processed by the SENDAT subroutine. The SS pin 
is driven low by indexing into the PORTD data register and 
clear Bit 5. This causes the 2nd rank latch of the AD660 to 
become transparent. The MSBY is then set to the SPI data reg- 
ister where it is automatically transferred to the AD660. 


The HC11 generates the requisite 8 clock pulses with data valid . 
on the rising edges. After the most significant byte is transmit- 
ted, the least significant byte (LSBY) is loaded from memory 
and transmitted in a similar fashion. To complete the transfer, 
the LDAC pin is driven high latching the complete 16-bit word 
into the AD660. 


INIT LDAA #$2F 35S = 1; SCK = 0; MOSI = 1 
STAA PORTD ;SEND TO SPI OUTPUTS 
LDAA #$38 — 3SS, SCK,MOSI = OUTPUTS 
STAA DDRD — ;SEND DATA DIRECTION INFO 
LDAA #$50 ;DABL INTRPTS,SPI IS MASTER & ON 
STAA SPCR ;CPOL=0, CPHA = 0,IMHZ BAUD RATE 


NEXTPT LDAA MSBY = ;LOAD ACCUM W/UPPER 8 BITS 
BSR SENDAT ;JUMP TO DAC OUTPUT ROUTINE 
JMP NEXTPT ;INFINITE LOOP 


SENDAT LDY #$1000 ;POINT AT ON-CHIP REGISTERS 
BCLR $08,Y,$20 ;DRIVE SS (LDAC) LOW 


STAA SPDR ;3SEND MS-BYTE TO SPI DATA REG 
WAIT1 LDAA SPSR ‘CHECK STATUS OF SPIE 

BPL WAIT] ;POLL FOR END OF X-MISSION 

LDAA LSBY ;GET LOW 8 BITS FROM MEMORY 

STAA SPDR 3SEND LS-BYTE TO SPI DATA REG 
WAIT2 LDAA SPSR ;CHECK STATUS OF SPIE 

BPL WAIT2 ;POLL FOR END OF X-MISSION 


BSET $08,Y,$20 ;DRIV SS HIGH TO LATCH DATA 
RTS 


Figure 8. AD660 to 68HC11 (SPI) Interface 


AD660 TO MICROWIRE INTERFACE 

The flexible serial interface of the AD660 is also compatible 
with the National Semiconductor MICROWIRE™ interface. 
The MICROWIRE interface is used on microcontrollers such as 
the COP400 and COP800 series of processors. A generic inter- © 
face to the MICROWIRE interface is shown in Figure 9. The 
Gl, SK, And SO pins of the MICROWIRE interface are respec- 
tively connected to the LDAC, CS and BITO pins of the 
AD660. 


MICROWIRE is a registered trademark of National Semiconductor. 
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Microprocessor Interface Section —AD660 


MICROWIRE™ 


Figure 9. AD660 to MICROWIRE Interface 


AD660 TO ADSP-210x FAMILY INTERFACE 

The serial mode of the AD660 minimizes the number of control 
and data lines required to interface to digital signal processors 
(DSPs) such as the ADSP-210x family. The application in Fig- 
ure 10 shows the interface between an ADSP-2101 and the 
AD660. Both the TFS pin and the DT pins of the ADSP-2101 
should be connected to the SER and BITO pins of the AD660, 
respectively. An inverter is required between the SCLK output 
and the CS input of the AD660 in order to assure that data 
transmitted to the BITO pin is valid on the rising edge of CS. 


The serial port (SPORT) of the DSP should be configured for 
alternate framing mode so that TFS complies with the word- 
length framing requirement of SER. Note that the INVTFS bit 
in the SPORT control register should be set to invert the TFS 
signal so that SER is the correct polarity. The LDAC signal, 
which must meet the minimum hold specification of t,,;, is eas- 
ily generated by delaying the rising edge of SER with a 74HC74 
flip-flop. The CS signal clocks the flip-flop resulting in a delay 
of approximately one CS clock cycle. 


In applications such as waveform generation, accurate timing of 
the output samples is important to avoid noise that would be 
induced by jitter on the LDAC signal. In this example, the 
ADSP-2101 is set up to use the internal timer to interrupt the 
processor at the precise and desired sample rate. When the 
timer interrupt occurs, the processors’s 16-bit data word is writ- 
ten to the transmit register (TXn). This causes the DSP to auto- 
matically generate the TFS signal and begin transmission of the 
data. 


ADSP-210x 74HC04 


Figure 10. AD660 to ADSP-210x Interface 


AD660 TO Z80 INTERFACE 

Figure 11 shows a Zilog Z-80 8-bit microprocessor connected to 
the AD660 using the byte mode interface. The double-buffered 
capability of the AD660 allows the microprocessor to indepen- 
dently write to the low and high byte registers, and update the 
DAC output. Processor speeds up to 6 MHz on Z-80B require 
no extra wait states to interface with the AD660 using a 
74ALS138 as the address decoder. 
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AD660—Applications Information 


The address decoder analyzes the input-output address produced 
by the processor to select the function to be performed by the 
AD660, qualified by the coincidence of the Input-Output 
Request (IORQ*) and Write (WR*) pins. The least significant — 
address bit (AO) determines if the low or-high byte register of 
the AD660 is active. More significant address bits select 
between input register loading» 1 DAC output update, and unipo- 
lar or bipolar clear. 


A typical Z-80 software routine begins by writing the low byte 
of the desired 16-bit DAC data to address 0, followed by the 


9 high byte to address 1. The DAC output is then updated by __ 


activating LDAC with a write to address 2 (or 3). A clear to 
unipolar zero occurs on a write to address 4, and a clear to bipo- 
lar zero is performed by a write to address 5. The actual data 
written to addresses 2 through 5 is irrelevant. The decoder can 
easily be expanded to control as many AD660s as required. © 


DBO-DB7 SER: Vit 


Ape6o 


Figure 11. Connections for 8-Bit Bus Interface 


NOISE. 

In high resolution systems, ‘noise is sehen the tania factor: A. 
16-bit DAC with a 10 volt-span has an LSB size of 153 wV 
(—96 dB). Therefore, the noise floor must remain below this 
level in the frequency range of interest. The AD660’s noise. 
spectral density is shown in Figures 12 and 13. Figure 12 shows 
the DAC output noise voltage spectral density for a 20 V span 
excluding the reference. This figure shows the 1/f corner 
frequency at 100 Hz and the wideband noise to be below 

120 nV/\/Hz. Figure 13 shows the reference noise voltage spec- 
tral density. This figure shows the Beterence wideband noise to 
be below 125 anV/VHz. 


1000 £7 CA TCU. 
NC Pa EE ECE 
SS SUSESUIMEGLLBGTE 
AEE TH 
100 r7 TTT 


10 SH 
ail 
all 


NOISE VOLTAGE ~ nV/¥ Hz 


1 10 100 1k 10k 100k 1M ° 10M © 
FREQUENCY - Hz . 


Figure 12. DAC Output Noise Voltage Spectra euely: | 
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1000 HAH 


NOISE VOLTAGE - nv/7 Hz 


1 10 100 1k 10k 100k 1M 10M 
FREQUENCY—Hz 


Figure 13. Reference Noise Voltage Spectral Density 


BOARD LAYOUT: : : 

Designing with high resolution data converters requires careful 
attention to board layout. Trace impedance is the first issue. A 
306 wA current through a 0.5 ( trace will develop a voltage 
drop of 153 wV, which is 1 LSB at the 16-bit. level fora 10 V | | 
full-scale span. In addition to ground drops, inductive and 
capacitive coupling need to be considered, especially ‘when high 
accuracy analog signals share the same board with digital sig- . 
nals. Finally, power supplies need to be decoupled in order to 
filter out ac noise. 


Analog and digital signals should not share a common path. 
Each signal should have an appropriate analog or digital return 
routed close to it. Using this approach, signal loops enclose a 
small area, minimizing the inductive coupling of noise. Wide PC 
tracks, large gauge wire, and ground planes are highly recom- 
mended to provide low impedance signal paths. Separate analog 
and digital ground planes should also be used, with a single . 
interconnection point to minimize ground loops.. Analog signals — 
should be routed as far as possible from digital signals and 
should cross them at right angles. 


One feature. that the AD660 incorporates to help the user layout 

is that the analog pins (Vcc, Vez, REF OUT, REF IN, SPAN/ 

BIP OFFSET; Voyr and AGND) are adjacent t to help isolate ~ 
analog. signals from digital signals. 


SUPPLY DECOUPLING 

The AD660 power supplies should be well filtered, well regu- 
lated, and free from high frequency noise. Switching power sup- 
plies are not recommended due to their tendency to generate 
spikes which can induce noise in the analog system. 


Decoupling capacitors should be used in very close layout prox- 
imity between all power supply pins and ground. A 10 pF tan- 
talum capacitor in parallel with a 0.1 wF ceramic capacitor 
provides adequate decoupling. Vcc and Veg should be bypassed 
to analog ground, while V,;, should be decoupled to digital 
ground. a | 


An effort should be made to minimize che trace ‘eiedi between 
the capacitor leads and the respective converter power supply . 
and common pins. The circuit layout should attempt to locate | 
the AD660, associated analog circuitry and interconnections — 

as far as possible from logic circuitry. A solid analog ground | 
plane around the AD660 will isolate large switching ground cur- 
rents. For these reasons, the use of wire wrap circuit construc-. 
tion is not recommended; careful printed circuit construction is | 
preferred. 
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GROUNDING 

The AD660 has two pins, designated analog ground (AGND) 
and digital ground (DGND.) The analog ground pin is the 
“high quality” ground reference point for the device. Any exter- 
nal loads on the output of the AD660 should be returned to ana- 
log ground. If an external reference is used, this should also be 
returned to the analog ground. 


If a single AD660 is used with separate analog and digital 
ground planes, connect the analog ground plane to AGND and 
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~— ADGEO 


the digital ground plane to DGND keeping lead lengths as short 
as possible. Then connect AGND and DGND together at the 


- AD660. If multiple AD660s are used or the AD660 shares ana- 


log supplies with other components, connect the analog and dig- 
ital returns together once at the power supplies rather than at 


‘each chip. This single interconnection of grounds prevents large 


ground loops and consequently prevents digital currents from 
flowing through the analog ground. | 


Ez 
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ANALOG 
DEVICES 


Monolithic 
12- Bit Quad DAC 


FEATURES 

Four Complete Voltage Output DACs | 
Data Register Readback Feature 

“Reset to Zero” Override 

Multiplying Operation 

Double-Buffered Latches 

Surface Mount and DIP Packages 
MIL-STD-883 Compliant Versions Available 


APPLICATIONS 

Automatic Test Equipment 
Robotics 

Process Control 

Disk Drives 
Instrumentation 

Avionics 


PRODUCT DESCRIPTION 

The AD664 is four complete 12-bit, voltage-output DACs on 
one monolithic IC chip. Each DAC has a double-buffered input 
latch structure and a data readback function. All DAC read and 
write operations occur through a single microprocessor-compatible 
I/O port. 


The I/O port accommodates 4-, 8- or 12-bit parallel words allowing 
simple interfacing with a wide variety of microprocessors. A 
reset to zero control pin is provided to allow a user to simultaneously 
reset all DAC outputs to zero, regardless of the contents of the | 
input latch. Any one or all of the DACs may be placed in a 
transparent mode allowing immediate response by the outputs 
to the input data. 


The analog portion of the AD664 consists of four DAC cells, 
four output amplifiers, a control amplifier and switches. Each 
DAC cell is an inverting R-2R type. The output current from 
each DAC is switched to the on-board application resistors and 
output amplifier. The output range of each DAC cell is pro- 
grammed through the digital I/O port and may be set to unipolar 
or bipolar range, with a gain of one or two times the reference’ 
voltage. All DACs are operated from a single external reference. 


The functional completeness of the AD664 results from the 
combination of Analog Devices’ BiMOS II process, laser-trimmed 
thin-film resistors and double-level metal interconnects. 


PRODUCT HIGHLIGHTS | 
1. The AD664 provides four voltage-output DACs on one chip 
offering the highest density 12-bit D/A function available. 
2. The output range of each DAC is fully and independently 
programmable. 
3. Readback capability allows verification of contents of the 
internal data registers. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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PIN CONFIGURATIONS 
44-Pin Package | 


i= 1 DB11 (MSB) 


Rea 39] DB10 
Voa [8] 38} OBS 
Vos 137} DBS 
Rep [10} 136] DB7 
Veer we [11] 35} OBS 
Pre 34] NO CONNECT 
Voc 33] DBS 
Voo [14] 32] DB4 
Rep [15] 31] 083 
NO CONNECT [16] 30] DB2 
NO CONNECT [17] 29] DB1 
19} [20 [21 28} 
BEESRBEBERS 


AD664 


TOP VIEW 
(Not to Scale) 


. The asynchronous RESET control returns all D/A outputs 


to zero volts. 


. DAC-to-DAC matching performance is specified and tested. 
. Linearity error is specified to be 1/2LSB at room temperature 


and 3/4LSB maximum for the K, B and T grades. 


. DAC performance is guaranteed to be monotonic over the 


full operating temperature range. 


. Readback buffers have tristate outputs. 


MAsales luimermnd 


operation allows uge v with : fixed o or vari le 


BGLAVEA UAAY V apie 9 


positive or negative external references. 


The AD664 is available in versions compliant with MIL- 
STD-883. Refer to the Analog Devices Military Products 
Databook or current AD664/883B data sheet for detailed 
specifications. 
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SPECIFICATIONS isis ervss wo AD664 


Model JN/JP/AD/AJ/SD KN/KP/BD/B)/BE/TD/TE 
Min ‘Typ Max Min Typ Max Units 
RESOLUTION ae a eee 
ANALOG OUTPUT 
Voltage Range! 
UNI Versions ; Volts 
_ BIP Versions . Volts 
Output Current 5 mA 
Load Resistance kO 
_ Load Capacitance pF 
Short-Circuit Current mA 
ACCURACY 
Gain Error ~7 +3 7 LSB 
Unipolar Offset —2 +1/2 2 LSB 
Bipolar Zero* -3 43/4 3 LSB 
Linearity Error‘ —3/4 +1/2 3/4 LSB 
Linearity T,,, tO Tax -1 +3/4 1 LSB 
Differential Linearity —3/4 3/4 LSB 
Differential Linearity T,,;, to T nox Monotonic @ All Temperatures Monotonic @ All Temperatures 
Gain Error Drift 
Unipolar 0 to +10V Mode -12 7 —10 = ppm of FSR°/°C 
Bipolar —5V to +5V Mode —12 7 12 -10 +5 10 ppm of FSR/°C 
Bipolar —10V to +10V Mode -12 27 -10 +5 10 ppm of FSR/°C 
Unipolar Offset Drift 
Unipolar 0 to +10V Mode -3 ppm of FSR/°C 
Bipolar Zero Drift 
Bipolar —5V to +5V Mode —12 ppm of FSR/°C 
Bipolar —10V to +10V Mode ppm of FSR/°C 


REFERENCE INPUT 
Input Resistance 
Voltage Range® 
POWER REQUIREMENTS 
Vir 
Ii 
@ Vin» Vir = 5, OV 
@ Vin> Vin _ 2.4, 0.4V 
Voc/Ver 
lec 


kQ 
Volts 


leg 


Total Power 
ANALOG GROUND CURRENT’ —600 +400 +600 


‘MATCHING PERFORMANCE 
 Gain® 
Offset? 
Bipolar Zero!° 
Linearity" 
CROSSTALK 
Analog 
Digital 


DYNAMIC PERFORMANCE (R, = 2k, C, = 500pF) 
Settling Time to + 1/2LSB 
Off<Bits—On, GAIN = 1, Vagr = 10 8 10 ps 
Settling Time to + 1/2LSB 
—10<—Vaer—10V, GAIN = 1, Bits On 10 ys 
Glitch Impulse 500 nV-sec 


MULTIPLYING MODE PERFORMANCE 
‘Reference Feedthrough @ IkHz 
Reference —3dB Bandwidth 


POWER SUPPLY GAIN SENSITIVITY 

~ 1LAV—V_, 7 16.5V 
—16.5V<—Vep>-11.4V 
4.5V<—V,,-75.5V 
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Model | | | JN/JP/AD/AJ/SD | KN/KP/BD/BJ/BE/TD/TE 


Typ -Max Min Typ Max Units 
DIGITAL INPUTS =. a 
Vin . Volts 
Ve * * Volts 
Data Inputs 
Ting @ Vin = Vir i pA 
ly, @ Vin = DGND * pA 
CS/DS0/DS1I/RST/RD/LS 
Ting @ Vin = Vir . pA 
_ln @ Vin = Vit x pA 
MS/TR?? 
Ti @ Vin = Vir * * * pA. 
In @ Vix = DGND * * pA. 
QS0/QS1/QS2"? 
Ting @ Vin = Vir * * pA 
In @ Vin = DGND * pA 
DIGITAL OUTPUTS 
Vo. @ 1.6mA Sink Volts 
Von @ 0.5mA: Source Volts 
TEMPERATURE RANGE . 
J N/JP. /KN/ KP * °C 
AD/AJ/BD/BJ/BE * °C 
SD/TD/TE x oC 
NOTES 


1A minimum ‘power supply of +12.0V is required for 0 to +10V and +10V operation. A minimum power supply of +11.4V is required for —5V to 
+5V operation. 

2For Voc<12V and Vgp>—12V. Voltage not to exceed 10V maximum. 

Bipolar zero error is the difference from the ideal output (0 volts) and the actual output Sings: with code 100 000 000 000 applied to the inputs. 
‘Linearity error is defined as the maximum deviation of the actual DAC output from the ideal output (a straight line drawn from 0 to F.S. — -ILSB). 
>FSR means Full-Scale Range and is 20V for +10V range and 10V for +5V range. 

6A minimum power supply of +12.0V is required for a 10V reference voltage. 

7Analog Ground Current is input code dependent. 

8Gain error matching is the largest difference in gain error between any two DACs in one package. 

°Offset error matching is the largest difference in offset error between any two DACs in one package. 

10Bipolar zero error matching i is the largest difference in bipolar zero error between any two DACs in one package. 

1] inearity error matching i is the difference in the worst case linearity error between any two DACs in one package. 

1244-pin versions only. 
*Specifications same as JN/JP/AD/AJ/SD. 

Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at final electrical test. Results from those test are used to calculate outgoing ey levels. All 
min and max specifications are guaranteed, although only those shown in boldiace are tested ‘on all production units. & oh 


See 


ABSOLUTE MAXIMUM RATINGS* ; Digital Inputs ........ eee eee a... 70.3V to +7V 
(Specifications apply to all grades except where noted.) Analog Outputs .............0000. Indefinite Shorts to 
Viz to DGND ............. Oe a a ee ee 0 to +7V ; Veco: Vit» Veg and GND 
Veo tO DGND iis ct Kanes 6 wow eRe 0 to +18V : | | Be ge 
Verto DGND * 62405 Sieh ee eal pares -—18V to 0V ae 
SOIGGGNG sce 4A SOS RRR +300°C, 10 sec *Stresses above those listed under “Absolute Maximum Ratings” may 
Power Dissipation... ........6..202020844. 1000mMW cause permanent damage to the device. This is a stress rating only and 
AGND 9 DGND «vss wvv reer ere SET A yh yoy leaned oer p bapeder mi 
Reference Input .............. Vrer = +10V and Veer implied. Exposure to absolute maximum ‘ating conditions for’ extended 
3 = (Voc — 2V; Veg + 2V) periods may affect device reliability. 

VEG 10 Vib Cc ew Sei outer ies eek ay OO I6V 

CAUTION 

ESD (electrostatic discharge) sensitive device. Unused devices must be stored in conductive foam or WARNING! 


shunts. The protective foam should be discharged to the destination socket before devices are removed. 


ss 


FSD SENSITIVE DEVICE 
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TO LATCHES 
A1-D1 


AD664 


Vec Vee ANAL 
+12V/+18V ~-12V/-15V GROUND 


CONTROL LOGIC 


RO S is 


th OME 


+5V_——DIGITAL 


Figure 1a. 44-Pin Block Diagram 


FUNCTIONAL DESCRIPTION 

The AD664 combines four complete 12-bit voltage output D/A 
converters with a fast, flexible digital input/output port on one | 
monolithic chip. It is available in two forms, a 44-pin version 
shown in Figure la and a a version shown i in Figure lb. 


44-Pin Versions 

Each DAC offers flexibility, accuracy and good Pee per- 
formance. The R-2R structure is fabricated from thin-film resistors 
which are laser-trimmed to achieve 1/2LSB linearity and guaran- 
teed monotonicity. The output amplifier combines the best | 
features of the bipolar and MOS devices to achieve good dynamic 
performance and low offset. Settling time is under 10ys and — 
each output can drive a SmA, 500pF load. Short-circuit protection 
allows indefinite shorts to Vii, Vcc, Veg and GND. The output 
and span resistor pins are available separately. This feature 
allows a user to insert current-boosting elements to increase the 
drive capability of the system, as well as to overcome parasitics. 


Digital circuitry is implemented in CMOS logic. The fast, low 
power, digital interface allows the AD664 to be interfaced with 
most microprocessors. Through this.interface, the wide variety 
of features on each chip may be accessed. For example, the 
input data for each DAC is programmed by way of 4-, 8-, 12- 
or 16-bit words. The double-buffered input structure of this 
latch allows all four DACs to be updated simultaneously. A - 
readback feature allows the internal registers to be read back 
through the same digital port, as either 4-, 8- or 12-bit words. 
When disabled, the readback drivers are placed i in a high impedance 
(tristate) mode. A TRANSPARENT mode allows the input data 
to pass straight through both ranks of input registers and appear 
at the DAC with a minimum of delay. One D/A may be placed 
in the transparent mode at a time, or all four may be made 
transparent at once. The MODE SELECT feature allows the 
output range and mode of the DACs to be selected via the data 
bus inputs. An internal mode select register stores the selections. 
This register may also be read back to check its contents. A 
RESET-TO-ZERO feature allows all DACs to be reset to 0 
volts out by strobing a single pin. 
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Figure 1b. 28-Pin Block Diagram 


28-Pin Versions 

The 28-pin versions are dedicated versions of the 44-pin AD664. 
Each offers a reduced set of features from those offered in the 
44-pin version. This accommodates the reduced number of package 
pins available. Data is written and read with 12-bit words only. 
Output range and mode select functions are also not available in 
28-pin versions. As an alternative, users specify either the UNI 
(unipolar, 0 to Vrer) models or the BIP (bipolar, — VrerF to 
Vrer) models depending on the application requirements. Finally, 
the transparent mode is not available on the 28-pin versions. 
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28-Pin DIP Package ae 
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od (S) .Yy Oo. (4) 
| 28} Vos % 866 ao 0o0 40 
3 sso a2s@ees 8s + 8 
GIBIQOIBE! 44] [43] [42] fay} 


- Table I. Transfer Functions 


Mode = = UNI _ Mode = ‘BIP 


000000000000 = 0V 000000000000 = — Vrrr/2 
100000000000 = Vrrr/2 100000000000 = OV tits 
111111111111 = Vpgp — 1LSB 111111111111 = Varp/2 —1LSB 
000000000000 = OV | 000000000000 = — Vrrr. 
100000000000 = Veer _ 100000000000 = 0V 

MIT = 2% Var — LSB 


ORDERING GUIDE. 


AD664TD-BIP ~ Veer to +Vpeer 
NOTES 

1For details on grade and package offerings screened in accordance with MIL-STD-883, refer to the Analog 
' Devices Military Products Databook or current AD664/883B data sheet. 
7D = Ceramic DIP; E = Leadless Ceramic Chip Carrier; J = Leaded Chip Carrier; N = Plastic DIP; 

P = Plastic Leaded Chip Carrier. For outline information see Package Information section. 


—55°C to +125°C 


+0.5LSB 


3 ‘44-Pin Package 
PIN CONFIGURATIONS 


| 26 | Vee (-12V/—15V) 
[25] Voc (+ 12V/+ 15V) Von (8) 
: i 
| 24] AGND as O 
Res 


 AD664 
RD »P VII 
pe & aif R TOPVIEW 
Ys e (Not to Scale) 


TOP VIEW 
(Not to Scale) ie 


NO CONNECT 16) 
NO CONNECT [17]. 
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LIV211111111 = + Veer — 1 LSB 


B11 (MSB) 


S| 


| Temperature a Linearity Package 
Model? | Range Output Range Error Options” 
AD664JN-UNI . | 0°C to +70°C 0 to + Var +7LS +0.75LSB - 
AD664JN-BIP 0°C to +70°C —Verrr to +Vegr +0.75LSB | N-28 
AD664JP 0°C to +70°C Programmable +0.75LSB | P-44A 
AD664KN-UNI | 0°C to +70°C 0 to +Verr +0.5LSB | N-28 
AD664KN-BIP_ | 0°C to +70°C —Verp t0 +Vane +0.5LSB | N-28 
AD664KP 0°C to +70°C Programmable +0.5LSB P-44A 
AD664AD-UNI | —40°C to +85°C | 0 to +Vanp +0.75LSB | D-28 
AD664AD-BIP | —40°C to +85°C | —Vepp to +Verr +0.75LSB | D-28 
AD664AJ ~40°C to +85°C | Programmable +0.75LSB | J-44 
AD664BD-UNI | —40°C to +85°C | 0 to + Vane +0.5LSB | D-28 
AD664BD-BIP | —40°C to +85°C | —Vagp to +Vans +0.5LSB | D-28 
AD664BJ —40°C to +85°C | Programmable _ +0.5LSB | J-44 
AD664BE —40°C to +85°C Programmable +0.5LSB E-44A 
~. AD664SD-UNI | —55°C to +125°C | 0 to +Vper +0.75LSB | D-28 
AD664SD-BIP —55°C to +125°C | —Vagr to +Vegr +0.75LSB | D-28 
--AD664TD-UNI | —55°C to +125°C | 0 to +Vagp +0.5LSB - 


(LSB) DB0 
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ANALOG 
DEVICES 


Microprocessor-Compatible 
12-Bit D/A Converter 


a AD667* 


FEATURES 
Complete 12-Bit D/A Function 
Double-Buffered Latch 
On Chip Output Amplifier 
High Stability Buried Zener Reference 
Single Chip Construction 
Monotonicity Guaranteed Over Temperature 
Linearity Guaranteed Over Temperature: 1/2LSB max 
Settling Time: 3p:s max to 0.01% 
Guaranteed for Operation with +12V or +15V 
Supplies 
Low Power: 300mW Including Reference 
TTL/SV CMOS Compatible Logic Inputs 
Low Logic Input Currents 
MIL-STD-883 Compliant Versions Available 


PRODUCT DESCRIPTION 

The AD667 is a complete voltage output 12-bit digital-to-analog 
converter including a high stability buried Zener voltage reference 
and double-buffered input latch on a single chip. The converter 
uses 12 precision high speed bipolar current steering switches 
and a laser trimmed thin film resistor network to provide fast 
settling time and high accuracy. 


Microprocessor compatibility is achieved by the on-chip double- 
buffered latch. The design of the input latch allows direct interface 
to 4-, 8-, 12-, or 16-bit buses. The 12 bits of data from the first 
rank of latches can then be transferred to the second rank, 
avoiding generation of spurious analog output values. The latch 
responds to strobe pulses as short as 100ns, allowing use with 
the fastest available microprocessors. 


The functional completeness and high performance in the AD667 
results from a combination of advanced switch design, high 
speed bipolar manufacturing process, and the proven laser wafer- 
trimming (LWT) technology. The AD667 is trimmed at the 
wafer level and is specified to + 1/4LSB maximum linearity 
error (K, B grades) at 25°C and + 1/2LSB over the full operating 
temperature range. 


The subsurface (buried) Zener diode on the chip waesuilies a 
low-noise voltage reference which has long-term stability and 
temperature drift characteristics comparable to the best discrete 
reference diodes. The laser trimming process which provides the 
excellent linearity, is also used to trim the absolute value of the 
reference as well as its temperature coefficient. The AD667 is 
thus well suited for wide temperature range performance with 

+ 1/2LSB maximum linearity error and guaranteed monotonicity 
over the full temperature range. Typical full scale gain T.C. is 
Sppm/°C. | 


*Protected by Patent Numbers 3,803,590; 3,890,611; 3,932,863; 3,978,473; 
4,020,486; and others pending. . 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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FUNCTIONAL BLOCK DIAGRAM 


(MSB} (LSB) 
DB11 ——— DBS DB7 --— OB4 OB3 ~=- DBO 


eepaaa ae TH nani 
2», eae 4BITS a 46iTS 4sITs 
can ia TTT 
Ht t+ 
Cp 
SG aa ee a our 
iB 


20V SPAN 


10V SPAN 


SUM JCT 


+Vec POWER —Vee 
GND 


The AD667 is available in five performance grades. The AD667J 
and K are specified for use over the 0 to + 70°C temperature 
range and are available in a 28-pin molded plastic DIP (N) or 
PLCC (P) package. The AD667S grade is specified for the 


~ —55°C to + 125°C range and is available in the ceramic DIP 
_(D) or LCC (E) package. The AD667A and B are specified for 


use over the — 25°C to + 85°C temperature range and are available 
in a 28-pin hermetically sealed ceramic DIP (D) package. 


PRODUCT HIGHLIGHTS 

1. The AD667 is a complete voltage output DAC with voltage 
reference and digital latches on a single IC chip. 

2. The double-buffered latch structure permits direct interface 
to 4-, 8-, 12-, or 16-bit data buses. All logic inputs are TTL 
or 5 volt CMOS compatible. 

3. The internal buried Zener reference is laser-trimmed to 10.00 
volts with a + 1% maximum error. The reference voltage is 
also available for external application. 

4. The gain setting and bipolar offset resistors are matched to 
the internal ladder network to guarantee a low gain temperature 
coefficient and are laser-trimmed for minimum full scale and 
bipolar offset errors. 

5. The precision high speed current steering switch and on-board 
high speed output amplifier settle within 1/2LSB for a 10V | 
full scale transition in 2.04s when properly compensated. _ 

6. The AD667 is available in versions compliant with MIL-STD- 
883. Refer to the Analog Devices Military Products Databook 
or current AD667/883B data sheet for detailed specifications. 
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AD667 — SPECIF ICATIONS «, = +25°C, +12V. +15V power supplies unless otherwise noted) 


Model ok 


. DIGITALINPUTS 
— Resolution =. . 
Logic Levels (TTL Compatible, T 
Viz (Logic “1”’) . 
Vix. (Logic 0”) 
Inez (Vin = 5,5V) Oo 
In (Vir. =0.8V) 
TRANSFER CHARACTERISTICS 


ACCURACY... 
Linearity Error @ + 25°C 


i ‘in —T na) 


+ 1/4 


Ta = T nin t0 Tmax +12. +3/4 
Differential Linearity Error @ + 25°C . +1/2 '- +3/4 
Ta =T min tO Tmex ; _ Monotonicity Guaranteed 
Gain Error’ +0.1).  +0.2 
Unipolar Offset Error? : | oe £2 
Bipolar Zero” . "+005 = +0.1 
DRIFT 
Differential Linearity 


Gain (Full Scale) Ta = 25°C to T min OF T max 
Unipolar Offset Ta = 25°C to Tin OF Tmax 
‘Bipolar Zero T, = 25°C to Tin OF Tmax 


CONVERSION SPEED 
Settling Time to + 0.01% of FSR for 
FSR Change (2k0)||SO00pF load) 


with 10kN Feedback 
with SkQ Feedback _ 
For LSB Change es 
Slew Rate : 
ANALOG OUTPUT |: ‘ 
Ranges‘ #£2:5, +5, +10, 
atm 2 . . +5,4+10 
Output Current a 
OutputImpedance(dc) 2 0.05 
Short Circuit Current | =e et 5 
REFERENCE OUTPUT . 9.90 10.00 
External Current 0.1 © 10. - 


POWER SUPPLY SENSITIVITY 
Vec = +11.4to +:16.5Vde 
VEE = —11.4t0o —16.5V dc 


POWER:SUPPLY REQUIREMENTS. 
Rated Voltages 
Range* 
Supply Current 
+11.4to + 16.5Vde 
—11.4to — 16.5V de 


TEMPERATURE RANGE 
Specification 
Storage 


NOTES 


10.10 


+1/8 7 
+ 1/4 + 1/2 
+1/4 +1/2 

Monotonicity Guaranteed 
+0.1 © 40.2 
aw | +2 


+0.05 +0.1. % of FSR 


ppm of FSR/°C . 
ppm of FSR/°C 
ppm of FSR/°C 
ppm of FSR/°C 


+2.5; +5, #10, 
+5, +10 


0.05 


9.90 — 10.00 


10.10 
0.1 wna we Te 1.0 . 


ppm of FS/% 
ppm of FS/% 


'The digital input specifications are 100% tested at + 25°C, and guaranteed but not tested over the full temperature panes. 


? Adjustable to zero. 


3FSR means “Full Scale Range” cal is 20V for + £10V range and 10V for the + 5V range. 


4A minimum power supply of + 12.5V is required for a + 10V full scale output and +11 Wi is required for all other voltage ranges. 


Specifications subject to change without notice.’ 


Specifications shown in boldface are tested on all production units at final 
electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, although only those 
shown in boldface are tested on all production units. 


TIMING SPECIFICATIONS 
(All Models, Tq = 25°C, Voc= + 12V or + SV, 
Veg= — 12Vor — 15V) 


Symbol Parameter | Min Typ Max 
toe Data ValidtoEndofCS__ ,| | 
tac . Address Valid to End of CS 100 - - 
tcp CS Pulse Width 100 - - 
tpy . DataHold Time 0 ~ - 
tserr § Output Voltage SettlingTime - 2 4 
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ns 
ns 
ns 
ns 


ws 


ABSOLUTE MAXIMUM RATINGS 


Vcc to Power Ground ........... . OV to +18V 
Viz to Power Ground... . ‘oars oy ... OVito —18V 

Digital Inputs (Pins 11-15, 17-28) | 
to Power Ground ........... .. —10Vto +7.0V 
Ref In to Reference Ground. .............. +12V 
Bipolar Offset to Reference ee Bist veda uw a is SE IZN.. 
10V Span R to Reference Ground . full Dicer eral oo eta ae Le 
20V Span R to Reference Ground. ..... . £24V 
Ref Out, Vour (Pins 6, 9)... Indefinite short to power ground 
a . - paras Short to Voc 
Power Dissipation ............-2%. . 1000mW 
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Model 


DIGITAL INPUTS 
Resolution 
Logic Levels (TTL Compatible, Tmin— Tmax)! 
Vin (Logic “1”’) 
Vir (Logic “0’’) 
In (Vins = 5.5V) 
In (Vir. = 0.8V) 


TRANSFER CHARACTERISTICS 
ACCURACY 
Linearity Error @ + 25°C + 1/4 +1/2 + 1/8 +1/4 + 1/8 +1/2 LSB 
Ta=T min tO Tmax + 1/2 + 3/4 + 1/4 + 1/2 +1/2 +3/4 LSB 
Differential Linearity Error @ + 25°C +1/2 + 3/4 +1/4 + 1/2 + 1/4 + 3/4 LSB 
Ta = T min 0 Tmax Monotonicity Guaranteed Monotonicity Guaranteed Monotonicity Guaranteed LSB 
Gain Error’ +0.1 +0.2 +0.1 + 0.2 +0.1 +0.2 % of FSR? 
Unipolar Offset Error” +1 +2 +1 +2 +1 £2 -LSB 
Bipolar Zero” +0.05 +01 +0.1 +0.05 +01 % of FSR 
DRIFT | | 
Differential Linearity ppm of FSR/°C 
Gain (Full Scale) T, = 25°C to Tmin OF Tmax ppm of FSR/°C 
Unipolar Offset T 4 = 25°C to Tin OF Tmax ppm of FSR/°C 
Bipolar Zero T 4 = 25°C to Tin OF T max ppm of FSR/°C 
CONVERSION SPEED 
Settling Time to + 0.01% of FSR for 
FSR change (2k0||SO0pF load) 
with 10kN Feedback ps 
with 5k{. Feedback ps 
For LSB Change | ps 
_ Slew Rate _. Viys 
ANALOG OUTPUT ae ° : ; e aa ede 
Ranges‘ +2.5, +5, +10, +2.5, +5, +10, +2.5, +5, +10, Vv 
+5, +10 +5, +10 +5, +10 | 
Output Current +5. | +5 mA 
Output Impedance (dc) 0.05 0.05 0.05 2 
Short Circuit Current . mA 
REFERENCE OUTPUT 9.90 10:00 10.10 9.90 10.00 10.10 V 
External Current 0.1 - 1.0 0.1 1.0 mA 
POWER SUPPLY SENSITIVITY 
Vec = +11.4to + 16.5V de ppm of FS/% 
Veg = — 11.4to — 16.5V de ppm of FS/% 
POWER SUPPLY REQUIREMENTS 
Rated Voltages Vv 
Range* Vv 
Supply Current 
+11.4to + 16.5Vde mA 
—11.4to - 16.5Vdc mA 
TEMPERATURE RANGE 
Specification °C 
Storage °C 
TIMING DIAGRAMS WRITE CYCLE #2 


WRITE CYCLE +#1 ae: 
(Load First Rank from Data Bus; A3=1) 


a oo 
a 


. (Load Second Rank from First Rank; A2, Al, AO=1) 


+1/2LSB 
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AD667 


_ PIN CONNECTIONS 


DIP PLCC, LCC 
; , , ae . z2a.a 
2ov span [1 | © [28] pe11(mse) & : 5 5 2 ° 
10v SPAN [ 2 | ae _ [27] ve10 ag @ 2 & aaa 
SUM JCT. [3] IDENTIFIER [26] DB9 4 UE Shh 2 yt 14 28)) 27} j26) 
BIP OFF | 4 | | 25 | Des 
acno'[ 6, rea] 0B7 REFGND | 5 | | 25] DBS 
eaiele | fears Vacr OUT | 6 | 087 
Pre Ver IN | 7 |, AD667 123] DB6 
sit TOP VIEW Ee +Vec (8 (Not te Seale) 22} DBS 
+Voc | 8 | (Notto Scale) | 21] DB4 Vour [3 [21] oes 
Vour [9] | 20} OB3 | Ves [20] DB3 
—Vee | 10 | - [19] oB2 19] 082 
cs 18] DBI 
A3 | 12, | 17 | DBO (LSB) 12} x3} [14] [15] [16] 17] [18 | 
A2 16 | POWER GROUND 226 @ ug 8 % 
A1|14| '15 | AO SS 2 
nore DIP PACKAGE PIN NUMBERS 
AND LCC CONTACT NUMBERS SERVE 
__ THE SAME FUNCTION 
THE AD667 OFFERS TRUE 12-BIT PERFORMANCE DIFFERENTIAL NONLINEARITY: Monotonic behavior 
OVER THE FULL TEMPERATURE RANGE requires that the differential linearity error be less than 1LSB 
LINEARITY ERROR: Analog Devices defines linearity error both at + 25°C and over the temperature range of interest. 
as the maximum deviation of the actual, adjusted DAC output _ Differential nonlinearity is the measure of the variation in analog 
from the ideal analog output (a straight line drawn from 0 to value, normalized to full scale, associated with a 1LSB change 
F.S. — 1LSB) for any bit combination. The AD667 is laser in digital input code. For example, for a 10 volt full scale output, 
trimmed to 1/4LSB (0.006% of F.S.) maximum error at + 25°C a change of 1LSB in digital input code should result in a 2.44mV 
for the K and B versions and 1/2LSB for the JA A and S change in the analog output (1LSB= 10V x 1/4096 = 2.44mV). If 
Serine, in actual use, however, a 1LSB change in the input code results 
| a Sao in a. change of only. 0.61mV (1/4LSB) in analog output, the ° 
MONOTONICITY: A DAC is said to be monotonic if the differential linearity error would be —1.83mV, or —3/4LSB. 


output either increases or remains constant for increasing digital The AD667K and B grades have a max differential linearity 


inputs such that the output will always be a nondecreasing 


function of input. All versions of the AD667 are monotonic over —_ 1/91 SB and at most 1 1/2 LSB. 


their full operating temperature range. 


ORDERING GUIDE 


Temperature 
Range -—°C 
Oto +70 
10to +70 


Model! 


AD667JN 
AD667JP 


+ 1/2LSB 
+ 1/2LSB 


AD667KN |0to +70 + 1/4LSB 
AD667KP |0to +70 + 1/4LSB 
AD667AD. |—25to +85 + 1/2LSB 
AD667BD | —25to +85 + 1/4LSB 
AD667SD |—55to +125 | +1/2LSB 
AD667SE |}—55to+125 | +1/2LSB 


* 


~AD667/883B} — 55 to + 125 


: NOTES | 
1Refer to AD667/883B military data sheet. 


Plastic DIP (N-28) 
PLCC (P-28A) . 
Plastic DIP (N-28) 
PLCC (P-28A) 
Ceramic DIP (D-28) 
Ceramic DIP (D-28) 
Ceramic DIP (D-28) 


YF CC(E AQAN 
LULU (E- 


Z0fi) 


_ |For details on grade and package offerings screened in eeraiies with MIL-STD-883, refer to the 
Analog Devices Military Products Databook or current AD667/883B data sheet. 
21D = Ceramic DIP; E = Leadless Ceramic Chip Carrier; N = Plastic DIP; P = Plastic Leaded Chip 


Carrier. For outline information see > Package patoroat00' section. 
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error of 1/2LSB, which specifies that every step will be at least 
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‘ANALOG 12-Bit Ultrahigh Speed 
DEVICES Multiplying D/A Converter 


AD668 


FEATURES FUNCTIONAL BLOCK DIAGRAM 
Ultrahigh Speed: Current Settling to 1 LSB in 90 ns for 
a Full-Scale Change in Digital Input. Voltage Settling LsB MsB Vec 
to 1 LSB in 120 ns for a Full-Scale Change in Analog c . 
Input | om 
15 MHz Reference Bandwidth sources ©] O] © 
Monotonicity Guaranteed over Temperature Vin aan 
10.24 mA Current Output or 1.024 V Voitage Output 
Integral and Differential Linearity Guaranteed over 
Temperature 
0.3” “Skinny DIP” Packaging 


(20) lour 


RESISTOR 


MIL-STD-883 Compliant Versions Available 


PRODUCT DESCRIPTION 

The AD668 is an ultrahigh speed, 12-bit, multiplying digital-to- 
analog converter, providing outstanding accuracy and speed per- 
formance in responding to both analog and digital inputs. The 
AD668 provides a level of performance and functionality in a 
monolithic device that exceeds that of many contemporary hy- 
brid devices. The part is fabricated using Analog Devices’ Com- 
plementary Bipolar (CB) Process, which features vertical NPN 
and PNP devices on the same chip without the use of dielectric 
isolation. The AD668’s design capitalizes on this proprietary 
process in combination with standard low impedance circuit 
techniques to provide its unique combination of speed and accu- 
racy in a monolithic part. 


The wideband reference input is buffered by a high gain, closed 
loop reference amplifier. The reference input is essentially a 

1 V, high impedance input, but trimmed resistive dividers are 
provided to readily accommodate 5 V and 1.25 V references. 
The reference amplifier features an effective small signal band- 
width of 15 MHz and an effective slew rate of 3% of full 
scale/ns. 


Multiple matched current sources and thin film ladder tech- 
niques are combined to produce bit weighting. The output 
range can nominally be taken as a 10.24 mA current output or a 
1.024 V voltage output. Varying the analog input can provide 
modulation of the DAC full scale from 10% to 120% of its nom- 
inal value. Bipolar outputs can be realized through pin-strapping 
to provide two-quadrant operation without additional external 
circuitry. 

Laser wafer trimming insures full 12-bit linearity and excellent 
gain accuracy. All grades of the AD668 are guaranteed mono- 
tonic over their full operating temperature range. Furthermore, 
the output resistance of the DAC is trimmed to 100 ) + 1.0%. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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BIPOLAR 
‘OFFSET 
BIPOLAR 
CURRENT | 
GENERATOR 
THRESHOLD LADDER ANALOG Vee 
COMMON COMMON COMMON 


The AD668 is available in four performance grades. The 
AD668JQ and KQ are specified for operation from 0°C to 
+70°C, the AD668AQ is specified for operation from —40°C to 
+85°C, and the AD668SQ specified for operation from —55°C 
to +125°C. All grades are available in a 24-pin cerdip (0.3” 
package. 


PRODUCT HIGHLIGHTS 

1. The fast settling time of the AD668 provides suitable perfor- 
mance for waveform generation, graphics display, and high- 
speed A/D conversion applications. 


2. The high bandwidth reference channel allows high frequency 
modulation between analog and digital inputs. 


3. The AD668’s design is configured to allow wide variation of 
the analog input, from 10% to 120% of its nominal value. 


4. The AD668’s combination of high performance and tremen- 
dous flexibility makes it an ideal building block for a variety 
of high speed, high accuracy instrumentation applications. 


5. The digital inputs are readily compatible with both TTL and 
5V CMOS logic families. : 


6. Skinny DIP (0.3”) packaging minimizes board space require- 
ments and eases layout considerations. 

7. The AD668 is available in versions compliant with MIL- 
STD-883. Refer to the Analog Devices Military Products 


Databook or current AD668/883B data sheet for detailed 
specifications. 
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| AD668 — SPECIFICATIONS (@ T, = +25°C, Veg = +15 V, Vee = -15 V, unless otherwise noted) es 
Tt ee) A OGRA a ee as ADesS’ [Oe 
Min Typ Max | Min Typ. Max 


Typ Max = 
= pz its 


Parameter | Min 
RESOLUTION peers 
LSB WEIGHT (At Nominal FSR) 
Current’ es: 
Voltage (Current into R, ) 


ACCURACY! 


Linearity -1/2 +1/2 | -1/4 — -$1/4 | * x LSB 
Toto TT... (4 —3/4 +3/4| -1/2 ~— +1/2 ‘| * ” ‘LSB 
_ Differential Nonlinearity =~ = |°-1 | +1 -1/2 +1/2 | * * LSB 
Te to To. | -1 +1 -1/2 +1/2 | * * LSB 
Monotonicity ~~ oe GUARANTEED OVER RATED SPECIFICATION TEMPERATURE RANGE 
Unipolar Offset (Digital | | —0.2 +0.2 | * oS Mail : s % of FSR 
. Bipolar Offset . . —1.0 +1.0 | —0.6 +0.6 | * —* | % of FSR 
Bipolar Zero | a |S +0.5 | ~0.2 +0.2 |. * = % of FSR - 
Analog Offset ee oo? © ee +1.0 | -0.7 +0.7 | * * % of Vnom 
Gain Error - tke —1.0 +1.0 | * * * * % of FSR 
TEMPERATURE COEFFICIENTS? i, | 
Unipolar Offset ppm of FSR/°C 
Bipolar Offset ppm of FSR/°C 
Bipolar Zero ppm of FSR/°C 
Analog Offset ppm of Vyjom/°C 
Gain Drift ppm of FSR/°C 
Gain Drift (Ioy7) ppm of FSR/°C . 
REFERENCE INPUT. _ 
Input Resistance | 
5.0 V Range kQ 
1.25 V Range kQ 
1.0 V Range MQ 
Reference Range (Ti, tO Tmax) % of Vuom 
_ DATA INPUTS 
Logic Levels (Twin tO Tmax) 
Vo ie Vv 
Vin Vv 
Logic Currents (Tin tO Tmax)  - | 8 | 
ae Or . | —10 " +10 | * * * (pA 
Lie | 60 100 | * 0 100 . 200 | —pA 
V-+y Pin Voltage - , 


CODING __ BINARY, OFFSET BINARY oe 
CURRENT OUTPUT RANGES Oto 10.24, + 5.12 mA 


- VOLTAGE OUTPUT RANGES | 0 to 1.024,+ 0.512 Vv 
OUTPUT COMPLIANCE V 
OUTPUT RESISTANCE 


Exclusive of R, 
~ Inclusive of Ry: 


REFERENCE AMPLIFIER 
Input Bias Current - 1.5 * pA 
Slew Rate a ee are * | % of FS/ns 
Large Signal Bandwidth 10 = : MHz 
Small Signal Bandwidth 15 i 


MHz 
Undervoitage Kecovery Time 3 
Vrer/Vnom to 0% 


ns. 
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AD668J/A 
Typ 


Parameter Min Max 


AC CHARACTERISTICS 
Analog Settling Time 
(10% to 120% Step) 
to +1% 
to +0.1% 
to +0.025% 
Digital Settling Time 
Current 
to +1% 
to +0.025% 
Voltage (100 , Internal R,; )’ 
to 1% 
to 0.1% 
to 0.025% 
Glitch Impulse* 
Peak Amplitude 
Total Harmonic Distortion? 
Multiplying Feedthrough Error 


FULL-SCALE TRANSITION? 
10% to 90% Rise Time 
90% to 10% Fall Time 


POWER REQUIREMENTS 
+10.8 V to +16.5 V 
—10.8 V to -16.5 V 
Power Dissipation 
PSRR’ 


TEMPERATURE RANGE 
Rated Specification” (J, K, S) 
Rated Specification (A) 
Storage 


6 


NOTES 
*Same as AD668]J/A. 
‘Measured in Ig,;; mode. Specified at nominal 5 V full-scale reference. 


Min 


AD668 


' AD668K AD668S 
Typ Max | Min Typ Max | Units 
ns to 1% of FSR 
* * ns to 0.1% of FSR 
* * ns to 0.025% of FSR 
a * ns to 1% of FSR 
m * ns to 0.025% of FSR 
* * ns to 1% of FSR 
* * ns to 0.1% of FSR 
* * ns to 0.025% of FSR 
* i pV-sec 
- * % of FSR 
* *« dB 
* * dB 


*Measured in Voy mode, unless otherwise specified. Specified at nominal 5 V full-scale reference. 


Total resistance. 

‘At the major carry, driven by HCMOS logic. 

Vout = 1V p-p.Vin = 10% to 110%, 100 kHz. Digital Input All 1s. 
°Vin = 200 mV p-p, 1 MHz Sine Wave. Digital Input all 0s. 
*Measured at 15 V + 10% and 12 V + 10%. 


Specifications shown in boldface are tested on all production units at final electrical test. 


Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS* 


Vee tO REFCOM 6 occas esp bua. parathay Ge als 0Vto +18 V 
Veg to REFCOM oo: oo SA cis oa ees 0Vto -18V 
REFCOM to LCOM............... +100 mV to —10 V 
ACOM to LCOM ...... tle eas a me a retreat +100 mV 
THCOM: 10 COM. os eee bene ee ee HSS +500 mV 
REFCOM to:-REFIN (15:2): see Since ao 0th dea has ahh seis 18 V 
Ippo to LCOM....... aah AE th tien hee cena Seve SO +5 V 
Iour to LCOM .......... ae eee re oe. 75 Vito Voy 
Digital Inputs to THCOM .......... —500 mV to +7.0 V 
REFINI to REFIN2 ....... Snib ath a cs ty Pek ane tees 36 V 
Vru to THCOM ........... yh 5 ech —-0.7 Vto +14V 


Logic Threshold Control Input Current! gis eee ooo 5 mA 


REV. A 


Power Dissipation: <. ss.04-< G55 wire 2 So Soe FSS 670 mW 


Storage Temperature Range 
Q (Cerdip) Package ............0.44- —65°C to +150°C 
Junction Temperature .............. Shak bebe ace (+175°C 
Thermal Resistance _ oo 
Ofar Renae CoO eras Me Deh aud eee s . +75°C/W 
Oe hare ae BA tt ana a kai Glee Bocas . » +25°C/W 


*Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 
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AGES 


ORDERING GUIDE 
Linearity Voltage 

Temperature Error Max | Gain T.C. Package 
Model’ _| Range @ 25°C Option” 
AD668JQ | 0°C to +70°C Q-24 
AD668KQ | 0°C to +70°C Q-24 
AD668AQ | —40°C to +85°C a Q-24 
AD668SQ | —55°C to +125°C : Q-24 

NOTES . 


1For details on grade and package offerings screened in accordance with MIL-STD-883, refer 
to the Analog Devices Military Products Databook or current AD668/883B data sheet. 
2Q = Cerdip. For outline information see Package Information section. — 


PIN CONFIGURATION 


|23 | REFERENCE COMMON (REFCOM) 
| 22| REFERENCE INPUT 1 (REFIN1) 
| 21 || REFERENCE INPUT 2 (REFIN2) 


[20] tour 


AD668 19 LOAD RESISTOR (R,) 


DIGITAL 
TOP VIEW 
INPUTS (Not to Scale) 


/18 | ANALOG COMMON (ACOM) 
LADDER COMMON (LCOM) 
116 | BIPOLAR OFFSET (Ippo) 

15 | Vee 


114] THRESHOLD COMMON (THCOM) 


/13 | THRESHOLD CONTROL (V+y) 


DEFINITIONS 


LINEARITY ERROR (also called INTEGRAL NON- 
LINEARITY OR INL): Analog Devices defines linearity error 
as the maximum deviation of the actual analog output from the 
ideal output (a straight line drawn from 0 to FS) for any bit 
combination expressed in multiples of 1 LSB. The AD668 is 
laser trimmed to 1/4 LSB (0.006% of FS) maximum linearity 
error at +25°C for the K version and 1/2 LSB for the J and S . 
versions. | 


DIFFERENTIAL LINEARITY ERROR (also called DIFFER- 
ENTIAL NONLINEARITY or DNL): DNL is the measure of 
the variation in the analog output, normalized to full scale, asso- 
ciated with a 1 LSB change in digital input code. | 


MONOTONICITY: A DAC is said to be monotonic if the out- 
put either increases or remains constant as the digital input in- 
creases. Monotonic behavior requires that the differential 
linearity error not exceed 1 LSB in the negative direction. 
UNIPOLAR OFFSET ERROR (DAC OFFSET): The DAC 
offset is the portion of the DAC output that is independent of 
the digital input. The unipolar DAC offset error is measured as 
the deviation of the analog output from the ideal (0 V or 0 mA) 
when the analog input is set to 100% and the digital inputs are 
set to all Os. | 
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BIPOLAR OFFSET ERROR: The deviation of the analog out- 
put from the ideal (negative half-scale) when the DAC is con- 
nected in the bipolar mode (Pin 16 connected to Pin 20), the 
analog input is set to 100%, and the digital inputs are set to all 
Os is called the bipolar offset error. 


BIPOLAR ZERO ERROR: The deviation of the analog output 
from the ideal (0 V or 0 mA) for bipolar mode when only the 
MSB is on (100 . . . 00) is called bipolar zero error. | 


COMPLIANCE VOLTAGE: The allowable voltage excursion - 
at the output node of a DAC which will not degrade the accu- 
racy. of the DAC output. | 


SETTLING TIME (DIGITAL CHANNEL): The time re- 


quired for the output to reach and remain within a specified er- 


ror band ahout its final value, measured from the digital innut - 


WAS HUW EE 2S BASEHNE TMA WY SEEWHU UES WUE BAWEAA CALW WHEEDAL asap 


transition. 


SETTLING TIME (ANALOG CHANNEL): The time re- 
quired for the output to reach and remain within a specified er- 
ror band about its final value, measured from the analog input’s 
crossing of it’s 50% value. 


GAIN ERROR: The difference between the ideal and actual 
output span of FS—1 LSB, expressed either in % of FS or LSB, 
when all bits are on is called the gain error. 
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ANALOG Monolithic 16-Bit 
DEVICES DACPORT 


PD] 


FEATURES 
Complete 16-Bit D/A Function 
On-Chip Output Amplifier 
High Stability Buried Zener Reference 
Monolithic BiIMOS Il Construction 
+1 LSB Integral Linearity Error 
15-Bit Monotonic over Temperature 
Microprocessor Compatible 
 16-Bit Parallel Input 
Double-Buffered Latches 
Fast 40 ns Write Pulse 
Unipolar or Bipolar Output 
Low Glitch: 15 nV-s 
Low THD+N: 0.009% 
MIL-STD-883 Compliant Versions Available 


PRODUCT DESCRIPTION 

The AD669 DACPORT® is a complete 16-bit monolithic D/A 
converter with an on-board reference and output amplifier. It is 
manufactured on Analog Devices’ BiMOS II process. This pro- 
cess allows the fabrication of low power CMOS logic functions 
on the same chip as high precision bipolar linear circuitry. The 
AD669 chip includes current switches, decoding logic, an output 
amplifier, a buried Zener reference and double-buffered latches. 


The AD669’s architecture insures 15-bit monotonicity over tem- 
perature. Integral nonlinearity is maintained at +0.003%, while 
differential nonlinearity is +0.003% max. The on-chip output _ 
amplifier provides a voltage output settling time of 10 ys to 
within 1/2 LSB for a full-scale step. 


Data is loaded into the AD669 in a parallel 16-bit format. The 
double-buffered latch structure eliminates data skew errors and 
provides for simultaneous updating of DACs in a multi-DAC 


system. Three TTL/LSTTL/S V CMOS compatible signals con- 


trol the latches: CS, L1 and LDAC. 


The output range of the AD669 is pin programmable and can be 
set to provide a unipolar output range of 0 V to +10 V ora 
bipolar output range of —10 V to +10 V. 


The AD669 is available in seven grades: AN and BN versions 
are specified from —40°C to +85°C and are packaged in a 28-pin 
plastic DIP. The AR and BR versions are specified for —40°C to 
+85°C operation and are packaged in a 28-pin SOIC. The SQ 
version is specified from —55°C to +125°C and is packaged in a 
hermetic 28-pin cerdip package. The AD669 is also available 
compliant to MIL-STD-883. Refer to the AD669/883B data . 
sheet for specifications and test conditions. 


DACPORT i isa registered trademark of Analog pS Inc. . 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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FUNCTIONAL BLOCK DIAGRAM 


16-BIT LATCH 


(23) 16-BIT LATCH 
Sinan 
16-BIT DAC 


- PRODUCT HIGHLIGHTS 


1. The AD669 is a complete voltage output 16-bit DAC with 
voltage reference and digital latches on a single IC chip. : 


2. The internal buried Zener reference is laser trimmed to 
10.000 volts with a +0.2% maximum error. The reference 
voltage is also available for external applications. | 


3. The AD669 is both dc and ac specified. DC specs include — 
+1 LSB INL error and +1 LSB DNL error. AC specs | 
include 0.009% THD+N and 83 dB SNR. The ac speci- 
fications make the AD669 suitable for signal ieee 
applications. 

4. The double-buffered latches on the AD669 eliminate dita | 
skew errors while allowing simultaneous updating of DACs 
in multi-DAC systems. | 

5. The output range is a pin-programmable unipolar 0 V to. 
+10 V or bipolar —10 V to +10 V output. No external com- 
ponents are necessary to set the desired output range. 

6. The AD669 is available in versions compliant with MIL- 
STD-883. Refer to the Analog Devices Military Products 
Databook or current AD669/883B data sheet for detailed 
specifications. 
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| AD663— -$P ECIF ICATIONS (1, = +25°C, Veg = +15 V, Veg = —15, we +5 uness otherwise aha | 


= AD669AN/AR ADSGAQSQ 
Model mes | Min — Max | Min Typ 
RESOLUTION ———— 
DIGITAL INPUTS (Tym t0 Tmax) 
Vin (Logic = a) a 
Vin (Logic 0”) 


In (Vix = 5.5 V) 
lin (Vin, = 0 V). 


_ TRANSFER FUNCTION CHARACT ERISTION 
_ Integral Nonlinearity = - 
Tuan tO Tmax 
Differential Nonlinearity. 
Twin tO Tmax | 
Monotonicity Over Temperature 
Gain Error” ° no 3 
Unipolar Offset 
Bipolar Zero Error | 
Bipolar Zero Error Drift (Tn to Tmax) 


REFERENCE INPUT 
Input Resistance 
Bipolar Offset Input Resistance 
REFERENCE OUTPUT | 1 RG 
Voltage. . 5 10.00 10.02 
Drift | | | 25 
External Current? 7 | | 
Capacitive Load | a 2 7 1000 
Short Circuit Current _ : : vias ee | 
OUTPUT CHARACTERISTICS 
Output Voltage Range 
Unipolar Configuration 
Bipolar Configuration 
Output Current 
Capacitive Load 
Short Circuit Current 


POWER SUPPLIES 


‘Current (No Load) — 


leg 
Tuy | 
@ Vim Vi: = 5, 0 V 
@ Vin» Vi. = 2.4; 0.4V_ 
Power Supply Sensitivity _ 
Power Dissipation (Static, No Load) 


TEMPERATURE RANGE 
Specified Performance (A, B) 
Specified Performance (S) 


NOTES | 
IFor 16-bit resolution, 1 LSB = 0.0015% of FSR = 15 ppm of FSR. For 15-bit resolution, 1 LSB = 0.003% of FSR = 30 Ppm of FSR. For 14-bit seeckitiba 


i LSB = 6.006% of FSK = 60 ppm of FSR. FSK stands for Fuii-Scaie Range and is id V for a 6 to +16 V span and 26 V for a —i6 V to +i6 V span. 

2Gain error and gain drift measured using the internal reference. Gain drift is primarily reference related. See the Using the AD669 with the AD688 Reference 
section for further information. vx 

External current is defined as the current available in addition to that supplied to REF IN and SPAN/BIPOLAR OFFSET on the AD669. 

“Operation on +12 V supplies is possible using an external reference like the AD586 and reducing the output range. Refer to the Internal/External Reference 
Use section. 

5Measured with fixed 50 2 resistors. Eliminating these resistors increases the gain error by 0.25% of FSR (Unipolar mode) or 0.50% of FSR (Bipolar mode). 
Refer to the Analog Circuit Connections section. 

*Same as AD669AN/AR specification. 


Specifications subject to change without notice. | 
Specifications in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. All min © 


, and max specifications are guaranteed. Those shown in boldface are tested on all production units. 
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ADGGS 
AC PERFORMANCE CHARACTERIST ICS (With the exception of Total Harmonic Distortion + Noise and Signal-to- noe 


Ratio, these characteristics are included for design guidance only and are not subject to test. THD+N and SNR are 100% tested. 
Tan = < th <= Tas Vee = +15 V, Me = -15V,V, = +5V eee where stated.) 


Pavanicier | | | Units _ Test Conditions/Comments 


Output Settling Time 20 V Step, T, = +25°C 
(Time to +0.0008% FS 20 V Step, T, = +25°C 
with 2 kQ, 1000 pF Load) 20 V Step, Tain = Ta = Tmax 
10 V Step, T, = +25°C 
10 V Step Taw = Ta = Tmax 
1 LSB Step, Tyan = Ta = Tmax 


Total Harmonic Distortion + Noise 
A, B, S Grade 0 dB, 1001 Hz; Sample Rate = 100 kHz; T, = +25°C 
A, B, S Grade —20 dB, 1001 Hz; Sample Rate = 100 kHz; T, = +25°C 


A, B, S Grade —60 dB, 1001 Hz; Sample Rate = 100 kHz; T, = +25°C 


Signal-to-Noise Ratio <i Ta = +25°C 


Digital-to-Analog Glitch Impulse DAC Alternately Loaded with 8000H and 7FFFH 
Digital Feedthrough DAC Alternately Loaded with 0000H and FFFFH; CS High 
Output Noise Voltage | Measured at Voyr, 20 V Span; Excludes Reference 
Density (1 kHz - 1 MHz) 
Reference Noise | nV/\/ Hz typ | Measured at REF OUT 


Specifications subject to change without notice. 


Specifications in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. All min 
and max specifications are guaranteed. Those shown in boldface are tested on all production units. 


TIMING CHARACTERISTICS 


Veco = +15 V, Ve = —15V, Vu = +5 V, Var = 2.4 V, Vio = 0.4V 


Parameter 


(Figure la) 

tas ns min DATA 

tri ns min 

t ns min 

a ns min pone tw 
toy ns min 

tlw ns min 


(Figure 1b) Figure 1a. AD669 Level Triggered Timing Diagram 
tLow ns min 
tuicH ns min 
tps ns min 


'pH CS AND/OR 
Specifications subject to change without notice. | L1, LDAC 
Specifications in boldface are tested on all production units at final electrical 


test. Results from those tests are used to calculate outgoing quality levels. All DATA WAAAY et 3) (\\\ . 


min and max specifications are guaranteed. Those shown in boldface are 
tested on all production units. 


TIE CS AND/OR L1 TO GROUND OR TOGETHER WITH LDAC 


Figure 1b. AD669 Edge Triggered Timing Diagram 
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AD669 


ESD SENSITIVITY ‘ 
The AD669 features: input: protection Grcaary consisting of large transistors and polysilicon ses et 
resistors to dissipate both high-energy discharges (Human Body Model) and fast, low-energy pulses. ts 


(Charged Device Model). Per Method 3015.2 of MIL-STD-883C, the AD669 has been classified as 


a Class 2 device. 


B® WARNING! — | 
Proper ESD precautions are strongly recommended to avoid functional damage or. performance ae Ath: : | 


degradation. Charges as high as 4000 volts readily accumulate on the human body and test equip- | 
ment and discharge without detection. Unused devices must be stored in conductive foam or 


shunts, and the foam should be discharged to the destination. socket before devices are removed. 
For further information on ESD precautions, refer to Analog Devices’ ESD Prevention Manual. 


ABSOLUTE MAXIMUM RATINGS* 


Vi AOAGND esos teen e sees es -0.3 V to +17.0 V 


Vex to AGND ........... ere a ee +0.3 V to -17.0V 
Vit to DGND......... § Presents se Ss —0.3Vto+7V 
AGND to DGND ......0. 0. cece eeu e ee eee ELV 
Digital Inputs (Pins 5 through 23) to DGND .....-—1.0 V to 

; | +7.0V 
REF IN toAGND ......... ereeg ee eee .. +10.5V 
Span/Bipolar Offset to AGND ............644. +10.5V 
Ref Out, Vour .-- +: Indefinite Short To AGND, DGND, 


Veco: Vee: and Vit 


Power Dissipation (Any Package) 


TO: 460 © 928i o.e hoe ae ea ee ... 1000 mW 
Derates above +60°C ........ Ch totaal Gene IE 8.7 mW/°C 
Storage Temperature ............ eee ~OS°C to +150°C © 
Lead Temperature (Soldering, 10 SOC) G cae ene ue 300°C 


*Stresses above. those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those indi- 
cated in the operational section of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended: periods may affect 
device reliability. 


| _ ORDERING GUIDE 


Temperature 
Range 
—40°C.to +85°C 
—40°C to +85°C 


Model 


AD669AN 
AD669AR 


AD669BN —40°C to +85°C 
AD669BR - 40°C to +85°C 
AD669SQ_ —55°C to +125°C 
AD669/883B** | —55°C to +125°C 


ror **Refer to AD669/883B military 4 data sheet. 


THD +N-% 


0 -25 0 2 80 75 100 125 
TEMPERATURE ~ °C 


_THD+N vs. Temperature 
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‘Linearity 
Error Max 
Twin ~ Tmax || 


PIN CONFIGURATION 


AD669 


TOP VIEW 
(Not to Scale) 


Package — | Package 
Description | Option* 


Plastic DIP. 

SOIC _.._ | R-28 
Plastic DIP | N-28 
SOIC R-28 
Godip | Q-28 


*N = Plastic DIP; Q = Cerdip; R = SOIC. For outline information see Package Information section. 


_ FREQUENCY - Hz 


THD+N vs. Frequency 


ESD SENSITIVE DEVICE 
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ANALOG 
DEVICES 


16-Bit Self-Calibrating 
Serial/Byte DACPORT 


FEATURES 
+0.00076% Integral and Differential Linearity 
+0.00038% Unipolar Offset, Bipolar Zero 
17-Bit Monotonic 
Complete 16-Bit D/A Function 

On-Chip Output Amplifier 

On-Chip Buried Zener Voltage Reference 
Microprocessor Compatible 

Serial or Byte Input 

Double Buffered Latches 

Fast (40 ns) Write Pulse 

Asynchronous Clear (to 0 V) Function 
Serial Output Pin Facilitates Daisy Chaining 
Pin Strappable Unipolar or Bipolar Output 
Low Glitch: 15 nV-sec 
Low THD+N: 0.009% 
Output Control on Power-Up & Power-Down 


PRODUCT DESCRIPTION 

The AD760 is a complete 16-bit self-calibrating monolithic DAC 
(DACPORT®) with onboard voltage reference, double buffered 
latches and output amplifier. It is manufactured on Analog 
Devices’ BiMOS II process. This process allows the fabrication 
of low power CMOS logic functions on the same chip as high 
precision bipolar linear circuitry. 

Self-calibration is initiated by simply bringing the CAL pin low. 
The CALOK pin indicates when calibration has been success- 
fully completed. The output multiplexer (MUX ,,7) can be 
used to isolate the load from the movement of the DAC output 
during calibration. The INL and DNL errors are less than 
+0.5 LSB or +0.00076% after calibration. Unipolar offset or 
bipolar zero is less than +0.25 LSB or +0.00038%. This level 
of performance is unmatched by any other monolithic DAC. 


Data can be loaded into the AD760 in serial mode or as two 
8-bit bytes. This is made possible by two digital input pins which 
have dual functions (Pins 13 and 14). The serial mode input for- 
mat is pin selectable, to be MSB or LSB first. In byte mode the 
user can similarly define whether the high byte or low byte is 
loaded first. The serial output (Soy,7) pin allows the user to 
daisy chain several AD760s by shifting the data through the 
input latch into the next DAC thus minimizing the number of 
control lines required in a multiple DAC application. The dou- 
ble buffered latch structure eliminates data skew errors and pro- 
vides for simultaneous updating of DACs in a multi-DAC system. 


The asynchronous CLR function can be configured to clear the 
output to unipolar or bipolar zero depending on the state of 
LBE (another dual-use pin) when CLR is strobed. The AD760 


DACPORT is a registered trademark of Analog Devices, Inc. 


This is a preliminary data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


MSB/ 

Sin CSB 
a OR OR 
cs DBO DB1 DB2 


ee OOD, 
ie 

it eet 

LUE 


16-BIT DAC LATCH 


CALIBRATION DAC 


REF OUT 


CALOK -V, +V +V, DGND 
CAL EE cc LL rh 


also powers up or down with the output in a predetermined 
state by means of a digital and analog power supply detection. 


circuit which is built in to the output multiplexer: This is par- 


ticularly useful for robotic and industrial control applications. — 


The AD760 is available in three grades. AN and AP versions. are 
specified from —40°C to +85°C and are packaged in a 28-pin 
600 mil plastic DIP and a 28-pin PLCC. The SD version is 
packaged in a 28-pin 600 mil cerdip package and 1s also avail- 
able compliant to MIL-STD-883. Refer to the AD760/883B data 
sheet for specifications and test conditions. 


PRODUCT HIGHLIGHTS 


1. Complete, true 16-bit, self-calibrating DAC, with a voltage 


reference, double-buffered latches and output amplifier on a 
single chip. 

2. Pin programmable output can provide a unipolar output 
range of 0 V to +10 V or a bipolar output range of —10 V to 
+10 V. No external components required. 


3. Asynchronous CLR function can send the output to unipolar 
or bipolar zero. 


4. MUXoypr is switched to a user defined input when powering 
up or down. 


5. The AD760 is both dc and ac specified. DC specifications 
include +0.5 LSB INL and DNL errors. AC specifications 
include 0.009% THD+N and 83 dB SNR. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD760— -SPECIF ICATIONS (T, = +25°C, Ver = = +15 V, Vee = —15V, Y= = 45 V unless otherwise sate 


Model - a a ee cP ar ae AD760AN/AP AD760SQ - 
ee . “ i Units 
RESOLUTION! a Bits 
TRANSFER FUNCTION CHARACTERISTICS? 
WITH CALIBRATION @ Tear + = 2 . 
Integral Nonlinearity. . LSB 
Differential Nonlinearity LSB 
Monotonicity Bits 
Unipolar Offset LSB 
Bipolar Zero Error LSB 
WITHOUT CALIBRATION 
Integral Nonlinearity * LSB 
Tyan to Tax - ig LSB 
Differential Nonlinearity — * ~ LSB 
Twin to Tmax * LSB 
Monotonicity Over wmeriperatite Bits 
Unipolar Offset x mV 
Unipolar Offset Drift (Tym to Trax) m ppm/°C 
Bipolar Zero Error |. i mV 
Bipolar Zero Error Drift (Tyr to Tax) * -ppm/°C 
Gain Error* > +0. % of FSR 
Gain Drift? (Tans to Tmax) 25 ppm/°C » 
DAC Gain Error® is % of FSR 
DAC Gain Drift® (Tum to Tax), * ppm/°C 
INPUT RESISTANCE 
REFIN kO 
SPAN/BIP OFF kO, 
REFERENCE OUTPUT 
Voltage V 
Drift ppm/°C 
External Current’ mA 
Capacitive Load pF 
Short Circuit Current mA 
Long Term Stability — . ppm/1000 Hrs 
OUTPUT CHARACTERISTICS? — 
Output Voltage Range 
Unipolar Configuration Vi. 
Bipolar Configuration V 
Output Current mA 
Capacitive Load pF 
Short Circuit Current mA | 
MUXoyr Resistance kO 
DIGITAL INPUTS (Ty to Tmax) 
Vizz CLogic “1’’) V 
Vir, (Logic “0’’) V 
Ing (Ving = 5.5'V) pA 
iy (Viz = 0 V) pA 
DIGITAL OUTPUTS (Ty to Tmax) 
Vou Uox = —0.6 mA) V 
Vor (Uo. = 1.6 mA) V 
POWER SUPPLIES 
Voltage . _ . : 
Ven Ot . oe +13.5_ —+16.5 i x | Vv 
Vie — 16.5 —13.5 ie * Vv 
Vit +4,5 . +5.5 x * V 
Current (No Load) 
lee ? +16 +21 * * mA 
| , 7 . eZ -16 x " — mA 
Le. . | . - 
@ Viz Vx =5 V,0V 0.3 2 a * mA 
@ Vir» Vir. = 2.4 V3 0.4V- . * mA 
Power Supply Sensitivity with Voyr = 10 V sf t -ppm/% 
Power Dissipation (Static, No Load) x * mW 


TEMPERATURE RANGE 
Specified Performance (A) 
Specified Performance (S) 
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1For 16-bit resolution, 1 LSB = 0.0015% of FSR. For 15-bit resolution, 1 LSB = 0.003% of FSR. For 14-bit resolution, 1 LSB = 0. 006% of FSR. FSR stands 
for full-scale range and is 10 V in unipolar mode and 20 V in bipolar mode. 

2Characteristics are guaranteed at Voyr Pin (23). 

>T az is the calibration temperature. 

4Gain Error is measured with a fixed 50 (© resistor as shown in Figure 4a and Figure 5a. 

>Gain Error and gain drift are measured with the internal reference. The internal reference is the main contributor to the gain drift. If lower drift is required the 
AD760 can be used with a precision external reference such as the AD587, AD586 or AD688. 

DAC Gain Error is measured without the on-chip voltage reference. It represents the performance that can be obtained with an external precision reference. 

7External current is defined as the current available in addition to that supplied to REF IN and SPAN/BIPOLAR OFFSET on the AD760. 

8QOperation on +12 V supplies is possible using an external reference such as the ADS86 and reducing the output range. Refer to the Internal/External Reference 
section. 

*Indicates that the specification is the same as the AD760AN. 
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AC PERF ORMANCE CHARACTERISTICS With the exception of Total Harmonic Distortion + Noise and Signal-to-Noise 


Ratio, these characteristics are included for design guidance only and are not subject to test. THD+N and SNR are 100% tested. (Twin < Tp 
< Tway Vee = +15 V, Vee = —15 V, Vy, = +5 V, tested at Voy, except where stated.) 


Parameter Test Conditions/Comments 


Output Settling Time 20 V Step, T, = +25°C 
(Time to +0.0008% FS, with = 20 V Step, Ty, = +25°C 
2 kM, 1000 pF Load) 10 20 V Ste 


29°C 


€ is referenced to the rising edge of CALOK, 
e multiplexer switches from MUX, to Voyr- 
T= 425°C 

: +25°C 


MUXoyr Settling Time 
(Time to +0.0008% FS, with 
100 pF Load) 


II 


+25°C 


i 


V Step 


Total Harmonic Distortion + Noise 


A, S Grade | 0.009 0 dB, 1001 Hz. Sample Rate = 100 kHz. T, = +25°C 

A, S Grade 0.07 —20 dB, 1001 Hz. Sample Rate = 100 kHz. T, = +25°C 

A, S Grade 7.0 —60 dB, 1001 Hz. Sample Rate = 100 kHz. T, = +25°C 
Signal-to-Noise Ratio /83 | dBmin | Ta = +25°C 
Digital-to-Analog Glitch Impulse DAC Alternatively Loaded with 8000,; and 7FFF;; 
MUXour Glitch Impulse | 100 pF Load 
Digital Feedthrough a | }2 | nVsectyp | DAC Alternatively Loaded with 0000,; and FFFF,,. CS High 


Output Noise Voltage Density (1 KHz—1 MHz) i nV/\/Hz typ | Measured at Voyz, 20 V Span, Excludes Reference 


Reference Noise (1 kKHz—1 MHz) ~nV/\/Hz typ | Measured at REF OUT 


Specifications are subject to change without notice. 
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AD760 
TIMING CHARACTERISTICS v,, = +15. ze = -15V,¥y = +5 V.Vuy = 24V, Vig =O4V) 
Famer [Eek [Lk Cw aS | Ua Ce Ea 


(Figure 1a) 


tcs ns min 
Ups ns min 
tpn ns min 
tars ns min 
(gen ns min | 
tly ns min 
tlw ns min 
(Figure 1b) ee 
tcLK ns min. . 
tro ns min 
te ns min 
tos ns min 
ton ns min 
toy ns min 
tlw ns min 
(Figure Ic) oa 
tcLr ns min 
(ser ns min 
tHoLpD ns min 
(Figure 1d) 
tprop | ns max 
(Figure le) | 
tcaL ns min 
tausy ms max 
tcp ns max 
tes ns max 
tev 


Specifications subject to change without notice. 


LOAC 


Figure 1a. AD760 Byte Load Timing 
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SIN VALID 16 
cs 
LDAC 


Figure 1b. AD760 Serial Load Timing 


CLR 


LBE 


Figure 1c. Asynchronou 


SIN VALID 16 


BI 


SERIAL 
OUT 


Figure 1d. Serial Out Timing 


CAL 


CALOK 


Figure le. Calibration Timing 
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CAUTION 


ESD (electrostatic aS sensitive device. eee ae as Gai as 4000 Vv ally 
accumulate on the human body and test equipment and can discharge without detection. 
Although the AD760 features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are. recommended to avoid performance degradation or loss of functionality. 


ABSOLUTE MAXIMUM RATINGS* : 


(Nee t0 AGND) fare hah oie a 5h eels —0.3 Vto +17.0 V 

~~ Vpg toAGND ............ oa ese a +0.3 V to —17.0 V 

Vit toDGND .......... 0... -0.3Vto+7V 

AGND to DGND ..........00cceeuseveseves +1V 
Digital Inputs (Pins 2, 7-14, and 16-21) 

t6. DGND e353 ee ay we rhe ieee aun —-1.0 V to +7.0 V 

REF IN toAGND ............0200 ee eee +10.5V 

Span/Bipolar Offset to AGND ................ +10.5 V 


REF OUT, Vour, MUXour, MUX, . . . . Indefinite Short to 


AGND, DGND, Voc; Veg; and Vyy- 


ORDERING GUIDE 


~AD760AN —40°C to +85°C 
AD760AP —40°C to +85°C 
AD760SQ —55°C to +125°C 


AD760SQ/883B** 


NOTES | ot | 
*For outline information see Package Information section. 
**Refer to the AD760/883B military data sheet. 


—55°C to +125°C 


ant a 


ESD SENSITIVE DEVICE | 


Power Dissipation (Any Package) 


OE GO ks 3h ho ale ae: Fos wend oe we eae 1000 mW 
Derates above +60°C ........... 00 ee eee 8.7 mW/°C 
Storage Temperature ................ —65°C to + 150°C 
Lead Temperature (Soldering, 10 sec) ............. 300°C 


*Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those indi- 
cated in the operational section of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended periods may affect 


. device reliability. 


Package 
Option* 


Package 
Description 
Plastic DIP 
PLCC 
Cerdip 
wk 


PIN CONFIGURATION 
DIP 
CALOK |1]¢ 28] MUX,, 
CAL | 2| 27] MUX ou 7 
Vee 3 REF OUT v,, [5 
Veo 14] }25| REF IN panp [6 
Vv, [5] |24| SPAN/BIP OFF DB7, 15 
DGND |6| AD760 [23] Your pes, 14 [8] TOP VIEW 
DB7, 15 AGND ; (Not to Scale) 
TOP VIEW DBS, 13 | 9] 
DB6, 14 | 8 | (Not to Scale) 21] LDAC DB4, 12 
085, 13 [9 20] CLR DB3, 11 [11 
a pe] SER aT ST Gas 
Dest pe) wee 18 518 9 (x 
DB2, 10 LBE, UNI/BIP'CLR gis a O lr 
DB1,s, mSBiisB [13 1] CS o 32S 2 
- QO r 4 
DBO, 8, Si, i fs Sour = 5 3 
3 [= 
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DEFINITIONS OF SPECIFICATIONS 

INTEGRAL NONLINEARITY: Analog Devices defines inte- 
gral nonlinearity as the maximum deviation of the actual, 
adjusted DAC output from the ideal analog output (a straight 
line drawn from 0 to FS—1 LSB) for any bit combination. This 
is also referred to as relative accuracy. 


DIFFERENTIAL NONLINEARITY: Differential nonlinearity 
is the measure of the change in the analog output, normalized to 
full scale, associated with a 1 LSB change in the digital input 
code. Monotonic behavior requires that the differential linearity 
error be greater than or equal to —1 LSB over the temperature 
range of interest. 


MONOTONICITY: A DAC is monotonic if the output either 
increases or remains constant for increasing digital inputs with 
the result that the output will always be a single-valued function 
of the input. 


GAIN ERROR: Gain error is a measure of the output error 
between an ideal DAC and the actual device output with all 1s 
loaded after offset error has been adjusted out. 


OFFSET ERROR: Offset error is a combination of the offset 
errors of the voltage-mode DAC and the output amplifier and is 
measured with all 0s loaded in the DAC. 


BIPOLAR ZERO ERROR: When the AD760 is connected for 
bipolar output and 10 . . . 000 is loaded in the DAC, the devia 
tion of the analog output from the ideal midscale value of 0 V i 
called the bipolar zero error. 


DRIFT: Drift is the change in a parameter (such a 
and bipolar zero) over a specified temperature’ 
temperature coefficient, specified in ppm/°C, is calcu 
measuring the parameter at Ty; 25°C and Tyax and divid 
the change in the parameter by the corresponding temperature 
change. 


TOTAL HARMONIC DISTORTION + NOISE: Total har- 
monic distortion + noise (THD+N) is defined as the ratio of 
the square root of the sum of the squares of the values of the 
harmonics and noise to the value of the fundamental input fre- 
quency. It is usually expressed in percent (%). 


THD+N is a measure of the magnitude and distribution of lin- 
earity error, differential linearity error, quantization error and 
noise. The distribution of these errors may be different, depend- 
ing upon the amplitude of the output signal. Therefore, to be 
the most useful, THD+N should be specified for both large and 
small signal amplitudes. 

SIGNAL-TO-NOISE RATIO: The signal-to-noise ratio is 
defined as the ratio of the amplitude of the output when a full- 
scale signal is present to the output with no signal present. This 
is measured in dB. 


DIGITAL-TO-ANALOG GLITCH IMPULSE: This is the 
amount of charge injected from the digital inputs to the analog 
output when the inputs change state. This is measured at half 
scale when the DAC switches around the MSB and as many 

as possible switches change state, i.e., from 011... 111 to 
100. . . 000. | 

DIGITAL FEEDTHROUGH: When the DAC is not selected 
(i.e., CS is held high), high frequency logic activity on the digi- 
tal inputs is capacitively coupled through the device to show up 
as noise on the Voy pin. This noise is digital feedthrough. 


AD760 


THEORY OF OPERATION 

The AD760 uses autocalibration circuitry to produce a true 
16-bit DAC with less than 0.5 LSB Integral and Differential 
Linearity Error and 0.25 LSB Offset Error. The block diagram 
in Figure 2 shows the circuit components needed for calibration. 


The MAIN DAC uses an array of bipolar current sources with 
MOS current steering switches to develop a current proportional 
to the applied digital word, ranging from 0 to 2 mA. A seg- 
mented architecture is used, where the most significant four 
data bits are thermometer decoded to drive 15 equal current 
sources. The lesser bits are scaled using a R-2R ladder, then 
applied together with the segmented sources at the summing 
node of the output amplifier. An extra LSB is added to the 
MAIN DAC, for use during calibration. 


The self calibration architecture of the AD760 attempts to 
reduce the linearity errors of its transfer function. The algorithm 
measures and removes the carry errors (DNL errors) associated 
with the upper 64 codes, including the zero offset. 


In normal operation the top six bits of a code entering the 
MAIN DAC simultatieously address the RAM, calling up a 
4.1s then applied to the CALDAC. The 
both the MAIN DAC and CALDAC are 
summing amplifier to produce the corrected | 


libration the output of the MAIN DAC is 
le’ just below the code to be calibrated. The extra 
MAIN DAC is turned on to find the extrapolated 
_code. The comparator is then nulled using the 
R DAC. The voltage at Voy has in effect 

éd at the code to be calibrated. _ poe 3m 


MSB/ 
Sin LSB 
OR OR 
cs DBO DB1 DB2 sO 


UNI (is) l4—(i3) G2) 
BIP CLR pee oe 
ORLBE ale 16-BIT /P 


| RAM 
Saeatse ae 
CALIBRATION DAC — 
@ @2) AGND 


CALIBRATION SEQUENCER 


TRANSFER STD DAC 


+V,, DGND 


Figure 2. Functional Block Diagram : 
Next, the extra LSB is turned off and the MAIN DAC code is 


incremented by one LSB. The comparator is once again nulled, 


this time with the CALDAC, until the Voy,7 is adjusted to 
equal the previously sampled output. The CALDAC code is 
stored in RAM and the process is repeated for the next code. 
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STEPl...ZEROADJUST)  —s—s— 
Initiate calibration sequence. CALOK (Pin 1) must remain high. 
throughout Gain Adjust. - ae oe 


Es 


a STEP2...GAINADJUST  ————. 
| ¢ Turn all bits ON and adjust gain trimmer, R1, until the output 
4 is 9.999847 volts. (Full scale is adjusted to 1 LSB less than the | 
: nominal full scale of 10.000000 volts). | | 
s ie ~ MSB/ | 
5 - Sw Ese . 
s __ OR OR 
a) ~~ GS DBO DB1 DB2__—pB7- 
10% UNV 
BIP CLR 


0.1. 02 ‘LSBs | > Sead 16-BIT 1/P LATCH - 
Figure 3. INL Statistics 7 ie EEE 


SER WS 16-BIT DAC LATCH 
CLR Qo) 


Calibration repeatability is limited by: thermal noise and the 

finite resolution of the two adjusting DACs. Over many recalibra- 

tions the AD760 will produce less than 0.2 LSB of peak INL for 

90% of calibrations (0.5 LSB at a 30 ppm reject rate). A cumu- Ri 
lative probability plot of the peak INL is shown in Figure 3. 


ANALOG CIRCUIT CONNECTIONS | 
Internal: scaling resistors provided in the AD760 may be con- 
nected to produce a unipolar output range of 0 V to +10 Vora. 
bipolar output range of —10 V to +10 V. Gain and offset drift 
are minimized in the AD760 because of the thermal tracking of 
the scaling resistors with other device components. | 


UNIPOLAR CONFIGURATION | 
The configuration shown in Figure 4a will provide i ° 
0 V to +10 V output range. In this mode a 50 1D resistor is tie ' 


» CAL “Vee 7 +Voc Mu DGND 
V Unipolar Voltage Output with 


between REF OUT (Pin 26) and REF IN (Pin 25). It is possible 
to use the AD760 without any external components by tying Pir 
26 directly to Pin 25. Eliminating this resistor will increase the 
gain error by 0.50% of FSR. oe 


e Circl shown in Figure Sa will provide a bipolar output _ 
voltage from —10.000000 V to +9.999694 V with positive full _ 
scale occurring with all bits ON. As in the unipolar mode, resis- 


’ MSB/ 
Sw TSB 
: OR OR | 
CS O0B0 DB1 DB2___—0B7 


HBE (4s) . 
Alt OUURRRRUG 
9: 


16-BIT DAC LATCH 
ET 
Pte 


CALIBRATION DAC 


Figure 4a. 0 V to +10 V Unipolar Voltage Output 


If it is desired to adjust the gain error to zero, this can be 


accomplished using the circuit shown in Figure 4b. The adjust-— 


ment procedure is as follows: 


tor Rl may be eliminated altogether to provide AD760 bipolar 
operation without any external components. Eliminating this _ 
resistor will increase the gain error by 0.50% of FSR in the’ 
bipolar mode. oat 3 i 7 | 


_. . MSB/ 
Sw (SB 

OR OR 

DBO DB1 DB2 


o—O (3 nn 4 mre 5S ine 6 


CALOK CAL -Vee Vcc +ViuL DGND 


| Figure 5a. +10 V Bipolar Voltage Output 
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Gain Error can be adjusted to zero using the circuit shown in _- allows 5 V, 8.192 V and 10.24 V ranges to be used. For exam- 
Figure 5b. | ple, by using the AD586 5 V reference, outputs.of 0 V to +5 V 

7 7 unipolar or +5 V bipolar can be realized. Using the AD586 
voltage reference makes it possible to operate the AD760 with 
+12 V supplies with 10% tolerances. 


Figure 6 shows the AD760 using the AD586 precision 5 V refer- 
BIP CLR ence in the bipolar configuration. The highest grade ADS586MN 
On TBE ve a is specified with a drift of 2 ppm/°C which is a 7.5 improve- 
HBE @ ES AT ment over the AD760’s internal reference. This circuit includes 
16-BIT DAC LATCH BIF an optional potentiometer that can be used to adjust the gain 
TTT error in a manner similar to that described in the BIPOLAR 
CONFIGURATION section. Use —5.000000 V and +4.999847 
as the output values. | 


The AD760 can also be used with the AD587 10 V reference, 
using the same configuration shown in Figure 6 to produce a 
+10 V output. The highest grade ADS87LR, N is specified at 
5 ppm/°C, which is a 3X improvement over the AD760’s inter- 
nal reference. 


MSB/ 
Su (SB 
OR OR 

CS DBO DBI DB2. 


Vee =+Vec. =2+*¥in §~=DGND- 
a“ 


Figure 5b. +10 V Bipolar Voltage Output Gain Adjustment 


DB7 
It should be noted that using external resistors will introd 
small temperature drift component beyond that inherent. 4 CLR @) ° TTT 
AD760. The internal resistors are trimmed t o 
temperature-track other resistors on chip, even though th [TMT 
absolute tolerances are +20% and absolute temperature MaINDAG > 
cients are approximately —50 ppm/°C. In the case that e 
resistors are used, the temperature coefficient mismatch between : | NG) MUXo ur 
internal and external resistors, multiplied by the sensitivity of : t 
the circuit to variations in the external resistor value, will be the 
resultant additional temperature drift. . 


INTERNAL/EXTERNAL REFERENCE USE 

The AD760 has an internal low noise buried Zener diode refer- 
ence which is trimmed for absolute accuracy and temperature 
coefficient. This reference is buffered and optimized for use in a 
high speed DAC and will give long-term stability equal or supe- 
rior to the best discrete Zener diode references. The perfor- Figure 6. Using the AD760 with the AD586 5 V Reference 
mance of the AD760 is specified with the internal reference | 
driving the DAC and with the DAC alone (for use with a preci- 
sion external reference). 


CALOK CAL -Veg +Voc Vii DGND 
? pa ES 


OUTPUT SETTLING ANDGLITCH iw 
The AD760’s output buffer amplifier typically settles to within — 


The internal reference has sufficient buffering to drive external 0.0008% FS (1/2 LSB) of its final value in 8 ps for a full-scale 
circuitry in addition to the reference currents required for the step. Figures Ja and 7b show settling for a full-scale and an 
DAC (typically 1 mA to REF IN and 1 mA to BIPOLAR © LSB step, respectively, with a 2 kM, 1000 pF load applied. The 


OFFSET). A minimum of 2 mA is available for driving external = — guaranteed maximum settling time at +25°C for a full-scale step 
loads. The AD760 reference output should be buffered with an is 13 LS with this load. The typical settling time for a 1 LSB 
external op amp if it is required to supply more than 4 mA total step is 2.5 ws. ; | 


current. The reference is tested and guaranteed to +0.2% max Sts be avs ; ; 
| The digital-to-analog glitch impulse is specified as 15 nV-s typi- 


error. | ; 
- | = cal. Figure 7c shows the typical glitch impulse characteristic at 
It is also possible to use external references other than 10 volts the code 011... 111 to 100... . 000 transition when loading 


~with slightly degraded linearity specifications. The recom- the second rank register from the first rank register. 
mended range of reference voltages is +5 V to +10.24 V, which | ; > | 
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+10 


_¢, D-to-A Glitch Impulse 


Figure 7. Output Characteristics 


DIGITAL CIRCUIT DETAILS 

The AD760 has several “dual-use” pins ‘which allow flexible. 
operation while maintaining the lowest possible pin count and 
consequently the smallest package’ size. The following informa- 
tion is useful when applying the AD760. | 


The AD760 uses an internal Output Multiplexer to disconnect 
the DAC output from MUXoyr (Pin 27) when-the device is 


alihenecaA yh hh or 
uncalibrated or when. a calibration sequence is in progress. At 


those times MUXoyr is switched to MUXyy (Pin 28) so the 
user can force a predetermined output voltage. 


A Power On-Reset feature senses whenever any power supply is 
low enough to jeopardize the integrity of the calibration data in 
the RAM. At power-up or in the event of a power supply tran- 
sient, CALOK (Pin 1) is low and the MUXoyz pin is switched 
to MUX,n. 


Self-Calibration is initiated by bringing the CAL pin low. The . 
CALOK pin will go low and the MUX 7 pin is connected to | 
MUX,y. After successful completion of calibration CALOK will 
go high and MUXoypr is switched to Voy. The status of the 
calibration may be determined by taking the HBE pin low. 
CALOK either switches high if the calibration is in progress or 
CALOK remains low if a power supply voltage transient caused 
the AD760 to be set to the uncalibrated state. 


Serial Mode Operation is enabled by bringing the SER (Pin 19) 
low. All.unused data bits, DB2-DB7 must be tied low. This 
changes the function of DBO (Pin 14) to that of the serial input 
pin, SIN. It also changes the function of DB1 (Pin 13) to a con- 
trol input, MSB/LSB that tells the AD760 which bit is ane to 
be loaded first. 


In serial.mode the byte controls HBE (Pin 18) and CBE (Pin 
17) are disabled, and Pin 17’s function changes to control how 
the asynchronous clear function works: a low when CLR is 
strobed sends. the DAC to unipolar zero, a high sends it to bipo- 
lar zero. 


Data is clocked into the iap it shift register on the rising edge of 
CS as shown in Figure ‘he data is then resident in the first 


rank latch and..cafi : Toaded i into the DAC by perigies the LDAC 


ges in the first rank latch will be _ 
tput immediately, as long as cecal . 


The serial out. pin (Sour) can be used to iy chain: several 
DACs together in multi-DAC applications to minimize the num- 
ber of data lines required. The first rank latch simply acts like a 
16-bit shift register, and repeated strobing of CS will shift the ~-. 
data out through Soy and into the next DAC. Each DAC in - 
the chain will require its own LDAC signal unless all of the 
DACs are to be updated simultaneously. 


Byte Mode Operation is enabled by setting SER high, 1 which 
configures DBO-DB7 as data inputs. In this mode HBE and 
LBE are used to identify the data as either the high byte or the 
low byte of the 16-bit word. The user can load the data in either 
order into the first rank latch using the rising edge of the CS 
signal as shown in Figure la. The status of Pin 17, when CLR ~ 
is strobed determines whether the AD760 clears to unipolar or ~ 
bipolar zero. (But it can-not be hardwired to the desired sale 

as in the serial mode.) 


NOTE: CS and CAL are edge triggered. HBE, LBE, CER, 
SER, and LDAC are level triggered. . 


ee ee es om —— 


AD760 TO MC6SHCii (SPI BUS) INTERFACE 

The AD760 interface to the Motorola SPI (serial peripheral 
interface) is shown in Figure 8. The MOSI, SCK, and SS pins 
of the HC11 are respectively connected to the BITO, CS and. 
LDAC pins of the AD760. The SER pin of the AD760 is tied — 
low causing the first rank latch to be transparent. The majority 
of the interfacing issues are taken care of in the software initial- 
ization. A typical routine such as the one shown below begins 
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by initializing the state of the various SPI data and control 
registers. 


The most significant data byte (MSBY) is then retrieved from 
memory and processed by the SENDAT subroutine. The SS pin 
is driven low by indexing into the PORTD data register and 
clear Bit 5. This causes the 2nd rank latch of the AD760 to 
become transparent. The MSBY is then set to the SPI data reg- 
ister where it is automatically transferred to the AD760. 


The HC11 generates the requisite 8 clock pulses with data valid 
on the rising edges. After the most significant byte is transmit- 
ted, the least significant byte (LSBY) is loaded from memory 
and transmitted in a similar fashion. To complete the transfer, 
the LDAC pin is driven high latching the complete 16-bit word 
into the AD760. 


;SS = 1; SCK = 0; MOSI = 1 


INIT LDAA #$2F 
STAA PORTD ;SEND TO SPI OUTPUTS 
LDAA #$38 35S, SCK,MOSI = OUTPUTS 
STAA DDRD — ;SEND DATA DIRECTION INFO 
LDAA #$50 ;DABL INTRPTS,SPI IS MASTER & ON 
STAA SPCR  ;CPOL=0, CPHA = 0,IMHZ BAUD RATE 


NEXTPT LDAA MSBY —_;LOAD ACCUM W/UPPER 8 BITS 
BSR SENDAT ;JUMP TO DAC OUTPUT ROUTINE 
JMP . NEXTPT ;INFINITE LOOP 


SENDAT LDY #$1000 ;POINT AT ON-CHIP REGISTERS 
BCLR $08,Y,$20 ;DRIVE SS (LDAC) LOW 


STAA SPDR ;SEND MS-BYTE TO SPI-DATA_ 
WAIT] LDAA SPSR ;CHECK STATUS OF SPIE . 

BPL WAIT1 ;POLL FOR END OF X-M 

LDAA LSBY _ ;GET LOW 8 BITS FR , 

STAA SPDR _ ;SEND LS-BYTE TO SPEDAT: 
WAIT2 LDAA SPSR ;CHECK STATUS OF SPIE 

BPL WAIT2  ;POLL FOR END OF X- MISSION 


BSET $08,Y,$20 ;DRIV SS HIGH TO LATCH DATA 
RTS 


Figure 8. AD760 to 68HC11 (SPI) Interface 


AD760 TO MICROWIRE INTERFACE 

The flexible serial interface of the AD760 is also compatible 
with the National Semiconductor MICROWIRE* interface. The 
MICROWIRE interface is used on microcontrollers such as the 
COP400 and COP800 series of processors. A generic interface to 
the MICROWIRE interface is shown in Figure 9. The Gl, SK, 
and SO pins of the MICROWIRE interface are respectively con- 
nected to the LDAC, CS and BITO pins of the AD760. 


*MICROWIRE is a registered trademark of National Semiconductor. 


MICROWIRE™ 
so 


Figure 9. AD760 to MICROWIRE Interface 


AD760 


NOISE 

In high resolution systems, noise is often the limiting factor. A 
16-bit DAC with a 10 volt span has an LSB size of 153 pV 
(—96 dB). Therefore, the noise floor must remain below this 
level in the frequency range of interest. The AD760’s noise 
spectral density is shown in Figures 10 and 11. Figure 12 shows 
the DAC output noise voltage spectral density for a 20 V span 
excluding the reference. This figure shows the 1/f corner 
frequency at 100 Hz and the wideband noise to be below 

120 nV/\/Hz. Figure 13 shows the reference noise voltage spec- 
tral density. This figure shows the reference wideband noise to 
be below 125 nV/\/Hz. 
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Figure 11. Reference Noise Voltage Spectral Density 


BOARD LAYOUT 

Designing with high resolution data converters requires careful 
attention to board layout. Trace impedance is the first issue. A 
306 A current through a 0.5 1) trace will develop a voltage 
drop of 153 V, which is 1 LSB at the 16-bit level for a 10 V 
full-scale span. In addition to ground drops, inductive and 
capacitive coupling need to be considered, especially when high 
accuracy analog signals share the same board with digital sig- 
nals. Finally, power supplies need to be decoupled in order to 
filter out ac noise. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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Ca ae eee 


Analog and digital signals should not share a common path. © 
Each signal should have an appropriate analog or digital return 
routed close to it. Using this approach, signal loops: enclose a 
small area, minimizing the inductive coupling: of noise. Wide PC 
tracks, large gauge wire, and ground planes are highly recom- 
mended to provide low impedance signal paths. Separate analog 
and digital ground planes should also be used, with a single — 


interconnection point to minimize ground loops. Analog signals . 


should be routed as far as possible from digital signals and 
should cross ‘them at right angles. 


One feature that the AD760 incorporates to. tele ies user err 


is that the analog pins (Vcc, Vex; REF OUT, REF IN, SPAN/ 
BIP OFFSET, Vour> MUXout; MUXj,y and AGND) are adja- 
cent to help isolate analog signals? from digital signals. 


SUPPLY DECOUPLING — 

The AD760 power eiciie a should be ivell filtered, well regu- 
lated, and free from high frequency noise. Switching power sup- 
plies are not recommended due to their tendency to generate 
spikes which can induce noise in the analog system. 


Decoupling capacitors should be used in very close layout prox- 
imity between all power supply pins and ground. A 10 ,F tan- 
talum capacitor in parallel with a 0.1 wF ceramic capacitor 
provides adequate decoupling. Vcc and Vig should be bypassed 
to analog ground, while EL snould be F conoupce to digital 
ground. 


re effort should'be made to minimize the trace length between 
the capacitor leads and the respective converter power supply © 
and common pins. The circuit layout should attempt to locate: : 
the AD760, associated analog circuitry and interconnections : © 
as far as possible from logic circuitry.:A solid analog ground 
plane around the AD760 will isolate large switching ground cur- 
rents. For these reasons, the.use of wire wrap circuit construc: - 
tion is not recommended; careful printed circuit construction is 
preferred. 


GROUNDING | vt 

The AD760 has. two pins, designated inaié sound (AGND) 
and digital ground (DGND.) The analog ground pin is the — 
“high quality” ground reference point for the device. Any exter- 
nal loads on the output of the AD760 should be returned to ana- 
log ground. If an external reference is used, this should also be 
returned to the analog ground. 


If a single AD760 is used with separate analog and digital 
ground planes, connect the analog ground plane to AGND and 
the digital ground plane to DGND keeping lead lengths as short 
as possible. Then. cog ND and DGND together at the 
AD760. If multiph ‘60s are used or the AD760 shares ana- 


power supplies rather than at 
nection of grounds prevents large 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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REV.0 


ANALOG 
DEVICES 


16-Bit 
DSP DACPORT 


AD766 


FEATURES 
Zero-Chip Interface to Digital Signal Processors 
Complete DACPORT® 
On-Chip Voltage Reference 
Voltage and Current Outputs 
Serial, Twos-Complement Input 
+3 V Output 
Sample Rates to 390 kSPS 
94 dB Minimum Signal-to-Noise Ratio 
-81 dB Maximum Total Harmonic Distortion 
15-Bit Monotonicity 
+5 V to +12 V Operation 
16-Pin Plastic and Ceramic Packages 
Available in Commercial, Industrial, and Military 
Temperature Ranges 


APPLICATIONS 

Digital Signal Processing 
Noise Cancellation 

Radar Jamming 

Automatic Test Equipment 
Precision Industrial Equipment 
Waveform Generation 


PRODUCT DESCRIPTION 

The AD766 16-bit DSP DACPORT provides a direct, three- 
wire interface to the serial ports of popular DSP processors, 
including the ADSP-2101, TMS320CXX, and DSP56001. No 
additional “‘glue logic” is required. The AD766 is also complete, 
offering on-chip serial-to-parallel input format conversion, a 
16-bit current-steering DAC, voltage reference, and a voltage 
output op amp. The AD766 is fabricated in Analog Devices’ 
BiMOS II mixed-signal process which provides bipolar transis- 
tors, MOS transistors, and thin-film resistors for precision ana- 
log circuits in addition to CMOS devices for logic. 


_ The design and layout of the AD766 have been optimized for ac 
performance and are responsible for its guaranteed and tested 
94 dB signal-to-noise ratio to 20 kHz and 79 dB SNR to 

250 kHz. Laser-trimming the AD766’s silicon chromium thin- 
film resistors reduces total harmonic distortion below —81 dB 
(at 1 kHz), a specification also production tested. An optional 
linearity trim pin allows elimination of midscale differential 
linearity error for even lower THD with small signals. 


The AD766’s output amplifier provides a +3 V signal with a 
high slew rate, small glitch, and fast settling. The output ampli- 
fier is short circuit protected and can withstand indefinite shorts 
to ground. 


DACPORT is a registered trademark of Analog Devices, Inc. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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FUNCTIONAL BLOCK DIAGRAM 


j 5 TRIM 
16-BIT MSB ADJ 
DAC 
r—<—/ | REF | lout 
16-BiT fi 
LATCH 3 AGND 
SJ 


Re 


Vout 


NC = NO CONNECT 


The serial interface consists of bit clock, data, and latch enable 
inputs. The twos-complement data word is clocked MSB first on 
falling clock edges into the serial-to-parallel converter, consistent 
with the serial protocols of popular DSP processors. The input 
clock can support data transfers up to 12.5 MHz. The falling 
edge of latch enable updates the internal DAC input register at 
the sample rate with the sixteen bits most recently clocked into. 
the serial input register. | 


The AD766 operates over a +5 V to +12 V power supply 
range. The digital supplies, +V, and —V,, can be separated 
from the analog signal supplies, +V, and —Vg, for reduced 
digital crosstalk. Separate analog and digital ground pins are also 
provided. An internal bandgap reference provides a precision 
voltage source to the output amp that is stable over temperature 
and time. 


Power dissipation is typically 120 mW with +5 V supplies and 
300 mW with +12 V. The AD766 is available in commercial 
(0°C to 70°C), industrial (—40°C to 85°C), and military (—55°C 
to 125°C) grades. Commercial and industrial grade parts are 
available in a 16-pin plastic DIP; military parts processed to 
MIL-STD-883B are packaged in a 16-pin ceramic DIP. See 
Analog Devices’ Military Products Databook or current military 
data sheet for specifications for the military version. 
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AD766—SPECIFICATIONS criss inne lala ac WA nla: 


AD766]J 
Typ 


Parameter - a # 
RESOLUTION 


DIGITAL oe 
Vin 
IL ba er 
ls Vin = Viv a 
Ins Vir = 0.4 


SERIAL PORT TIMING 
Serial Clock Period (tc, x) 
Serial Clock HI (ty3;) 
Serial Clock LO (t;.9) 
Data Valid (tpara) 
‘Data Setup (ts) 
Data Hold (t;;) 
Clock-to-Latch-Enable (teri x) 
Latch-Enable-to-Clock (ty 7c) 
Latch Enable HI (typyy) © 
Latch Enable LO (tye 0) 


ACCURACY! | 
Gain Error . 
Gain Drift | 
Midscale Output Voltage Error 
Bipolar Zero Drift — 
Differential Linearity Error 
Monotonicity 


TOTAL HARMONIC DISTORTION 
Four = 1037 Hz! 
OdB 
~20 dB 
 ~60 dB 
Four = 49.07 kHz? 
0B 
_~20-dB 
- —60 dB, 


SIGNAL-TO-NOISE RATIO? 
20 Hz to 20 kHz (Four = 1037 Hz)! 
20 kHz to 250 kHz (Four = 49.07 kHz)? 


SETTLING TIME (to +0, 0015% of FSR) 

Voltage Output! 

6V Step — 
1 LSB Step 

Slew Rate 

Current Output 
1 mA Step 10 2 to 100 O Load 
1kQ Load — 


OUTPUT | 
Voltage Output Configuration! 
Bipolar Range. — 1 +2.88 
Output Current : 
Output Impedance 
Short Circuit Duration 
Current Output Configuration 


Bipolar Range" 
Output Impedance (+30%) 
POWER SUPPLY 
- Voltage: +VE and +Vs 
-V, and —Vs 
Current Case 1': Vs and V; = +5 V +] 
-V, and -V, = -5 V -I 
Case 2: Vs and V; = +12 V +I 
-Vsand-V,; = -12V -I 
Case 3*: Vs and V; = +5 V +] 


-V,and-V, =-12V -I 
Power Dissipation: Vs and V;, = +5 V' 
V, and V, = +12V 
V, and V,, = +5 V, 
-Vz and -Vr =-12 v+ 
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+2.88 


% of FSR 
ppm of FSR/°C 


ppm of FSR/°C 
% of FSR 


» Bits. 
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TEMPERATURE RANGE 


| AD766J AD766A 
Parameter Min Typ Max Min Typ ' Max Units 


AD766 


Specified 0 +70 — —40 +85 
Storage —60 +100 ~60 +100 °C 


NOTES 


‘For A grade only, voltage outputs are guaranteed only if +V, =7Vand —-V, = -7V. 


*Specified using external op amp, see Figure 3 for more details. 
Tested at full-scale input. 


“For A grade only, power supplies must be symmetric, i.e., V, = |-V,| and +V, = |—V,|. Each supply must independently meet this equality within +5%. 
Ail min and max specifications are guaranteed. Specifications in boldface are tested on all production units at final electrical test. Results from those tests are 


used to calculate outgoing quality levels. 
Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS* 


Vito: DGND® ce i. Saw hn 4 i a ran Bowes 0to 13.2 V 
VeNtOAGND -.2. hee tis eb RE ERE CADE .0t0 13.2 V 
=Ve tO‘ DGND*. aie eGo al Oe bow kes -13.2Vtw0V 
Vato AGND ccs cee ee tee Ee ES -13.2Vtw0V 
Digital Inputs to DGND ................ —0.3 Vto V, 
AGND toDGND .................. 000 ee +0.3 V 
Short Circuit Protection ........ Indefinite Short to Ground 
SOldQnNe 55.33 6d: wAwes wah oe oeR iad. + 300°C, 10 sec 


*Stresses greater than those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above those 
indicated in the operational section of this specification is not implied. Expo- 
sure to absolute maximum rating conditions for extended periods may affect 
device reliability. 


PIN DESIGNATIONS 


Description 


Analog Negative Power Supply 
Digital Ground | 
Logic Positive Power Supply 
No Connection 

Clock Input 

Latch Enable Input 

Serial Data Input 

Logic Negative Power Supply 
Voltage Output | 


10 Feedback Resistor 

11 Summing Junction 

12 Analog Ground 

13 Current Output 

14 MSB Adjustment Terminal 

15 MSB Trimming Potentiometer Terminal 


— 
ON 


Analog Positive Power Supply 


ESD SENSITIVITY 


ORDERING GUIDE 


Temperature 
Range 
0°C to +70°C 


—40°C to +85°C | N-16 
—55°C to +125°C | D-16 


Package 
Option* 


AD766JN | 
AD766AN | 
AD766SD/883B 


*N = Plastic DIP; D = Ceramic DIP. For outline information 
see Package Information section. 


CONNECTION DIAGRAM 


lout 
AGND 


NC = NO CONNECT 


The AD766 features input protection circuitry consisting of large “distributed” diodes and 


polysilicon series resistors to dissipate both high energy discharges (Human Body Model) and 
fast, low energy pulses (Charged Device Model). Per Method 3015.2 of MIL-STD-883C, the 


AD766 has been classified as a Category 1 Device. 


Proper ESD precautions are strongly recommended to avoid functional damage or performance 
degradation. Charges as high as 4000 volts readily accumulate on the human body and test 


ar 4 


ESD SENSITIVE DEVICE 


equipment, and discharge without detection. Unused devices must be stored in conductive foam 
or shunts, and the foam discharged to the destination socket before devices are removed. For . 
further information on ESD precaution, refer to Analog Devices’ ESD Prevention Manual. 
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ANALOG 
DEVICES 


Microprocessor-Compatible 
12-Bit D/A Converter 


AD767* 


FEATURES 
Complete 12-Bit D/A Function 
_ On-Chip Output Amplifier 
High Stability Buried Zener Reference 
Fast 40ns Write Pulse 
0.3” Skinny DIP and PLCC Packages 
Single Chip Construction 
Monotonicity Guaranteed Over Temperature 
Settling Time: 3s max to 1/2LSB 
Guaranteed for Srereton with +12V or +15V 
Supplies 
TTL/5V CMOS Compatible Logic Inputs 
MIL-STD-883 Compliant Versions Available 


PRODUCT DESCRIPTION 

The AD767 is a complete voltage output 12-bit digital-to-analog 
converter including a high stability buried Zener reference and 
input latch on a single chip. The converter uses 12 precision 
high-speed bipolar current steering switches and a laser-trimmed 
thin-film resistor network to provide high accuracy. 


Microprocessor compatibility is achieved by the on-chip latch. 
The design of the input latch allows direct interface to 12-bit 
buses. The latch responds to strobe pulses as short as 40ns, 
allowing use with the fastest available microprocessors. | 


The functional completeness and high performance of the AD767 
result from a combination of advanced switch design, high-speed 
bipolar manufacturing process, and the proven laser wafer- 
trimming (LWT) technology. 


The subsurface (buried) Zener diode on the chip provides a 
low-noise voltage reference which has long-term stability and 
temperature drift characteristics comparable to the best discrete 
reference diodes. The laser trimming process which provides the 
excellent linearity is also used to trim the absolute value of the 
reference as well as its temperature coefficient. The AD767 is 
thus well suited for wide temperature range performance with 

+ 1/2LSB maximum linearity error and guaranteed monotonicity 
over the full temperature range. Typical full-scale gain T.C. is 
Sppm/"C. 


*Protected by Patent Numbers 3,803,590; 3,890,611; 3,932,863; 3,978,473; 
4,020,486; and others pending. 


This is an abridged data sheet. To obtain the most recent version or © 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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FUNCTIONAL BLOCK DIAGRAM 


MsB) (LSB) Br 
—— ~-s---------- DBO 


re BIT PARALLEL DATA LATCH =e 

12-BIT HIGH SPEED DAC 
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PRODUCT HIGHLIGHTS 

1. The AD767 is a complete voltage output DAC with voltage 

reference and digital latches on a single IC chip. 

2. The input latch responds to write pulse widths as short as 
40ns assuring direct interface with the industry’s fastest 
microprocessors. 

3. The internal buried Zener reference is laser-trimmed to 10.00 
volts with a + 1% maximum error. The metesence voltage iS 
also available for external application. 

4. The gain setting and bipolar offset resistors are uduhad to 
the internal ladder network to guarantee a low gain temperature 
coefficient and are laser trimmed for minimum full-scale and 
bipolar offset errors. _ 

5. The precision high-speed current steering switches and 
on-board high-speed output amplifier settle within 1/2LSB 
for a 10V full-scale transition in 3.0s when properly 
compensated. 


-6. The AD767 is available in versions compliant with MIL-STD- 


883. Refer to the Analog Devices Military Products Databook 
or current AD767/883B data sheet for detailed specifications. 


SPEC ; Fl CATIONS (y= 425°, +15 volt power supplies, Unipolar Mode, unless otherwise noted.) AD767 
Mode! AD767J/A/S! AD767K/B | | 
Mi Min Typ Max Min Typ Max | Units 


DIGITAL INPUTS 

Resolution 

Logic Levels (TTL Compatible, Tmin— Tmax)” 
Vin (Logic “1’’) 
Vin (Logic “‘0”’) J; K, A, B 
Vir (Logic ‘0’’) S 
The (Vin = 5.5V) 
Ii (Vir = 0.8V) 


TRANSFER CHARACTERISTICS 
ACCURACY 


Linearity Error @ + 25°C. +1/2 +1 + 1/8 + 1/2 + 1/2 +1 LSB 
Ta = Tmin tO Tmax + 1/2 +1 +1/4 +1/2 + 1/2 +] LSB 
Differential Linearity Error @ + 25°C +1/2 +1 + 1/4 +1 +1/2 +1 LSB 
Ta = Tmin tO Tmax . -Monotonicity Guaranteed Monotonicity Guaranteed Monotonicity Guaranteed LSB 
Gain Error* +0.1 +0.2 +0.1 +0.2 % of FSR° 
Unipolar Offset Error* +] +2 +] +2 LSB 
Bipolar Zero Error‘ +0.05  +0.1 +0.05 +0.1 % of FSR 
DRIFT 
GainT g = 25°C to Tin OF Tmax ppm of FSR/°C 
Unipolar Offset Ta = 25°C to Tin OF Tmax ppm of FSR/°C 
Bipolar Zero T 4 = 25°C to Tin OF Tmax ppm of FSR/°C 
CONVERSION SPEED 
Settling Time to + 0.01% of FSR for 
FSR change (2k0||SOOpF load) 
with 10k Feedback 3 4 3 4 3 4 LS 
with 5kQ Feedback 2 3 2 3 2 3 ws 
For LSB Change 
Slew Rate 
ANALOG OUTPUT 
Ranges® +2.5, +5, +10, +2.5, +5, +10, +2.5,+5, +10, 
+5, +10 +5, +10 +5,+10 
Output Current mA 
Output Impedance (dc) 0} 
Short-Circuit Current mA 
REFERENCE OUTPUT | 9.90 10.00 10.10 9.90 10.00 10.10 9.90 10.00 10.20 V 
External Current 0.1 1.0 0.1 1.0 0.1 1.0 mA 
POWER SUPPLY SENSITIVITY 
Vec = +11.4to + 16.5V de 5 10 5 10 ppm of FS/% 


Ver = — 11.4to —16.5V de 
POWER SUPPLY REQUIREMENTS 


ppm of FS/% 


Rated Voltages +12, +15 
Range® +11.4 
Supply Current 


+11.4to + 16.5V dc 
—11.4to — 16.5Vde 
Total Power Consumption 


TEMPERATURE RANGE 
JK 
A/B 
S 
Operating 
Storage (All Grades) 


NOTES : 

'AD767 “S” specifications shown for information only. Consult Analog Devices Military Databook or contact factory for a controlled 
specification sheet. 
2AD767A Chips specifications are tested at + 25°C and, when in boldface, at +85°C. They are typical at — 25°C. 

3The digital input specifications are 100% tested at + 25°C, and guaranteed but not tested over the full temperature range. 

‘Adjustable to zero. 

SFSR means ‘Full-Scale Range” and is 20V for + 10V range and 10V for the +5V range. 

6A minimum power supply of + 12.5V is required for a + 10V full-scale output and + 11.4V is required for all other voltage ranges. 


Specifications subject to change without notice. 


Specifications shown in boldface are tested on all production units at final 
electrical test (except per Notes | and 2). Results from those tests are used to 
calculate outgoing quality levels. All min and max specifications are guaranteed, 
although only those shown in boldface are tested on all production units. 
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‘AD767 


ABSOLUTE MAXIMUM RATINGS* | 


Digital Inputs (Pins 11, 13-24) 


aa Ref Out, Vink ins 6,9) . 
Vcc to Power Ground:.:........ yaw. es OVtO+18V 
Ver to Power Ground ........... . ee OVto —18V 


, Indefinite short. to power ground 
Momentary Short to Vcc 
Power Dissipation aes : Se GAL Blas She BSED. hah AN oe 1000mW 


* Stresses above those listed under “Absolute Maximum Ratings” may. cause 


PIN CONFIGURATION 


ie) 
a 
2) 
o) 


DIP 


20v SPAN| 1] © | 24} DB14(MSB) 


9 

g 

i-] 
r=] sum scr. 
| w | 10V SPAN 


| DB10 
3} oss 


BIP OFF | 4 | 21] 0B8 
AGND | 5 | | 20 | DB7 
REF OUT | 6 | AD767 19] BG 
REF IN | 7 | (Not to Seale) 18] OBS 
+Vec | 8 | 47] pea 
Vour{ 3 | 16 | DBs 
~Vee [10] [15 | DB2 
cs [41] 14] ops 


ORDERING GUIDE 


AD767JN | Plastic DIP (N-24) Oto +70. 


AD767JP | PLCC(P-28A) Oto +70 © 30 
AD767KN | Plastic DIP (N-24) Oto +70 15 
AD767KP_ | PLCC(P-28A) Oto +70 15 
-AD767AD | Ceramic DIP(D-24A) .|.—25to +85. 30 
AD767BD |CeramicDIP(D-24A) | -—25to +85_ 15 
AD767SD/ 2 a | * 
883B Ceramic DIP(D-24A) || —55to +125 Note 2 

AD767A Sigh oe .8 | 


Chips N/A 


— 25 to +85 


NOTES 


'D = Ceramic DIP; N = Plastic DIP; P = Plastic Leaded oP Cau. For outline information see 


Package Information section. 


"For details on grade and package offerings screened in accordant with MIL-STD-883, refer to the 


Analog Devices Military Products Databook or current AD767/883B data sheet. 
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*tserr is measured referenced to the leading edge of tcs. 
tserr is measured referenced to the beginning of Data Valid. 


to Power Ground ............. —1.0V to +7.0V permanent damage to the device. This is a stress rating only and functional 
Ref In to Reference Ground... . . ene BAe a +12V operation of the device at these or any other conditions above those indicated 
Bipolar Offset to Reference Ground ............ +£12V in the operational sections of this specification is not implied. Exposure to 
10V Span R to Reference Ground. ........... +12V age rating conditions for extended periods may affect device 
20V Span R to Reference Ground. ........... +24V 
~. TIMING SPECIFICATIONS Pe ae 
(All Models, Ty = 25°C, Voc= + 12V or + 15V, eymbe Eamets -_ a 
Ver = — 12V or - 1sV) tps Data Valid to End of CS 40. - _ ns 
4 (—25°Cto + 85°C) 60  - - ns 
tos —>| — 55°C to + 125°C 90 - - ns 
“ . = me tpy — | Data Hold Time 10 = = ns 
| . 4 Ronee . _(= 55°C to + 125°C) 20. - = ns 
a? tcs CS Pulse Width — - - ns 
cs (— 25°C to + 85°C) -_ - os 
_| (—55°Cto +125°C) _ ae ee 
tserr | Output Voltage Settling Time* 2. 4 [Ls 
oe Bes so ae aes is 


If tes: > tos; ? then 
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ANALOG —_s --16-Bit, 32 MSPS. 
DEVICES Low Glitch D/A Converter 


FEATURES FUNCTIONAL BLOCK DIAGRAM 


32 MSPS Update Rate 

-16-Bit Resolution 

Linearity: 1LSB DNL @ 14 Bits DB15 O 
1 LSB INL @ 14 Bits 

Fast Settling: 25 ns Full-Scale Settling to 0.025% 

SFDR @ 1 MHz Output: 80 dBc 

Low Glitch Impulse: 60 pV-s 


MSBs: SEGMENTED 
CURRENT SOURCES E 
AND SWITCHES (+) 


MSB 


ogra? f DECODER S: 1 IOUTA 
Power Dissipation: 500 mW AND CURRENT SOURCES, 
On-Chip 2.5 V Reference Seeenes il  e 1 IOUTB 
Edge-Triggered Latches BIT LADDERS 


LATCHES 


CMOS Compatibility [) LADCOM 
a BANDGAP CONTROL 
pBo O il REFERENCE AMP 
(LSB) ae 
PRODUCT DESCRIPTION 


The AD768 is a 16-bit, high speed digital-to-analog converte 
(DAC) that offers exceptional ac and dc linearity. The AD7 
is manufactured on Analog Devices’ Advanced Bipolag i 
(ABCMOS) process, combining the speed o 
the accuracy of laser trimmable thin-film res 
ciency of CMOS logic..A segmented current so 
ture is combined with a proprietary switching techniqu 
reduce glitch energy and maximize dynamic accuracy. Edge trig- 
gered input latches and a temperature compensated bandgap 

reference have been integrated to provide a complete monolithic 4. A temperature compensated, 2.5 V bandgap reference is in- 


ip, 
eadily to CMOS logic families. The AD768 can support 
update rates up to 32 Msps. | 


DAC solution. | | cluded on-chip allowing for generation of the reference input 
The AD768 is a current-output DAC with a nominal full-scale current with the use of a single external resistor. An external 
output current of 20 mA and a 1 kQ output impedance. Differ- reference may also be used. 

ential current outputs are provided to support single-ended or 5. The current output(s) of the AD768 may be used singly or 
differential applications. The current outputs may be tied di- differentially, either into a load resistor or external op amp 
rectly to an output resistor to provide a voltage output, or fed summing junction. 

to the summing junction of a high speed amplifier to provide a 6. Proper selection of an external resistor and compensation 


bufiered voltage output. capacitor allow the performance-conscious user to optimize 


The on-chip reference and control amplifer are configured for the AD768 reference level and bandwidth for the erect 
maximum accuracy and flexibility. The AD768 can be driven by application. 

the on-chip reference or by a variety of external reference volt- 

ages based on the selection of an external resistor. An external 

capacitor allows the user to optimally tradeoff reference band- 

width and noise performance. 


The AD768 operates on +5 V supplies, typically consuming 
500 mW of power. The AD768 is available in a 28-pin SOIC 
package and is specified for operation over the industrial tem- 
perature range. . 


This is a preliminary data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD768-SPECIFICATIONS Seite wit tots. <St.unem Rm FO 0 HE 


Parameter = | Min Typ Max | Units” 
RESOLUTION Bits 
DC ACCURACY (16-Bit)! 
Linearity Error LSB 
TmIN to Tmax. _ LSB 
Differential Nonlinearity — LSB 
Tin to Tmax LSB - 
~ DC ACCURACY (14-Bit)!?. . 
Linearity Error | —3/4 £1/2 — +3/4 LSB 
Tm to Tmax = . ; —1 +] LSB. 
Differential Nonlinearity —3/4 +1/2 +3/4 LSB — 
Tmin to Tmax ad -1 +] | LSB 
Monotonicity a GUARANTEED OVER RATED SPECIFICATION TEMPERATURE RANGE 
ANALOG OUTPUT | 
Unipolar Offset Error _ % of FSR 
Gain Error  % of FSR 
Full-Scale Output Current’ | mA 
Output Compliance Range _ V 
Output Resistance > kQ 
Output Capacitance pF 
REFERENCE OUTPUT 
Reference Voltage V 
Reference Output Current* mA 
REFERENCE INPUT 
Reference Input Current mA 
Reference Bandwidth? MHz 
TEMPERATURE COEFFICIENTS wee 
Unipolar Offset Drift - ppm of FSR/°C 
Gain Drift® ppm of FSR/°C 
Gain Drift’ ppm of FSR/°C | 
Reference Voltage Drift ppm/°C 
DYNAMIC PERFORMANCE 
Output Update Rate Msps 
Output Settling Time (tsz)(to 0.025%)® ‘ns 
Output Propagation Delay (tpp) ns 
Glitch Impulse _ pV-s 
Output Rise Time | ons 
Output Fall Time ‘ns 
DIGITAL INPUTS 
Logic “1” Voltage 3.5 V 
Logic “0” Voltage 7 : 1.5 V 
Logic “1” Current -10 +10 , uA 
Logic “0” Current ~10 +10 7 pA 
Input Capacitance - | 10. pF 
Input Setup Time (ts) 45 oe ns 
Input Hold Time (ty) 5 ns 
Latch Puise Width (tLpw) i5 nis 


OPERATING RANGE 


This information applies to a product under development. Its characteristics and specifications are subject to change wiinhout notice. 
Analog Devices assumes no obligation regarding future manufacture unless oInerwise agreed to in WEtING: : 
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AD768 


Parameter Min Typ Max Units 


AC LINEARITY 
Spurious-Free Dynamic Range (SFDR) 


four = 500 kHz; CLOCK = 10 MHz dB 
four = 1.0 MHz; CLOCK = 10 MHz dB 
four = 5 MHz; CLOCK = 30 MHz dB 
Total Harmonic Distortion (THD) 
four = 500 kHz; CLOCK = 10 MHz dB 
~ four = 1.0 MHz; CLOCK = 10 MHz dB 
four = 5 MHz; CLOCK = 30 MHz dB 
POWER SUPPLY 
Positive Voltage Range V 
Negative Voltage Range V 
Positive Supply Current mA 
Negative Supply Current mA 
Nominal Power Dissipation mW 
Power Supply Rejection Ratio (PSRR) % of FSR/V 
NOTES 
‘Measured at IourA, driving a virtual ground. 
Three LSBs are grounded, DBO, DB1, and DB2. 
3Nominal FS output current is 4x the current at IREFIN. Therefore, nominal FS current is 20 mA, W 5 mA. 
4Output current is defined as total current available for IREFIN and any external load. 
Reference bandwidth is a function of external cap at COMP pin. 
SExcludes internal reference drift. 
"Includes internal reference drift. 
8Measured as unbuffered voltage output (1 V step) with FS current in 
Specifications subject to change without notice. 
ABSOLUTE MAXIMUM RATINGS! PIN CONFIGURATION 
Parameter With Respect to 28-PIN SOIC 


Positive Supply Voltage (Vpp) DCOM, REFCOM, LADCOM V 

Negative Supply Voltage (Veg) DCOM, REFCOM, LADCOM V lOUTA | 1 | 28] LADCOM 
Analog-to-Other Grounds (REFCOM) | DCOM, LADCOM V COMP | 2 | 1OUTB 
Digital-to-Other Grounds (DCOM) LADCOM, REFCOM V REFOUT [3 [26] Vee (-5V) 
Reference Output (REFOUT) REFCOM V REFADJ [4 | 25] Vp (+8¥) 
Reference Adjust (REFADJ) REFCOM V 

Reference Input Current (IREFIN) mA REFCOM | 5 [24] DB15 (MSB) 
Digital Inputs (DBO-DB15, Clock) DCOM V IREFIN [6 | iasee 23| DB14 
Analog Outputs (IoyrA; IourB) LADCOM V (LSB) DBO DB13 
Maximum Junction Temperature °C pei [8] Pisces 21] DB12 
Storage Temperature pp [9 20] DBt1 
Lead Temperature 

DB3 |10| 119] DB10 

NOTE DB4 | 18] DBS 
'Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the Hevine: pps [12 ops 

This is a stress rating only and functional operation of the device at these or any other conditions above those 

indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating for DB6 |13| — 116] CLOCK 
- extended periods may affect device reliability. DB7 [14] 15} DCOM 


NC = NO CONNECT 


CAUTION 

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. WARNING! wa 
Although the AD768 features proprietary ESD protection circuitry, permanent damage may eprint 4 

occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 

precautions are recommended to avoid performance degradation or loss of functionality. 


ESD SENSITIVE DEVICE 


. This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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_ -PIN DESCRIPTION 
Pin No. Name and Function 
l IOUTA DAC Current Output. Full-scale current when all data bits are Is. 
2 COMP Compensation Node. Add capacitor for. noise reduction. 
3 ~ REFOUT _. Reference Output Voltage. Nominal value is 2.5 \ ree 
4 REFAD]J - Reference Adjust. Apply voltage from 0 to 2. 5 Vto adjust DAC gain. | 
5 _ REFCOM _ Reference Ground. 
6 IREFIN Reference Input Current. Nominal is 5 mA. DAC full- scale i is Ax this current. 
7 ~ DBO Data Bit 0 (LSB). 
8-14 -~DBI-7 Data Bits 1-7. 
15 DCOM Digital Ground. 
16 CLOCK Clock Input. Data latched on positive edge of clock. 
17-23 DB8-DB14 Data Bits 8-14. 
24 DB15 Data Bit 15 (MSB). 
25 ~ Vpp © Positive Supply Voltage. Nominal is +5 V. 
26 VeER Negative Supply Voltage. Nominal is —5 V. , : 
27 IOUTB Complementary DAC Current Output. Full-scale current. when all a bits 
ans are Os. 
28 LADCOM DAC Ladder Common. 


Type: AI = Analog Input; DI = Digital Input; AO = Analog Output; P = Power 


AD768AR 


*For outline information see Package Information section. 


ORDERING GUIDE 


_28-Pin 300 mil SOI 


| 0.025% 


BUFFERED > 
VOLTAGE OUT 


0 TO +2V 


. SEGMENTED 
DCOM AD768 CURRENT 


SOURCES 


CURRENT SOURCES 
AND R2R LADDER 


CLOCK O—— 


Se ) 


@ 
ca 


DBS 
DB8 
DB7 
DB6 
DB5 
DB4 
DB3 
DB2 
DB1 
DBO 


Typical Configuration: Buffered ius Voltage Output 


This information applies to a product under development. Its characteristics and specifications are. subject to change: without notice. 


Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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ANALOG 
DEVICES 


———_Le?MOS LOGDAC 
- Logarithmic D/A Converter 


ADTI11/AD7111A | 


FEATURES 

Dynamic Range: 88.5 dB 

Resolution: 0.375 dB 

On-Chip Data Latches 

+5 V Operation 

AD7111A Pin Compatible with AD7524 
Low Power 


APPLICATIONS 

Audio Attenuators 

Sonar Systems 

Function Generators 

Digitally Controlled AGC System 


GENERAL DESCRIPTION 

The LOGDAC® AD7111/AD7111A are monolithic multiplying 
D/A converters featuring wide dynamic range in a small pack- 
age. Both DACs can attenuate an analog input signal over the 
range 0 dB to 88.5 dB in 0.375 dB steps. They are available in 
16-pin DIPs and SOIC packages. The AD7111 is also available 
in a 20-terminal LCCC package. 


The degree of attenuation across the DAC is determined by an 
8-bit word applied to the on-board decode logic. This 8-bit word 
is decoded into a 17-bit word which is then applied to a 17-bit 
R-2R ladder. The very fine step resolution, which is available 
over the entire dynamic range, is due to the use of this 17-bit 
DAC. 


The AD7111/AD7111A are easily interfaced to a standard 8-bit 
MPU bus via an 8-bit data port and standard microprocessor 
control lines. The AD7111 WR input is edge triggered and 
requires a rising edge to load new data to the DAC. The 
AD7111A WR is level triggered to allow transparent operation 
of the latches, if required. It should also be noted that the 
AD7111A is exactly pin and function-compatible with the 
AD7524, an industry standard 8-bit multiplying DAC. This 
allows an easy upgrading of existing AD7524 designs which 
would benefit both from the wider dynamic range and the finer 
step resolution offered by the AD7111A. | 


The AD7111/AD7111A are fabricated in Linear Compatible 
CMOS (LC?MOS), an advanced, mixed technology process that 
combines precision bipolar circuits with low power CMOS logic. 


LOGDAC is a registered trademark of Analog Devices, Inc. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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FUNCTIONAL BLOCK DIAGRAMS 


Vop Vin 


a LOGIC 


8-BIT BUFFER 


CONTROL LOGIC 


17-BIT DAC 


O) Nour 
® 


CONTROL LOGIC 


AGND 
1. 
17-BIT LATCH 
oe 
i 
& @ 
D7 


DGND 


PRODUCT HIGHLIGHTS 
1. Wide Dynamic Range: 0 dB to 88.5 dB attenuation range in | 
0.375 dB steps. 


2. Small Package: The AD7111/AD7111A are available in 
16-pin DIPs and SOIC packages. 

3. Transparent Latch Operation: By tying the CS and WR 
inputs low, the DAC latches in the AD7111A can be made 
transparent. 


4. Fast Microprocessor Interface: Data setup times of 25 ns and 


write pulse width of 57 ns make the AD7111A compatible 
with modern microprocessors. 
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AD7111/AD7111A—SPECIFICATIONS 


(Wop = +5.V, Vp = —10 V do, loyp = AGND = DGND = OV 


AD71 1i— ELECTRICAL CHARACTERISTI CS output amplifier AD711 except where noted) 


maa. * |. AD7IIL/C/U Grades '  AD7111K/B/T Grades _ : | ~ 
a = Ty, =. +25°C Ty = Tao Tmax} Ta = +25°C_ Ty = Tans Tmax | Units Conditions/Comments 


NOMINAL RESOLUTION © . 


[o37s- 0.375 0.375 0375 BO 
ACCURACY RELATIVE TO 
0 dB ATTENUATION 
0.375 dB Steps: . 
Accuracy = +0.17 dB _- {0t0o36 | Oto 36 0 to 30 0 to 30 Guaranteed Attenuation Ranges 
Monotonic SG 0 to 54 .0t0o54 0 to 48 0 to 48 for Specified Step Sizes 
0.75 dB Steps: : 
Accuracy < +0.35 dB 0 to 48 0 to 42_— 0 to 42 0 to 36 
Monotonic - 0 to 72 0 to 66 © 0 to 72 0 to 60 
1.5 dB Steps: caer me : 
Accuracy < +0.7 dB . 0 to 54 0 to 48 0 to 48 0 to 42 Full Range Is from 0 dB 
Monotonic Full Range 0 to 78 0 to 85.5 0 to 72 to 88.5 dB 
3.0 dB Steps: 
Accuracy < +1.4 dB 10 to 66 0 to 54 0 to 60 0 to 48 
Monotonic Full Range Full Range _ |Full Range = Full Range 
6.0 dB Steps: = 
Accuracy < +2.7 dB 0 to 72 0 to 60 0 to 60 0 to 48 
Monotonic . Full Range Full Range Full Range Full Range 
GAIN ERROR | 


Vin, INPUT RESISTANCE  —__=‘[{ 9/1/15 SWS 7/11/18 7/11/18 kQ min/typ/max 
Reg INPUT RESISTANCE 9.3/11.5/15.7 9.3/11.5/15.7 7.3/11.5/18.8 7.3/11.5/18.8 kQ, min/typ/max 


DIGITAL INPUTS 
Vi4 (Input High Voltage) 
V,, (Input Low Voltage) 
Input Leakage Current 


SWITCHING CHARACTERISTICS’ 


V min 
V max ae 
pA max Digital Inputs = Voyp 


Chip Select to Write Setup Time 


lcs = 
tony Chip Select to Write Hold Time 
twr Write Pulse Width 7 
ting Data Valid to Write Setup Time 
ton Data Valid to Write Hold Time | 
trrsH Refresh Time 
POWER SUPPLY 
Vpp , : 
Ipp Digital Inputs = Vj, or Vix 
Digital Inputs = 0 V or Vyp; 
See Figure 6 in? 
NOTE WM 


1Sample tested at +25°C to ensure compliance. 
Specifications subject to change without notice. 


AC P ERFORMANCE CHARACTERISTICS These characteristics are wine for design guidance only sudars not subject | 


to test. Vop = +5 V, Viy = —10 V de except where noted, Igy; = AGND = DGND = 0 V, output amplifier AD711 except where noted. 


AD7L1IL/C/U Grades - AD7ILIK/B/T Grades | 72 
Units Conditions/Comments — 


Parameter T, = +25°C Ty, = Tyan; Tuax|Ta = +25°C Ta = Tras Tmax 
DC Supply Rejection, AGain/AV,, |0.001 | 0.005 0.001 0.005 dB. per % max | AVpp = + 10%, Input Code = 00000000 
Propagation Delay 3.0 4.5 . 3.0 4.5 ws max Full Scale Change Measured from 
. : WR Going High, CS = 0 V 
Digital-to-Analog Glitch Impulse 100 - . 1100 - . nV secs typ |Measured with AD843 as Output 
. oe ae 1° 4 Amplifier for Code Transition 
10000000 to 00000000 . 


Cl of Figure 1 is 0 pF 


a dh eh aaa & 


Output Capacitance, Pin |! 

Input Capacitance, Pin 15 and Pin 16 
Feedthrough at 1 kHz 

Total Harmonic Distortion . 
Output Noise Voltage Density nV/\/Hz max} Includes AD711 Amplifier Noise 


Digital Input Capacitance 


Specifications subject to change without notice. 
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AD7111/AD7111A 


(Vop = +5 V, Vy = —10V de, Igy; = AGND = DGND = OV 


ADT1 1 1A— ELECTRICAL CHARACTERISTICS output amplifier AD711 except where noted) 


AD7111AC Grade AD7111AB Grade 
Parameter T, = +25°C Ty = Tans Tmax | Ta = +25°C Ta = Tans Tmax | Units Conditions/Comments 


NOMINAL RESOLUTION 0.375 0.375 0.375 0.375 


ACCURACY RELATIVE TO 
0 dB ATTENUATION 
0.375 dB Steps: 
Accuracy < +0.17 dB 
Monotonic 
0.75 dB Steps: 
Accuracy <= +0.35 dB 


10 to 30 0 to 30 
0 to 48 0 to 48 


0 to 36 0 to 36 
0 to 54 0 to 54 


Guaranteed Attenuation Ranges 


for Specified Step Sizes 3 


0 to 42 0 to 36 


0 to 48 0 to 42 


Monotonic 0 to 72 0 to 66 0 to 72 0 to 60 
1.5 dB Steps: 
Accuracy < +0.7 dB 0 to 54 0 to 48 0 to 48 0 to 42 Full Range Is from 0 dB 
Monotonic Full Range 0 to 78 0 to 85.5 0 to 72 to 88.5 dB 
3.0 dB Steps: 
Accuracy = +1.4 dB 0 to 66 0 to 54 0 to 60 0 to 48 
Monotonic Full Range _—‘ Full Range Full Range Full Range 
6.0 dB Steps: 
Accuracy < +2.7 dB 0 to 72 0 to 60 0 to 60 0 to 48 
Monotonic Full Range ‘Full Range Full Range = Full Range 
GAIN ERROR #001 


Vin INPUT RESISTANCE O/LA/IS 9/11/15 7/18 TNS kQ min/typ/max 
Res INPUT RESISTANCE 9.3/11.5/15.7 9.3/11.5/15.7 7.3/11.5/18.8 7.3/11.5/18.8 kQ min/typ/max 


DIGITAL INPUTS 
Vix (Input High Voltage) 
Vir, Unput Low Voltage) 
Input Leakage Current 


SWITCHING CHARACTERISTICS’ 


Digital Inputs = Vpp 


tés Chip Select to Write Setup Time 
ton Chip Select to Write Hold Time 
twa Write Pulse Width 
tps Data Valid to Write Setup Time 
tig : Data Valid to Write Hold Time 
POWER SUPPL 
Vpp +5 +5 +5 +5 V Data Inputs = V,, or Vy; 
ae l 2 1 2 | mA max CS = WR=0V 
l 1 1 ~}mA max Digital Inputs = 0 V or Vpp; 
See Figure 6 
NOTE 


1Sample tested at +25°C to ensure compliance. 
Specifications subject to change without notice. 


AC PERFORMANCE CHARACTERISTICS These characteristics are included for design guidance only and are not subject 


to test. Vpp = +5 V, Vi, = —10 V de except where noted, I,y; = AGND = DGND = 0 V, output amplifier AD711 except where noted. 


AD7111AC Grade AD7111AB Grade 
Parameter T, = +25°C Ty = Tarn> Tmax| Ta = +25°C Ta = Tans Tmax} Units Conditions/Comments 


DC Supply Rejection, AGain/AV,,, {0.001 - —_-0.005 , 0.005 dB per % max | AVpp = + 10%, Input Code = 00000000 
Propagation Delay ] 1.5 1.5 ws max Full Scale Change Measured from 

WR Going High, CS = 0 V 
Digital-to-Analog Glitch Impulse 10 20. 20 nV secs typ | Measured with AD843 as Output 


Amplifier for Code Transition 
10000000 to 00000000 
Cl of Figure 1 is 0 pF 


Feedthrough at 1 kHz 
Total Harmonic Distortion 
Output Noise Voltage Density nV/\/Hz max| Includes AD711 Amplifier Noise 


Digital Input Capacitance 


Specifications subject to change without notice. 
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AD7111/AD7111A 


ABSOLUTE MAXIMUM RATINGS* 


(T, = +25°C unless otherwise noted) 


San a id cbse yee nene nee t7V 


Vpp (to DGND) 
Vig OUAGIND) 2 oe bok Gee Bare sees eee RS +35 V 
Digital Input Voltage to DGND .. 0 3 V to Vpp + 0.3 V 
Toi tO AGND 62s 4 bch od en ews ard ddlons,< —0.3 V to Vpp 
Veep lOAGND 24.0% 2246884246 w ee Sled Aes +35 V 
AGN Diio-DGND: 04-6 ses od ae 6 RS 0 to Vop 
DGND 16 AGND? widens one ak eo aie des 0 to Vop 
Power Dissipation, DIP ............. 00000 eevee 1W 
854, Thermal Impedance ................4. 117°C/W 
Lead Temperature (Soldering, 10secs) ......... « +300°C 
Power Dissipation, SOIC .............2. 000 ee eee 1W 
8;4, Thermal Impedance .................. 75°C/W 
Lead Temperature (Soldering) 
Vapor Phase (60 secs) ..........000 eee eee 215°C 


Tnirarede() SECS)? Gs we tee ere eae eA oak we 220°C 
ESD SUSCEPTIBILITY 


ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 volts, which 
readily accumulate on the human body and on test equipment, can discharge without detection. 
Although these devices feature proprietary ESD protection circuitry, permanent damage may still 
occur on these devices if they are subjected to high energy electrostatic discharges. Therefore, 
proper precautions are recommended to avoid any performance degradation or loss of functionality. 


ORDERING GUIDES 


AD7111A ORDERING GUIDE 


Specified 
Accuracy 
Range 


0 dB to 60 dB 
0 dB to 72 dB 
0 dB to 60 dB 
0 dB to 72 dB 


Package 
Option’ 


Temperature 
Range 


—40°C to +85°C 
| —40°C to +85°C 
—40°C to +85°C 
—40°C to +85°C 


AD7111ABN 
AD7111ACN 
AD7111ABR 
AD7111ACR 


N-16 
R-16 


NOTE 
‘N = Plastic DIP; R = SOIC. For outline information see Package Informa- 
tion section. 


TERMINOLOGY | 
RESOLUTION: Nominal change in attenuation when moving 
between two adjacent codes. 


MONOTONICITY: The device is monotonic if the Sanales 
output decreases (or remains constant) as the digital code 
increases. 


FEEDTHROUGH ERROR: That portion of the input signal 
which reaches the output when all digital inputs are high. See 
section on Applications. 


OUTPUT LEAKAGE CURRENT: Current which appears on 
the Ioyy terminal with all digital inputs high. 


TOTAL HARMONIC DISTORTION: A measure of the 
harmonics introduced by the circuit when a pure sinusoid is 
applied to the input. It is expressed as the harmonic energy 
divided by the fundamental energy at the output. 


3-96 DIGITAL-TO-ANALOG CONVERTERS 


Power Dissipation, LCCC 
;4; Thermal Impedance — 
Lead Temperature (Soldering, 10secs) .......... +300°C 

Operating Temperature Range 
Commercial (K, L Versions) ............ 0°C to +70°C 
Industrial (B, C Versions) ......... eee —40°C to +85°C 
Extended (T, U Versions) ........... —55°C to +125°C 

Storage Temperature Range ........... —65°C to +150°C 


*Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


WARNING! 


A 


ESD SENSITIVE DEVICE 


was 


AD7111 ORDERING GUIDE 


Temperature 
Range 


O°C to +70°C 


Package 
Option 


AD7111KN 0 dB to 60 dB 


AD7111BQ —40°C to +85°C |0 dB to 60 dB | Q-16 
AD7111LN O°C to +70°C 0 dB to 72 dB | N-16 
AD7111CQ —40°C to +85°C |0 dB to 72 dB | Q-16 
AD7111UQ/883B | —55°C to +125°C | 0 dB to 72 dB | Q-16 
AD7111TE/883B | —55°C to +125°C | 0 dB to 60 dB 


NOTES 

1To order MIL-STD-883B, Class B processed parts, add /883B to part num- 
ber. Contact local sales office for military data sheet and availability. 

2N = Plastic DIP; Q = Cerdip; E = LCCC; R = SOIC. For outline infor- 
mation see Package Information section. 


ACCURACY: The difference (measured in dB) between the 
ideal transfer function as listed in Table I and the actual transfer 
function as measured with the device. 


OUTPUT CAPACITANCE: Capacitance from Tour to 
ground. 


DIGITAL-TO-ANALOG GLITCH IMPULSE: ‘The amount 
of charge injected from the digital inputs to the analog output 
when the inputs change state. This is normally specified as the 
area of the glitch in either pA-secs or nV-secs depending upon. 
whether the glitch is measured as a current or voltage signal. 
Glitch impulse is measured with V,, = AGND. . 


PROPAGATION DELAY: This is a measure of the internal _ 
delays of the circuit and is defined as the time from a digital 
input change to the analog output current reaching 90% of its 
final value. | 
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AD7111/AD7111A 


PIN CONFIGURATIONS 


tes tcH 
“ . Voo 


CHIP 
SELECT 


DIP/SOIC 


DGND 4 


AD7111/ ae D7 (MSB) § 
: AD7111A 
1. ALL INPUT SIGNAL RISE AND FALL TIMES TOP VIEW 


MEASURED FROM 10% TO 90% OF Vpp. Vop (Not to Scale) D6 7 
= +5V, ty = te = 20ns. 


VIH DATA IN 
vy STABLE 
1b 


Voo 


DATA IN 
(DO-07) 


WR 


AD7111 


NOTES: NC 6 TOP VIEW NC 


(Not to Scale) 


cs 
DS 8 DO (LSB) 
2. TIMING MEASUREMENT REFERENCE LEVEL 


Vin + Vin 
oo 


1S 9 10 11 12 13 


“tars, NOT REQUIRED ON THE AD7111A AS THE WR INPUT 60886 


1S LEVEL TRIGGERED. NC = NOCONNECT 


Write Cycle Timing Diagram 


CIRCUIT DESCRIPTION where 0.375 is the step size (resolution) in dB and N is the 
GENERAL CIRCUIT DESCRIPTION input code in decimal for values 0 to 239. For 240 = N = 255 
The AD7111/AD7111A consists of a 17-bit R-2R CMOS multi- the output is zero. Table I gives the output attenuation relative 
plying D/A converter with extensive digital logic. The logic to 0 dB for all possible input codes. 

translates the 8-bit binary input into a 17-bit word which is used 

to drive the D/A converter. Input data on the D7—D0 bus is Yoo He 


loaded into the input data latches using CS and WR control sig- 

nals. When using the AD7111, the rising edge of WR latches 

the input data and initiates the internal data transfer to the Vin 
decoder. A minimum time tpregy;, the refresh time, is required 
for the data to propagate through the decoder before a new data 
write is attempted. ; cs 


AD711 OR 


1/2 OP-275 


In contrast, the AD7111A WR input is level ee to allow 
transparent operation of the latches if required. 


; ae ; we INPUTS *C, = 15pF TYPICAL 
The transfer function for the circuit of Figure 1 is given by: 
0.375 N Figure 1. Typical Circuit Configuration 

Vo = —Vin 10 exp — —3y— 

2 The graphs on the last page give a pictorial representation of the 


specified accuracy and monotonic ranges for all grades of the 


OK aR = 0 375 NT AD7111/AD7111A. High attenuation levels are specified with 
Vin less accuracy than low attenuation levels. The range of mono- 
| tonic behavior depends upon the attenuation step size used. For 
Ox Table I. Ideal Attenuation in dB vs. Input Code 


D7-D4 | 0000 0001 0010 0011 0100 0101 0110 111 1000 1001 1010 1011 1100 1101 1110 1111 


0000 0.0 0.375 0.75 i125. 1,5 1.875 2.25 2.625 3.0 3.375 = 3.75 4.125 4.5 4.875 5.25 5.625 
0001 6.0 6.375 6.75 7.125 7.5 7.875 8.25 8.625 9.0 9.375 9.75 10.125 10.5 10.875 11.25 11.625 
0010 12.0 12.375 42.75. 13.125. 1355 13.875 14.25 14.625 15.0 15.375 15.75 16.125 16.5 16.875 17.25 17.625 
0011 18.0 18.375 18.75 19.125 19.5 19.875 20.25 - 20.625 21.0 21,375 21.75. °22:125. 225 22.875 23.25 23.625 


0100 24.0 24.375 24.75 25.125 25.5 25.875 26.25 26.625 27.0 27.375 27.75 28.125 28.5 28.875 29.25 29.625 
0101 30.0 30.375 30.75 31.125 31.5 31.875 32.25 32.625 33.0 33.375 33.75 34.125 34.5 34.875 35.25 35.625 
0110 | 36.0 36.375 36.75 = 37.125 37.5 37.875 38.25 38.625 39.0 39.375 39.75 40.125 40.5 40.875 41.25 41.625 
0111 42.0 42.375 42.75 43.125 43.5 43.875 44.25 44.625 45.0 45.375 45.75 46.125 46.5 46.875 47.25 47.625 


1000 48.0 48.375 48.75. 49.125 49.5 49.875 50.25 50.625 51.0 51.375: SL.75° 32.125. 52.5 52.875 53.25. 53.625 
1001 54.0 54.375 54.75 55.125 55.5 55.875 56.25 56.625 57.0 57.375 57.75 = 58.125 58.5 58.875 59.25 59.625 
1010 60.0 60.375 60.75 61.125 61.5 61.875 62.25 62.625 63.0 63.375 63.75 64.125 64.5 64.875 65.25 65.625 
1011 66.0 66.375 66.75 67.125 67.5 67.875 68.25 68.625 69.0 69.375 69.75 70.125 70.5 70.875 71.25 = 71.625 


1100 72.0 72,379. 12,799. 73.425. 735 73.875 74.25 74.625 75.0 75.375 75.75 76.125 76.5 76.875 77.25 77.625 
1101 78.0 78.375 78.75 79.125 79.5 79.875 80.25 80.625 81.0 81.375 81.75 = 82.125 82.5 82.875 83.25 83.625 
1110 84.0 84.375 84.75 85.125 85.5 85.875 86.25 86.625 87.0 87.375 87.75 88.125 88.5 88.875 89.25 89.625 
1111 MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE 
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AD7111/AD71 1 1A—Applications Information 


~ example, the AD7111L is guaranteed monotonic in 0.375 dB 
steps from 0 dB to —54 dB inclusive and in 0.75 dB steps from 
0 dB to —72 dB inclusive. To achieve monotonic operation over 
the entire 88.5 dB range it is necessary to select input codes so 
that the attenuation step size at any point is consistent with the 
step size guaranteed for monotonic operation at that point. 


EQUIVALENT CIRCUIT ANALYSIS | 
Figure 2 shows a simplified circuit of the D/A converter section 
of the AD7111/AD7111A, and Figure 3 gives an approximate 
equivalent circuit. 


The current source I; paxacgE is composed of surface and junc- 
tion leakages. The resistor Ry as shown in Figure 3 is the 
equivalent output resistance of the device which varies with 
input code (excluding all 0s code) from 0.8R to 2R. R is typi- 
cally 12 kQ. Coyr is the capacitance due to the N channel 
switches and varies from about 20 pF to 50 pF depending upon 
the digital input. For further information on CMOS multiplying 
D/A converters, refer to “CMOS DAC Application Guide” 
which is available from Analog Devices, Publication Number 
G872b-8-1/89. 


I : ‘| 
SWITCH DRIVERS 


Figure 2. Simplified D/A Circuit of AD7111/AD7111A | 


a(Vin, N) IS THE THEVENIN EQUIVALENT VOLTAGE GENERATOR 

DUE TO THE INPUT VOLTAGE Viy, THE BINARY ATTENUATION 

FACTOR N AND THE TRANSFER FUNCTION OF THE R-2R LADDER. 
Figure 3. Equivalent Analog Output Circuit of AD7111/ 
AD7111A 


DYNAMIC PERFORMANCE ~_. | | 
The dynamic performance of the AD7111/AD7111A will depend 


upon the gain and phase characteristics of the output amplifier, 


together with the optimum choice of PC board layout and 
decoupling components. Circuit layout is most important if the 
optimum performance of the AD7111/AD7111A is to be 
achieved. Most application probiems stem from either poor lay- 
out, grounding errors, or inappropriate choice of amplifier. 

It is recommended that when using the AD7111/AD7111A with 
a high speed amplifier, a capacitor (C1) be connected in the 
feedback path as shown in Figure 1. This capacitor, which 
should be between 10 pF and 30 pF, compensates for the phase 
lag introduced by the output capacitance of the D/A converter. 
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Figures 4 and 5 show the performance of the AD7111/AD7111A 
using the AD711, a high speed, low cost BiFET amplifier, and 
the OP-275, a dual, bipolar/JFET, audio amplifier. The perfor- 
mance without Cl is shown in the middle trace and the response 
with Cl in circuit shown in the bottom trace. 


MSB 
DATA CHANGE 
C1 = OpF 


C1 = 15pF 


DATA CHANGE FROM 80H TO 00H. 


Figure 4. Response of AD7111/AD7111A with AD711 


MSB 
DATA CHANGE 
C1 = OpF 


C1 = 15pF 


DATA CHANGE FROM 80H TO OOH. 


Figure 5. Response of AD7111/AD7111A with 1/2 OP-275 


In conventional CMOS D/A converter design, parasitic capaci- 
tance in N-channel D/A converter switches can give rise to 
glitches on the D/A converter output. These glitches result from 
digital feedthrough. The AD7111/AD7111A has been designed 
to minimize these glitches as much as possible. 


For operation beyond 250 kHz, capacitor Cl may be reduced in 
value. This gives an increase in bandwidth at the expense of a 
poorer transient response as shown in Figure 5. In circuits 
where Cl is not included, the high frequency roll-off point is 
primarily determined by the characteristics of the output ampli- 
fier and not the AD7111/AD7111A. 


Feedthrough and absolute accuracy are sensitive to output leak- 
age current effects. For this reason it is recommended that the 
operating temperature of the AD7111/AD7111A be kept as close 
to 25°C as is practically possible, particularly where the device’s 
performance at high attenuation levels is important. 


Some solder fluxes and cleaning materials can form slightly con- 
ductive films which cause leakage effects between analog input 
and output. The user is cautioned to ensure that the manufac- 
turing process for circuits using the AD7111/AD7111A does not 


allow such films to form. Otherwise the feedthrough, accuracy 


and maximum usable range will be affected. 
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ANALOG 
DEVICES 


LC?MOS LOGDAC 
Dual Logarithmic D/A Converter 


AD7112* 


FEATURES 

Dynamic Range: 88.5 dB 

Resolution: 0.375 dB 

On-Chip Data Latches for Both DACs 
Four-Quadrant Multiplication 

+5 V Operation 

Pin Compatible with AD7528 

Low Power 


APPLICATIONS 
Audio Attenuators 
Sonar Systems 
Function Generators 


GENERAL DESCRIPTION 

The LOGDAC® AD7112 is a monolithic dual multiplying D/A 
converter featuring wide dynamic range and excellent DAC-to- 
DAC matching. Both DACs can attenuate an analog input signal 
over the range 0 to 88.5 dB in 0.375 dB steps. It is available in 
skinny 0.3” wide 20-pin DIPs and in 20-terminal surface mount 
packages. 


The degree of attenuation in either channel is determined by the 
8-bit word applied to the on-board decode logic. This 8-bit word 
is decoded into a 17-bit word which is then loaded into one of 
the 17-bit data latches, determined by DACA/DACB. The fine 
step resolution over the entire dynamic range is due to the use 
of these 17-bit DACs. 


The AD7112 is easily interfaced to a standard 8-bit MPU bus 
via an 8-bit data port and standard microprocessor control lines. 
It should be noted that the AD7112 is exactly pin-compatible 
with the AD7528, an industry standard dual 8-bit multiplying 
DAC. This allows an easy upgrading of existing AD7528 designs 
which would benefit both from the wider dynamic range and the 
finer step resolution offered by the AD7112. 


The AD7112 is fabricated in Linear Compatible CMOS 
(LC’MOS), an advanced, mixed technology process that com- 
bines precision bipolar circuits with low power CMOS logic. 


*Protected by U.S. Patent No. 4521764 
LOGDAC is a registered trademark of Analog Devices, Inc. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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FUNCTIONAL BLOCK DIAGRAM 


Voo VinA 


OOUTA 


17-BIT DAC A 
17-BIT LATCH 
mi 
ps7 BUFFER DECODE LOGIC 
17-BIT LATCH 
Le | epee 


CONTROL J () OUT B 
onic 17-BIT DAC B a 
ae | Cenccopaemak A 


O) 
DAC A/ CS WR VinB DGND AGND 


DAC B 


PRODUCT HIGHLIGHTS 

1. DAC-to-DAC Matching: Since both of the AD7112 DACs 
are fabricated at the same time on the same chip, precise 
matching and tracking between the two DACs is inherent. 

2. Small Package: The AD7112 is available in a 20-pin DIP and 
a 20-terminal SOIC package. 


3. Fast Microprocessor Interface: The AD7112 has bus interface 
_ timing compatible with all modern microprocessors. 
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AD7112 — SPECIFICATIONS (Von = +5 V + 5%: iti A = OUT B = AGND = DGND = OV; Vy A = 


Vin B = 10 V. Output amplifier AD712 except where stated. All specifications Tyyy to Tyax unless otherwise noted.) 


B Version 
pe 


Parameter | 


ACCURACY 

Resolution 

Accuracy Relative to 

0 dB Attenuation 

0.375 dB Steps: 
Accuracy = +0.17 dB 
Monotonic 

0.75 dB Steps: 
Accuracy = +0.35 dB 


0 to 36 
0 to 54 


0 to 30 
0 to 48 


0 to 30 
0 to 48 


0 to 42 0 to 42 0 to 36 


Monotonic 0 to 66 0 to 72 0 to 60 
1.5 dB Steps: | 
Accuracy = +0.7 dB. 0 to 48 0 to 48 0 to 42 
Monotonic Full Range 0 to 78 0to85.5 Oto 72 
3.0 dB Steps: 
Accuracy = +1.4 dB |0 to 66 0 to 54 0 to 60 0 to 48 
Monotonic Full Range Full Range | Full Range Full Range 
6.0 dB Steps: | 
Accuracy = +2.7 dB 0 to 72 0 to 60 0 to 60 0 to 60 
Monotonic Full Range Full Range | Full Range Full Range 
Gain Error - +0.1 +0.15 +0.15. +0.2 


Output Leakage Current 


OUT A,.OUT B +400 
Input Resistance, 
Vin A; Vin B 9/15 


Input Resistance Match +2 2 
Feedback Resistance, 
Rep A, Rpg B 
LOGIC INPUTS 
CS, WR, 
DAC A/DAC B, 
DB0O-DB7 
Input Low Voltage, Vinz 
Input High Voltage, Ving 
Input Leakage Current 
Input Capacitance” 


POWER REQUIREMENTS 


Vpp Range? 


9.3/15.7 


4.75/5.25 4.75/5.25 
2 2 
2 


4.75/5.25 4.75/5.25 
2 2 
2 2 


NOTES 

1Temperature Range as follows: B, C Versions: —40°C to +85°C. 
2Guaranteed by design, not production tested. 

3The part will function with Vj, = 5 V + 10% with degraded performance. 
Specifications subject to change without notice. 
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Tan> Tmax | Units 


nA max 


kQ, min/max 
% max 


kO, min/max 


Conditions/Comments 


Guaranteed Attenuation 


Ranges for Specified Step Sizes. 


Full Range Is 0 to 88.5 dB. 


Measured Using Rpz A, 


Rgg B. Both DAC Registers 


Loaded With All Os. 


Typically 12 kQ. 


For Specified Performance. 


Logic Inputs = Vj, or Viz 
Logic Inputs = 0 V or Vpp 
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AD7112 


TIMING SPECIFICATIONS! wv,, = +5 v + 5%; OUT A = OUT B = AGND = DCND = OV; Vy A= Vy B= 10¥) 


Parameter 


CS to WR Setup Time is 

CS to WR Hold Time tea 
DAC Select to WR Setup Time tas 

DAC Select to WR Hold Time tars 
Data Valid to WR Setup Time tee 
Data Valid to WR Hold Time toi 
WR Pulse Width tee 
NOTES 


aa Ta = +25°C Ta = —40°C to +85°C Conditions/Comments 


0 0 See Figure 3. 
0 0 

4 4 

0 0 

55 55 

10 10 

53 53 


‘Timing specifications guaranteed by design not production tested. All input signals are specified with tr = tf = 5 ns (10% to 90% of 5 V) and timed from a 


voltage level of 1.6 V. 


Specifications subject to change without notice. 


AC PERFORMANCE CHARACTERISTICS’ w,, = +5 v + 5%; our a = OUT B = AGND = DGND = OV; V,, A= 


Vix B = 10 V. Output amplifier AD712 except where noted.) 


Parameter 


DC Supply Rejection A Gain/A Vpyp 
Digital-to-Analog Glitch Impulse 


Output Capacitance, Coyr a» Cour p 
AC Feedthrough 
Vin Ato OUT A 


Vin B to OUT B 
Channel-to-Channel Isolation 
Vin A to OUT B 
Vin B to OUT A 
Digital Feedthrough 
Output Noise Voltage Density 
(30 Hz to 50 kHz) 


Total Harmonic Distortion 


NOTES 
1Guaranteed by design, not production tested. 
Specifications subject to change without notice. 
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T, = 
—40°C to 
+85°C 


Units 


dB/% max 
nV s typ 


pF max 
dB max 
dB max 
dB typ 
dB typ 
nV s typ 
nV/\/Hz typ 


dB typ 


Conditions/Comments 


A Vpp = + 5%. Input Code = 00000000 
Measured with AD843 as output amplifier for input 
code transition 10000000 to 00000000 


Vin Ay Vin B = 6 V rmsat 1 kHz. DAC 
Registers loaded with all 1s. | 


Vin A = 6 Vrms at 10 kHz sine wave, 

Vin B = 0 V. DAC Registers loaded with all Os. 

Vin B = 6 V rms at 10 kHz sine wave, 

Vin A = 0 V. DAC Registers loaded with all Os. 
Measured with input code transitions of all Os to all ls. 


Measured between Ry, A and OUT A or between 
Rrg B and OUT B. 

Vin A = Vin B = 6 V rms at 1 KHz. DAC 
Registers loaded with all 0s. 
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AD7112 


ABSOLUTE MAXIMUM RATINGS* 


Vpp to AGND or DGND .............. -0.3V,4+7V 
AGND to DGND................—-0.3.V; Vpp + 0.3 V 
Digital Inputs to DGND .......... —0.3 V, Vpp + 0.3 V 
OUT A, OUTBtoAGND ........ —0.3 V, Vpp + 0.3 V 
Vin As Vig B to AGND 2.0. ce ewes +25 V 
Vers A; Varg B to AGND .: 10... 0. ee eee ees +25 V 
Operating Temperature Range ; 

All Versions ........ ee eee ee —40°C to +85°C 
Junction Temperature ............00 2c ee eeee +150°C 
Storage Temperature .............006- —65°C to +150°C 
Power Dissipation, DIP .................000000- 1W 
®;4, Thermal Impedance ...............005.% 102°C/W 


ESD SUSCEPTIBILITY 


ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 volts, which 
readily accumulate on the human body and on test equipment, can discharge without detection. 
Although devices feature proprietary ESD protection circuitry, permanent damage may still occur 
on these devices if they are subjected to high energy electrostatic discharges. Therefore, proper 
precautions are recommended to avoid any performance degradation or loss of functionality. 


TERMINOLOGY 
RESOLUTION: Nominal change in attenuation when moving 
between two adjacent codes. 


MONOTONICITY: The device is monotonic if the analog out- 
put decreases or remains constant as the digital code increases. 


FEEDTHROUGH ERROR: That portion of the input signal 
which reaches the output when all digital inputs are high. 


OUTPUT CAPACITANCE: Capacitance from OUT A or 
OUT B to ground. 


GAIN ERROR: Gain error results from a mismatch between 
Regs (the feedback resistance) and the R-2R ladder resistance. 
Its effect in a LOGDAC is to produce a constant additive atten- 
uation error in dB over the whole range of the DAC. 


ACCURACY: The difference (measured in dB) between the 
ideal transfer function as listed in Table I and the actual transfer 
function as measured with the device. 


DIGITAL-TO-ANALOG GLITCH IMPULSE: The amount of 
charge injected from the digital inputs to the analog output — 
when the inputs change state. This is normally specified as the 
area of the glitch in either pA-s or nV-s depending on whether 
the glitch is measured as a current or voltage signal. Glitch 
impulse is measured with V,, = AGND. 


ORDERING GUIDE 


Specified 
Accuracy 
Range 


Package 
Option* 


Temperature 
Range 


AD7112BN —40°C to +85°C 0 dB to 60 dB N-20 
AD7112CN —40°C to +85°C 0 dB to 72 dB N-20 
AD7112BR —40°C to +85°C 0 dB to 60 dB R-20 


AD7112CR —40°C to +85°C 0 dB to 72 dB 


*N = Plastic DIP; R = SOIC. For outline information see Package Informa- 
tion: section. 
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Lead Temperature (Soldering, 10 secs) ........... +300°C 
Power Dissipation, SOIC ................0. ere? 1W 
Oya, Thermal Impedance ..............+2000: 75°C/W 
Lead Temperature (Soldering) 
Vapor Phase (60 secs) .........2.0 000s Pee ee 4 ee & 
Infrared (15 secs)... ee eee ees ee . 220°C 


*Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
Only one Absolute Maximum Rating may be applied at any one time. 


WARNING! 


TTY 


ESD SENSITIVE DEVICE 


PIN FUNCTION DESCRIPTION 


Pin Mnemonic Description 


1 AGND Analog Ground. , 
2 OUT A Current Output Terminal of DAC A. 
3 Rep A Feedback Resistor for DAC A. 
4 Vin A Reference Input to DAC A 
5 DGND Digital Ground. 
6 DAC A / Selects Which DAC Can Accept Data foi 
DAC B Input Port. 
7-14. DB7-DBO 8 Data Inputs. 
15 CS Chip Select Input, Active aw. 
16 WR Write Input, Active Low. 
17 Vpp Power Supply Input 5 V + 5%. 
18 Vin B Reference Input to DAC B. _ 
19 Rep B Feedback Resistor for DAC B. 
20 OUT B Current Output Terminal of DAC B. 
PIN CONFIGURATION 
DIP/SOIC 
AGND |1]e OUTB 
OUT A Re_B 
RepA VinB 
VinA Voo 
DGND WR 
DAC A/DAC B | 6 | mereeu 15] cs 
(MSB) DB7 14] DBO (LSB) 
DBe |8| 73] DB1 
DBS |9| 42] DB2 
DB4 /10) 11] DB3 
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CIRCUIT DESCRIPTION 


GENERAL CIRCUIT INFORMATION | 

The AD7112 consists of a dual 17-bit R-2R CMOS multiplying 
D/A converter with extensive digital logic. Figure 1 shows a 
simplified circuit of the D/A converter section of the AD7112. 
The logic translates the 8-bit binary input into a 17-bit word 
which is used to drive the D/A converter. Figure 2 shows a typi- 
cal circuit configuration for the AD7112. 


The transfer function for the circuit of Figure 2 is given by: 


0.375 N 
Vo = —-Vin X 10 exp — ——— 
20 
or 
V 
—° | gB = -0.375N 
Vin 


where 0.375 is the step size (resolution ) in dB and N is the 
input code in decimal for values 0 to 239. For 240 < N < 255 
the output is zero. Table I gives the output attenuation relative 
to 0 dB for all possible input codes. 


Figure 1. Simplified D/A Circuit of 1/2 AD7112 


AD7112 


Figures 16 and 17 give a pictorial representation of the specified 
accuracy and monotonic ranges for all grades of the AD7112. 
High attenuation levels are specified with less accuracy than low 
attenuation levels. The range of monotonic behavior depends 
upon the attenuation step size used. To achieve monotonic oper- 
ation over the entire 88.5 dB range, it is necessary to select 
input codes so that the attenuation step size at any point is con- 
sistent with the step size guaranteed for monotonic operation at 
that point. | | 


O Vout 


A1: 1/2 AD712 
1/2 OP-275 


SIGNAL 
GROUND 


DAC A/DAC B QO 


NOTES 

1. ONLY ONE DAC IS SHOWN FOR CLARITY. 

2. DATA INPUT CONNECTIONS ARE OMITTED. 

3. C1 PHASE COMPENSATION (5-15pF) MAY BE REQUIRED WHEN 
USING HIGH SPEED AMPLIFIER. 


Figure 2. Typical Circuit Configuration 


o 
eo 
D7-D4 | 0000 0001 0010 0011 0100 =0101 0110 
0000 0.000 0.375 0.750 1.125 1.500 1.875. 2.250 
0001 6.000 6.375 6.750 7.125 7.500 7.875 8.250 
0010 12.000 12.375 12.750 13.125 13.500 13.875 14.250 
0011 18.000 18.375 18.750 19.125 19.500 19.875 20.250 
0100 24.000 24.375 24.750 25.125 25.500 25.875. 26.250 
0101 30.000 30.375 30.750 31.125 31.500 31.875 32.250 
0110 36.000 36.375 36.750 37.125 37.500 37.875 38.250 
0111 42.000 42.375 42.750 43.125 43.500 43.875 44.250 

1000 48.000 48.375 48.750 49.125 49.500 49.875 50.250. 
1001 54.000 54.375 54.750 55.125 55.500 55.875 56.250 

1010 60.000 60.375 60.750 61.125 61.500 61.875 62.250 

1011 66.000 66.375 66.750 67.125 67.500 67.875 68.250 

1100 72.000 72.375 72.750 73.125, 73.500 73.875 74.250 

1101 78.000 78.375 78.750 79.125 79.500 79.875 80.250 

1110 84.000 84.375 84.750 85.125 85.500 85.875 86.250 

1111 MUTE MUTE MUTE MUTE MUTE MUTE MUTE 
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Table I. Ideal Attenuation in dB vs. Input Code 


0111 


2.625 
8.625 
14.625 
20.625 


26.625 
32.625 
38.625 
44.625 


50.625 
56.625 
62.625 
68.625 


74.625 
80.625 
86.625 
MUTE 


1000 


3.000 
9.000 
15.000 
21.000 


27.000 
33.000 
39.000 
45.000 


51.000 
57.000 
63.000 
69.000 


75.000 
81.000 
87.000 
MUTE 


1001 


3.375 
9.375 
15375 
21.375 


27.375 
33,375 
39.375 
45.375 


51.375 
57.375 
63.375 
69.375 


75.375 
81.375 
87.375 
MUTE 
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1010 


3.750 
9.750 
15.750 
21.750 


27.750 
33.750 
39.750 
45.750 


51.750 
57.750 
63.750 
69.750 


75.750 
81.750 
87.750 
MUTE 


1011 


4.125 

10.125 
16.125 
22.125 


28.125 
34.125 
40.125 
46.125 


52.125 
58.125 
64.125 
70.125 


76.125 
82.125 
88.125 
MUTE 


1100 


4.500 

10.500 
16.500 
22.500 


28.500 
34.500 
40.500: 
46.500 


52.500 
58.500 
64.500 
70.500 


76.500 
82.500 
88.500 
MUTE 


1101 


4.875 

10.875 
16.875 
22.875 


28.875 
34.875 
40.875 
46.875 


52.875 
58.875 
64.875 
70.875 


76.875 
82.875 
88.875 
MUTE 


1110 


5.250 

11.250 
17.250 
23.250 


29.250 
35.250 
41.250 
47.250 


53.250 
59.250 
65.250 
71.250 


77.250 
83.250 
89.250 
MUTE 


1111 


5.625 

11.625 
17.625 
23.625 


29.625 
35.625 
41.625 
47.625 


53.625 
59.625 
65.625 
71.625 


77.625 
83.625 
89.625 
MUTE 
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INTERFACE LOGIC INFORMATION — 


DAC Selection 

Both DAC latches share a common g- bit port. The control input 
DAC A/DAC B selects which DAC can accept data from the 
input port. | 

Mode Selection 


Inputs CS and WR control the operating mode of the selected 
DAC. See the Mode Selection Table below. 


Write Mode 

When CS and WR are both low the DAC is in the write mode. 
The input data latches of the selected DAC are transparent and 
its analog output responds to activity on DBO-DB7. 


Hold Mode 

The selected DAC latch retains the data which was present on 
DBO-DB7 just prior to CS and WR assuming a high state. Both 
analog outputs remain at the values corresponding to the data in. 
their respective latches. 


Mode Selection Table 


DAC A/DAC B 


DB0-D87 


NOTES 

1. ALL INPUT SIGNAL RISE AND FALL TIMES MEASURED FROM 
10% TO 90% OF Vpp. tr = tF = 20ns. 

2. CONTROL TIMING MEASUREMENT REFERENCE LEVEL = (Vj, + Vi.) / 2 


Figure 3. Write Cycle Timing Diagram 
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DYNAMIC PERFORMANCE | 
The dynamic performance of the AD7112 will depend on the. 
gain and phase characteristics of the output amplifier, together 
with the optimum choice of PC board layout and decoupling 
components. Circuit layout is most important if the optimum 
performance of the AD7112 is to be achieved. Most application 
problems stem from either poor layout, grounding errors, or 
inappropriate choice of amplifier. Ensure that the layout of the 
printed circuit board has the digital and analog lines separated 
as much as possible. Take care not to run any digital track 
alongside an analog signal track. Establish a single point analog 
ground (star ground) separate from the logic system ground. 
Place this ground as close as possible to the AD7112. Connect 
all analog grounds to this star ground, and also connect the 
AD7112 DGND to this ground. Do not connect any other digi- 
tal grounds to this analog ground point. Low impedance analog 
and digital power supply common returns are essential for low 
noise and high performance of these converters, therefore the 
foil width of these tracks should be as wide as possible. The use 
of ground planes is recommended as this minimizes impedance 
paths and also guards the analog circuitry from digital noise. 


It is recommended that when using the AD7112 with a high 
speed amplifier, a capacitor (C1) be connected in the feedback 
path as shown in Figure 2. This capacitor which should be 
between 5 pF and 15 pF, compensates for the phase lag intro- 
duced by the output capacitance of the D/A converter. Figures 4 
and 5 show the performance of the AD7112 using the AD712, a 
high speed, low cost BIFET amplifier, and the OP-275, a dual 
bipolar/JFET amplifier suitable for audio applications. The per- 
formance with and without the compensation capacitor is shown 
in both cases. For operation beyond 250 kHz, capacitor C1 may 
be reduced in value. This gives an increase in bandwidth at the 
expense of a poorer transient response as shown in Figure 7. In 


- circuits where Cl is not included, the high frequency roll-off 


point is primarily determined by the characteristics of the out- 
put amplifier and not the AD7112. : 


Feedthrough and accuracy are sensitive to output leakage cur- _ 
rents effects. For this reason it is recommended that the operat- 
ing temperature of the AD7112 be kept as close to 25°C as is 

practically possible, particularly where the devices performance 


_ at high attenuation levels is important. A typical plot of leakage 


current vs. temperature is shown in Figure 11. 


Some solder fluxes and cleaning materials can form slightly con- 
ductive films which cause leakage effects between analog input 
and output. The user is cautioned to ensure that the manufac- 
turing process for circuits using the AD7112 does not allow such 
films to form. Otherwise the feedthrough, accuracy and maxi- 
mum usable range will be affected. 


STATIC ACCURACY PERFORMANCE 
The D/A converter section of the AD7112 consists of a 17-bit 


D_I39D + 
R-2R type converter. To obtain optimum static performance at 


- this level of resolution it is necessary to pay great attention to 


amplifier selection, circuit grounding, etc. 


Amplifier input bias current results in a dc offset at the output 
of the amplifier due to current flowing in the feedback resistor 
Rep. It is recommended that amplifiers with input bias currents 
of less than 10 nA be used (e.g., AD712) to minimize this 
offset. 
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Another error arises from the output amplifier’s input offset 
voltage. The amplifier is operated with a fixed feedback resis- 
tance, but the equivalent source impedance (the AD7112 output 
impedance) varies as a function of the attenuation level. This 
has the effect of varying the noise gain of the amplifier thus cre- 
ating a varying error due to amplifier offset voltage. It is recom- 
mended that an amplifier with less than 50 pV of input offset be 
used (such as the AD712 or ADOP-07) in dc applications. 
Amplifiers with a large input offset voltage may cause audible 
thumps in audio applications due to dc output changes. The 


TYPICAL PERFORMANCE CHARACTERISTICS 


DATA CHANGE 
FROM 00H TO 80H 


Figure 4. Response of AD7112 with AD712 


DATA CHANGE 
FROM OOH TO 80H 


C1= OpF . 


C1 = 15pF 


Figure 5. Response of AD7112 with OP-275 
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AD7112 


AD7112 accuracy is specified and tested using only the internal 
feedback resistor. Any Gain error (i.e., mismatch of Rp, to the 
R-2R ladder) that may exist in the AD7112 D/A converter cir- 
cuit results in a constant attenuation error over the whole range. 
The AD7112 accuracy is specified relative to 0 dB attenuation, 
hence gain trim resistors can be used to adjust Vout = Vinx 
precisely (i.e., 0 dB attenuation) with input code 00000000. For 
further information on gain error refer to the “CMOS DAC 
Application Guide” which is available from Analog Devices, 
Publication Number G872b-—8—1/89. 


ALL DIGITAL INPUTS 
TIED TOGETHER 


2 3 


Figure 6. Supply Current vs. Logic Input Level 


Ta = +25°C 
DATA INPUT CODE = 0000 0000 
Vin = 1V rms 


AD712 
C1 = 15pF 


NORMALIZED GAIN WITH RESPECT TO 1kHz © 


104 10° 106 10” 
FREQUENCY - Hz 


Figure 7. Frequency Response with AD712 and OP-275 
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AD7112 


Vin = 6V rms 
INPUT CODE = 0000 0000 


I i WI 


HT Hf || 
10 


Vpp = +5V 
Vin = -10V 
DATA INPUT = 1111 XXXX 


4 
° 


TOTAL HARMONIC DISTORTION - dB 


-100 
10! : 10° of s 
FREQUENCY - Hz | TEMPERATURE - °C 
Figure 8. Distortion vs. Frequency Figure 11. Output Leakage Current vs. Temperature 


Vop = +5V 
T = +25°C 
VinA; VinB = 20V p-p SINE WAVE ae aan 
2 FROM OOH TO 80H 
t 
<= 
cu) 
2 
re) 
= 
= Vpn = +5V 
i ADTI2Z = 25°C 
rg OUTPUT A= 
; Vin = AGND 
FREQUENCY - Hz 
Figure 9. Feedthrough vs. Frequency Figure 12. Digital-to-Analog Glitch Impulse 


50 


Vop = +5V 
Ta = +25°C 

VinA = 20V p—p SINE WAVE 
VinB = OV 

BOTH DAC LATCHES LOADED 


Vop = +5V 

Vin = OV : 

DAC CODE = 0000 0000 © 

INCLUDES OP-275 AMPLIFIER NOISE | 


dr 
° 


40 


2 


30 


2 


20 


U 
& 
NOISE SPECTRAL DENSITY — nV/V/Hz 


CHANNEL-CHANNEL ISOLATION - dB 


- ; 1 
10° o* 05 "102 10° 104 105 
FREQUENCY - Hz FREQUENCY - Hz | 
Figure 10. Channel-to-Channel Isolation vs. Frequency Figure 13. Noise Spectral Density vs. Frequency 
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ANALOG 
DEVICES 


LCM0S 
8-Bit DAC with Output Amplifier 


AD7224 


FEATURES 

8-Bit CMOS DAC with Output Amplifier 
Operates with Single or Dual Supplies 
Low Total Unadjusted Error: 

Less than 1 LSB Over Temperature 
Extended Temperature Range Operation 
pP-Compatibie with Double Buffered Input 
Standard 18-Pin DIPs and 20-Terminal Surface 

Mount Package and SOIC Package 


GENERAL DESCRIPTION 

The AD7224 is a precision 8-bit, voltage-output, digital-to-analog 
converter with output amplifier and double buffered interface 
logic on a monolithic CMOS chip. No external trims are required 
to achieve full specified performance for the part. 


The double buffered interface logic consists of two 8-bit registers— 
an input register and a DAC register. Only the data held in the 
DAC register determines the analog output of the converter. 
The double buffering allows simultaneous update in a system 
containing multiple AD7224’s. Both registers may be made 
transparent under control of three external lines, CS, WR and 
LDAC. With both registers transparent, the RESET line functions 
like a zero override; a useful function for system calibration 
cycles. All logic inputs are TTL and CMOS (SV) level compatible 
and the control logic is speed compatible with most 8-bit 
microprocessors. 


Specified performance is guaranteed for input reference voltages 
from +2V to +12.5V when using dual supplies. The part is 
also specified for single supply operation using a reference of 
+10V. The output amplifier is capable of developing + 10V 
across a 2k(? load. 


The AD7224 is fabricated in an all ion-implanted high speed 
Linear Compatible CMOS (LC2MOS) process which has been 
specifically developed to allow high speed digital logic circuits 
and precision analog circuits to be integrated on the same chip. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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FUNCTIONAL BLOCK DIAGRAM 


Vaer Vop 


4 CONTROL 
LOGIC 


PRODUCT HIGHLIGHTS 

1. DAC and Amplifier on CMOS Chip 
The single-chip design of the 8-bit DAC and output amplifier 
is inherently more reliable than multi-chip designs. CMOS 
fabrication means low power consumption (35mW typical 
with single supply). 


2. Low Total Unadjusted Error 
The fabrication of the AD7224 on Analog Devices Linear 
Compatible CMOS (LC?MOS) process, coupled with a novel 
DAC switch-pair arrangement, enables an excellent total 
unadjusted error of less than 1LSB over the full operating 
temperature range. 


3. Single or Dual Supply Operation 
The voltage-mode configuration of the AD7224 allows operation 
from a single power supply rail. The part can also be operated 
with dual supplies giving enhanced performance for some 
parameters. 


4. Versatile Interface Logic 
The high speed logic allows direct interfacing to most micro- 
processors. Additionally, the double buffered interface enables 
simultaneous update of the AD7224 in multiple DAC systems. 
The part also features a zero override function. 
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AD7224— SPECIFICATIONS 


(Voo = 11 AV to 16.5V, Veg = —5V + 10%; AGND = DGND = OV; V,-- +2V to (Vop —4y)! unless atherwise stated. 
DUAL SUP PLY All scipian Trin tO Tmax Unless otherwise noted.) 


: K, B, i & L, Cc, U 
Parameter Versions” Versions Units Conditions/Comments 


STATIC PERFORMANCE 
Resolution . . . Bits 
Total Unadjusted Error LSB max Vpp = + 15V + 5%, Vrrr = +10V 
Relative Accuracy LSB max | 
Differential Nonlinearity LSB max Guaranteed Monotonic 
Full Scale Error | LSB max . 
Full Scale Temperature Coefficient ppm/°C max Vpp = 14V to 16.5V, Veer = +10V 
Zero Code Error mV max . . 
Zero Code Error Temperature Coefficient +50. a pV/°C typ 
REFERENCE INPUT | 
Voltage Range ~ 2t0o(Vpp — 4) 2to(Vpp — 4) 
Input Resistance 8 8 | 
Input Capacitance? ; 100 100 Occurs when DAC is loaded with all 1’s. 
DIGITAL INPUTS 
Input High Voltage, Vinu 
Input Low Voltage, Vin i 
Input Leakage Current Vin = 0Vor Vpp 
Input Capacitance? 
Input Coding 
DYNAMIC PERFORMANCE 
Voltage Output Slew Rate? : V/s min 
Voltage Output Settling Time? : | . 
Positive Full Scale Change pus max Vrer = + 10V; Settling Time to + 1/2LSB 
Negative Full Scale Change ps max Vrer = + 10V; Settling Time to + 1/2LSB 
Digital Feedthrough ; nV secs typ Vrer = 0V 
Minimum Load Resistance . ~kO min . Vout = +10V 
POWER SUPPLIES | fl _ 
Vpp Range *11.4/16.5 11.4/16.5 For Specified Performance 
Vss Range 1 4.5/5.5 4.5/5.5 in/V For Specified Performance 
Ipp : | 
@25°C Outputs Unloaded; Viy = Vin or Vin 
Tmin tO Tmax Outputs Unloaded: Vin= Vint or Vine 
Iss . : 
@25°C _ Outputs Unloaded; Viy = Vint or Vin 
Tmin tO Tmax Outputs Unloaded; Vin = Vint or Vinn 
SWITCHING CHARACTERISTICS?"* | | 
qt 
@25°C 90 90 ns min Chip Select/Load DAC Pulse Width 
Tmin tO Tmax 90 90 ns min | 
15) 
@25°C 90 90 ns min Write/Reset Pulse Width 
Timin' tO Dax 90 90 ns min 
ts . ; 
— @25°C 0 0 ns min Chip Select/Load DAC to Write Setup Time 
Tinin tO Tmax 0 0 . ns min . 
ty 
@25°C 0 0-7 ns min _Chip Select/Load DAC to Write Hold Time 
Din tO Lax . | 0 Bag 0 ns min 
ts 
@25°C 90 90 ns min. Data Valid to Write Setup Time 
Tmin tO Tmax . 90 90 ns min 
to 
@25°C 10 10 ns min Data Valid to Write Hold Time 
Tm tO Bias 10 10 ns min 
NOTES 


'Maximum possible reference voltage. 
?Temperature ranges are as follows: 
K, L Versions: — 40°C to + 85°C 
B, C Versions: — 40°C to + 85°C 
_ T, U Versions: —55°C to + 125°C 
3Sample Tested at 25°C by Product Assurance to ensure compliance. 
‘Switching characteristics apply for single and dual supply operation. 


Specifications subject to change without notice. 
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AD7224 


(Vpn = +15V + 5%; Vos = AGND = DGND = OV; Vic, = +10V' unless otherwise stated. All specifications 


SINGLE SUPPLY Tain tO Trax unless otherwise noted.) 


K, B, T L,C,U 
Versions Versions Units Conditions/Comments 


Parameter 
STATIC PERFORMANCE 


Resolution 
Total Unadjusted Error 
Differential Nonlinearity 


REFERENCE INPUT 
Input Resistance 
Input Capacitance? 


DIGITAL INPUTS 
Input High Voltage, Vinu 
Input Low Voltage, Vint 
Input Leakage Current 
Input Capacitance? 
Input Coding 


DYNAMIC PERFORMANCE 
Voltage Output Slew Rate* 
Voltage Output Settling Time* 

Positive Full Scale Change 

Negative Full Scale Change 
Digital Feedthrough? 
Minimum Load Resistance 


POWER SUPPLIES 
Vpp Range 
Ipp 
@25°C 
Twin to 4 eee 
SWITCHING CHARACTERISTICS? * 
ty 
@25°C 
Dein tT sane 
15) 
@25°C 
Tia tO. Fis 
t3 
@25°C 
Tinin tO T niax 
\& 
@25°C 
Tmin tO Tmax 
Us 
@25°C 
i eres to Tmax 
l6 
@25°C 
Tita 10 Tay 
NOTES 
'Maximum possible reference voltage. 
?Temperature ranges are as follows: 
K, L Versions: — 40°C to +85°C 


B, C Versions: — 40°C to +85°C 
T, U Versions: —55°C to + 125°C 


2 Z 
5 5 
20 20° 
= 


14.25/15.75 14.25/15.75 


3Sample Tested at 25°C by Product Assurance to ensure compliance. 
‘Switching characteristics apply for single and dual supply operation. 


Specifications subject to change without notice. 
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~kO min 


Bits 
LSB max 
LSB max 


V/s min 


jes max 
us max 
nV secs typ 


Guaranteed Monotonic 


Occurs when DAC is loaded with all 1’s. 


Vin = 0Vor Vpp 


Settling Time to + 1/2LSB 
Settling Time to + 1/2LSB 
Veer = 0V 

Vout = +10V 


For Specified Performance 


Outputs Unloaded; Vpy = Vint or Vinu 
Outputs Unloaded; Vin = Vint or Vinn 


Chip eed DAC Pulse Width 
Write/Reset Pulse Width 

Chip Select/Load DAC to Write Setup Time 
Chip Select/Load DAC to Write Hold Time 
Data Valid to Write Setup Time 


Data Valid to Write Hold Time 
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ABSOLUTE MAXIMUM RATINGS* | 


Vpp to AGND 
| Vpp to DGND 
Vpp to Vss 
AGND to DGND 
Digital Input Voltage to DGND 
Vrer to AGND 
Vout to AGND! 
Power Dissipation (Any Package) to + 75°C 

Derates above 75°C by 
Operating Temperature 

Commercial (K, L Versions) 
- Industrial (B, C Versions) 

Extended (T, U Versions) 
Storage Temperature 
Lead Temperature (Soldering, 10secs). 


° e eo 8 ee e ¢ 
e e ° « e¢ e oe e@ 
* © © ee © © # -@ 
eo e e®@ © © © e@ © e@e © @ @ 


NOTES 


oe e ee 8€© © e #© © © # ee ee e@ @ @ 


© ee © e e#© © © © © ee e© e@ ee @: 


+17V 
+17V 


. . —0.3V, 
. . =0.3V, 
.. —0.3V, 


Vss. Vpp 
450mW 


— 40°C to +85°C 


~ —40°C to + 85°C 


— 55°C to + 125°C 
— 65°C to + 150°C 
+ 300°C 


'The outputs may be shorted to AGND provided that the power dissipation 
of the package is not exceeded. Typically short circuit current to AGND 


is 60mA. 


*Stresses above those listed under “Absolute Maximum Ratings” 


may 


cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 


periods may affect device reliability. — 


CAUTION 


ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 


DIP/SOIC-18 


Vrer 4 
cab AD7224 
DGND 6 TOP VIEW 
(MSB) DB7 7 (Not to Scale) 
DB6 8 
9 10 11 
ow +t O 
B82 


NC = NO CONNECT 


+24V 
.. —0.3V, Vpp- 

-0.3V, Vpp +0.3V 
—0.3V, Vpp +0.3V 


ORDERING GUIDE _ 


Total ; 
Unadjusted 
Error (LSB) 


AD7224KN_ |-—40°Cto + 85°C 


AD7224LN |—40°Cto + 85°C | 
AD7224KP_ |—40°Cto +85°C P-20A 
AD7224LP = |— 40°C to + 85°C P-20A _ 
AD7224KR-1 |—40°Cto + 85°C R-20 
-AD7224LR-1 |=40°Cto + 85°C R-20 
 AD7224KR-18}— 40°C to + 85°C R-18 — 
~ AD7224LR-18] — 40°C to + 85°C R-18 — 
AD7224BQ _|—40°C to + 85°C -Q-18 
AD7224CQ_—_|—40°Cto + 85°C Q-18 
AD7224TQ |-—55°Cto +125°C Q-18 | 
-AD7224UQ_|—55°Cto + 125°C Q-18 
AD7224TE |—55°Cto + 125°C E-20A 


AD7224UE 


— 55°C to + 125°C 


NOTES 

1To order MIL-STD-883 processed parts, add /883B.t 'to part number. 
‘Contact your local sales office for military data sheet. 

2E = Leadless Ceramic Chip Carrier; N = Plastic DIP; P = - Plastic ‘Leaded: 
Q = Cerdip; R = SOIC. For outline information see Package Information 
section. ; . : = ce 


ar 4s’ 


ESD SENSITIVE DEVICE 


PIN CONFIGURATIONS 


18 LDAC 

17 WR 

16 CS 

15 DBO (LSB) 
14 DBI 


DB3 x= 
DB2 a 
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TOP VIEW 
(MSB) DB7 Gi (Not to Scale) 15] DBO (LSB) 


NC = NO CONNECT 
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ANALOG LC2MOS Quad 8-Bit DAC 
DEVICES with Separate Reference Inputs 


AD7225 


FEATURES FUNCTIONAL BLOCK DIAGRAM 
Four 8-Bit DACs with Output Amplifiers 


Separate Reference Input for Each DAC 

2P Compatible with Double-Buffered Inputs 
Simultaneous Update of All Four Outputs 
Operates with Single or Dual Supplies 
Extended Temperature Range Operation 
No User Trims Required 


Skinny 24-Pin DIP, SOIC and 28-Terminal Surface me 
Mount Packages aren Py 


Varner B Vner D 


GENERAL DESCRIPTION O 7 
The AD7225 contains four 8-bit voltage output digital-to-analog pie nee SRS ene 
converters, with output buffer amplifiers and interface logic on 
a single monolithic chip. Each D/A converter has a separate PRODUCT HIGHLIGHTS 
reference input terminal. No external trims are required to | 1. DACs and Amplifiers on CMOS Chip 
achieve full specified performance for the part. The single-chip design of four 8-bit DACs and amplifiers 
The double-buffered interface logic consists of two 8-bit registers allows a dramatic reduction in board space requirements and 
per channel—an input register and a DAC register. Control inputs offers increased reliability in systems using multiple converters. 
AO and Al determine which input register is loaded when WR Its pinout is aimed at optimizing board layout with all analog 
goes low. Only the data held in the DAC registers determines inputs and outputs at one end of the package and all digital 
the analog outputs of the converters. The double-buffering inputs at the other. 
allows simultaneous update of all four outputs under control of 2. Single or Dual Supply Operation 
LDAC. All logic inputs are TTL and CMOS (5V) level compatible The voltage-mode configuration of the AD7225 allows single 
and the control logic is speed compatible with most 8-bit supply operation. The part can also be operated with dual 
microprocessors. , supplies giving enhanced performance for some parameters. 
Specified performance is guaranteed for input reference voltages 3. Versatile Interface Logic 
from +2V to +12.5V when using dual supplies. The part is The AD7225 has a common 8-bit data bus with individual 
also specified for single supply operation using a reference of DAC latches, providing a versatile control architecture for 
+10V. Each output buffer amplifier is capable of developing simple interface to microprocessors. The double-buffered 
+ 10V across a 2k load. interface allows simultaneous update of the four outputs. 
The AD7225 is fabricated on an all ion-implanted high-speed 4. Separate Reference Input for Each DAC 
Linear Compatible CMOS (LC?MOS) process which has been The AD7225 offers great flexibility in dealing with input 
specifically developed to integrate high-speed digital logic circuits signals with a separate reference input provided for each 
and precision analog circuitry on the same chip. DAC and each reference having variable input voltage 

| capability. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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AD7225—SPECIFICATIONS 


| (Vpp = 11.4V to 16.5V, V., = —5V + 10%; AGND = DGND = OV; Veer +2V to (Voo —4y)' unless otherwise stated. 
DUAL SUP PLY All specifications T,,,, to'T,,a, unless otherwise noted.) | os o 


K,B L,C 
Parameter : Versions” Versions” T Version U Version Units Conditions/Comments 
STATIC PERFORMANCE . . : 
Resolution 8 8 8 8 Bits’. 
Total Unadjusted Error +2 a4 | +2 +1 LSB max Vpp = + 15V + 5%, Vrgr = +10V 
Relative Accuracy +1 +1/2 +1] +1/2 LSB max 
Differential Nonlinearity eA... +1 +1 +1 LSB max Guaranteed Monotonic. 
Full Scale Error +1 +1/2 +1 +1/2 LSB max . 
Full Scale Temp. Coeff. aa +5 +5 +5 ppm/Ctyp) = Vpp = 14V to 16.5V, Vrer = +10V 
Zero Code Error @ 25°C +25 +15 +25 +15 ~ mVmax : 
Tan tO Tas +30 +20 +30 +20 mV max 
Zero Code Error Temp Coeff. + 30 a: + 30 + 30 +30 pV/°C typ 
REFERENCE INPUT 
Voltage Range 2to(Vpp —4) = 2to(Vpp -4) —s 2to(Vpp —4) = 2to(Vpp — 4) ~— Vimin tO Virix 
Input Resistance 1] no 11 11 kO min eee 
Input Capacitance? 100 100 100 100 pF max Occurs when each DAC is loaded with all 1’s. 
Channel-to-Channel Isolation? 60 60 «60 60 dB min Vrer = 10V p-p Sine Wave @ 10kHz 
AC Feedthrough? —70 —70 —70 —70 dB max Vrer = 10V p-p Sine Wave @ 10kHz 
DIGITALINPUTS . 
Input High Voltage, Vinu 2.4 2.4 2.4 2.4 V min 
Input Low Voltage, Vint 0.8 0.8 0.8 0.8 V max 
Input Leakage Current +] : +1 +1 +] yA max Vin = OVor Vpp 
Input Capacitance? 8 8 8 8 pF max 
Input Coding Binary Binary Binary Binary 
DYNAMIC PERFORMANCE . 
Voltage Output Slew Rate? | 25 2.5 2.5 2.5 V/s min 
Voltage Output Settling Time? __ 
Positive Full Scale Change 5 5 5 5 vs max VreFr = +10V; Settling Time to + 1/2LSB 
Negative Full Scale Change 5 5 5 5 ys max VreF = + 10V; Settling Time to + 1/2LSB 
Digital Feedthrough? 50 50 50 50. nV secs typ Code transition all 0’s to all 1’s. 
Digital Crosstalk? 50 50 50 50 nVsecstyp _ Code transition all 0’s to all 1’s. 
Minimum Load Resistance 2 2 2 2 kQ min Vout = +10V 
POWER SUPPLIES . 
Vpp Range . 11.4/16.5 11.4/16.5 11.4/16.5 11.4/16.5 Vianin’ ¥ mas For Specified Performance 
Ipp ~ 10 10 12 12 mA max Outputs Unloaded; Vin = Vint or Vinn 
Iss 9 9 “ 10 10 mA max Outputs Unloaded; Ving = Vint or Vinn 


SWITCHING CHARACTERISTICS?" 
t 


@ 25°C 95 95 95 95 ns min Write Pulse Width 
Tmin tO Tmax 120 120 150 150 ns min 

to : 
@ 25°C . 0 0 0 0 ns min Address to Write Setup Time 
Tmin tO Tmax 0 0 0 0 ns min 

t3 
@ 25°C 0 0. 0 0 ns min Address to Write Hold Time — 
Tin to T max 0 0 0 0 ns min 

ty 
@2s°;C . 70 sag 70 . 70 70 ns min Data Valid to Write Setup Time | 
T min tO Tmax 90 90 90 90 nsmin 

ts | 
@ 25°C 10 10 10 = 10 ns min Data Valid to Write Hold Time 
TmintOTmax 10 10 10 10 ns min 

te . 
@25°C — 95 95 95 95 nsmin Load DAC Pulse Width 
Tmin tO Tmax 120 12000 — 150 150 ns min 

NOTES 


'Maximum possible reference voltage. 
?Temperature ranges are as follows: 
K, L Versions: -- 40°C to + 85°C 
B, C Versions: — 40°C to + 85°C 
T. U Versions: — 55°C to + 125°C 
3Sample Tested at 25°C to ensure compliance. 
‘Switching characteristics apply for single and dual supply operation. 


Specifications subject to change without notice. 
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(Von = +15V + 5%; Veg = AGND = DGND = OV: V,.- = +10V' unless otherwise stated. All specifications 


SINGLE SUP PLY Train tO Tax Unless otherwise noted.) 


K,B L,C 
Parameter Versions” Versions” T Version U Version Units Conditions/Comments 
STATIC PERFORMANCE 
Resolution 8 8 8 8 Bits 
Total Unadjusted Error? +2 +] +2 +1 LSB max 
Differential Nonlinearity? +] +] +] +] LSB max Guaranteed Monotonic 
REFERENCE INPUT 
Input Resistance 1] 1] 11 11 kQ min 
Input Capacitance* 100 100 100 100 pF max Occurs when each DAC is loaded with all 1’s. ro 
Channel-to-Channel Isolation?* 60 60 60 60 dB min Vrer = 10V p-p Sine Wave @ 10kHz 
AC Feedthrough? —70 —70 ~70 ~70 dB max Vrer = 10V p-p Sine Wave @ 10kHz 
DIGITAL INPUTS 
Input High Voltage, Viny 2.4 2.4 2.4 2.4 V min 
Input Low Voltage, Vint 0.8 0.8 0.8 0.8 V max 
Input Leakage Current +1 +] +] ae | A max Vin = 0V or Vpp 
Input Capacitance* 8 8 8 8 pF max 
Input Coding Binary Binary Binary Binary 
DYNAMIC PERFORMANCE 
Voltage Output Slew Rate* 2 2 2 2 V/s min 
Voltage Output Settling Time* 
Positive Full Scale Change 5 5 5 5 jus max Settling Time to + 1/2LSB 
Negative Full Scale Change i 7 7 7 js max Settling Time to + 1/2LSB 
Digital Feedthrough** 50 50 50 50 nVsecstyp Code transition all 0’s toall 1’s. 
Digital Crosstalk?" 50 50 50 50 nVsecstyp Code transition all 0’s toall 1’s. 
Minimum Load Resistance 2 Z 2 2 kO min Vout = +10V 
POWER SUPPLIES 
Vpp Range 14.25/15.75 14.25/15.75 14.25/15.75 14,25/15.75 Vieniel V mas For Specified Performance 
Ipp 10 10 12 12 mA max Outputs Unloaded; Viy = Vint or Vinu 
SWITCHING CHARACTERISTICS* 
q 
@ 25°C 95 95 95 95 ns min Write Pulse Width 
ol win tO pax 120 120 150 150 ns min 
2 
@ 25°C 0 0 0 0 ns min Address to Write Setup Time 
Tain 0 T pax 0 0 0 0 ns min 
t3 
@ 25°C 0 0 0 0 ns min Address to Write Hold Time 
Trin tO Tmax 0 0 0 0 ns min 
t4 
@ 25°C 70 70 70 70 ns min Data Valid to Write Setup Time 
Tin tO T max 90 90 90 90 ns min 
Us 
@ 25°C 10 10 10 10 ns min Data Valid to Write Hold Time 
Tin tO. T pax 10 10 10 10 ns min 
to 
@ 25°C . 95 95 95 95 ns min Load DAC Pulse Width 
T min tO T max 120 120 150 150 ns min 
NOTES 


'Maximum possible reference voltage. 
?Temperature ranges are as follows: 
K, L Versions: — 40°C to + 85°C 


3Sample Tested at 25°C to ensure compliance. 
“Switching characteristics apply for single and dual supply operation. 


Specifications subject to change without notice. 


B, C Versions: — 40°C to + 85°C 
T, U Versions: — 55°C to + 125°C 


ORDERING GUIDE 


Total 


Total 


Temperature Unadjusted Package Unadjusted Package 
Model? Range Error Option” Model" Error Option” 
AD7225KN | —40°Cto + 85°C N-24 AD7225BQ | —40°Cto + 85°C 
AD7225LN | —40°Cto +85°C N-24 AD7225CQ:_ | —40°Cto + 85°C Q-24 
AD7225KP | —40°Cto + 85°C P-28A AD7225TQ | —55°Cto + 125°C Q-24 
AD7225LP | —40°Cto +85°C P-28A AD7225UQ | —55°Cto + 125°C Q-24 
AD7225KR | —40°Cto + 85°C R-24 AD7225TE | —55°Cto + 125°C 
AD7225LR | —40°Cto + 85°C R-24 AD7225UE | —55°Cto + 125°C 
NOTES 


2E = Leadless Ceramic Chip Carrier; N = Plastic DIP; P = Plastic Leaded 
Chip Carrier; Q = Cerdip; R = SOIC. For outline information see Package 
Information section. 


1To order MIL-STD-883 processed parts, add /883B to part number. 
Contact your local sales office for military data sheet. 
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ABSOLUTE MAXIMUM RATINGS*. ; a og - Industrial (B, Cc Versions): ee ee — 40°C to + 85°C 
Vpp toAGND .............00-- —0.3V, +17V ___ Extended (T, U Versions)... . . » — 55°C to +125°C 
Vpp toDGND ..........-.e000. ~0.3V, +17V Storage Temperature tee ee» 765°C to +150°C 
Ne AOR o nas ie anes Pane os dcesck ot ~0.3V, +24V Lead Temperature (Soldering, 10secs) ........ + 300°C 
AGND toDGND ... 2... 2. ee eee . —0.3V, Vpp NOTES “ el , 
Digital Input Voltage to DGND ..... —0.3V, Vpp + 0.3V *Stresses above those listed under “Absolute Maximum Ratings” may. cause 
VrrrtoAGND ............ ie S03V,Veot03V  — Peetanent cameee: to te) device, “This 3. Sree taung only. ome 
1 functional operation of the device at these or any other conditions above those 
Vour tOoAGND” «1... ee ee ee ee es Vss> Vpp indicated in the operational sections of this specification is not implied. 
Power Dissipation (Any Package) to +75°C ..... 500mW Exposure to absolute maximum rating conditions for extended periods may 
Derates above 75°C by ..........2.02. 2.0mW/°C a“ device saniecl ; ; re " e } i 
utputs ma’ shorted to any voltage in the range to rovide 
Oe aes ~ 40°C to +85°C in the ore dissipation of ae Sane | is not exceeded ce short 
eye circuit current for ashort to AGND or Vssg is 50mA. 
CAUTION = 
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- WW ARNING! 1a! 


ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective STI 


foam should be discharged to the destination socket before devices are removed. ESD SENSITIVE DEVICE 
PIN CONFIGURATIONS 
DIP and SOIC LCCC 

Vouts 
Vouta 
Vss 

Vrers Vrere 5 | 

Vrerc Vrera 6 | 


Vaera 


: - 
AGND AD7225 aS pane AD7225 AO 
0 TOP VIEW 
TOP VIEW Nc | 8] NC 
DGND (Not to Scale) AD7225 ees (Not to Scale) 
TOP VIEW -  DGND | 9] A 
TDAG (Not to Scale) Al 
LDAC | 10) WR 
MSB) DB7 20 W | 
(MSB) ; (MsB) 087 | 11) DBO (LSB) 
DB6 | 10 | DBO (LSB) 
DBS 
a 12} [13] [14] [15] [16] [17] [18) 
1415 16 17 18 
pes [12 229885 28328 8 5 
a a a a4 NC = NOCONNECT Q Q 4 Qa a ao 


‘+ 1LSB max over the operating temperature range ensures 


TERMINOLOGY 


monotonicity. 
TOTAL UNADJUSTED ERROR DIGITAL FEEDTHROUGH 
Total Unadjusted Error is a comprehensive specification | Digital Feedthrough is the glitch impulse transferred to the 
which includes full scale error, relative accuracy, and zero output of the DAC due to a change in its digital input code. 
code error. Maximum output voltage is Vprr — 1LSB (ideal), It is specified in nV secs and is measured at Varr = OV. 


over the Vprr range. Hence the zero code error will, relative 
to the LSB size, increase as Vper decreases. Accordingly, the 
total unadjusted error, which includes the zero code error, 
will also vary in terms of LSB’s over the Vpgr range. As a 
result, total unadjusted error is specified for a fixed reference 


Digital Crosstalk is the glitch impulse transferred to the 
output of one converter (not addressed) due to a change in 
the digital input code to another addressed converter. It is 
specified in nV secs and is measured at Vppr= OV. 


voltage of + 10V. AC FEEDTHROUGH 

pas : AC Feedthrough is the proportion of reference input signal 
RELATIVE ACCURACY ; : ae : which appears at the output of a converter when that Die is 
Relative Accuracy or end-point nonlinearity is a measure of , 
: te ig eames rapa age i. loaded with all 0’s. 
the maximum deviation from a straight line passing through 
the end-points of the DAC transfer function. It is measured | CHANNEL-TO-CHANNEL ISOLATION 
after allowing for zero code error and full scale error and is Channel-to-channel isolation is the proportion of input signal 
normally expressed in LSB’s or as a percentage ef full scale from the reference of one DAC (loaded with all 1’s) which 
reading. appears at the output of one of the other three DACs (loaded — 


with all 0’s). The figure given is the worst case for the three. 


DIFFERENTIAL NONLINEARITY | _other outputs and is expressed as a ratio.in dBs. 


Differential Nonlinearity is the difference between the 
measured change’and the ideal 1LSB change between any FULL SCALE ERROR 


two adjacent codes. A specified differential nonlinearity of — Full Scale Error is defined as: 
| Measured Value — Zero Code Error — Ideal Vale 
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ANALOG 
DEVICES 


Lc2M0s 
Quad 8-Bit D/A Converter 


AD7226 


FUNCTIONAL BLOCK DIAGRAM 


FEATURES 

Four 8-Bit DACs with Output Amplifiers 

Skinny 20-Pin DIP, SOIC and 20-Terminal 
Surface Mount Packages 

Microprocessor Compatible 

TTL/CMOS Compatible 

No User Trims 

Extended Temperature Range Operation 

Single Supply Operation Possible 


APPLICATIONS 

Process Control 

Automatic Test Equipment 

Automatic Calibration of Large System Parameters, 
e.g., Gain/Offset 


GENERAL DESCRIPTION 

The AD7226 contains four 8-bit voltage-output digital-to-analog 
converters, with output buffer amplifiers and interface logic on 
a single monolithic chip. No external trims are required to 
achieve full specified performance for the part. 


Separate on-chip latches are provided for each of the four D/A 
converters. Data is transferred into one of these data latches 
through a common 8-bit TTL/CMOS (5V) compatible input 
port. Control inputs AO and Al determine which DAC is loaded 
when WR goes low. The control logic is speed-compatible with 
most 8-bit microprocessors. 


Each D/A converter includes an output buffer amplifier capable 
of driving up to 5mA of output current. The amplifiers’ offsets 
are laser-trimmed during manufacture, thereby eliminating any 
requirement for offset nulling. 

Specified performance is guaranteed for input reference voltages 
from +2V to + 12.5V with dual supplies. The part is also specified 
for single supply operation at a reference of + 10V. 

The AD7226 is fabricated in an all ion-implanted high speed 
Linear Compatible CMOS (LC?MOS) process which has been 
specifically developed to allow high speed digital logic circuits 
and precision analog circuits to be integrated on the same chip. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


REV. A 


CONTROL sil 
LOGIC 


Vss AGND DGND 


PRODUCT HIGHLIGHTS 

1. DAC-to-DAC Matching 
Since all four DACs are fabricated on the same chip at the 
same time, precise matching and tracking between the DACs 
is inherent. 


2. Single Supply Operation 
The voltage mode configuration of the DACs allows the 
AD7226 to be operated from a single power supply rail. 


3. Microprocessor Compatibility 
The AD7226 has a common 8-bit data bus with individual 
DAC latches, providing a versatile control architecture for 
simple interface to microprocessors. All latch enable signals 
are level triggered. 


4. Small Size 


Combining four DACs and four op-amps plus interface logic 
into 20-pin DIP or SOIC or a 20-terminal surface mount 
package allows a dramatic reduction in board space require- 
ments and offers increased reliability in systems using multiple 
converters. Its pinout is aimed at optimizing board layout 
with all the analog inputs and outputs at one end of the 
package and all the digital inputs at the other. 
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AD7226 —SPECIFICATIONS 


| mee (Vop = 11.4V to 16.5V; V5, = —5V + 10%; AGND = 
Dual Supply All specifications Tum 10 Tyg unless otherwise noted.) 


Parameter 


STATIC PERFORMANCE 
Resolution 
Total Unadjusted Error 
Relative Accuracy 
Differential Nonlinearity 
Full Scale Error 
Full Scale Temperature Coefficient | 
Zero Code Error 


Zero Code Error Temperature Coefficient | 


REFERENCE INPUT 
Voltage Range 
Input Resistance 
Input Capacitance? 


DIGITALINPUTS 
Input High Voltage, Ving 
Input Low Voltage, Vint 
Input Leakage Current 
Input Capacitance 
Input Coding 


DYNAMIC PERFORMANCE 
Voltage Output Slew Rate* 
Voltage Output Settling Time* 

Positive Full Scale Change 
Negative Full Scale Change 
Digital Crosstalk 
‘Minimum Load Resistance 


POWER SUPPLIES 

Vpp Range 

Ipp : 

Tss 

SWITCHING CHARACTERISTICS*” 

Address to Write Setup Time, tas 
@25°C 
Tain to Tax | 

Address to Write Hold Time, tay; 
@25°C 
Tain to Tmax 

Data Valid to Write Setup Time, fs 
@25°C 
Tain to T max 

Data Valid to Write Hold Time, tp; 
@25°C 
Tm to Tmax’. 

Write Pulse Width, twr 
@25°C 
Tm to Tmax 


NOTES 
1Maximum possible reference voltage. 
?Temperature ranges are as follows: 

K Version: ~ 40°C to +85°C 

B Version: — 40°C to + 85°C 

T Version: —55°C to + 125°C 
3Guaranteed by design. Not production tested. 
‘Sample Tested at 25°C to ensure compliance. 


K, B, T Versions” 


2to (Vpp = 4) 
2 


65 
300 


2.4 
0.8 
+1 

8 
Binary 


11.4/16.5° 
13 
1] 


150 


>Switching Characteristics apply for both single and dual supply operation. 


Specifications subject to change without notice. 
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DGND = OV; Veer 


Units 


Bits 

LSB max 
LSB max 
LSB max 
LSB max 
ppm/°C typ 
mV max 
wV/°C typ 


Varin tO Vmax 
kQ min 
pF min 
pF max 


V min 
V max 
yA max 
pF max 


V/s min 


pes max 
us max 
nV secs typ 
kQ min 


Vein’ V Max 
mA max 
mA max 


ns min 


" nsmin 


ns min 
ns min 


ns min. 
ns min 


ns min 
ns min 


ns min 
ns min 


= 2V to (Voy —4V)' unless otherwise stated. 


Conditions/Comments 


Vpp = + 15V + 5%, Veer = +10V 
Guaranteed Monotonic 


Vpp = 14V to 16.5V, Ver = +10V 


Occurs when each DAC loaded with all 0’s. 
Occurs when each DAC loaded with all 1’s. 


Vin = 0Vor Vpp 


Vrer = + 10V; Settling Time to + 1/2LSB 


VreF = + 10V; Settling Time to + 1/2LSB 


Vout = +10V 


For Specified Performance | 
Outputs Unloaded; Viy = Vint or Vinn. | 
Outputs Unloaded; Vin = Vint or Vinu- 


 REV.A 


AD7226 


é (Vop = +15V + 5%; Veo = AGND = DGND = OV; Vac, +10V' unless otherwise stated. 
Single Supply All specifications Ty, to Trax unless otherwise noted.) 


Parameter K, B, T Versions” Units Conditions/Comments 
STATIC PERFORMANCE 

Resolution 8 Bits 

Total Unadjusted Error ate) LSB max 

Differential Nonlinearity =m | LSB max Guaranteed Monotonic 
REFERENCE INPUT 

Input Resistance 2 kQ min 

Input Capacitance? 65 pF min Occurs when each DAC loaded with all 0’s. 3 

300 pF max Occurs when each DAC loaded with all 1’s. 

DIGITAL INPUTS 

Input High Voltage, Vinny 2.4 V min 

Input Low Voltage, Vinz 0.8 V max 

Input Leakage Current +] A max Viw = 0Vor Vpp 

Input Capacitance 8 pF max 

Input Coding Binary 
DYNAMIC PERFORMANCE 

Voltage Output Slew Rate* 2 V/s min 

Voltage Output Settling Time* 

Positive Full Scale Change 5 ps max Settling Time to + 1/2LSB 
Negative Full Scale Change 20 ps max Settling Time to + 1/2LSB 

Digital Crosstalk 50. nV secs typ 

Minimum Load Resistance 2 kQ min Vout = +10V 
POWER SUPPLIES ae 

Vpp Range 14.25 to 15.75 V min/V MAX For Specified Performance 

Ipp 13 mA max Outputs Unloaded; Vyy = Vint or Ving 
NOTES 


1Maximum possible reference voltage. 
?Temperature ranges are as follows: 
K Version: — 40°C to +85°C 
B Version: — 40°C to +85°C 
T Version: — 55°C to + 125°C 
3Guaranteed by design. Not production tested. 
‘Sample Tested at 25°C to ensure compliance. 
*Switching Characteristics apply for both single and dual supply operation. 


Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS* 


VpptoAGND ...........-6.0062-. —0.3V, +17V Industrial (B Version). .......... — 40°C to + 85°C 
Vpp toDGND .............-+2.6+5 —0.3V, +17V Extended (T Version). .......... — 55°C to + 125°C 
Ve5:tO AGND  % fc nso 8 eo OE we —7V, Vpp Storage Temperature ............ — 65°C to + 150°C 
Ves tO: DGND::"6 646 ae 8 ee SS Hw —7V, Vpp Lead Temperature (Soldering, 10secs) ........ + 300°C 
Veopl0 Vee os oe ee SE eee we ee —0.3V, +24V 
AGND toDGND............0005 Oe a pt a poe 
+s _ an 2 utputs may be shorted to provided that the power dissipation of the 
ara poe aac toDGND .... 0.3, es inde package is not exceeded. Typically short circuit current to AGND is 60mA. 
REF TO AUND . 1 1 6 6 we ee ee ee ee —-U.5V, Vpp ; 
Vour to AGND® iie-4 ot aoe we eee a RS Vss, Vpp *Stresses above those listed under “Absolute Maximum Ratings” may 
Power Dissipation (Any Paciasey to +75°C ..... 500mW cause permanent damage to the device. This is a stress rating only and 
Derates above 75°C by .........-0.00- 2.0mW/°C functional operation of the device at these or any other conditions above 
O ing T ° ve, those indicated in the operational sections of this specification is not 
perating : cmperature : " implied. Exposure to absolute maximum rating conditions for extended 
Commerical (K Version) oo © ee «© © ee e e © —40 C to + 85 C periods may affect device reliability. 


CAUTION ———— eee 


ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- WARNING! wa 


ed; however, permianent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 


foam should be discharged to the destination socket before devices are removed. ESD 1* DEVICE 
nn a casas 


REV. A DIGITAL-TO-ANALOG CONVERTERS 3-117 


AD7226 


‘ORDERING GUIDE 


Temperature 
Range 


Model! 


Total — i 
Unadjusted | Package 


AD7226KN — 40°C to + 85°C 

AD7226KP — 40°C to + 85°C . P-20A 
AD7226KR — 40°C to + 85°C R-20 
AD7226BQ — 40°C to + 85°C Q-20 
AD7226TQ — 55°C to + 125°C Q-20 
AD7226TE 


NOTES 


— 55°C to + 125°C 


1To order MIL-STD-883, Class B processed parts, add /883B to part number. 
Contact your local sales office for military data sheet. For U.S. Standard 
Military Drawing (SMD), see DESC drawing 45962-87802. 

2E = Leadless Ceramic Chip Carrier; N = Plastic DIP; P = Plastic Leaded 
Chip Carrier; Q = Cerdip;R = SOIC. For outline information see 


Package Information section. 


TERMINOLOGY 


TOTAL UNADJUSTED ERROR 

- This is a comprehensive specification which includes full-scale 
error, relative accuracy and zero code error. Maximum output 
voltage is Vrrr — 1 LSB (ideal), where 1 LSB (ideal) is Vagr/256. 
The LSB size will vary over the Vrgr range. Hence the zero 
code error will, relative to the LSB size, increase as Vpgr decreases. 
Accordingly, the total unadjusted error, which includes the zero 
code error, will also vary in terms of LSB’s over the Veer range. 
As a result, total unadjusted error is specified for a fixed reference 
voltage of + 10V. | 


RELATIVE ACCURACY 

Relative Accuracy or end-point nonlinearity, is a measure of the 
maximum deviation from a straight line passing through the 
end-points of the DAC transfer function. It is measured after 
allowing for zero and full-scale error and is normally expressed 
in LSB’s or as a percentage of full-scale reading. 


DIFFERENTIAL NONLINEARITY 

Differential Nonlinearity is the difference between the measured 
change and the ideal 1LSB change between any two adjacent 
codes. A specified differential nonlinearity of + 1LSB max over 
the operating temperature range ensures monotonicity. 


DIGITAL CROSSTALK | 
The glitch impulse transferred to the output of one converter — 
due toa change in the digital input code to another of the con- 
verters. It is specified in nV secs and is measured at Vegpr=O0V. 


FULL-SCALE ERROR 
Full-Scale Error is defined as: 
Measured Value — Zero Code Error — Ideal Value. 


PIN CONFIGURATIONS 


DIP, SOIC 


Vrer 4 
AGND 5 
DGND 6 

DB7(MSB) 7 


AD7226 


TOP VIEW 
(Not to Scale) 


DB6 8 


DB o 
DB4 & 
DB3 = 
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LCCC 


AD7226 


TOP VIEW 
(Not to Scale) 


Vop 
AO 

Al 
‘WR 


AD7226 


TOP VIEW 
(Not to Scale) - - 


‘DBO (LSB) 


DB2 & 
DBI a. 


REV. A 


ANALOG a L¢2MO0S 
DEVICES Octal 8-Bit DAC 


~~ ADT228A 


FEATURES FUNCTIONAL BLOCK DIAGRAM 

Eight 8-Bit DACs with Output Amplifiers 

Operates with Single or Dual Supplies 

P Compatible (95ns WR Pulse) 

No User Trims Required 

Skinny 24-Pin DIPs, SOIC, and 28-Terminal Surface 
Mount Packages 


GENERAL DESCRIPTION 

The AD7228A contains eight 8-bit voltage-mode digital-to-analog 
converters, with output buffer amplifiers and interface logic on 
a single monolithic chip. No external trims are required to 
achieve full specified performance for the part. 


Separate on-chip latches are provided for each of the eight D/A 
converters. Data is transferred into the data latches through a 
common 8-bit TTL/CMOS (5V) compatible input port. Address PRODUCT HIGHLIGHTS 


inputs AO, Al and A2 determine which latch is loaded when 1. Eight aa eats pee are : ae arse d hifi 
WR goes low. The control logic is speed compatible with most The single-chip Soe idew cota cs a 
8-bit microprocessors. allows a dramatic reduction in board space requirements and 


offers increased reliability in systems using multiple converters. 


Specified performance is guaranteed for input reference voltages ~ Its pinout is aimed at optimizing board layout with all analog 
from +2 to +10V when using dual supplies. The part is also inputs and outputs at one side of the package and all digital 
specified for single supply + 15V operation using a reference of inputs at the other. 


+10V and single supply +5V operation using a reference of 


+1.23V. Each output buffer amplifier is capable of developing 2. Single or Dual Supply Operation . 
+10V across a 2kQ load. The voltage-mode configuration of the DACs ‘allows single 


supply operation of the AD7228A. The part can also be 
operated with dual supplies giving enhanced performance for 
some parameters. 


The AD7228A is fabricated on an all ion-implanted, high-speed, 
Linear Compatible CMOS (LC?MOS) process which has been 
specifically developed to integrate high-speed digital logic circuits . Aha 
and precision analog circuits on the same chip. 3. Microprocessor Compatibility , aa 
The AD7228A has a common 8-bit data bus with individual 


DAC latches, providing a versatile control architecture for 
simple interface to microprocessors. All latch enable signals 
are level triggered and speed compatible with most high- 
performance 8-bit microprocessors. 7 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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AD7228A—SPECIFICATIONS 


(Vop = 10.8V to 16.5V; Veg = —5V +10%; GND = OV; Var = +2V to sit 
DUAL SUPPLY = KO, 6 = 100pF unless otherwise stated.) All sechan Trin 10 Trax unless otherwise noted. 


oe oe AC AT AU 
Parameter : ersion” Version Version Version Conditions/Comments 


STATIC PERFORMANCE 
Resolution ee 
Total Unadjusted Error? 
Relative Accuracy 
Differential Nonlinearity 
Full-Scale Error‘ 

Zero Code Error 
@ 25°C. 
Vein tO Tiss 
Minimum Load Remuance ai, 


REFERENCE INPUT 
Voltage Range’ 
Input Resistance 
Input Capacitance* 
AC Feedthrough | 


DIGITALINPUTS _ 
Input High Voltage, Vinu . 
Input Low Voltage, Vint 
Input Leakage Current 
Input Capacitance® 
Input Coding 


DYNAMIC PERFORMANCE? 
Voltage Output Slew Rate 
Voltage Output Settling Time 

Positive Full-Scale Change 
Negative Full-ScaleChange . 


Vpp = + 15V + 10%, Vrer = +10V 


| Guaranteed Monotonic 
Typical tempco is Spee with Verr= =+10V 


Typical tempco is $30nVr°C 


| Voutr= +10V 


Occurs when each DAC is loaded with all 1s. 
Vrer = 8V p-p Sine Wave @ 10kHz/ 


Vin = 0Vor Vpp 


Vrer = + 10V; Settling Time to + 1/2LSB 
Vrer = + 10V; Settling Time to +:1/2LSB 


Digital Feedthrough Code transition all 0s to all Is. Vasr=0V; WR= =Vpp 
Digital Crosstalk® __ Code transition all 0s to all 1s. Vrper= + 10V; WR=0V 
POWER SUPPLIES | | | 7 

Vpp Range 10.8/16.5 10.8/16.5 —:10.8/16.5 10.8/16.5 ee : For Specified Performance 
Vss Range | '—4,5/-5.5 | ~—4.5/-5.5 | —4.5/-5.5 | —4.5/—5.5 ] Vinin/V For Specified Performance. 
Ipp . - Outputs Unloaded; Vin = Vint or Vinn 

@25°C 16 16 16 16 

Trin tO Tmax | 20 20 . 22 22 se Pee, 4 
Iss | 3 Outputs Unloaded; Vin = Vint or Vinn 

@25°C A 14 14 14. _ | 14 

a aa 1 18 18 : 20 20 


(op = + 15V + 10%, Veg = GND = OV: Voce = + 10V:R, = 2k, C =1000F 
SINGLE SUPPLY" Simca Ca : 


STATIC PERFORMANCE 
Resolution 
Total Unadjusted Error* . 
Differential Nonlinearity Guaranteed Monotonic 
Minimum Load Resistance Voutr= + 10V 
REFERENCEINPUT — . 
Input Resistance Igy 9 
Input Capacitance? Occurs when each DAC is loaded with all Is. 
DIGITAL INPUTS _ | _— 
DYNAMIC PERFORMANCE> 
Voltage Output Slew Rate 
Voltage Output Settling Time 
Positive Full-Scale Change Settling Time to + 1/2LSB 
Negative Full-Scale Change Settling Time to + 1/2LSB a 
Digital Feedthrough Code transition all Os toall 1s. Vpgp = 0V; WR=Vpp 
Digital Crosstalk® Code transition all 0s toall 1s. Vrzs= + 10V; WR=0V. 
POWER SUPPLIES 
Vpp Range 13.5/16.5 13.5/16.5 13.5/16.5 13.5/16.5 i For Specified Performance 
Ipp Outputs Unloaded; Vny = Vint or Vinu 
@25°C 16 16 16 16 
Tmin tO T max 20 20 22 22 
NOTES ; 
'Vour must be less than Vpp by 3.5V to ensure correct operation. Sample tested at 25°C to ensure compliance. 
?Temperature ranges are as follows: The glitch impulse transferred to the output of one converter (not addressed) 
AB, C Versions; — 40°C to + 85°C due to a change in the digital input code to another addressed converter. 
AT, U Versions; —$5°C to + 125°C 7§ingle +5V operation is also possible with degraded performance (see Figure me 


Total Unadjusted Error includes zero code error, relative accuracy and full-scale error. Specifications subject» to change without notice. 
‘Calculated after zero code error has been adjusted out, 
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AD7228A 


+5V SUPPLY OPERATION Uses Sat a occas a eric MM = 1 


Parameter AD7228AB | AD7228AC | AD7228AT | AD7228AU| Units Conditions/Comments 


STATIC PERFORMANCE 
Resolution 
Relative Accuracy 
Differential Nonlinearity 
Full-Scale Error 
Zero Code Error 

@ 25°C 
. Trin to Tax 

REFERENCE INPUT 

Reference Input Range 


Guaranteed Monotonic 


Reference Input Resistance 
Reference Input Capacitance 


POWER REQUIREMENTS | 
- Positive Supply Range 4.75/5.25 4.75/5.25 4.75/5.25 4.75/5.25 V min/V max| For Specified Performance 
Positive Supply Current 7 

@ 25°C | 16 16 16 16 
Tmin to T max 20 20 22 22 
Negative Supply Current 
@ 25°C 14 14 14 14 
Tin to Tmax 18 18 20 20 


NOTES | 
All other specifications as per Dual Supply Specifications except for negative full-scale settling-time when Vss = OV. 
Specifications subject to change without notice. 


SWITCHING CHARACTERISTICS "2 (sce Figures 1,2 Voo = -+5V + 5% or + 10.8V to + 16.5V; Vg = OV or —5V + 10%) 


Limit at 25°C = Limitat Twins Tmax Limit at Tin. Tmax 
Parameters All Grades (K, L, B, C Grades) (T, U Grades) Units Conditions/Comments 


th 0 0 0 nsmin Address to WR Setup Time 
tb 0 0 0 - msmin Address to WR Hold Time 
tz 70 90 . 100 nsmin Data Valid to WR Setup Time 
ty 10 10 10 nsmin Data Valid to WR Hold Time 
ts 95 | -120 150 nsmin Write Pulse Width 

NOTES 


‘Sample tested at 25°C to ensure compliance. All input rise and fall times measured from 10% to 90% of +5V, tp=tp=5ns. 
Timing measurement reference level is Vins + Vine 


INTERFACE LOGIC INFORMATION 

Address lines AO, Al and A2 select which DAC accepts data 
from the input port. Table I shows the selection table for the 
eight DACs with Figure 1 showing the input control logic. | 


TO DAC 1 LATCH 
TO DAC 2LATCH 


TO DAC3LATCH 


When the WR signal is low, the input latch of the selected nin TODAC4LATCH 
DAC is transparent, and its output responds to activity on the TO DAC5LATCH 
data bus. The data is latched into the addressed DAC latch on TO GABRELAICH 
the rising edge of WR. While WR is high, the analog outputs eas Atay 
remain at the value corresponding to the data held in their Beet 


respective latches. 


AD7228A Control Inputs 
WR A2 Al AO 


AD7228A 
Operation 


Figure 1. Input Control Logic 


H X X xX No Operation 
Device Not Selected as Hall ba >| te fe 

L L L L DAC 1 Transparent poaare or 
rs L L L DAC 1 Latched ov 
L L L H DAC2 Transparent oT oe a 
L L H L DAC 3 Transparent Wr \ X _ 
L L H H DAC 4 Transparent | 
L H L L DAC 5 Transparent aes A gs sv 
2235 — wn EK 

ransparent D 
1, H H H DAC 8 Transparent NOTE: | 


THE SELECTED INPUT LATCH IS TRANSPARENT WHILE WRiIS LOW, 
‘ ID DATA DURING THIS TIME CAN CAUSE SPURIOUS OUTPUTS 
H = High State L=LowState X= Don’tCare THUS INVALI 


Table |. AD7228A Truth Table Figure 2. Write Cycle Timing Diagram 


REV. 0 ; DIGITAL-TO-ANALOG CONVERTERS 3-121 


AD7228A 


ABSOLUTE MAXIMUM aa TIN Gs* 


VpptoGND ............0.2.- ... 70.3V, +17V 
Vpp to Vss ........-. iy a a Ser —0. 3V, +24V | 
Digital Input VoltagetoGND ......... —0.3V, Vpp 
VREF tO. GND 6 So eee eh ees ele es —0.3V, Vpp 
Vour to GND is ictd oer Ace, Si Aieee ctila Som ee Vssy Vpp 
Power Dissipation (Any Package) to + 739°C oe eh Ss 1000mW 
Derates above 75°C by ............26. 2.0mW/°C 
Operating Temperature 
Commercial ............2.200. — 40°C to +85°C. 
Industrial ........... Leclad: 8-8 H — 40°C to + 85°C 
Extended ......... eee ee ew ws SSC to +125°C 
CAUTION: 


; Storage Temperature ............ — 65°C to + 150°C 
: Lead ‘Temperature (Soldering, 10secs) - Me hiss a. ag i + 300°C 
NOTE 


1Outputs | may be shorted to. any voltage in the range Vss to Vpp provided 
that the power dissipation of the package is not exceeded. Typical short 
circuit current for a short to GND or Vss is 5OmA. 


*Stresses above those listed under “Absolute Maximum. Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 


PIN CONFIGURATIONS | 
DIP, SOIC 

Voo Li] @ 24] Ao 
Vours [2] 23] At 
Vour7 3. A2 
Vours [4] 21] wR 
Vours LS] 20] DBO (LSB) 
Voura [6| AD7228A 19 | DB1 
Vours 7 (Not to Scale) 18. DB2 
Voure L8 | DB3 
Vourt 19] 16] DB4 
Vgg 15 | DBS 
Vrer [11 DB6 


AD7228A 


TOP VIEW 
(Not to Scale) 


NC = NO CONNECT 
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WARNING! 


ESD SENSITIVE DEVICE 


ORDERING GUIDE 


Total 
Unadjusted | Package 
_| Error (LSB) 


Temperature 
Range 


AD7228ABN | —40°Cto + 85°C 
AD7228ACN | —40°Cto +85°C N-24 
AD7228ABP | —40°Cto + 85°C P-28A_ 


AD7228ACP 
' AD7228ABR 
AD7228ACR 
AD7228ABQ 
AD7228ACQ 
AD7228ATQ? 
AD7228AUQ? 


— 40°C to + 85°C 
— 40°C to + 85°C 
— 40°C to + 85°C 
— 40°C to + 85°C 
— 40°C to + 85°C 
—§55°C to + 125°C 
— 55°C to + 125°C 


P-28A 
R-24 
R-24 
Q-24 
Q24 
Q-24 


NOTES 

'To order MIL-STD-883, Class B processed parts, add /883B to part 
number. Contact your local sales office for military data sheet and ~ 
availability. . 
2N = Plastic DIP; P = Plastic Leaded Chip Carrier (PLCC); 

Q = Cerdip; R = Small Outline IC (SOIC). For outline antoEmation see 
Package Information section. 
These grades will be availeble to /883B processing only. 
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ANALOG 
DEVICES 


12-Bit Serial Mini-DIP D 


Lc2MOS 
ACPORT 


FEATURES 
12-Bit CMOS DAC with 
On-Chip Voltage Reference 
Output Amplifier 
—5 V to +5 V Output Range 
Serial Interface 
300 kHz DAC Update Rate 
Small Size : 8-Pin Mini-DIP 
Nonlinearity : +1/2 LSB T,,,,, to Tmax 
Low Power Dissipation: 100 mW typical 


APPLICATIONS 

Process Control 

industrial Automation 

Digital Signal Processing Systems 
Input/Output Ports 


GENERAL DESCRIPTION 

The AD7233 is a complete 12-bit, voltage-output, digital-to- 
analog converter with output amplifier and Zener voltage refer- 
ence all in an 8-pin package. No external trims are required to 
achieve full specified performance. The data format is 2s com- 
plement, and the output range is —5 V to +5 V. 


The AD7233 features a fast, versatile serial interface which 
allows easy connection to both microcomputers and 16-bit digi- 
tal signal processors with serial ports. When the SYNC input is 
taken low, data on the SDIN pin is clocked into the input shift 
register on each falling edge of SCLK. On completion of the 
16-bit data transfer, bringing LDAC low updates the DAC latch 
with the lower 12 bits of data and updates the output. Alterna- 
tively, LDAC can be tied permanently low, and in this case the 
DAC register is automatically updated with the contents of the 
shift register when all sixteen data bits have been clocked in. 
The serial data may be applied at rates up to 5 MHz allowing a 
DAC update rate of 300 kHz. 


For applications which require greater flexibility and unipolar 
output ranges with single supply operation, please refer to the 
AD7243 data sheet. 


The AD7233 is fabricated on Linear Compatible CMOS 
(LC?MOS), an advanced, mixed-technology process. It is pack- 
aged in an 8-pin DIP package. 


DACPORT is a registered trademark of Analog Devices, Inc. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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AD7233 


FUNCTIONAL BLOCK DIAGRAM 


Vpp_ 


AD7233 


INPUT SHIFT 
REGISTER 


SDIN SCLK SYNC LDAC 


PRODUCT HIGHLIGHTS 


l. 
Z. 


Complete 12-Bit DACPORT® 


The AD7233 is a complete, voltage output, 12-bit DAC on a 
single chip. This single-chip design is inherently more reli- 
able than multichip designs. 


. Simple 3-Wire Interface to Most Microcontrollers and DSP 


Processors. 


. DAC Update Rate—300 kHz. 
. Space Saving 8-Pin Package. 
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AD7233—SPECIFICATIONS °c." ot oc. a specications ToT, ues others ated) 
“Parameter a . ff Units Test Conditions/Comments, a8 ‘ : 


STATIC PERFORMANCE a Ce p8 

Resolution’ eae 4 PETZ ed {Bits 
Relative. Accuracy? = LSB max ; 
Differential Nonlinearity” +0. ; LSB max Guaranteed Monotonic 

fo Bipolar Zero. Error* . LSB max 7 DAC Latch Contents 0000 0000.0000 . 
Full-Scale Error? . + 5 ee LSB max | 
Full-Scale Temperature Coefficient = | ppm of FSR/°C typ 
DIGITAL INPUTS - 


Input High Voltage, Vinuz 

‘Input Low Voltage, Ve. 

Input Current 

Tag i 

Input Capacitance’ 
ANALOG OUTPUTS 

Output Voltage Range 

DC Output Impedance 


AC CHARACTERISTICS* 
Voltage Output Settling Time 


Vin =0Vto Vpp 


Settling Time to Within +1/2 LSB of Final Value 


Positive Full-Scale Change 7 ws max Typically 3 ys; DAC Latch 100. . .000 to O11... .111 
Negative Full-Scale Change Ss max Typically 5 us; DAC Latch 011. . .111 to 100. . .000 
Digital-to-Analog Glitch Impulse® nV secs typ DAC Latch Contents Toggled Between All Os and all 1s 
Digital Feedthrough? a | nV secs typ LDAC = High 
POWER REQUIREMENTS | | oe ae 
Vpp Range . ~ | +10.8/+16.5 | +11.4/+15.75 i For Specified Performance Unless Otherwise Stated 
Vssg Range “1 40,8/-16.5 | —11.4/—-15.75 i For Specified Performance Unless Otherwise Stated | 
Ipp 10 10 ee | Output Unloaded; Typically 7 mA 
Isg 4 4 Output Unloaded; Typically 2 mA 
NOTES 


1Temperature Ranges are as follows: A, B Versions: —40°C to +85°C. ° 
Power Supply Tolerance: A Version: +10%; B Version: +5%, 

See Terminology. 

‘Sample tested @ 25°C to ensure compliance. 


Specifications subject to change without notice. 


SCLK 


SYNC 


SDIN 


LDAC 


Figure 3. AD7233 Timing Diagram 
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TIMING CHARACTERISTICS” 


Limit at 25°C 
Parameter (All Versions) 


NOTES 


AD7233 


2 (Von = +10.8 V to +16.5 V, Vos = —10.8 V to —16.5 V, GND = OV, R, =2 kQ, 
C, =100 pF. All Specifications T,,,, to T,,,, unless otherwise noted.) 


Limit at T.345 Tmax 
(All Versions) Units 


Conditions/Comments 


SCLK Cycle Time 

SYNC to SCLK Falling Edge Setup Time 
SYNC to SCLK Hold Time 

Data Setup Time 

Data Hold Time 

SYNC High to LDAC Low 

LDAC Pulse Width 

LDAC High to SYNC Low 


1Sample tested at 25°C to ensure compliance. All input signals are specified with tr = tf = 5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 


2See Figure 3. 
3§SCLK Mark/Space Ratio range is 40/60 to 60/40. 


ABSOLUTE MAXIMUM RATINGS* 
(Ta = +25°C unless otherwise noted) 


Vigne tO GND 4 oie ig ikwle Sse ha SS -0.3 Vto +17 V 
VeetO GND: 4 t4ss 6 aa See +0.3 Vto -17 V 
Veg 10 GND Sete we horus ®t —6 V to Vpp +0.3 V 
Digital Inputs toGND........... —0.3 V to Vpp +0.3 V 


Operating Temperature Range 
Industrial (A, B Versions) ............. —40°C to +85°C 
Storage Temperature Range ........... —65°C to +150°C 


Lead Temperature (Soldering, 10 secs) ........... +300°C 
Power Dissipation to +75°C .. 1... . ee ee ee ee ee 450 mW 
Derates above +75°C by ..........022 02 ees 10 mW/°C 
CAUTION 


ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 


TERMINOLOGY 
RELATIVE ACCURACY (LINEARITY) 


Relative accuracy, or endpoint linearity, is a measure of the 
maximum deviation of the DAC transfer function from a 
straight line passing through the endpoints of the transfer func- 
tion. It is measured after allowing for zero and full-scale errors 
and is expressed in LSBs or as a percentage of full-scale reading. 


DIFFERENTIAL NONLINEARITY 

Differential nonlinearity is the difference between the measured 
change and the ideal 1 LSB change between any two adjacent 
codes. A specified differential nonlinearity of +1 LSB or less 
over the operating temperature range ensures monotonicity. 


BIPOLAR ZERO ERROR 

Bipolar zero error is the voltage measured at Vo,;7 when the 
DAC is loaded with all Os. It is due to a combination of offset 
errors in the DAC, amplifier and mismatch between the internal 
gain resistors around the amplifier. 
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NOTE 

1The output may be shorted to voltages in this range provided the power dis- 
sipation of the package is not exceeded. Short circuit current is typically 
80 mA. 

*Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


WARNING! 


a ta — 


ESD SENSITIVE DEVICE 


FULL-SCALE ERROR 

Full-scale error is a measure of the output error when the ampli- 
fier output is at full scale (full scale is either positive or negative 
full scale). 


DIGITAL-TO-ANALOG GLITCH IMPULSE 

This is the voltage spike that appears at the output of the DAC 
when the digital code in the DAC latch changes before the out- 
put settles to its final value. The energy in the glitch is specified 
in nV secs, and is measured for an all codes change (0000 0000 
0000 to 1111 1111 1111). 


DIGITAL FEEDTHROUGH 

This is a measure of the voltage spike that appears on Voy as a 
result of feedthrough from the digital inputs on the AD7233. It 
is measured with LDAC held high. 
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AD7233 
PIN FUNCTION DESCRIPTION 


Pin | Mnemonic | Description 


I Positive Supply (+12 V to +15 V). 

2 Serial Clock, Logic Input. Data is clocked into the input register on each falling SCLK edge. 

3 Serial Data In, Logic Input. The 16-bit serial data word is applied to this input. 

4 Data Synchronization Pulse, Logic Input. Taking this input low initializes the internal logic in readiness for 
a new data word. 

5 Load DAC, Logic Input. Updates the. DAC output. The DAC output is updated on the falling edge of this 
signal, or alternatively if this line in permanently low, an automatic oe mode is selected whereby the 
DAC is updated on the 16th falling SCLK pulse. 

6 Ground pin = 0 V. 

7 Analog Output Voltage. This is the buffered DAC output voltage (—5 V to +5 V). 

8 


Negative Supply (—12 V to —15 V). 


' AD7233 
TOP VIEW 


(Not to Scale) 


ORDERING GUIDE 
Temperature Relative Package 
Range | Accuracy | Option* 
—40°C to +85°C | +1 LSB N-8 
—40°C to + 85°C | +1/2 LSB | N-8 


*N = Plastic DIP. For outline information see Package 
Information section. 


AD7233AN 
AD7233BN 
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ANALOG 
DEVICES 


LC7M0S 
Dual 12-Bit DACPORTs 


AD7237A/AD724 7A 


FEATURES 
Complete Dual 12-Bit DAC Comprising 
Two 12-Bit CMOS DACs 
On-Chip Voltage Reference 
Output Amplifiers 
Reference Buffer Amplifiers 
Improved AD7237/AD7247: 
12 V to 15 V Operation 
Faster Interface —30 ns typ Data Setup Time 
Parallel Loading Structure: AD7247A 
(8+4) Loading Structure: AD7237A 
Single or Dual Supply Operation 
Low Power — 165 mW typ in Single Supply 


GENERAL DESCRIPTION 

The AD7237A/AD7247A is an enhanced version of the industry 
standard AD7237/AD7247. Improvements include operation 
from 12 V to 15 V supplies, faster interface times and better 
reference variations with V,,. Additional features include faster 
settling times. 


The AD7237A/AD7247A is a complete, dual, 12-bit, voltage 
output digital-to-analog converter with output amplifiers and 
Zener voltage reference on a monolithic CMOS chip. No exter- 
nal user trims are required to achieve full specified performance. 


Both parts are microprocessor compatible, with high speed data 
latches and interface logic. The AD7247A accepts 12-bit parallel 
data which is loaded into the respective DAC latch using the 
WR input and a separate Chip Select input for each DAC. The 
AD7237A has a double buffered interface structure and an 8-bit 
wide data bus with data loaded to the respective input latch in 
two write operations. An asynchronous LDAC signal on the 
AD7237A updates the DAC latches and analog outputs. 


A REF OUT/REF IN function is provided which allows either 
the on-chip 5 V reference or an external reference to be used as 
a reference voltage for the part. For single supply operation, two 
output ranges of 0 to +5 V and 0 to +10 V are available, while 
these two ranges plus an additional +5 V range are available 
with dual supplies. The output amplifiers are capable of devel- 
oping +10 V across a 2 kQ load to GND. 


The AD7237A/AD7247A is fabricated in Linear Compatible 
CMOS (LC?MOS), an advanced, mixed technology process that 
combines precision bipolar circuits with low power CMOS logic. 
Both parts are available in a 24-pin, 0.3” wide plastic and her- 
metic dual-in-line package (DIP) and are also packaged in a 
24-lead small outline (SOIC) package. 


DACPORT is a registered trademark of Analog Devices, Inc. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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FUNCTIONAL BLOCK DIAGRAMS 


e O 
DGND AGND Vss 


AD7247A 


O O 
GND Vs 


PRODUCT HIGHLIGHTS 

1. The AD7237A/AD7247A is a dual 12-bit DACPORT® on a 
single chip. This single chip design and small package size 
offer considerable space saving and increased reliability over 
multichip designs. 


2. The improved interface times of the parts allow easy, direct 
interfacing to most modern microprocessors, whether they 
have 8-bit or 16-bit data bus structures. 


3. The AD7237A/AD7247A features a wide power supply range 
allowing operation from 12 V supplies. 
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AD7237A/AD7247A—SPECIFICATIONS {5 sexo = oon - oviag7274,ex0 = OV 


[AD7247A], REF IN = ed V, Bi = 2 kQ, ae = 100 pF. All specifications T,,,,, to Trax unless otherwise note) 


STATIC PERFORMANCE 
Resolution 2 Bits 
Relative Accuracy? Be 1/2 - + - | LSB max : wh oat 
Differential Nonlinearity’ +0. +0. LSB max Gia Monotonic 
Unipolar Offset Error? | : LSB max Vsg = 0:V or -12 V.to —15 V*. DAC Latch Conta All 0s 
Bipolar Zero Error* LSB max | Vsg = —12 V to —15 V*. DAC Latch Contents 
1000 0000 0000 . 
Full-Scale Error*> ° a LSB max 
Full-Scale Mismatch® + waite . LSB typ 
REFERENCE OUTPUT fhe 
REF OUT . 4.97/5.03 97/5. 4.95/5.05 V min/max 
Reference Temperature Coefficient | +25 +25 ppm/°C typ 
Reference Load Change 
(AREF OUT vs. AI) aa? ee aa | mV max Reference Load Current Change (0-100 pA) 
REFERENCE INPUT | 
Reference Input Range ~4.75/5.25 | 4.75/5. 4,75/5.25 V min/max {5 V + 5% 
Input Current® +5: £5 wA max 
DIGITAL INPUTS . 
Input High Voltage, Ving : eo NZS . 2.4 
Input Low Voltage, Vinx - : a 3 ; 0.8 
Input Current 
Ix (Data Inputs) Vin = 0 V to Vop 
Input Capacitance® .. 
ANALOG OUTPUTS 
Output Range Resistors - | 15/30 | - 15/30 15/30 kQ, min/max 
Output Voltage Ranges’ +5, +10 +5, +10 Vv - | Single Supply; (Vs5 = 0 vy) 
Output Voltage Ranges’ +5, +10, +5 | +5, +10, +5 | +5, +10, +5 Dual Supply; (Vs, = —12 V to —15 V*) 
DC Output Impedance 0.5 0.5 0.5 Q) typ 
AC CHARACTERISTICS® | | 
Voltage Output Settling Time Settling Time to Within +1/2 LSB of Final Value 
Positive Full-Scale Change | usmax —_| DAC Latch all 0s to all 1s. Typically 5 ps 
Negative Full-Scale Change -_ ws max DAC Latch all 1s to all Os. Typically 5 ps 
: a Vss = —12 Vito -15-V*. : 
Digital-to-Analog Glitch Impulse’ nV secs typ DAC Latch Contents Toggled Between all 0’s and all 1’s. 
Digital Feedthrough? ; ; , nV secs typ 7 ue ee 
Digital Crosstalk? . nV secs typ 
POWER REQUIREMENTS —_ a | | 
Vop +10.8/+16.5 | +11.4/+15.75 | +11.4/+15.75 | V min/max | For Specified Performance Unless Otherwise Stated. 
Vss ~10.8/—16.5 | —11.4/—15.75 | —11.4/-15.75 | V min/max For Specified Performance Unless Otherwise Stated 
Ipp . 15 15 15 mA max . | Output Unloaded. Typically 10 mA 
I,5 (Dual Supplies) . : 5 5 ae mA max Output Unloaded. Typically 3 mA 
NOTES 


‘Power Supply tolerance is +10% for A version and +5% for B and T versions. 

Temperature ranges are as follows: A, B Versions, —40°C to +85°C; T Version, 55°C t to +125°C. 
3See Terminology. : 

“With appropriate power supply tolerances. . 

°>Measured with respect to REF IN and includes unipolar/bipolar offset error. 

®Sample tested @+25°C to ensure compliance. 

70 to +10 V range is only available with Vpp = 14.25 V. 


Specifications subject to change without notice. 
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AD7237A/AD7247A 


(Von = +12 V to +15:V," Vig = OV or —12 V to —15 V,° AGND = DGND = OV 


TIMING CHARACTERISTICS" 2 (ab72370, eno = 0 v [an7za7ay 


Limit at Tyains Tmax Limit at Tins Tmax 
Parameter (A, B Versions) (T Version) Units Conditions/Comments 


t 0 , CS to WR Setup Time 
t, 0 CS to WR Hold Time 
ts 80 WR Pulse Width 
ty 80 Data Valid to WR Setup Time 
oy 10 Data Valid to WR Hold Time 
i 0 Address to WR Setup Time 
oe 0 Address to WR Hold Time 
ts° 80 LDAC Pulse Width 
NOTES 
‘Sample tested at +25°C to ensure compliance. All input signals are specified with tr = tf = 5 ns (10% to 90% of 5 V) 
and timed from a voltage level of 1.6 V. 
2See Figures 5 and 7. 
3Power Supply tolerance is +10% for A version and +5% for B and T versions. 
‘If 0 ns<t,<10 ns, add t, to t,. If t, = 10 ns, add 10 ns to ts. 
°AD7237A only. 
ABSOLUTE MAXIMUM RATINGS* ORDERING GUIDE 
(T, = +25°C unless otherwise noted) 
Vpp to GND (AD7247A) ........-.--. -0.3Vto+17V Relative 
Vpp to AGND, DGND (AD7237A) ...... —0.3 Vto +17 V Temperature Accuracy Package 
N Ow ox! 4. Fad Maire ee eens ae —0.3 Vto +34 V Range (LSB) Option?” 
AGND to DGND (AD7237A) ....... —0.3 V, Vpp +0.3 V AD7237AAN ~40°C to +1 max N-24 
Voura » Vouts’ to AGND (GND) AD7237ABN | —40°C to +85°C | +1/2 max | N-24 
5 itd Ttal dh a pales t ta igmee ak aalag sae Si Sd Vss —0.3 V to Vpp +0.3 V AD7237AAR ~40°C to +85°C +] max R-24 
REF OUT to AGND (GND) .............. 0 V to Vpp AD7237ABR ~40°C to +85°C +1/2 max R-24 
REF IN to AGND (GND) ........ —0.3 V to Vpp +0.3 V AD7237ATQ ~55°C to +1/2 max Q-24 
abla ia to DGND (GND) ....—0.3 V to Vpp +0.3 V AD7247AAN 40°C to +85°C. «| +1 max N-24 
perating Temperature Range 
Industrial (A, B Versions) ............ —49°C to +85°C «= AD7247ABN | —40°C to +85°C | + 1/2 max | N-24 
Extended (T Version) .............- —55°C to +125°C 9 AD7247AAR | —40°C to +85°C | +1 max R-24 
Storage Temperature Range ........... —65°C to +150°C AD7247ABR ies to +85°C +1/2 max 
Lead Temperature (Soldering, 10 secs) ........... + 300°C AD7247ATQ 2G 10 +1/2 max 
Power Dissipation (Any Package) to +75°C ....... 1000 mW = ~=—Ss NoTTrES 
Derates above +75°C by ..........02 ee eee 10 mW/°C 1To order MIL-STD-883, Class B processed parts, add /883B to part num- 
ber. Contact local sales office for military data sheet and availability. 
NOTE 2N = Plastic DIP; Q = Cerdip; R = Small Outline (SOIC). For outline 
1Short-circuit current is typically 80mA. The outputs may be shorted to information see Package Information section. 
voltages in this range provided the power dissipation of the package is not 
exceeded. 
*Stresses above those listed under ‘“‘Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
CAUTION «2-2 <= es ee ee 
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily ; 
accumulate on the human body and test equipment and can discharge without detection. WARN | NG : S| 


Although the AD7237A/AD7247A features proprietary ESD protection circuitry, permanent Ah: 
damage may occur on devices subjected to high energy electrostatic discharges. Therefore, proper 


: : : : : ESD SENSITIVE DEVICE 
ESD precautions are recommended to avoid performance degradation or loss of functionality. 
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AD7237A/AD7247A 


AD7237A PIN FUNCTION DESCRIPTION (DIP PIN NUMBERS) 


Pin Mnemonic. Description 


l REF INA _ Voltage Reference Input for DAC A. The reference voltage for DAC A is applied to this pin. It is internally 
buffered before being applied to the DAC. The nominal reference voltage for correct operation of the 
AD7237A is 5 V. . 


2 REF OUT Voltage Reference Output. The internal 5 V analog reference is provided at this pin. To operate the part with 
internal reference, REF OUT should be connected to REF INA, REF INB. 
3 _ REF INB Voltage Reference Input for DAC B. The reference voltage for DAC B is applied to this pin. It is internally 


buffered before being applied to the DAC. The nominal reference voltage for correct operation of the 
AD7237A is 5 V. 


4 Rees Output Offset Resistor for DAC B. This input sontiecees the output ranges for DAC B. It is connected to 
Vout for the +5 V range, to AGND for the +10 V range and to REF INB for the +5 V range. 
> VoutTB Analog Output Voltage from DAC B. This is the buffer amplifier output voltage. Three different output 


voltage ranges can be chosen: 0 to +5 V, 0 to +10 V and +5 V. The amplifier is capable of developing +10 V 
across a 2 kQ) resistor to GND. 


6 AGND Analog Ground. Ground reference for DACs, reference and output buffer amplifiers. 
7 DB7 Data Bit 7. 
8-10 DB6-DB4 Data Bit 6 to Data Bit 4. 
11 DB3 Data Bit 3/Data Bit 11 (MSB). 
12. DGND Digital Ground. Ground reference for digital enemy 
13 DB2 Data Bit 2/Data Bit 10. | 
14 DB1l Data Bit 1/Data Bit 9. 
15 DBO Data Bit 0 (LSB)/Data Bit 8. 
16 AO ~ Address Input. Least significant address input for input latches. AO and Al select which of the four input 
7 latches data is written to (see Table II). 
17 Al _ Address Input. Most significant address input for input latches. 
is 6S Chip Select. Active low logic input. The device is selected when this input is active. | 
19 WR Write Input. WR is an active low logic input which is used in conjunction with CS, AO and Al to write data 
to the input latches. 
20 LDAC ~ Load DAC. Logic input. A new word is loaded into the DAC latches from the respective input latches on the | 
. falling edge of this signal. ; 
21 Vpp _ Positive Supply (+12 V to +15 V). 
22 Vouta Analog Output Voltage from DAC A. This is the buffer amplifier output voltage. Three different output 


voltage ranges can be chosen: 0 to +5 V, 0 to +10 V and +5 V. The amplifier is capable of developing +10 V 
across a 2 kQ resistor to GND. 


23 Vss Negative Supply (0 V or —12 V to —15 V). 


24 Rorsa Output Offset Resistor for DAC A. This input configures the output ranges for DAC A. It is connected to 
Voura for the +5 V range, to AGND for the +10 V range and to REF INA for the +5 V range. 
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AD7247A PIN FUNCTION DESCRIPTION (DIP PIN NUMBERS) 


Pin 
i 


REV. 0 


Mnemonic 
REF OUT 


Rorss 


Vouts 


DB11 
DB10 
GND 
DB9-DB1 
DBO 

CSB 

CSA 

WR 


AD7237A PIN CONFIGURATIONS 


Description 


Voltage Reference Output. The internal 5 V analog reference is provided at this pin. To operate the part with 
internal reference, REF OUT should be connected to REF IN. 


Output Offset Resistor for DAC B. This input configures the output ranges for DAC B. It is connected to 
Vourts for the +5 V range, to GND for the +10 V range and to REF IN for the +5 V range. 


Analog Output Voltage from DAC B. This is the buffer amplifier output voltage. Three different output 
voltage ranges can be chosen: 0 to +5 V, 0 to +10 V and +5 V. The amplifier is capable of developing +10 V 
across a 2 k() resistor to GND. 


Data Bit 11 (MSB). 

Data Bit 10. 

Ground. Ground reference for all on-chip circuitry. 

Data Bit 9 to Data Bit 1. 

Data Bit 0 (LSB). 

Chip Select Input for DAC B. Active low logic input. DAC B 1s selected when this input is active. 


Chip Select Input for DAC A. Active low logic input. DAC A is selected when this input is active. 


Write Input. WR is an active low logic input which is used in conjunction with CSA and CSB to write data to 
the DAC latches. 


Positive Supply (+12 V to +15 V). 


Analog Output Voltage from DAC A. This is the buffer amplifier output voltage. Three different output 
voltage ranges can be chosen: 0 to +5 V, 0 to +10 V and +5 V. The amplifier is capable of developing +10 V 
across a 2 k() resistor to GND. 


Negative Supply (0 V or —12 V to —15 V). 


Output Offset Resistor for DAC A. This input configures the output ranges for DAC A. It is connected to 
Voura for the +5 V range, to GND for the +10 V range and to REF IN for the +5 V range. 


Voltage Reference Input. The common reference voltage for both DACs is applied to this pin. It is internally 
buffered before being applied to both DACs. The nominal reference voltage for correct operation of the 
AD7247A is 5 V. 


AD7247A PIN CONFIGURATIONS 


DIP and SOIC DIP and SOIC 


REF OUT| 1] © 


Rorss [23 | Rorsa 
Vours [22 | Ves 
DB11 | 4 | 21] Voura 
DB10 | 5 | | 20 | Vio 
AD7237A GND AD7247A WR 
(Not to Scalel 3 ‘DBS = (Not to Seale) a CSA 
pBs | 8 | CSB 
pB7 | 9 | | 16 | DBO 
pB6 | 10 | 15 | DBI 
DBS | 11] 14 | DB2 
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Figure 1. AD7247A Write Cycle Timing Diagram [DAC eS: 


Figure 2, AD7237A Write Cycle Timing Diagram 
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ANALOG 
DEVICES 


LC7MOS Dual, Complete, 
12-Bit/14-Bit Serial DACs 


AD7242/AD7244 


FEATURES 
Two 12-Bit/14-Bit DACs with Output Amplifiers 
AD7242: 12-Bit Resolution 
AD7244: 14-Bit Resolution 
On-Chip Voltage Reference 
Fast Settling Time 
AD7242: 3 ps to +1/2 LSB 
AD7244: 4 ps to +1/2 LSB 
High Speed Serial Interface 
Operates from +5 V Supplies 
Specified Over —40°C to +85°C in Plastic Packages 
Low Power — 130 mW typ 


GENERAL DESCRIPTION 

The AD7242/AD7244 is a fast, complete, dual 12-bit/14-bit volt- 
age output D/A converter. It consists of a 12-bit/14-bit DAC, 

3 V buried Zener reference, DAC output amplifiers and high 
speed serial interface logic. : 


Interfacing to both DACs is serial, minimizing pin count and 
allowing a small package size. Standard control signals allow 
interfacing to most DSP processors and microcontrollers. Asyn- 
chronous control of DAC updating for both DACs is made pos- 
sible with a separate LDAC input for each DAC. 


The AD7242/AD7244 operates from +5 V power supplies, pro- 
viding an analog output range of +3 V. A REF OUT/REF IN 
function allows the DACs to be driven from the on-chip 3 V 
reference or from an external reference source. 


The AD7242/AD7244 is fabricated in Linear Compatible CMOS 
(LC?MOS), an advanced mixed technology process that com- 
bines precision bipolar circuits with low power CMOS logic. 
Both parts are available in a 24-pin, 0.3 inch wide, plastic or 
hermetic dual-in-line package (DIP) and in a 28-pin, plastic 
small outline (SOIC) package. The AD7242 and AD7244 are 
available in the same pinout to allow easy upgrade from 12-bit 
to 14-bit performance. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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FUNCTIONAL BLOCK DIAGRAM 


Vop Vop Vss Vss TP1 TP2 TP3 
O O O 


[ete 


‘1 E 


SERIAL 
NTERFACE 
LOGIC 


O Vouta 


SERIAL 
INTERFACE 
LOGIC 


2 


Vouts 


AGND AGND DGND DGND 


PRODUCT HIGHLIGHTS 


1. Complete, Dual 12-Bit/14-Bit DACs 
The AD7242/AD7244 provides the complete function for 
generating voltages to 12-bit/14-bit resolution. The part fea- 
tures an on-chip reference, output buffer amplifiers and two 
12-bit/14-bit D/A converters. 


2. High Speed Serial Interface 


The AD7242/AD7244 provides a high speed, easy-to-use, 
serial interface allowing direct interfacing to DSP processors 
and microcontrollers. A separate serial port-is provided for 
each DAC. 


3. Small Package Size 


The AD7242/AD7244 is available in a 24-pin DIP and a 28- 
pin SOIC package offering considerable space saving over 
comparable solutions. 
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AD7242/AD7244 — SPECIFICATIONS $4 rma = werne'= +3 a Yr 108 


= 2kQ, ol = 100 pF. All Specifications Trin to Tax unless otherwise noted.) 


AD7242 . ; i re 
Units Test Conditions/Comments 


pane J , A Versions’ K, B Versions! 
DC ACCURACY 
Resolution » 3 Bits 
Integral Nonlinearity LSB max 7 
Differential Nonlinearity — LSB max Guaranteed Monotonic 
Bipolar Zero Error LSB max 
Positive Full-Scale Error? LSB max — 


Negative Full-Scale Error? LSB max 


REFERENCE OUTPUT? 
REF OUT @ +25°C 2.99/3.01 2.99/3.01 V min/V max 
Tee to To . 2.98/3.02 2.98/3.02 V min/V max 
REF OUT Tempco 35 35 ppm/°C typ 


Reference Load Change 
(AREF OUT vs. AI) 


a mV max Reference Load Current Change (0-500 A) 


REFERENCE INPUTS 
REF INA, REF INB Input Range 2.85/3.15 2.85/3.15 V min/V max | 3V + 5% 
Input Current l wA max 

LOGIC INPUTS 


(LDACA, LDACB, TFSA, TFSB, 
TCLKA, TCLKB, DTA, DTB) 


Input High Voltage, Vinys 2.4 Vpp =5V + 5% 
Input Low Voltage, Vint 0.8 Vpp = 5 V + 5% 
Input Current, Ip, +10 Vin = 0 V to Vpp 
Input Capacitance, C;,* 10 | 
ANALOG OUTPUTS 
(Vouta> Vouts) 
Output Voltage Range +3 
DC Output Impedance 0.1 
Short Circuit Current 20 
AC CHARACTERISTICS* 4 
Voltage Output Settling Time . Settling Time to Within + 1/2 LSB of Final Value 
Positive Full-Scale Change ; 3 3 ws max Typically 2 ys . 
Negative Full-Scale Change _ ) 3 3 ws max Typically 2 ys 
Digital-to-Analog Glitch Impulse 10 10 nV secs typ DAC Code Change All Is to All Os 
Digital Feedthrough 2 2 nV secs typ 
Channel-to-Channel Isolation 110 110 dB typ Vout = 10 kHz Sine Wave 
POWER REQUIREMENTS : 
Vpp +5 +5% for Specified Performance 
Viz =) +5% for Specified Performance 
i 27 Cumulative Current from the Two Vpp Pins 
Tee 15 Cumulative Current from the Two Veg Pins 
Total Power Dissipation 195 Typically 130 mW —— 


NOTES 

Temperature ranges are as follows: J, K Versions: —40°C to +85°C; A, B Versions: —40°C to +85°C. 
?Measured with respect to REF IN and includes bipolar offset error. 

3For capacitive loads greater than 50 pF a series resistor is required (see Internal Reference section). 
“Sample tested @ +25°C to ensure compliance. 


Specifications subject to change without notice. 


AD7242 ORDERING GUIDE 


Temperature Integral Package 
Model Range Nonlinearity Option* 


AD7242JN_ | —40°C to +85°C | +1 LSB max N-24 
AD7242KN | —40°C to +85°C | +1/2 LSB max | N-24 
AD7242JR —40°C to +85°C | +1 LSB max R-28 
AD7242KR | —40°C to +85°C | +1/2 LSB max | R-28 
AD7242AQ | —40°C to +85°C | +1 LSB max Q-24 


AD7242BQ | —40°C to +85°C Q-24 


*N = Plastic DIP; Q = Cerdip; R = Small Outline IC (SOIC). For 
outline information see Package Information section. 


+1/2 LSB max 
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AD7242/AD7244 


AD7244 
Parameter J/A Versions! S Version! Units Test Conditions/Comments 


DC ACCURACY 
Resolution . Bits 
Integral Nonlinearity | it LSB max 
Differential Nonlinearity LSB max Guaranteed Monotonic 
Bipolar Zero Error 10 #15 LSB max 
Positive Full-Scale Error” +] +15 LSB max 
Negative Full-Scale Error’ +10 +15 LSB max 
REFERENCE OUTPUT? 
REF OUT @ +25°C 2.99/3.01 2.99/3.01 ‘V min/V max 
Ta t0 To 2.98/3.02 2.93/3.05 V min/V max 
REF OUT Tempco 35 35 ppm/°C typ 
Reference Load Change 
(AREF OUT vs. AI) -1 =] mV max Reference Load Current Change (0-500 yA) 
REFERENCE INPUTS 
REF INA, REF INB Input Range 2.85/3.15 2.85/3.15 V min/V max 3V + 5% 
Input Current ] l pA max 
LOGIC INPUTS | 
(LDACA, LDACB, TFSA, TFSB, 
TCLKA, TCLKB, DTA, DTB) 
Input High Voltage, Ving 2.4 Vpp = 5 V += 5% 
Input Low Voltage, Vin, 0.8 Vpop = 5 V + 5% 
Input Current, Ipy +10 Vin = 9 V to Vpp 
Input Capacitance, C,,,* 10 


ANALOG OUTPUTS 


(Voura: Vout) 


Output Voltage Range +3 
DC Output Impedance 0.1 
Short Circuit Current 20 
AC CHARACTERISTICS‘ 7 
Voltage Output Settling Time Settling Time to Within +1/2 LSB of Final Value 
Positive Full-Scale Change 4 4 js max Typically 2.5 ps 
Negative Full-Scale Change 4 4 ws max Typically 2.5 ws . 
Digital-to-Analog Glitch Impulse 10 10 nV secs typ DAC Code Change All Is to All 0s — 
Digital Feedthrough 2 2 nV secs typ . | 
Channel-to-Channel Isolation 110 dB typ Vout = 10 kHz Sine Wave 


POWER REQUIREMENTS 
Vop _ +5% for Specified Performance 
Vss +5% for Specified Performance 
Ipp Cumulative Current from the Two Vpp Pins 
Iss : Cumulative Current from the Two Vs. Pins 


Total Power Dissipation Typically 130 mW 


NOTES 

1Temperature ranges are as follows: J Version: 0°C to +70°C; A Version: —40°C to +85°C; S Version: —55°C to +125°C. 
?Measured with respect to REF IN and includes bipolar offset error. 

3For capacitive loads greater than 50 pF a series resistor is required (see Internal Reference section). 

‘Sample tested @ +25°C to ensure compliance. 


Specifications subject to change without notice. 


AD7244 ORDERING GUIDE 


Temperature Integral 
Range Nonlinearity 


Package 
Option” 


AD7244JN | —40°C to +85°C +2 LSB max | N-24 
AD7244JR —40°C to +85°C +2 LSB max | R-28 
AD7244AQ | —40°C to +85°C +2 LSB max | Q-24 
AD7244SQ? | —55°C to +125°C | +2 LSB max 


NOTES 

1To order MIL-STD-883, Class B, processed parts, add /883B to part num- 
ber. Contact local sales office for military data sheet and availability. 

2N = Plastic DIP; Q = Cerdip; R = Small Outline IC (SOIC). For outline 
information see Package Information section. 

>This grade will be available to /883B processing only. 
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TIMING CHARACTERISTICS" 2 «v,, = +5 + 5%, v= 5 « 5%, AGND = DeND = ow) 


Limit at T ins Tmax 


Parameter (J, K, A, B Versions) (S Version) 


NOTES 
1Timing specifications are sample tested at +25°C to ensure compliance. All input signals are specified with tr = tf = 5 ns (10% to 90% of 5 ae and timed from 
a voltage level of 1.6 V. 

2See Figure 6. 

3TCLK Mark/Space ratio is 40/60 to 60/40. 


ABSOLUTE MAXIMUM RATINGS* 


(T, = +25°C unless otherwise noted) 


VEIOAGND bias tooan wiles Feeds ~0.3 Vto +7 V 
Vc (0 AGND ive decease, putes ne end +0.3 Vto -7V 
AGND toDGND ............. + -0.3 V to Vpp + 0.3. V 
Vt ta AGN Di ude Sin Bk owe als Yeates Vss to Vop 
REF OUT to AGND ........... --0.3 V to Vpp + 0.3 V 
REF INA, REF INB to AGND . -0.3 V to Vpp + 0.3 V 


- Digital Inputs to DGND ......... —0.3 V to Vpp + 0.3 V 
Operating Temperature Range 
J, K Versions 


PD 124A ek ere a Ue cee ee Ae Pe eee 0°C to +70°C 

ADI 242 oicb- 3 aces ee Se ee —40°C to +85°C 

A, B Versions ............ ee ee —40°C to +85°C 

S Version ...........08. ee ee —5§5°C to +125°C 

Storage Temperature Range ........... —65°C to +150°C 

Lead Temperature (Soldering, 10 secs) ........... +300°C 

Power Dissipation (Any Package) to +75°C .......550 mW 

Derates above +75°C by .......... 000 ce eeee 6 mW/°C 
CAUTION 


ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 


Limit at Tin. Tmax 


Conditions/Comments 


TFS to TCLK Falling Edge 
TCLK Falling Edge to TFS 
TCLK Cycle Time 

Data Valid to TCLK Setup Time 
Data Valid to TCLK Hold Time 
LDAC Pulse Width | 


*Stresses above those listed under “Absolute Maximum Ratings” may cause 


permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in 
the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 


WARNING! 


rin 4 


ESD SENSITIVE DEVICE . 


al 


PIN CONFIGURATIONS 


DIP 
LDACA | 1] ¢ 24] REF INA 
TFSA | 2 | 123] REF OUT 
DTA | 3| 122] Vss 


TA Vea 


ive VIEW 
Voo (Not to Scale) [1% me 
AGND [8 | DGND 
Vours [9 | 16] TCLKB 
Veg {10} 15} DTB 
TP2 14] TFSB 


3-136 DIGITAL-TO-ANALOG CONVERTERS 


SOIC 


~AD7244 


TUR. Lee 


TOF View 


NC = NO CONNECT 


REV. A 


ANALOG LC?M0s 
DEVICES 12-Bit Serial DACPORT 


AD7243 


FEATURES FUNCTIONAL BLOCK DIAGRAM 
12-Bit CMOS DAC with 

On-Chip Voltage Reference 

Output Amplifier 
3 Selectable Output Ranges 

-5Vto +5V,0to +5V, 0to +10 V 
Serial Interface 
300 kHz DAC Update Rate 
Small Size: 16-Pin DIP or SOIC 
Nonlinearity: +1/2 LSB T,,,, to Tax 
Low Power Dissipation: 100 mW typical 


APPLICATIONS 

Process Control 

Industrial Automation 

Digital Signal Processing Systems 
Input/Output Ports 


INPUT SHIFT REGISTER 
O-O-O—_O-O) 


SDIN CLR BIN/ SCLK SYNC LDAC DCEN SDO 


COMP 
GENERAL DESCRIPTION The AD7243 is fabricated on Linear Compatible CMOS 
The AD7243 is a complete 12-bit, voltage output, digital-to- (LC*MOS), an advanced, mixed technology process. It is pack- 
analog converter with output amplifier and Zener voltage refer- aged in 16-pin DIP and 16-pin SOIC packages. 
ence on a monolithic CMOS chip. No external trims are 
required to achieve full specified performance. PRODUCT HIGHLIGHTS 


1. Complete 12-Bit DACPORT® 
The AD7243 is a complete, voltage output, 12-bit DAC ona 
single chip. The single chip design is inherently more reliable 
than multichip designs. 


The output amplifier is capable of developing +10 V across a 
2 kQ load. The output voltage ranges with single supply opera- 
tion are 0 to +5 V or 0 to +10 V, while an additional bipolar 
+5 V output range is available with dual supplies. The ranges 


are selected using the internal gain resistor. . Single or Dual Supply Operation. 


. Minimum 3-wire interface to most DSP processors. 
. DAC Update Rate-300 kHz. 


. Serial Data Output allows easy daisy-chaining in multiple 
DAC systems. 


The data format is natural binary in both unipolar ranges, while 
either offset binary or 2s complement format may be selected in 
the bipolar range. A CLR function is provided which sets the 
output to 0 V in both unipolar ranges and in the 2s complement 
bipolar range, while with offset binary data format, the output is 
set to -REFIN. This function is useful as a power-on reset as it 
allows the output to be set to a known voltage level. 


wm & Ww NN 


The AD7243 features a fast versatile serial interface which 
allows easy connection to both microcomputers and 16-bit digi- 
tal signal processors with serial ports. The serial data may be 
applied at rates up to 5 MHz allowing a DAC update rate of 
300 kHz. A serial data output capability is also provided which 
allows daisy chaining in multi-DAC systems. This feature allows 
any number of DACs to be used in a system with a simple 
4-wire interface. All DACs may be updated simultaneously 
using LDAC. 


DACPORT is a registered trademark of Analog Devices, Inc. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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| | (Vop = +12V to +15 V,' Vso =OVor—-12Vto—-15V,) © 
ND = = 0 V, REFIN = V,R, = 2kO, 0, =1 ; 
AD7243— “SPECIFICATIONS a Speciations Train pale ie otherwise a ) . ie : vm . 
‘ Parameter : 2 CE Test Conditions/Comments 


' STATIC PERFORMANCE 
Resolution . Bits 
Relative Accuracy? _ | a , | LSB max 
Differential Nonlinearity> ~ +0. : : LSB max Guaranteed Monotonic 
Unipolar Offset Error? . 4c LSB max Vss = 0 V or —12 V to —15 V;' DAC Latch 
a oe : . Contents All 0s 
Bipolar Zero Error? - ee = LSB max Vss = —12 V to —15 V!; DAC Latch Contents All 0s 
Full-Scale Error® + ; a LSB max 
Full-Scale Temperature Coefficient | + o + ppm of FSR/ 
| . °C typ 
REFERENCE OUTPUT 
REFOUT : : 95/5. 4.95/5.05 
Reference Temperature Coétiicient i 25 
Reference Load Change —- oe 
(AREFOUT vs. I,) —] Reference Load Current (I,,) Change (0-100 wA) 
REFERENCE INPUT 
Reference Input Range, REFIN 4.95/5.05 4.95/5.05 4.95/5.05 V min/V max | 5 V +1% for Specified Performance 
Input Current 5 5 5 A max 
DIGITAL INPUTS | 


Input High Voltage, Ving 
Input Low Voltage, Viz. 
Input Current, Ip, 

~ Input Capacitance? 


DIGITAL OUTPUT . 
Serial Data Out (SDO) 
Output Low Voltage, Vo; 
Output High Voltage, Voy 


Vin = 0 V to Vpp 


Iginxk = 1.0 mA 
Isourcr = 400 pA 


ANALOG OUTPUT 
Output Range Resistor, Rogs kQ, min/ max 
‘Output Voltage Ranges® +5, +10 +5, +10 V ‘Single Supply; Vss = 0 V 
Output Voltage Ranges® +5, +10, +5} +5, +10, +5 V Dual Supply; Vs, = —12 V to -15 V 
DC Output Impedance 0.5 — 0.5 Q, typ 
AC CHARACTERISTICS? a 
Voltage Output Settling-Time Settling Time to Within +1/2 LSB of Final Value 
Positive Full-Scale Change 10: Ss max Typically 3 ws 
Negative Full-Scale Change 10 ws max Typically 5 ys; Vss = —12 V to —15 V? 
Negative Full-Scale Change 10 WS typ Vss = OV 


Digital-to-Analog Glitch Impulse’? | 30 DAC Latch Contents eee Between All 0s 
and All Is 


LDAC = High 


nV secs typ 


Digital Feedthrough? 10 
POWER REQUIREMENTS 

Vpp Range 

Vss Range (Dual Supplies) 


Ipp 
Is, (Dual Supplies) 


nV secs typ 


+11.4/+15.75 
—11.4/—15.75 
10 

4 


+11.4/+15.75 
—11.4/-—15.75 
12 

4 


+10.8/+16.5 
—10.8/—16.5 
10 

4 


For Specified Performance Unless Otherwise Stated 
For Specified Performance Unless Otherwise Stated 
Output Unloaded; Typically 7 mA . 
Output Unloaded; Typically 2 mA 


NOTES 

‘Power Supply Tolerance A Version: +10%; B, S Versions: +5%. 

?Temperature Ranges are as follows: A, B Versions: —40°C to +85°C; S Version: —55°C to +125°C. 
3See. terminology. 

“Measured with respect to REFIN and includes unipolar/bipolar offset error. 

*Sample tested @ +25°C to ensure compliance. 

£0 to +10 V output range is available only with Vnn = +14.25 V. 


Specifications subject to change without notice. 
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AD7243 


(Vop = +10.8 V to +16.5 V, V., = 0 V or —10.8 V to —16.5 V, AGND = DGND = 0 V, 


TIMING CHARACTERISTICS" : R, = 2kQ, C, = 100 pF. All Specifications T,,;, to Trax unless otherwise noted.) 


Limit at +25°C Limit at T_..5 Tmax 
Parameter (All Versions) (All Versions) Units | Conditions/Comments 


t, SCLK Cycle Time 

to SYNC to SCLK Falling Edge Setup Time 
ts SYNC to SCLK Hold Time 

tj Data Setup Time 

ts Data Hold Time 

te SYNC High to LDAC Low 

ty LDAC Pulse Width 

ts LDAC High to SYNC Low 

ty CLR Pulse Width 

tio SCLK Falling Edge to SDO Valid 
NOTES 


‘Sample tested at +25°C to ensure compliance. All input signals are specified with tr = tf = 5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 
See Figures 7 & 8. 

3SCLK mark/space ratio range is 40/60 to 60/40. 

4SDO load capacitance is no greater than 50 pF. 


ABSOLUTE MAXIMUM RATINGS’ Storage Temperature Range ........... —65°C to +150°C 
(T,=+25°C unless otherwise noted) Lead Temperature (Soldering, 10 secs) ........... +300°C 
Vpp to AGND, DGND .............. —0.3 Vto +17 V Power Dissipation (Any Package) to +75°C ....... 450 mW 
Vss to AGND, DGND .............. +0.3 Vto -17 V Derates above’ + 75°C DY ss. os cab bels £4 dee 6 mW/°C 
AGND to DGND ............. —-0.3 V to Vpp + 0.3 V amie 
2 = 

Vour to AGND..........-..-. 6 V to Vpp + 0.3 V "Stresses above those listed under “Absolute Maximum Ratings” may cause 
REFOUT toAGND 2... nce eee eee ee .. OV to Von permanent damage to the device. This is a stress rating only and functional 
REFIN to AGND ............. -0.3 Vto Vpp + 0.3 V operation of the device at these or any other conditions above those listed in the 
Digital Inputs to DGND ......... —0.3 V to Vpp + 0.3 V operational sections of this specification is not implied. Exposure to absolute 
SDO to DGND —0.3VtoV +0.3V — maximum rating conditions for extended periods may affect device reliability. 
O a ae R Se , BR . Only one Absolute Maximum Rating may be applied at any time. 

per ating Sriperate ange i P ?The outputs may be shorted to voltages in this range provided the power 

Industrial (A, B Versions) ............ —40°C to +85°C dissipation of the package is not exceeded. Short circuit current is typically 

Extended (S Version) .............. —55°C to +125°C 80 mA. 
A TON gs ee 
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; W ARNING! 
however, permanent damage may occur on unconnected devices subject to high energy electro- 


static fields. Unused devices must be stored in conductive foam or shunts. The protective foam Saint 4 


should be discharged to the destination socket before devices are inserted. ESD SENSITIVE DEVICE 


ORDERING GUIDE 


Temperature Range Relative Accuracy 


Package Option! 


AD7243AN —40°C to +85°C 

AD7243BN —40°C to +85°C N-16 
AD7243AR —40°C to +85°C R-16 
AD7243BR —40°C to +85°C R-16 
AD7243AQ —40°C to +85°C Q-16 
AD7243BQ —40°C to +85°C Q-16 


AD7243SQ? 


NOTES 
IN = Plastic DIP; R = SOIC; Q = Cerdip. For outline information see Package Information section. 
Available to /883B processing only. Contact your local sales office for military data sheet. 


—55°C to +125°C 
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AD7243 


1 REFIN 
2 REFOUT 
3 CLR 


4 BIN/COMP 


5 SCLK 
6 SDIN 
7 SYNC 
8 DGND 
9 LDAC 


~PIN FUNCTION DESCRIPTION (DIP & SOIC PIN NUMBERS) 


Description 


Voltage Reference Input. It is internally buffered pcre being applied to the DAC. The nominal reference 
voltage for specified operation of the AD7243 is 5 V. 


Voltage Reference Output. The internal 5 V analog reference is provided at this pin. To operate the part 


using its internal reference, REFOUT should be connected to REFIN. 


Clear, Logic Input. Taking this input low sets Vo,,;7 to 0 V in both unipolar ranges and the 2s complement 
bipolar range and to —REFIN in the offset binary bipolar range. 


Logic Input . This input selects the data format to be either binary or 2s complement. In both unipolar ranges, 


~ natural binary format is selected by connecting this input to a logic “0.” In the bipolar configuration, offset 


binary format is selected with a logic “‘0’’ while a logic ‘‘1” selects 2s complement format. 

Serial Clock, Logic Input. Data is clocked into the input register on each falling SCLK edge. 

Serial Data In, Logic Input. The 16-bit serial data word is applied to this input. | 

Data Synchronization Pulse, Logic Input. Taking this input low initializes the internal logic in readiness for 
a new data word. 

Digital Ground. Ground reference for all digital circuitry. 


Load DAC, Logic Input. Updates the DAC output. The DAC output is updated on the falling edge of this 
signal or alternatively if this line is permanently low, an automatic update mode is selected whereby the 
DAC is updated on the 16th falling SCLK pulse. 


Daisy-Chain Enable, Logic Input. Connect this pin high if a daisy-chain interface is being used, otherwise 
this pin must: be connected low. 

Serial Data Out, Logic Output. With DCEN at Logic “‘1” this output is enabled, and the ea dais in ‘the 
input shift register is clocked out on each falling SCLK edge. 

Analog Ground. Ground reference for all analog circuitry. : 7 
Output Offset Resistor for the amplifier. It is connected to Vour for the +5 V range, to AGND for the 
+10 V range and to REFIN for the —5 V to +5 V range. 

Analog Output Voltage. This is the buffer amplifier output voltage. Three different output voltage ranges 
can be chosen: 0 to +5 V, 0 to +10 V and —5 V to +5 V. 

Negative Power Supply (used for the output amplifier only, may be connected to 0 V for single supply 
operation or to —12 V to —15 V for dual supplies). 

Positive Power Supply (+12 V to +15 V). 


PIN CONFIGURATION 
DIP and SOIC 


BinvcomP|4| = top VIEW 


(Not to Scale) 
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ANALOG 
DEVICES 


LC*MOs 
12-Bit DACPORTs 


AD7245A/AD7248A 


FEATURES 
12-Bit CMOS DAC with Output Amplifier and 
Reference 
Improved AD7245/AD7248: 
12 V to 15 V Operation 
+1/2 LSB Linearity Grade 
Faster Interface—30 ns typ Data Setup Time 
Extended Plastic Temperature Range (—40°C to +85°C) 
Single or Dual Supply Operation 
Low Power—65 mW typ in Single Supply 
Parallel Loading Structure: AD7245A 
(8+4) Loading Structure: AD7248A 


GENERAL DESCRIPTION 

The AD7245A/AD7248A is an enhanced version of the industry 
standard AD7245/AD7248. Improvements include operation 
from 12 V to 15 V supplies, a +1/2 LSB linearity grade, faster 
interface times and better full scale and reference variations with 
Vpp. Additional features include extended temperature range 
operation for commercial and industrial grades. 


The AD7245A/AD7248A is a complete, 12-bit, voltage output, 
digital-to-analog converter with output amplifier and Zener volt- 
age reference on a monolithic CMOS chip. No external user 
trims are required to achieve full specified performance. 


Both parts are microprocessor compatible, with high speed data 
latches and double-buffered interface logic. The AD7245A 
accepts 12-bit parallel data which is loaded into the input latch 
on the rising edge of CS or WR. The AD7248A has an 8-bit 
wide data bus with data loaded to the input latch in two write 
operations. For both parts, an asynchronous LDAC signal trans- 
fers data from the input latch to the DAC latch and updates the 
analog output. The AD7245A also has a CLR signal on the 
DAC latch which allows features such as power-on reset to be 
implemented. 


The on-chip 5 V buried Zener diode provides a low noise, tem- 
perature compensated reference for the DAC. For single supply 
operation, two. output ranges of 0 to +5 V and 0 to +10 V are 

available, while these two ranges plus an additional +5 V range 


are available with dual supplies. The output amplifiers are capa- — 


ble of developing +10 V across a 2 kO load to GND. 


The AD7245A/AD7248A is fabricated in linear compatible 
CMOS (LC?MOS), an advanced, mixed technology process that 
combines precision bipolar circuits with low power CMOS logic. 
The AD7245A is available in a small, 0.3” wide, 24-pin DIP and 
SOIC and in 28-terminal surface mount packages. The 
AD7248A is packaged in a small, 0.3” wide, 20-pin DIP and 
SOIC and in 20-terminal surface mount packages. 


DACPORT is a registered trademark of Analog Devices, Inc. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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AD7245A FUNCTIONAL BLOCK DIAGRAM 
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AD7248A FUNCTIONAL BLOCK DIAGRAM 


AD7248A 


a DAC LATCH 
4-BIT 8-BIT 
INPUT INPUT 
LATCH a LATCH 


PRODUCT HIGHLIGHTS 

1. The AD7245A/AD7248A is a 12-bit DACPORT® on a single 
chip. This single chip design and small package size offer 
considerable space saving and increased reliability over multi- 
chip designs. 

2. The improved interface times on the part allows easy, direct 
interfacing to most modern microprocessors. 


3. The AD7245A/AD7248A features a wide power supply range 
allowing operation from 12 V supplies. 
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AD7245A/AD7248A— SPECIFICATIONS .,, = +12 v0 +159; see = OV or ~12Vt0~15 


AGND = DGND = OV, is = 2kQ, mie = 100 —_ All aa Twin tO Twax unless otherwise pated 


STATIC PERFORMANCE 
Resolution - 
Relative Accuracy @ +25°C3 7 
Tan to Tomax 


Twin to Tyax 
Differential Nonlinearity? 


Unipolar Offset Error @ +25°C? 


Vpp = 15 V + 5% 

Guaranteed Monotonic 

Vss = 0 V or —12 V to —15 V* 

Typical Tempco is +3 ppm of FSR°/°C. 

Rogs connected to REF OUT; V,, = —12 V to —15 V* 
Typical Tempos is +3 ppm of FSR°/°C. 


Tain to Tyax 


Bipolar Zero Error @ +25°C? 


Tyan to Tyax 
DAC Gain Error?> © 


Full-Scale Output Voltage Error’? @ +25°C| +0. : % of FSR max Vpp = + 15 V 

AFull Scale/AVpp : : : % of FSR/V max |Vpp = +12 V to +15 vt 

AFull Scale/AVgg5 7 % of FSR/V max |Vss = —12 V to —15 V* 

Full-Scale Temperature Coefficient® am + ppm of FSR/°C max| Vpp = +15 V 
REFERENCE OUTPUT : 

REF OUT @ +25°C Vpp = +15 V 

AREF OUT/AVpp Vpp = +12 V to +15 V* 

Reference Temperature Coefficient ppm/°C typ 

Reference Load Change . 

(AREF OUT vs. AD) mV max Reference Load Current Change (0-100 A) 

DIGITAL INPUTS 


Input High Voltage, Vinus 
Input Low Voltage, Vinz 
Input Current, Ip, 
Input Capacitance? 


ANALOG OUTPUTS 
Output Range Resistors 
Output Voltage Ranges!° 
Output Voltage Ranges?° 


Vin = 0Vto Vpp 


Vss = 0 V; Pin Strappable 
Vss =—12 V to -15 V;* Pin Strappable 


DC Output Impedance 


AC CHARACTERISTICS? 

Voltage Output Settling Time _ 
Positive Full-Scale Change 
Negative Full-Scale Change 

Output Voltage Slew Rate > 

Digital Feedthrough? 

Digital-to-Analog Glitch Impulse 


Settling Time to Within +1/2 LSB of Final Value 
| DAC Latch All 0s to All 1s 
DAC Latch All 1s to All 0s; Vsg = —12 V to -15 v4 


POWER REQUIREMENTS ; 
Vop For Specified Performance Unless Otherwise Stated | 
Vss For Specified Performance Unless Otherwise Stated 
Ipnp @ +25°C Output Unloaded; Typically 5 mA 


Output Unloaded 
Output Unloaded; Typically 2 mA 


Turn to Tmax 
Is, (Dual Supplies) 


NOTES 
1Power supply tolerance i is +10% for A Version and +5% for B and T Versions. 
?Temperature ranges are as follows: A/B Versions; —40°C to +85°C; T Version; —55°C to +125°C. 
3See Terminology. 


With appropriate power supply tolerances. 

°FSR means Full-Scale Range and i is 5 V for the 0 to +5 V output range and 10 V for both the 0 to +10 V and +5 V output ranges. © 

°This error is calculated with respect to the reference voltage and is measured after the offset error has been allowed for. 

’This error is calculated with respect to an ideal 4.9988 V on the 0 to +5 V and +5 V ranges; it is calculated with respect to an ideal 9.9976 V on the 
0 to +10 V range. It includes the effects of internal voltage reference, gain and offset errors. 

8Full-Scale TC = AFS/AT, where AFS is the full-scale change from T, = +25°C to Ty or Tmax: 

*Sample tested at +25°C to ensure compliance. 

1°9 to +10 V output range is available only when Vpp = +14.25 V. 


Specifications subject to change without notice. 
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AD7245A/AD7248A 
SWITCHING CHARACTERISTICS! w,, = +12 v to +15 V2 Vcc = 0V or 12 V to —15 V2 See Figures 5 and 7.) 


ty 
@ +25°C 55 55 ns typ Chip Select Pulse Width 
Te tO. Ba. 80 100 ns min 
th 
@ +25°C 40 40 ns typ Write Pulse Width 
eos (00 ace 80 100 ns min En 
ts 
@ +25°C ns min Chip Select to Write Setup Time 
Te cto- 13s. ns min 
U4 
@ +25°C ns min Chip Select to Write Hold Time 
i to Taes ns min 
ts 
@ +25°C 40 . 40 ns typ Data Valid to Write Setup Time 
leery Coad (eee 80 . 80 ns min 
t6 
@ +25°C 10 10 ns min Data Valid to Write Hold Time 
~ Vnin 10 Trax 10 10 ns min 
ty ‘ 
@ +25°C 40 40 ns typ Load DAC Pulse Width 
Tia, 10° 80 100 ns min 
t | 
@ +25°C 40 40 ns typ Clear Pulse Width 
Ds tO: Tee 80 100 ns min 


NOTE 
‘Sample tested at +25°C to ensure compliance. 
?Power supply tolerance is +10% for A Version and +5% for B and S Versions. 


ABSOLUTE MAXIMUM RATINGS* Operating Temperature | 
Ven 1OAGND 6. nce knee cee esos -0.3 Vto +17 V Commercial (A, B Versions)........... —40°C to +85°C 
Vow t0 DOND: <2 pox daeehuniehwanad A -0.3Vto +17 V Pxtended (S- Version): geese inte 4 ax —55°C to +125°C 
Vip tO Vee... Sadho wowed os —0.3 V to +34 V Storage Temperature ................ —65°C to +150°C 
AGND0:DGND® of jairen oat e wee ees -0.3 V, Vop Lead Temperature (Soldering, 10 secs) ........... + 300°C 
Digital Input Voltage to DGND ...... -0.3 V,; Vpp +0.3 V 
V setOAGND 5s eons. us su eaoeanh dc aetade 5 aes | | 
1 The output may be shorted to voltages in this range provided the power dis- 
Vout tOVsg) ee et eee OV, +24V sipation of the package is not exceeded. V,.-; short circuit current is typi- 
Vout to Vos Be Re i Ba Sep Uae Me Sow, eS tee es wi ee ve —32 V, OV cally 80 mA. | 
REF OUT! toAGND ........ 0.0.00 eae 0V; Vpp *Stresses above those listed under “Absolute Maximum Ratings” may cause 
Power Dissipation (Any Package) to +75°C ....... 450 mW permanent damage to the device. This is a stress rating only and functional 
Derates above +75°C by teh tA oy fhe EN ee ae tf 6 mW/°C operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
TOI pc ; 
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; WARNING! SI 
however, permanent damage may occur on- unconnected devices subject to high energy electro- 


static fields. Unused devices must be stored in conductive foam or shunts. The protective foam Saini 4 


should be discharged to the destination socket before devices are inserted. ESD SENSITIVE DEVICE 


REV.A | DIGITAL-TO-ANALOG CONVERTERS 3-143 


AD7245A/AD7248A 


AD7245A ORDERING GUIDE | 


Temperature Relative 
Range Accuracy 


Package 
Option? 


AD7245AAN —40°C to +85°C +3/4 LSB N-24 
AD7245ABN —40°C to +85°C +1/2 LSB N-24 
AD7245AAQ —40°C to +85°C +3/4 LSB Q-24 
AD7245ATQ? =55°C to 125°C +3/4 LSB Q-24 
AD7245AAP —40°C to +85°C +3/4 LSB P-28A 
AD7245AAR —40°C to +85°C +3/4 LSB R-24 
AD7245ABR —40°C to +85°C +1/2 LSB - 
AD7245ATE? =$5°C to + 123°C +3/4 LSB 


NOTES 
1To order MIL-STD-883, Class B, processed parts, add /883B to part num- 
ber. Contact. our local sales office for military data sheet and availability. 

?E = Leadless Ceramic Chip Carrier; N = Plastic DIP; P = Plastic Leaded 
Chip Carrier; Q = Cerdip; R = SOIC. For outline information see Package 
Information section. 

3This grade will be available to /883B processing only. 
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/ ‘Temperature Relative 
Range Accuracy 


Package 
Option” 


AD7248AAN —40°C to +85°C N-20 
AD7248ABN | -—40°C to +85°C N-20 
AD7248AAQ —40°C to +85°C Q-20 
AD7248ATQ? —55°C to +125°C Q-20 
AD7248AAP | —40°C to +85°C P-20A 
AD7248AAR —40°C to +85°C R-20 


AD7248ABR —40°C to +85°C 


NOTES 

'To order MIL-STD-883, Class B, processed parts, add /883B to part num- 
ber. Contact our local sales office for military data sheet and availability. 

2N = Plastic DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = 
SOIC. For outline information see Package Information section. 

>This grade will be available to /883B processing only. 


TERMINOLOGY 


RELATIVE ACCURACY ? 

Relative Accuracy, or end-point nonlinearity, is a measure of the 
actual deviation from a straight line passing through the end- 
points of the DAC transfer function. It is measured after allow- 
ing for zero and full scale and is normally expressed 1 in LSBs or 
as a percentage of full-scale reading. 


DIFFERENTIAL NONLINEARITY 

Differential Nonlinearity is the difference between the measured 
change and the ideal 1 LSB change between any two adjacent 
codes. A specified differential nonlinearity of +1 LSB max over 
the operating temperature range ensures monotonicity. 


DIGITAL FEEDTHROUGH 

Digital Feedthrough is the glitch impulse injected from the digi- 
tal inputs to the analog output when the inputs change state. It 
is measured with LDAC high and is specified in nV-s. 
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DAC GAIN ERROR. | 

DAC Gain Error is a measure of the output error ‘between an 
ideal DAC and the actual device output with all 1s loaded after 
offset error has been allowed for. It is, therefore defined as: 


Measured Value—Offset—Ideal Value 


where the ideal value is calculated relative to the actual reference 
value. 


UNIPOLAR OFFSET ERROR | | 

Unipolar Offset Error is a combination of the offset errors of the 
voltage mode DAC and the output amplifier and is measured 
when the part is configured for unipolar outputs. It is present or 
all codes and is measured with all 0s in the DAC register. 


BIPOLAR ZERO OFFSET ERROR 

Bipolar Zero Offset Error is measured when the part is config- 
ured for bipolar output and is a combination of errors from the 
DAC and output amplifier. It is present for all codes and is 
measured with a code of 2048 (decimal) in the DAC register. 


SINGLE SUPPLY LINEARITY AND GAIN ERROR 

The output amplifier of the AD7245A/AD7248A can have a true 
negative offset even when the part is operated from a single pos- 
itive power supply. However, because the lower supply rail to 
the part is 0 V, the output voltage cannot actually go negative. 
Instead the output voltage sits on the lower rail and this results 
in the transfer function shown across. This is an offset effect 
and the transfer function would have followed the dotted line if 
the output voltage could have gone negative. Normally, linearity 
is measured after offset and full scale have been adjusted or al- 
lowed for. On the AD7245A/AD7248A the negative offset is 
allowed for by calculating the linearity from the code which the 
amplifier comes off the lower rail. This code is given by the 
negative offset specification. For example, the single supply lin- 
earity specification applies between Code 3 and Code 4095 for 
the 25°C specification and between Code 5 and Code 4095 over 
the T,,;,, to T,,,, temperature range. Since gain error is also 
measured after offset has been allowed for, it is calculated be- 
tween the same codes as the linearity error. Bipolar linearity and 
gain error are measured between Code 0 and Code 4095. 
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Mnemonic 
Vss 


Rors 


REF OUT 


AGND 
DB11 
DB10—DB5 
DGND 
DB4—DB1 
DBO 

CS 


AD7245A/AD7248A 


AD7245A PIN FUNCTION DESCRIPTION 
(DIP PIN NUMBERS) 


Description 


Negative Supply Voltage (0 V for single 
supply operation). 


Bipolar Offset Resistor. This provides 
access to the on-chip application resistors 
and allows different output voltage ranges. 


Reference Output. The on-chip reference is 
provided at this pin and is used when 
configuring the part for bipolar outputs. 


Analog Ground. 

Data Bit 11. Most Significant Bit (MSB). 
Data Bit 10 to Data Bit 5. 

Digital Ground. 

Data Bit 4 to Data Bit 1. 

Data Bit 0. Least Significant Bit (LSB). 


Chip Select Input (Active LOW). The device 
is selected when this input is active. 


AD7245A PIN CONFIGURATIONS 


DIP and SOIC 


AD7245A 


TOP VIEW 
(Not to Scale) 


NC = NO CONNECT 


Pin 
19 


20 


21 


ze 
23 


24 


0to +10 Vor -5 Vto +5 V. 


AD7245A 


TOP VIEW 
(Not to Scale) 


Mnemonic Description 


WR 


LDAC 


CLR 


AGND 5 
DB11 6 
DB10 7 
NC 8 
DBS 9 
DB8 10 


DB7 11 


Write Input (Active LOW). This is used in 
conjunction with CS to write data into the 
input latch of the AD7245A. 


Load DAC Input (Active LOW). This is an 
asynchronous input which when active 
transfers data from the input latch to 

the DAC latch. 


Clear Input (Active LOW). When this input 
is active the contents of the DAC latch are 
reset to all Os. 


Positive Supply Voltage. 


Feedback Resistor. This allows access to 
the amplifier’s feedback loop. 


Output Voltage. Three different output 
voltage ranges can be chosen: 0 to +5 V, 


> REF OUT 


& Ross 
N Vss 


25 CLR 
24 LDAC 
23 WR 


AD7245A 22 NC 


TOP VIEW 


(Not to Scale) 
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21 cS 
20 DBO 


19 DB1 


DB6 x 
DB5 & 


NC = NO CONNECT 


DIGITAL-TO-ANALOG CONVERTERS 


3-145 


AD7245A/AD7248A 


AD7248A PIN FUNCTION DESCRIPTION 
(ANY PACKAGE) 


Pin Mnemonic Description 


Pin Macaionie Description 


1 Ves. Negative Supply Voltage (0 V for single 14 CSMSB Chip Select Input for MS Nibble. (Active 
_ supply operation). LOW). This selects the upper 4 bits of the 
2 Rogs Bipolar Offset Resistor. This provides | _ input latch. Input data is right justified. 
| access to the on-chip application resistors 15 CSLSB Chip Select Input for LS byte. (Active 
and allows different output voltage ranges. - LOW). This selects the lower 8 bits of the 
3 REF OUT Reference Output. The on-chip reference is —_— input latch. 7 
provided at this pin and is used when | 16 WR Write Input This is: used. in conjunction 
configuring the part for bipolar outputs. | with CSMSB and CSLSB to load data into 
4 AGND | Analog Gieund: the input latch of the AD7248A. | 
5 DB7 Data Bit 7. 17 LDAC Load. DAC Input (Active LOW). This is 
> an asynchronous input which when active 
6 DB6 __. Data Bit 6.. transfers data from the input latch to the 
7 DBS Data Bit 5. DAC latch. . 
8 DB4 Data Bit 4. 18 Vpp Positive Supply Voltage. 
9 DB3 Data Bit 3/Data Bit 11 (MSB). 19 Res Feedback Resistor. This allows access to 
10 DGND Digital Ground the amplifier's feedback loop. 
ll DB2 Data Bit 2/Data Bit 10 20 Vour Output Voltage. Three different output 
: voltage ranges can be chosen: 0 to +5 V, 
12 DBl Data Bit 1/Data Bit 9. 0to+10 Vor —5 Vto +5 V. 
13. DBO Data Bit 0 (LSB)/Data Bit 8. 


AD7248A PIN CONFIGURATIONS 


DIP and SOIC 


AGND 4 


® REF OUT 


LCCC 


(MSB) DB7 5 
DBE 6 
DB5 7 


AD7248A ee 
_ AD7248A 


AD7248A 


TOP VIEW Medial 
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ANALOG 
DEVICES 


LC*M0s 
Dual 12-Bit Serial DACPORT 


AD7249 


FEATURES 

Two 12-Bit CMOS DAC Channels with 
On-Chip Voltage Reference | 
Output Amplifiers 

Three Selectable Output Ranges per Channel 
-5Vto +5V,0to +5 V,0to +10 V 

Serial Interface 

125 kHz DAC Update Rate 

Small Size : 16-Pin DIP or SOIC 

Low Power Dissipation 


APPLICATIONS 

Process Control 

Industrial Automation 

Digital Signal Processing Systems 
Input/Output Ports 


GENERAL DESCRIPTION 

The AD7249 contains a pair of 12-bit, voltage-output, digital-to- 
analog converters with output amplifiers and Zener voltage ref- 
erence on a monolithic CMOS chip. No external trims are 
required to achieve full specified performance. 


The output amplifiers are capable of developing +10 V across a 
2 kQ load. The output voltage ranges with single supply opera- 
tion are 0 V to +5 V or 0 V to +10 V, while an additional bi- 
polar +5 V output range is available with dual supplies. The 
ranges are selected using the internal gain resistor. 


Interfacing to the AD7249 is serial, minimizing pin count and 
allowing a small package size. Standard control signals allow 
interfacing to most DSP processors and microcontrollers. The 
data stream consists of 16 bits, DB15 to DB13 are don’t care 
bits, the 13th bit (DB12) is used as the channel select bit and 
the remaining 12 bits (DB11 to DBO) contain the data to update 
the DAC. The 16-bit data word is clocked into the input regis- 
ter on each falling SCLK edge. 


The data format is natural binary in both unipolar ranges, while 
either offset binary or twos complement format may be selected 
in the bipolar range. A CLR function is provided which sets the 
output to 0 V in both unipolar ranges and in the twos comple- 
ment bipolar range, while with offset binary data format, the 
output is set to —-REFIN. This function is useful as a power-on 
reset as it allows the outputs to be set to a known voltage level. 


DACPORT is a registered trademark of Analog Devices, Inc. 
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FUNCTIONAL BLOCK DIAGRAM 


Vpp Vss 


SCLK SDIN. SYNC BIN/COMP CLR LDAC 


The AD7249 features a serial interface which allows easy con- 
nection to both microcomputers and 16-bit digital signal proces- 
sors with serial ports. The serial data may be applied at rates up 
to 2 MHz allowing a DAC update rate of 125 kHz. 


The AD7249 is fabricated on linear compatible CMOS 
(LC?MOS), an advanced, mixed technology process. It is pack- 
aged in 16-pin DIP and 16-pin SOIC packages. 


PRODUCT HIGHLIGHTS 

1. Two complete 12-bit DACPORTs® 
The AD7249 contains two complete voltage output, 12-bit 
DACs in both 16-lead DIP and SOIC packages. 


2. Single or dual supply operation 
3. Minimum 3-wire interface to most DSP processors 
4. DAC update rate—125 kHz 
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AD 7249 — SPECIFICATIONS (Vpp = +12 V to +15 V,' Ves = 0Vor ~12 V oa —15 Vv," AGND = = DEND = 


«ON, REFIN = = ach V, oe =2 ka, as = 100 bial to AGND All specifications Ty, to Tyax unless anenist noted.) 


STATIC PERF ORMANCE 
Resolution = Bits 
Relative Accuracy* ae + | # LSB max 
Differential Nonlinearity” +0. | +0. +0. LSB max Guaranteed Monotonic . 
Unipolar Offset Error? | a LSB max Ves = 0 Vor -12 V to -15 Vv}; DAC 
Latch Contents All 0s 
Bipolar Zero Error? + + LSB max Vss = —12 V to -15 V! 
. . . DAC Latch Contents All 0s 
Full-Scale Error®> 4 | | LSB max | 3 : 
Full-Scale Temperature Coefficient | + am | = ppm of FSR/°C typ 
REFERENCE OUTPUT 
REFOUT 95/5. 95/5. 95/5. V min/V max 
Reference Temperature Coefficient ppm/°C typ 
Reference Load Change _ : 
(AVrerour VS: I,) mV max Reference Load Current (I,) 
| Change (0 »A-100 pA) 
REFERENCE INPUT eS 
Reference Input Range, REFIN = | 4.95/5.05 4.95/5.05 4.95/5.05 V min/V max 5V+ 1% 
Input Current > 5 5 wA max 
DIGITAL INPUTS 


Input High Voltage, Ving: 
Input Low Voltage, Vin 
Input Current 

Iw Vin = 0 V to Vpp 
Input Capacitance? 


ANALOG OUTPUTS 
Output Range Resistor, 


Rorsa & Rorss 


15/30 kQ, min/ max 


Output Voltage Ranges® +5, +10 +5, +10 V Single Siipoly; Vss=OV | 
Output Voltage Ranges® +5, +10, +5 +5, +10, +5 /V Dual Supply; Vss = —12 V or ~15 V 
DC Output Impedance | 10.5 Q typ 

AC CHARACTERISTICS: 


Settling Time to Within 

+1/2 LSB of Final Value 

| Typically 3 ps 

Typically 5 us. Veg = —12 Vto -15 Vv 
Vss = 0 V 
DAC Latch Gontedts Toggled 
Between All Os and All 1s 


Voltage Output Settling-Time 


ws max 
Ss max 


WS typ 
nV secs typ 


Positive Full-Scale Change 
Negative Full-Scale Change 


Digital-to-Analog Glitch Impulse? 


Digital Feedthrough? 10 nV secs typ 
Digital Crosstalk? 10 nV secs typ 
POWER REQUIREMENTS | 

Vpp Range +10.8/+16.5 | +11.4/+15.75 | +11.4/+15.75 |V min/V max For Specified Performance Unless 
Otherwise Stated 

Vss Range (Dual Supplies) —10.8/—16.5 | —11.4/—15.75 | —11.4/—15.75 | V min/V max For Specified Performance Unless 
Otherwise Stated 

les 5 5 5 mA max Output Unloaded; Typically 11 mA 


LU pee 
Lr beet 


1 
Is, (Dual Supplies) 5 
NOTES 

1Power supply tolerance, A Version: +10%; B, S Versions: +5%. 

2Temperature ranges are as follows: A, B Versions: —40°C to +85°C; S Version: —55°C to +125°C. 
3See Terminology. 

4Measured with respect to REFIN and includes unipolar/bipolar offset error. 

*Guaranteed by design not production tested. 

60 V to 10 V output range available only with Vpp = 14.25 V. 


Specifications subject to change without notice. 


Output Unloaded; Typically 3 mA 
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TIMING CHARACTERISTICS: 2 w,, = +12 v to +15 v2 Veg = 0V or 12 V to —15 V2 AGND = DEND = OV, R, = 


2 kQ, C, = 100 pF. All specifications Ty to Ty, unless otherwise noted.) 


Limit at +25°C Limit at Tagan, Tmax 
Parameter (All Versions) (All Versions) Units 


NOTES 


Conditions/Comments 


SCLK Cycle Time 
SYNC to SCLK Falling Edge Setup Time 
SYNC to SCLK Hold Time 


1Timing specifications guaranteed by design not production tested. All input signals are specified with tr= tf = 5 ns (10% to 90% of 5 V) and timed from a 


voltage level of 1.6 V. 

See Figure 8. 

3Power supply tolerance, A Version: +10%; B, S Versions: +5%. 
4SCLK Mark/Space Ratio range is 45/55 to 55/45. 


ABSOLUTE MAXIMUM RATINGS’ 


(T, = +25°C unless otherwise noted) 


Vpp to AGND, DGND .............. —0.3Vto +17 V 
Vss to AGND, DGND .............. +0.3 Vto -17V 
AGND to DGND ............. —0.3 V to Vpp + 0.3 V 
Voura, n° toAGND ........ Vss — 0.3 V to Vpp + 0.3 V 
REFOUT to AGND ...............0-0000% 0 V to Vpp 
REFIN to AGND ............. -—0.3 Vto Vpp + 0.3 V 
Digital Inputs to DGND .........-0.3V to Vpp + 0.3 V 
Operating Temperature Range 
Industrial (A, B Versions) .......... +, . —40°C to +85°C 
Extended (S Version) .............. —55°C to + 125°C 
Junction Temperature ............ 00200 ee eee +150°C 
Storage Temperature Range ........... —65°C to + 150°C 
Power Dissipation Plastic DIP ................ 600 mW 
8;, Thermal Impedance ..............44. +117°C/W 
Lead Temperature (Soldering, 10 secs) ......... +300°C 
CAUTION 


ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. Although 
the AD7249 features proprietary ESD protection circuitry, permanent damage may occur on 


Power Dissipation, Cerdip ...........000 200 600 mW 
6,4 Thermal Impedance ..............006. . . 76°CiW 
Lead Temperature (Soldering, 10 secs) ......... + 300°C 

Power Dissipation, SOIC ...............0-4. 600 mW 
8;, Thermal Impedance ..............0.0.. 75°C/W 
Lead Temperature (Soldering) 

Vapor Phase (60 secs) ..........200 0 ee eee +215°C 
Infrared (15 secs) .......... SPuaniers Ge Sh Aw aya +220°C 
NOTES 


1Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability 
Only one Absolute Maximum Rating may be applied at any time. 

?The outputs may be shorted to voltages in this range provided the power 
dissipation of the package is not exceeded. 


WARNING! 


devices subjected to high energy electrostatic discharges. Therefore, proper ESD precautions are ; 


recommended to avoid performance degradation or loss of functionality. 
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l REFOUT 
2 REFIN 
3 Rorss 


4 Vouts 


5 |  AGND 
6 CLR 


7 BIN/COMP 


_ PIN FUNCTION DESCRIPTION (DIP & SOIC PIN NUMBERS) _ 


Description 


Voltage Reference Output. The internal 5 V analog reference i is provided at this pin. To operate the 


part using its internal reference, REFOUT should be‘connected to REFIN. 


Voltage Reference Input. It is internally buffered before being applied to both DACs. The nominal 
reference voltage for specified operation of the AD7249 is 5 V. 


Output Offset Resistor for the amplifier of DAC B. It is connected to Vou-rg for the +5 V range, to - 
AGND for the +10 V range and to REFIN for the —5 V to +5 V range. 


Analog Output Voltage of DAC B. This is the buffer amplifier output voltage. Three different output 
voltage ranges can be chosen: 0 to +5 V, 0 to +10 V and —5 V to +5 V. 


Analog Ground. Ground reference for all analog circuitry. 


Clear, Logic Input. Taking this input low clears both DACs. It sets Voyra and Voyrg to 0 V in 
both unipolar ranges and the twos complement bipolar range and to —REFIN in the offset binary 
bipolar range. 


Logic Input. This input selects the data format to be either binary or twos complement. In both 
unipolar ranges natural binary format is selected by connecting this input to a Logic “0”. In the 
bipolar configuration offset binary format is selected with a logic “0” while a Logic “11” selects twos 
complement. 


Digital Ground. Ground reference for all digital circuitry. | 
Serial Data In, Logic Input. The 16-bit serial data word is applied to this input. — 


‘Load DAC, Logic Input. Updates both DAC outputs. The DAC outputs are updated on the falling 


edge of this signal or alternatively if this line is permanently low, an automatic update mode is 
selected whereby both DACs are updated on the 16th falling SCLK pulse. 


Serial Clock, Logic Input. Data is clocked into the input register on each falling SCLK edge. 


Data Synchronization Pulse, Logic Input. Taking this input low initializes the internal logic in 
readiness for a new data word. 


Positive Power Supply. 
Analog Output Voltage of DAC A. This is the buffer amplifier output voltage. Three different 


- output voltage ranges can be chosen: 0 to +5 V, 0 to +10 V and —5 V to +5 V. 


Negative Power Supply (used for the output amplifier only) may be connected to 0 V for single’ 
supply operation or —12 V to — 15 V for dual supplies. 

Output Offset Resistor for the amplifier of DAC A. It is connected to Voura for the +5 V range, to 
AGND for the +10 ‘ range and to REFIN for the —5 Mi to +5 V range. 
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PIN CONFIGURATIONS 
(DIP and SOIC) 


REFOUT|1|/@ 16 | Rorsa 
REFIN | 2. 15 | Vg 


Rorss | 3. 14] Voura 

Vouts 4 | AD7249 l13 Vop 
TOP VIEW —s 

AQNE 5 | (Not to Scale) 12, Syne 


CLR | 6 111 | SCLK 
BIN/COMP 10 | LDAC 
DGND | 8 | 19 | SDIN 


- ORDERING GUIDE 


Temperature | Relative . 
Range | Accuracy | 


Package 
Option’ 


AD7249AN —40°C to +85°C 

AD7249BN —40°C to +85°C: N-16— 
AD7249AR —40°C to +85°C R-16 
AD7249BR —40°C to +85°C 


AD7249SQ? 


NOTES 

For outline information see Package Information section. 

Available to /883B processing oniy. Contact your iocai sales office for mili- 
tary data sheet. 


—55°C to +125°C 
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TERMINOLOGY 


Bipolar Zero Error 
Bipolar Zero Error is the voltage measured at Vo ,;7 when the 


DAC is configured for bipolar output and loaded with all 0s 
(Twos Complement Coding) or with 1000 0000 0000 (Offset 
Binary Coding). It is due to a combination of offset errors in the 
DAC, amplifier and mismatch between the internal gain resis- 
tors around the amplifier. 


Full-Scale Error 

Full-Scale Error is a measure of the output error when the 
amplifier output is at full scale (for the bipolar output range full 
scale is either positive or negative full scale). It is measured with 
respect to the reference input voltage and includes the offset 
errors. 


Digital-to-Analog Glitch Impulse 

This is the voltage spike that appears at Voy when the digital 
code in the DAC Latch changes, before the output settles to its 
final value. The energy in the glitch is specified in nV secs, and 
is measured for an all codes change from 0000 0000 0000 to 
1111 1111 1111. 


Digital Feedthrough 

This is a measure of the voltage spike that appears on Voy as a 
result of feedthrough from the digital inputs on the AD7249. It 
is measured with LDAC held high. 


Relative Accuracy (Linearity) 

Relative Accuracy, or endpoint linearity, is a measure of the 
maximum deviation of the DAC transfer function from a 
straight line passing through the endpoints of the transfer func- 
tion. It is measured after allowing for zero and full-scale errors 
and is expressed in LSBs or as a percentage of full-scale reading. 


Single Supply Linearity and Gain Error 

The output amplifier on the AD7249 can have true negative off- 
sets even when the part is operated from a single +15 V supply. 
However, because the negative supply rail (Vs) is 0 V, the out- 
put cannot actually go negative. Instead, when the output offset 
voltage is negative, the output voltage sits at 0 V, resulting in 
the transfer function shown in Figure 1. 


OUTPUT 
VOLTAGE 


OV 


NEGATIVE { Pe DAC CODE 
OFFSET 


Figure 1. Effect of Negative Offset (Single Supply) 
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This “knee” is an offset effect, not a linearity error, and the 
transfer function would have followed the dotted line if the out- 
put voltage could have gone negative. 


Normally, linearity is measured between zero (all 0s input code) 
and full scale (all 1s input code) after offset and full scale have 
been adjusted out or allowed for, but this is not possible in sin- 
gle supply operation if the offset is negative, due to the knee in 
the transfer function. Instead, linearity of the AD7249 in the 
unipolar mode is measured between full scale and the lowest 
code which is guaranteed to produce a positive output voltage. 
This code is calculated from the maximum specification for neg- 
ative offset. For the A and B versions, the linearity is measured 
between Codes 3 and 4095. For the S grade, linearity is mea- 
sured between Code 5 and Code 4095. 


Differential Nonlinearity 

Differential Nonlinearity is the difference between the measured 
change and the ideal 1 LSB change between any two adjacent 
codes. A specified differential nonlinearity of +1 LSB or less 
over the operating temperature range ensures monotonicity. 


Unipolar Offset Error 

Unipolar Offset Error is the measured output voltage from 
Vour With all zeros loaded into the DAC latch, when the DAC 
is configured for unipolar output. It is due to a combination of 
the offset errors in the DAC and output amplifier. 


CIRCUIT INFORMATION 

D/A Section 

The AD7249 contains two 12-bit voltage-mode D/A converters 
consisting of highly stable thin film resistors and high-speed 
NMOS single-pole, double-throw switches. The simplified cir- 
cuit diagram for the DAC section is shown in Figure 2. The 
output voltage from the converter has the same polarity as the 
reference voltage, REFIN, allowing single supply operation. 


*BUFFERED REFIN VOLTAGE 


Figure 2. D/A Simplified Circuit Diagram 
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Internal Reference | ae | | 

The AD7249 has an on-chip temperature compensated buried 
Zener reference which is factory trimmed 'to 5 V + 50 mV. The 
reference voltage is provided at the REFOUT pin. This refer- 
ence can be used to provide the reference voltage for the D/A 
converter by connecting the REFOUT pin to the REFIN pin. 


The reference voltage can also be used as a reference for other 
components and is capable of providing up to 500 yA to an | 
external load. The maximum recommended capacitance on 
REFOUT for normal operation is 50 pF. If the reference output 
is required to drive a capacitive load greater than 50 pF, then a 
200 © resistor should be placed in series with the capacitive _ 
load. Figure 3 shows the suggested REF OUT decoupling 
scheme, a 200 1 resistor and the parallel combination of a 

10 pF tantalum and a 0.1 wF ceramic capacitor. This decou- 
pling scheme reduces the noise spectral density of the reference. 


REFOUT EXT LOAD 


Figure 3. Reference Decoupling Scheme 


External Reference 


In some applications, the user may require a system reference or 


some other external reference to drive the AD7249. References 
such as the AD586 provide an ideal external reference source 
(See Figure 10). The REFIN voltage is internally buffered by a 
unity gain amplifier before being applied to the D/A converter. 
The D/A converter is scaled for a 5. V reference and the device 
is tested with 5 V applied to REFIN. Other reference voltages 
may be used with degraded performance. Figure 4 shows the 
degradation in linearity vs. REFIN. 


LINEARITY ERROR - LSBs 


REFIN — Volts 


Figure 4. Linearity vs. REFIN Voltage 
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Op Amp Section 

The output of the voltage-mode D/A converter is buffered by a 
noninverting CMOS amplifier. The Rors input allows three out- 
put voltage ranges to be selected. The buffer amplifier is capable 
of developing +10 V across a 2 kM load to AGND. | 


The output amplifier can be operated from a single +15 V sup- | 
ply by tying Vsg = 0 V. . 


The amplifier can also be operated from dual supplies to allow 
an additional bipolar output range of —5 V to +5 V. Dual sup- 
plies are necessary for the bipolar output range but can also be 
used for the unipolar ranges to give faster settling time to. volt- 
ages near 0 V, to allow full sink capability of 2.5 mA over the 
entire output range and to eliminate the effects of negative off- 
sets on the transfer characteristic (outlined previously). A plot of 
the output sink capability of the amplifier is shown in Figure 5. 


‘OUTPUT VOLTAGE - Volts 


Figure 5. Amplifier Sink Current 
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OUTPUT WITH AL! 
0s ON DAC 
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FREQUENCY - Hz 
*REFERENCE DECOUPLING COMPONENTS ARE 
A 2002 RESISTOR IN SERIES WITH A PARALLEL 
COMBINATION OF 10uF AND 0.1yF TO GND. 


Figure 6. Noise Spectral Density vs. Frequency 
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DIGITAL INTERFACE 

The AD7249 contains an input serial to parallel shift register 
and a DAC latch for both DAC A and DAC B. A simplified 
diagram of the input loading circuitry is shown in Figure 7. 
Serial data on the SDIN input is loaded to the input register 
under control of SYNC and SCLK. The SYNC input provides 
the frame synchronization signal which tells the AD7249 that 
valid serial data on the SDIN input will be available for the next 
16 falling edges of SCLK. An internal counter/decoder circuit 
provides a low gating signal so that only 16 data bits are clocked 
into the input shift register. After 16 SCLK pulses the internal 
gating signal goes inactive (high) thus locking out any further 
clock pulses. Therefore either a continuous clock or a burst 
clock source may be used to clock in the data. The SYNC input 
is taken high after the complete 16-bit word is loaded in. 


DAC selection is accomplished using the thirteenth bit (DB12) 
of the serial data input stream. A zero in DB12 will select DAC 
A while a one in this position selects DAC B. Although 16 bits 
of data are clocked into the input register, only 12 bits get trans- 
ferred into the DAC latch. The relevant DAC latch is deter- 
mined by the value of the thirteenth bit and the first three bits 
in the 16-bit stream are don’t cares. Therefore, the data format 
is three don’t cares followed by the DAC selection bit and the 
12-bit data word with the. LSB as the last bit in the serial stream. 


ae a 
ee ae ITRY 
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There are two ways in which a DAC latches and hence the ana- 
log outputs may be updated. The status of the LDAC input is 
examined after SYNC is taken low. Depending on its status, one 
of two update modes are selected. 


If LDAC = 0, then the automatic update mode is selected. In 
this mode the DAC latch and analog output are updated auto- 
matically when the last bit in the serial data stream is clocked in. 
The update thus takes place on the sixteenth falling SCLK edge. 


If LDAC = 1, then the automatic update is disabled and both 
DAC latches are updated by taking LDAC low any time after 
the 16-bit data transfer is complete. The update now occurs on 
the falling edge of LDAC. Note that the LDAC input must be 
taken back high again before the next data transfer is initiated. 
When a complete word is held in the shift register it may then 
be loaded into the DAC latch under control of LDAC. 


Clear Function (CLR) 
The clear function clears the contents of the input shift register 
and loads both DAC Latches with all Os. It is activated by tak- 


ing CLR low. In all ranges except the Offset Binary bipolar 
range (—5 V to +5 V) the output voltage is reset to 0 V. In the 
offset binary bipolar range the output is set to -REFIN. The 
clear function is especially useful at power-up as it enables the | 
output to be reset to a known state. | | 


SHIFT REGISTER B 


= ——— 


DAC LATCH B (12 BITS) 


Figure 7. Simplified Loading Structure 
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SDIN 
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Sees eee 


f 


Figure 8. Timing Diagram 


TRANSFER FUNCTION 

The internal scaling resistors provided on the AD7249 allow sev- 
eral output voltage ranges. The part can produce unipolar out- 
put ranges of 0 V to +5 V or 0 V to +10 V and a bipolar 
output range of +5 V. Connections for the various ranges are 
outlined below. Since each DAC has its own Rogg input the two 
DACs can be set up for different output ranges. 


Unipolar (0 V to +10 V) Configuration 

The first of the configurations provides an output voltage range 
of 0 V to +10 V. This is achieved by connecting the output off- 
set resistor Rogsa,'Rorsp (Pin 3, 16) to AGND. Natural Binary 
data format is selected by connecting BIN / COMP (Pin 7) to 
DGND. In this configuration, the AD7249 can be operated _ 
using either single or dual supplies. Note that the Vpp supply is 


Vouta 


AD7249* 
0 TO 10V 


Vss BIN/COMP 


OV OR Vs 


*ADDITIONAL PINS OMITTED FOR CLARITY. 


Figure 9. Unipolar (0 V to +10 V) Configuration 
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restricted to +15 V + 10% for this range in order to maintain 
sufficient amplifier headroom. Dual supplies may be used to — 
improve settling time and give increased current sink capability 
for the amplifier. Figure 9 shows the connection diagram for 
unipolar operation of the AD7249. Table I shows the digital 
code vs. analog output for this configuration. 


Unipolar (0 V to +5 V) Configuration 

The 0 V to +5 V output voltage range is achieved by tying 
Rorsa tO Vouta OF Rogsp to Vourg- Once again, the AD7249 
can be operated using either single or dual supplies. The table 
for output voltage versus digital code is as in Table I, with __ 
2REFIN replaced by REFIN. Note, for this range, 1 LSB = 
REFIN - (27!) = (REFIN/4096). 


Table I. Unipolar Code Table (0 V to +10 V Range) 


Input Data Word | 


MSB LSB | Analog Output, Vour 


XXXY 1111 1111 1111 | +2REFIN - (4095/4096) 

XXXY 1000 0000 0001 | +2REFIN - (2049/4096) 

XXXY 1000 0000 0000 | +2REFIN - (2048/4096) = +REFIN 
XXXY 0111 1111 1111 | +2REFIN - (2047/4096) | 
XXXY 0000 0000 0001 | +2REFIN - (1/4096) 


XXXY 0000 0000 0000 | 0V 


X = Don’t Care. 
Y = DAC Select Bit, 0 = DACA, 1= DACB. 
Note: 1 LSB = 2REFIN/4096. 


REV. 0 


Bipolar (+5 V) Configuration | 
The bipolar configuration for the AD7249, which gives an out- 
put range of —5 V to +5 V, is achieved by connecting Rogsa; 
Rorsp tO Vrerin. The AD7249 must be operated from dual. 
supplies to achieve this output voltage range. Either offset 
binary or twos complement coding may be selected. Figure 10 
shows the connection diagram for bipolar operation. An AD586 
provides the reference voltage for the DAC but this could be 
provided by the on-chip reference by connecting REFOUT to 
REFIN. 


*ADDITIONAL PINS OMITTED FOR CLARITY. 


Figure 10. Bipolar Configuration with External Reference 


Bipolar Operation (Twos Complement Data Format) —__ 

The AD7249 is configured for twos complement data format by 
connecting BIN/COMP (Pin 7) high. The analog output vs. dig- 
ital code is shown in Table II. | 


Table 11. Twos Complement Bipolar Code Table 


Input Data Word 
MSB 


LSB Analog Output, Vour 


XXXY 0111 1111 1111 +REFIN - (2047/2048) 
XXXY 0000 0000 0001 +REFIN - (1/2048) 
XXXY 0000 0000 0000 0V 

XXXY 1111 1111 1111 —REFIN - (1/2048) 


XXXY 1000 0000 0001 
XXXY 1000 0000 0000 


X = Don’t Care. 
Y = DAC Select Bit, 0 = DACA, 1 = DACB. 
Note: 1 LSB = REFIN/2048. 


| + (2047/2048) 
+ (2048/2048)= —REFIN 
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Bipolar Operation (Offset Binary Data Format) 

The AD7249 is configured for Offset Binary data format by con- 
necting BIN/COMP (Pin 7) low. The analog output vs. digital 
code may be obtained by inverting the MSB in Table II. 


APPLYING THE AD7249 

Good printed circuit board layout is as important as the overall 
circuit design itself in achieving high speed converter perfor- 
mance. The AD7249 works on an LSB size of 2.44 mV for the 
unipolar 0 V to 10 V range and the bipolar +5 V range, when 
using the unipolar 0 V to 5 V range the LSB size is 1.22 mV. 
Therefore the designer must be conscious of minimizing noise 
in both the converter itself and in the surrounding circuitry. 
Switching mode power supplies are not recommended as switch- 
ing spikes can feedthrough to the on-chip amplifier. Other 
causes of concern are ground loops and feedthrough from micro- 
processors. These are factors which influence any high perfor- 
mance converter, and proper printed circuit board layout which 
minimizes these effects is essential to obtain high performance. 


LAYOUT HINTS | 

Ensure that the layout has the digital and analog tracks sepa- 
rated as much as possible. Take care not to run any digital track 
alongside an analog signal track. Establish a single point analog 
ground separate from the logic system ground. Place this star 
ground as close as possible to the AD7249. Connect all analog 
grounds to this star point and also connect the AD7249 DGND 
pin to this point. Do not connect any other digital grounds to 
this analog ground point. Low impedance analog and digital 
power supply common returns are essential for low noise opera- 
tion of high performance converters. To accomplish this track 
widths should be kept a wide as possible and also the use of 
ground planes minimizes impedance paths and also guards the 
analog circuitry from digital noise. 


NOISE 

Keep the signal leads on the Voyra and Vours signals and the 
signal return leads to AGND as short as possible to minimize 
noise coupling. In applications where this is not possible use a 
shielded cable between the DAC outputs and their destination. 
Reduce the ground circuit impedance as much as possible since 
any potential difference in grounds between the DAC and its 
destination device appears as an error voltage in series with the 
DAC output. 


Power Supply Decoupling 

To achieve optimum performance when using the AD7249, the 
Vpp and Vsg lines should be decoupled to AGND using 0.1 1 F 
capacitors. In noisy environments it is recommended that 10 pF 
capacitors be connected in parallel with the 0.1 wF capacitors. 
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MICROPROCESSOR INTERFACING * 
Microprocessor interfacing to the AD7249 is via ‘a serial bus 
which uses standard protocol compatible with DSP processors: : 
and microcontrollers. The communications channel requires a 
three-wire interface consisting of a clock signal, a data signal __ 
and a synchronization signal. The AD7249 tequires a 16-bit. data 
word with data valid on the falling edge of SCLK. For all the . 
interfaces, the DAC update may be done automatically when all 
the data is clocked in or rit may be done under control of 
LDAC. 


Figures 11 to 15 show the AD7249 configured for facbacie to 
a number of popular DSP processors and microcontrollers. 


AD7249-ADSP-2101/ADSP-2102 Interface | | 
Figure 11 shows.a serial interface between the AD7249 and the 
ADSP-2101/ ADSP-2102 DSP processor. The ADSP-2101/ 
ADSP-2102 contains two serial ports and’ either port may be © 
used in the interface. The data transfer is initiated‘by TFS 
going low. Data from the ADSP-2101/ADSP-2102 is clocked 
into the AD7249 on the falling edge of SCLK. DB12 of the 
16-bit serial data stream selects the DAC to be updated. Both - 
DACs can be updated by: holding | LDAC high while performing 
two write cycles to the DAC. TFS must be taken high after 
each 16 bit write cycle. LDAC is brought low‘at the end ‘of the - 
second cycle and both DAC outputs are updated together. In ' 
the interface shown the DAC is updated using an external timer 


_ AD7249* © 
ADSP-2101/ | eae 
ADSP-2102* 


LDAC. . 


SCLK 


*ADDITIONAL PINS OMITTED FOR CLARITY. . 
Figure 11. AD7245-ADSP-2101/ADSP.2102 Interface 


which generates an LDAC pulse. This could also be done using 
a control or decoded address line from the processor. Alterna- 
tively, if the LDAC input is hardwired low the output update — | 
takes place automatically on the 16th falling edge’ of SCLK. © 


AD7249-DSP56000. Interface | | | 
A serial interface between the AD7249 and ‘he DSPS6000 i is 
shown in Figure 12. The DSP56000 is configured for Normal .. 
Mode Asynchronous operation with Gated Clock. It is also set 
up for a 16-bit word with SCK and SC2 as outputs and the FSL 


control bit set to a “0.” SCK is internally generated on the 
DSP§6000 and annvlied to the AD7249 SCT K innur. Data from 


IWIN ALTE ey psswes ew 6442 434 Fd et ee aaapy wee ae VOL S24 S45 
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thse DSP56000 i is valid on the falling edge of SCK. The SC2 out: 
put provides ‘the framing pulse for valid data. This line must be 
inverted before being applied to the SYNC input of the 

AD7249. | 


AD7249* 


LDAC 


. “ADDITIONAL PINS OMITTED FOR CLARITY. 
Figure 12. AD7249-DSP5600 Interface 


In this interface an external LDAC pulse generated from an 
external timer is used to update the outputs of the DACs. This — 
update can also be produced. using a bit programmable control 
line from the DSP56000.. ~ 


AD7249-TMS32020 Interface 

Figure 13 shows a serial interface between the AD7249 and the 
TMS32020 DSP ‘procéssor. Ini this interface, the CLKX and 
FSX signals for the TMS32020 should be generated using exter- 
nal clock/timer circuitry. The FSX pin of the TMS32020 must 
be configured as an input. Data from the TMS32020 t is valid on 
the falling edge of CLKX. _ 3 


The clock/timer circuitry generates the LDAC signal for the 
AD7249 to synchronize the update of the output with the serial 
transmission. Alternatively, the automatic update mode may be — 
selected by connecting LDAC to DGND. _ 


*ADDITIONAL PINS OMITTED FOR CLARITY. 


Figure 13. AD7249-—TMS32020 Interface 
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AD7249-68HC11 Interface 

Figure 14 shows a serial interface between the AD7249 and the 
68HC11 microcontroller. SCK of the 68HC11 drives SCLK of 
the AD7249 while the MOSI output drives the serial data line of 
the AD7249. The SYNC signal is derived from a port line (PCO 
shown). | | 


For correct operation of this interface, the 68HC11 should be 
configured such that its CPOL bit is a 0 and its CPHA bit is a 
1. When data is to be transmitted to the part, PCO is taken low. 
When the 68HC11 is configured like this, data on MOSI is valid 
on the falling edge of SCK. The 68HC11 transmits its serial 
data in 8-bit bytes with only eight falling clock edges occurring 
in the transmit cycle. To load data to the AD7249, PCO is left 
low after the first eight bits are transferred and a second byte of 
data is then transferred serially to the AD7249. When the sec- 
ond serial transfer is complete, the PCO line is taken high. 


Figure 14 shows the LDAC input of the AD7249 being driven 
from another bit programmable port line (PC1). As a result, 
both DACs can be updated simultaneously by taking LDAC low 
after both DACs latches have updated. 


AD7249* 
68HC11* 


LDAC 


SYNC 


*ADDITIONAL PINS OMITTED FOR CLARITY. 
Figure 14. AD7249-68HC11 Interface 


AD7249-87CS51 Interface 

A serial interface between the AD7249 and the 87C51 microcon- 
troller is shown in Figure 15. TXD of the 87C51 drives SCLK 
of the AD7249 while RXD drives the serial data line of the part. 
The SYNC signal is derived from the port line P3.3 and the 
LDAC line is driven port line P3.2. 


The 87C51 provides the LSB of its SBUF register as the first bit 
in the serial data stream. Therefore, the user will have to ensure 
that the data in the SBUF register is arranged correctly so that 
the don’t care bits are the first to be transmitted to the AD7249 
and the last bit to be sent is the LSB of the word to be loaded 


to the AD7249. When data is to be transmitted to the part, P3.3 | 


is taken low. Data on RXD is valid on the falling edge of TXD. 
The 87C51 transmits its serial data in 8-bit bytes with only eight 
falling clock edges occurring in the transmit cycle. To load data 
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AD7249 


to the AD7249, P3.3 is left low after the first eight bits are 
transferred, and a second byte of data is then transferred serially 
to the AD7249 with DB12 used to select the appropriate DAC 
register. When the second serial transfer is complete, the P3.3 
line is taken high and then taken low again to start the loading 
sequence to the second DAC (see timing diagram Figure 8). 


Figure 15 shows the LDAC input of the AD7249 driven from 
the bit programmable port line P3.2. As a result, both DAC 
outputs can be updated simultaneously by taking the LDAC line 
low following the completion of the write cycle to the second 
DAC. Alternatively LDAC could be hardwired low and the ana- 


- log output will be updated on the sixteenth falling edge of TXD 


after the SYNC signal for the DAC has gone low. 


AD7249* 


LDAC 


SYNC 


SCLK 


SDIN 


*ADDITIONAL PINS OMITTED FOR CLARITY. 
Figure 15. AD7249-87C51 Interface 


APPLICATIONS 


OPTO-ISOLATED INTERFACE 
In many process control type applications it is necessary to pro- 


vide an isolation barrier between the controller and the unit 
being controlled. Opto-isolators can provide voltage isolation in 
excess of 3 kQ. The serial loading structure of the AD7249 
makes it ideal for opto-isolated interfaces as the number of inter- 
face lines is kept to a minimum. 


Figure 16 shows a 2-channel isolated interface using the 
AD7249. 


The sequence of events to program the output channels is as 
follows. 


1. Take the SYNC line low. 


2. Transmit the 16-bit word for DAC A (DB 12 of the 16 bit 
data word selects the DAC, DB12 = 0 to select DAC A ) 
and bring the SYNC line high after the 16 bits have been 
transmitted. 


3. Bring SYNC line low again and transmit 16 bits for DAC B, 
bring SYNC back high at end of transmission. 


4, Pulse the LDAC line low. This updates both output channels 
simultaneously on the falling edge of LDAC. 
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“ | Voo 
i$ ar 
| | 
| | Vop | 
a ae i= Ve SDIN 
| - 4 . 
CLOCK OUT ——~{f = SCLK Vouta ©) Your 
| ) : : r Vop AD7249* | 
“.f.. CONTROLLER | = | 
ne SYNC 
SYNC OUT a 

| | ¥ Yoo | LDAC Voute FO Vout 


CONTROL OUT 


*ADDITIONAL PINS OMITTED FOR CLARITY 


QUAD OPTO-COUPLER 


_ Figure 16. Opto-lsolated Interface 
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ANALOG 
DEVICES 


- CMOS 
8-Bit Buffered Multiplying DAC 


AD7924 


FEATURES 

Microprocessor Compatible (6800, 8085, Z80, etc.) 
TTL/CMOS Compatible Inputs 

On-Chip Data Latches 

End Point Linearity 

Low Power Consumption 

Monotonicity Guaranteed (Full Temperature Range) 
Latch Free (No Protection Schottky Required) 


APPLICATIONS 

Microprocessor Controlled Gain Circuits 
Microprocessor Controlled Attenuator Circuits 
Microprocessor Controlled Function Generation 
Precision AGC Circuits 

Bus Structured Instruments 


GENERAL DESCRIPTION 
The AD7524 is a low cost, 8-bit monolithic CMOS DAC 
designed for direct interface to most microprocessors. 


Basically an 8-bit DAC with input latches, the AD7524’s load 
cycle is similar to the “write” cycle of a random access mem- 
ory. Using an advanced thin-film on CMOS fabrication 
process, the AD7524 provides accuracy to 1/8LSB with a 
typical power dissipation of less than 10 milliwatts. 


A newly improved design eliminates the protection Schottky: 
previously required and guarantees TTL compatibility when 
using a +5V supply. Loading speed has been increased for 
compatibility with most microprocessors. 


Featuring operation from +5V to +15V, the AD75 24 inter- 
faces directly to most microprocessor buses or output ports. 


Excellent multiplying characteristics (2- or 4-quadrant) make 
the AD7524 an ideal choice for many microprocessor con- 
trolled gain setting and signal control applications. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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FUNCTIONAL BLOCK DIAGRAM 


Vop 


VReF (15) 


i DATA LATCHES (3) GND 
_ Lit = 
oO— OREO 
DB7 DB6 DBS DBO 
(MSB) (LSB) 
DATA INPUTS 
ORDERING GUIDE 


Package 
Option” 


Temperature Nonlinearity 
Range (Vpp = +15V) 


—40°C to +85°C 
—40°C to +85°C 
—40°C to +85°C 
—40°C to +85°C 
—40°C to +85°C 
—40°C to +85°C 
—40°C to +85°C 


AD7524JN 
AD7524KN 
AD7524LN 
AD7524JP 

AD7524KP 
AD7524LP 
AD7524JR 


AD7524AQ | —40°C to +85°C 
AD7524BQ | —40°C to +85°C 
AD7524CQ_ | —40°C to +85°C 
AD7524SQ —55°C to +125°C 


AD7524TQ 
AD7524UQ 
AD7524SE 
AD7524TE 
AD7524UE 


~55°C to +125°C 
~55°C to +125°C 
~55°C to +125°C 
~55°C to +125°C 
~55°C to +125°C 


NOTES 

1To order MIL-STD-883, Class B processed parts, add/883B to part number. 
Contact your local sales office for military data sheet. For U.S. Standard 
Military Drawing (SMD) see DESC drawing #5962-87700. ; 

?E = Leadless Ceramic Chip Carrier; N = Plastic DIP; P = Plastic Leaded 
Chip Carrier; Q = Cerdip; R = SOIC. For outline information see Package 
Information section. 


DIGITAL-TO-ANALOG CONVERTERS 3-159 


AD | 924— SPECIFICATIONS (Veer = +N, Your: = Youre = OV, unless otherwise noted) © oe ade 


LIMIT, ‘4 = 25°C” LIMIT, Tam, TMAXx! ae er ae = = eee: 


| PARAMETER Ete ge Vpp:= +5V Vpp =+15V ~Vpp = 5V Vpp = +15V UNITS 2 ie CongikioaicomiEnTé bet, Sigal 
en taen eene ee eeeeeemreeeeeneemmn net eaeeereeennnr nner mnie een nena 
STATIC PERFORMANCE ; : bay ss as gp er aes 
Resolution ox 8 8 8 Bits 
Relative Accuracy P 
J, A,S.Versions! £1/2 +1/2 +1/2 £1/2 LSB max 
K,.B, T Versions 11/2... 41/4. 21/2. 4/4 LSB max 
L, C, U Versions +1/2 1/8 +1/2 £1/8 LSB max 
Monotonicitv ; . guaranteed © guaranteed guaranteed guaranteed 
Gain Error? £212 +1 1/4 +3 1/2 +1 1/2 _ LSB max 
Average Gain TC? +40 +10 +40 +10 ppm/°C Gain TC measured from +25°Cto 
Tmin ot from +25°C to Tmax ee 
de Supply Rejection,®> AGain/AVpp 0.08 0.02 0.16 0.04 % FSR/% max AVpp = = +10% 
0.002 0.001 |. 0.01 , 0.005 % FSR/% typ 
Output Leakage Current ‘ : 
lout (Pin!) . +50 +50 +400 +200 nA max DBO-DB7 = OV; WR, = ov; Vrer = +10V 
lout2 (Pin2). +50 +50 +400 +200” _ nA max DBO-DB7 = Vop: WR, CS= oy Vrer = +10V 
DYNAMIC PERFORMANCE : aes ; 
Output Current Settling Time? a “ <P 33 ; Ce 
(to 1/2 LSB) 400° 250 500 350 ns max ouT1 beads 1002, Cext = 13pF, WR, C= = 
. . aa OV; PBO-DB7 = OV to Vpp to OV. 
ac Feedthrough? ej _ , 
atOUT1 ~ : 0.25. — 0.25 . 0.5 0.5 % FSR max . veces £10V, 100kHz sine wave; DBO-DB7 = 
__ atOUT2 0.25 0.25 v 0.5 0.5 % FSR max — ‘OV; WR, CS =0V 
REFERENCE INPUT. 
Rin (pin 15 to GND)* 5 5! we 92 5 5 kQ min 
3 a 20 .. 20 20 20 kQ max 
ANALOG OUTPUTS 
Output Capacitance obs tes 
‘Couti (pin 1) ~ 120°. 120 120 120 pF max ‘DBO-DB7 = Vpp; WR, CS = 0V 
Courz2 (pin 2) ; 30 30 30 30 pF max ah oes 
Cour (pin 1) 30 |: 30 30 30 pF max DBO-DB7 = OV; WR, CS = 0V 
Courz (pin 2) 120 120 120 120 pF max 
DI L INP 
Input HIGH Voltage Requirement = 
Vin +2.4 +13.5 +2.4 +13.5 ~Vmin ~ 
Input LOW Voltage Requirement eee - 
Vin +0.8 .. +1.5 +0.8 +1.5 V max 
_ Input ‘Current i, me al € ath 
i +1 410 +10 +10 MA max Vin = OV or Vpp 
Input Capacitance® —< 
DBO-DB7 GS ; 5 5 pF max * Vin = OV | 
WR, CS | 20° 20 20 20 _. pF max Vin = OV 
SWITCHING CHARACTERISTICS = _ 
Chip Select to Write Setup Time® , he ng sa See timing diagram. 
tcs ae a a ; twR=tcs | 
AD7524J, K, L, A, B,C 170 100 220 | 130 a --* ns min ae a 
- AD75245, T, U 170 ~—-100 240 i502 | ens min 
Chip Select to Write Hold Time 
tcH ey : : 
All Grades . 0 oO 0 0 ns min 
Write Pulse Width ; . . . ey 
tWR ; oe ~ a tcs *twritcH #0 - 
AD7524J, K, L, A,B, Cc 170 100 220 130 .. ns min — og PS te Ting 
AD75245S, T, U 170 100 _ 240 150 ns min 
Data Setup Time 
tos = 
AD7524J, K, L, A, B, C 135. 60 170: 80 ns aaa 
AD7524S, T, U 135 60 _ 170. 100 ns min 
Data Hold Time © — . 
DH ; 
; ‘All Grades 10 10 - 10 10 ns min 
POWER SUPPLY 
Ipp 1 2 2 2 mA max All Digital Inputs Vy, or Ving 
100 100 500 500 uA max All Digital Inputs OV or Vpp 
NOTES 


"Temperate ranges as follows: J, K, L versions: —40°C to +85°C — 
; A, B, C versions: ~40°C to +85°C - 
S, T, U versions: ~55°C to + 125°C 
2Gain error is measured using internal feedback resistor. Full Scale Range (FRS) = Vorr- 
3Guaranteed, not tested. 8s 
‘DAC thin-film resistor temperature coefficient is approximately —300ppm/°C. 
5AC parameter, sample tested @ 25°C to ensure conformance to specifications. 


Specifications subject to change without notice. 


3-160 DIGITAL-TO-ANALOG CONVERTERS REV. B 


ABSOLUTE MAXIMUM RATINGS* 


(Ta = +25°C, unless otherwise noted) 


Von tO GND: 2 45 eG EGO Oh 2S —0.3V, +17V 
Vere to GND Oe Sa ee ES Bek ee ES +25V 
VREF 10/GN DD: & eke Soh ek eo ME oe ee Ee Ae a 8 +25V 


—0.3V to Vpp +0.3V 
—0.3V to Vpp +0.3V 


Digital Input Voltage to GND 
OUT1, OUT2toGND ........ 
Power Dissipation (Any Package) 

To + 75°C 


e e@© «© #© © # © © © © © #© © 8 © © © © 8 © @ 


CAUTION: 


ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are Zener protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The foam 
should be discharged to the destination socket before devices are removed. 


TERMINOLOGY 


RELATIVE ACCURACY: A measure of the deviation from 
a Straight line through the end points of the DAC transfer 
function. Normally expressed as a percentage of full scale 
range. For the AD7524 DAC, this holds true over 
the entire VpEF range. : 


RESOLUTION: Value of fie LSB. For sae a unipolar 
converter with n bits has a resolution of (2-") (Vpgr). A 
bipolar converter of n bits has a resolution of [2-(9-1)] 
[VreF]. Resolution in no way implies linearity. 


GAIN ERROR: Gain Error is a measure of the output error 
between an ideal DAC and the actual device output. It is 


AD7524 


Operating Temperature 
Commerical (J, K, L). 2... ....2.. 
Industrial (A, B,C). ...... oxen eG 
Extended (S, T, U) | 

Storage Temperature ............ 
Lead Temperature (Soldering, 10secs). 


— 40°C to + 85°C 
— 40°C to + 85°C 
— 55°C to + 125°C 
— 65°C to + 150°C 
+ 300°C 


eo @¢ ee e e #¢ © ee e© # 8 @ 


7 @ ee # © we @ 


*Stresses above those listed under ‘Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


WARNING! 
4 


ESD SENSITIVE DEVICE 


measured with all 1s in the DAC after offset error has been 
adjusted out and is expressed in LSBs. Gain Error is adjust- 
able to zero with an external potentiometer. 


FEEDTHROUGH ERROR: Error caused by capacitive 
coupling from VrgF to output with all switches OFF. . 


OUTPUT CAPACITANCE: Capacity from OUT1 and OUT2 
terminals to ground. 


OUTPUT LEAKAGE CURRENT: Current which appears on 
OUT1 terminal with all digital inputs LOW or on OUT2 
terminal when all inputs are HIGH. This is an error current 
which contributes an offset voltage at the amplifier output. 


PIN CONFIGURATIONS 


DIP, SOIC 


16 | RFEEDBACK _ 
ouTz [2] 115] Vrer 
GND Ell 114] Vop 
pe7imse) (4)  apn7524 [13] WA 
ose [5] iOhMiem, fia] 
DBs | 6 | 111] DBO (LSB) 
DB4 | 7 | 110} DB1 
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18 Voo 
17 WR 
16 NC 
15 ¢S 
14 DBO (LSB) 


GND 4 


AD7524 


TOP VIEW 
(Not to Scale) 


DB7 (MSB) 5 
NC 6 
DB6 7 


AD7524 


TOP VIEW 
(Not to Scale) 


'DBO (LSB) DBS 8 


$ 10 11 12 13 


ZR 
NC=NO CONNECT GQ O ao 0 
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CIRCUIT DESCRIPTION 


CIRCUIT INFORMATION 


The AD7524, an 8-bit multiplying D/A converter, consists of 
a highly stable thin film R-2R ladder and eight N-channel 
current switches on a monolithic chip. Most applications re- 
quire the addition of only an output ppershons amplifier and 
a voltage or current reference. 


The simplified D/A circuit is shown in Figure 1. An inverted | 
R-2R ladder structure is used — that is, the binarily weighted 
currents are switched between the OUT1 and OUT2 bus lines, 
thus maintaining a constant current in each ladder leg inde- 
pendent of the switch state. 


VRer 


Perse: 


e 
-DB7 (MSB) DB6 DBS — DBO (LSB) 


Figure 1. AD7524 Functional Diagram 


EQUIVALENT CIRCUIT ANALYSIS | as 

The equivalent circuit for all digital inputs LOW is shown in 
Figures 2. In Figure 2 with all digital inputs LOW, the refer- 
ence current is switched to OUT2. The current source _ 
ILEAKAGE is composed of surface and junction leakages to” 
the substrate while the current source represents a con- 
stant 1-bit current drain through the termination resistor on — 
the R-2R ladder. The “ON” capacitance of the output N-chan- 
nel switches is 120pF, as shown on the OUT2 terminal. The 
“OFF” switch capacitance is 30pF, as shown on the OUTI1 
terminal. Analysis of the circuit for all digital inputs high is 
similar to Figure 2 however, the ‘‘ON’’ switches are now on 
terminal OUT1, hence the 120pF appears at that terminal. 


Ligure 9 AD75§24 


a wyure Ge FV s ae DAC aGu s 


Inputs Low 


INTERFACE LOGIC INFORMATION 


MODE SELECTION 


AD7524 mode selection is controlled by the CS and WR 
inputs. 


WRITE MODE | | 
When CS and WRare both Low, the AD7524 is in the WRITE 


mode, and the AD7524 analog output responds to data activ- | 
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"WRITE | 


ity at the DBO-DB7 data businputs. In this mode, the AD7524 
acts like a nonlatched input D/A converter, 


HOLD MODE __ 


When either CS or WR is HIGH, the AD7 §24 is in ee 
HOLD mode. The AD7524 analog output holds the value cor- 
responding to the last digital input present at. DBO-DB7 prior 
to WR or CS assuming the HIGH state. 


MODE SELECTION TABLE 


[we | aie, DACRESPONSE___| 


DAC responds to data bus 
(DBO — DB7) inputs 


Data bus (DBO — DB7) i 1S 
locked out; 


DAC holds last data present 
when WR or CS assumed 
HIGH state. 


L= Low State, H= High State, X = Don’t Care. 


_ WRITE CYCLE TIMING DIAGRAM 


CHIP SELECT 


VW DATAIN 


DATA IN (DB0 — DB7) STABLE | 
| Sales Vin 


NOTES: . 
1. All seu signal rise and fall times measured fiom: ; 


10% to 90% of Vpp. Vop = +5V, t, = te = 20ns; 
Voo = +15V, ty = te = 40ns. 


2. Timing Measurement Reference level is Vin * Vie > 


3. tos + ton is acscndicinnaiaty: constant at 145ns min 
at +25°C, Vop = +5V. and tw, = 170ns min. The 
AD7524 is specified for a minimum tox of 10ns, 
however, in applications where tp > 10ns, tos 
may be reduced accordingly up to the limit tos = 
65ns, tow = 80ns. 


Ta = +25°C 


ALL DIGITAL INPUTS 


; ral =+15V) TIED TOGETHER 


10 


ine riineenet 


= +15V) 
= QQqQ) yr "GG, 


ipo. MA (Vop 
(AS+ 


Vin, VOLTS 


Figure 3. Supply Current vs. Logic Level 


Typical plots of supply current, Ipp, versus logic input volt- 
age, Vin, for Vpp = +5V and Vpp = +15V are shown above. 
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ANALOG = GMOS Dual 8-Bit 
DEVICES Buffered Multiplying DAC 
AD7528 


FEATURES 7 | _ FUNCTIONAL BLOCK DIAGRAM 
On-Chip Latches for Both DACs 

+5V to +15V Operation 

DACs Matched to 1% 

Four Quadrant Multiplication 

TTL/CMOS Compatible 

Latch Free (Protection Schottkys not Required) 


APPLICATIONS 

Digital Control of: 
Gain/Attenuation 
Filter Parameters 
Stereo Audio Circuits 


X~-Y Graphics 
GENERAL DESCRIPTION PRODUCT HIGHLIGHTS | 
The AD7528 is a monolithic dual 8-bit digital/analog converter 1. DAC to DAC matching: since both of the AD7528 DACs are 
featuring excellent DAC-to-DAC matching. It is available in fabricated at the same time on the same chip, precise matching 
skinny 0.3” wide 20-pin DIPs and in 20-terminal surface mount and tracking between DAC A and DAC B is inherent. The 
packages. | AD7528’s matched CMOS DACs make a whole new range of 


applications circuits possible, particularly in the audio, graphics 


Separate on-chip latches are provided for each DAC to allow 
and process control areas. 


easy microprocessor interface. 
Data is transferred into either of the two DAC data latches viaa | 2° Small package size: combining the inputs to the on-chip _ 
common 8-bit TTL/CMOS compatible input port. Control | DAC latches anro. 2 Common data bus and adding S DAC A/ 
input DAC A/DAC B determines which DAC is to be loaded.  -—- DAC B select line has allowed the AD7528 to be packaged in 
The AD7528’s load cycle is similar to the write cycle of a random either a small 20-pin DIP, SOIC, PLCC or LCCC. 

access memory and the device is bus compatible with most 8-bit 

microprocessors, including 6800, 8080, 8085, Z80. 


The device operates from a +5V to + 15V power supply, dis- 
sipating only 20mW of power. 


Both DACs offer excellent four quadrant multiplication charac- 
teristics with a separate reference input and feedback resistor for 
each DAC. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


REV. A DIGITAL-TO-ANALOG CONVERTERS 3-163 


AD7528 — - SPECIFICATIONS (Veer A = Veer B = +10V; OUT A = OUT B = OV unless = 


Vopp = +5V -Vpp = +15V 
Parameter ‘wicca’ Ta=+25°C Tain, Tuer Ta = +25°C Traes Tes Units Test Conditions/Comments 
STATIC PERFORMANCE? : 
Resolution All 8 8 ; 8 8 Bits 
Relative Accuracy , = J,4,S a. +1 +1 +1 LSB max This is an Endpoint Linearity Specification 
. 7 oo acre K,B,T +”% _ tY% +” +” LSB max 
& L,C,U +Y% +% +h t” LSB max ? 
Differential Nonlinearity © ’ All +1 +1 +1 +1 LSB max All Grades Guaranteed Monotonic Over 
: As is ages ; , e' 3 : Full Operating Temperature Range 
Gain Error : 4 J,A,S +4 +6 +4 +5 LSB max Measured Using Internal RFBAandRFBB.. . 
, K,B,T ° +2 +4 +2 +3 LSB max Both DAC Latches Loaded with LILIIII1. 
L,C,U +1 +3 +1 +1 LSB max Gain Error is Adjustable Using Circuits - 
of Figures 4 and 5. 
Gain Temperature Coefficient* ; 
AGain/ATemperature All +0.007 +0.007 +0.0035 + 0.0035 %/°C max 
Output Leakage Current : 
OUT A(Pin2) - All +50 + 400 +50 +200 nA max DAC Latches Loaded with 00000000 
OUTB(Pin20) All +50 +400 +50 +200 nA max 
Input Resistance (Vper A; Vrer B) All 8 8 8 8 kO min Input Resistance TC = — 300ppm/°C, Typical 
ob) 15 15 15 kQmax || Input Resistance is 11kN. 
Veer A/Vrer B Input Resistance . 
Match All +1 +1 +1 +1 % max 
DIGITAL INPUTS? 
Input High Voltage 
Vin All 2.45 2.4. "13.5 13.5 V min 
Input Low Voltage ; 
Vit All ; 0.8 08 1.5 1.5 V max 
Input Current ame 
Iw All +1 +10 +1 +10 pA max Vin = Vor Vop 
Input Capacitance 
DBO-DB7 All 10 10 10 10 pF max 
WR, CS, DAC A/DACB ; All 15 15 15 15 pF max 
SWITCHING CHARACTERISTICS* See Timing Diagram 
Chip Select to Write Set Up Time 
tcs All 200 230 60 80 ns min 
Chip Select to Write Hold Time 
ton , All 20 30 10 15 ns min 
DAC Select to Write Set Up Time 
tas All — 200 230 60 80 _° msmin 
DAC Select to Write Hold Time oi 
tay All 20 30 10 15 ns min : 
Data Valid to Write Set Up Time 7 
tps All 110 130 - 30 40 ; ns min 
Data Valid to Write Hold Time ; aa 
‘wn All - 0 0 0 0 ns min 
Write Pulse Width : Bs 
twp All 180 200 60 ; 80 ns min 
POWER SUPPLY See Figure 3 
Ipp a All 2 . 2 2 a mA max All Digital Inputs Vj, or Vin 
aa a All 100 500 100 . A max All Digital Inputs OV or Vop 
pI A 00 i ea chars adc al, 
| AC PERFOR MANCE CHARACTERISTICS” Pe boas Laat Gicee'T 
P.C. Board Layout (Figure u and AD644 as Output Amplifiers) — 
‘Vop = +5V Vpp = +15V 
Parameter Version! Ta = +25°C Trains Tmax Ta = +28 = Tininy Tmax Units Test Conditions/Comments 
DC SUPPLY REJECTION (AGAIN/AVpp) All 0.02 0.04 0.01 — 0.02 % per % max AVpp = +5% 
CURRENT SETTLING TIME? All 350 * 400 - 180 200 nsmax _ ; To 1/2LSB, Out A/Out B load = 1002. 
WR = CS = 0V. DBO-DB7 = 0V to Vppor Vpp to0V 
PROPAGATION DELAY (From Digital Veer A = VrerB = + 10V 
Input to 90% of Final Analog Output Current) All 220 270 80 100 ns max OUT A, OUT B Load = 1000 Cex7 = 13pF ” 
WR,CS = 0V DBO-DB7 = 0V to Vppor Vpp to0V 
DIGITAL TO ANALOG GLITCH IMPULSE All 160 - 440 -  nVsectyp For Code Transition 00000000 to Wii 
OUTPUT CAPACITANCE 
CourA All 50 50 50 -$0 pF max DAC Latches Loaded with 00000000 
CoutrB 50 50 50 50 pF max 
CoutA 120 120 120 120 pF max DAC Latches Loaded with 11111111 
Cour B 120 120 120 120 pF max 
- ACFEEDTHROUGH® 
Veer AtoOUT A All —70 — 65 -70 -65 dB max Vrer A; Vrer B = 20V p-p Sine Wave 
Veer BtoOUT B —70 — 65 -70 —65 dB max @ 100kHz 
CHANNEL TO CHANNEL ISOLATION Both DAC Latches Loaded with 11111111. 
Veer AtoOUTB All -77 - -77 - dB typ Veer A = 20V p-p Sine Wave @ 100kHz 
VreEF B = 0Vsee Figure 6. 
Veer BtoOUT A -77 - -77 - dB typ Veer A = 20V p-p Sine Wave @ 100kHz 
; Vrer A = OV see Figure 6. 
DIGITAL CROSSTALK All 30 - 6 = nV sec typ Measured for Code Transition 00000000 to 11111111 
HARMONIC DISTORTION _ All —85 - —85 - dB typ Vin =6V rms @ 1kHz 
NOTES 


‘Temperature Ranges are J,K,L Versions: ~ 40°C to + 85°C 
A,B,C Versions: —- 40°C to + 85°C 
S,T, U Versions: —55°C to + 125°C 
2Specification applies to both DACs in AD7528. 
3Logic inputs are MOS Gates. Typical input current ( + 25°C) is less than InA. 
_ 4Guaranteed by design but not production tested, 
*These characteristics are for design guidance only and are not subject to test. 
®Feedthrough can be further reduced by connecting the metal lid on the ceramic package (suffix D)to DGND. 


Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS Differential Nonlinearity: | 
(Ta = +25°C unless otherwise noted) Differential nonlinearity is the difference between the measured 
change and the ideal 1 LSB change between any two adjacent codes. 
ceo i sed ee rata, ba. ne : he A specified differential nonlinearity of + 1LSB max over the 
AGND os DGND 7 : Ves. +0.3V operating temperature range ensures monotonicity. 
DGND toAGND .............006- Vpp +0.3V  —- Gain Error: 
Digital Input Voltage to DGND .... -—0.3V, Vpp +0.3V Gain error or full-scale error is a measure of the output error be- 
Vpinz> Vprnz0 to AGND......... —0.3V, Vpp +0.3V._—s tween an ideal DAC and the actual device output. For the AD7528, 
Vrer A, Veer BtoAGND ............-... +25V ideal maximum output is Vygr — 1LSB. Gain error of both DACs 
Verg A, V—arg Bto AGND ............... +25V is adjustable to zero with external resistance. 
Power Dissipation (Any Package) to +75°C ..... 450mW = Output Capacitance: 
5 Derates owe + Gabetts Se EA Bee RE 6mW/°C Capacitance from OUT A or OUT B to AGND. 
perating Temperature Range = : 
Commercial (J, K, L) Grades... .... —40°C to + 85°C Digital to Analog Glitch Impulse: eds oy. 
Industrial (A, B,C) Grades... .... . ~ 40°C to +85°C The amount of charge injected from the digital inputs to the analog 
Extended (S, T, U) Grades ........ ~§5°C to +125°C output when the inputs change state. This is normally specified 
Storage Temperature ............ ~65°C to + 150°C as the area of the glitch in either pA-secs or nV-secs depending 
Lead Temperature (Soldering, 10 secs.)........ + 300°C upon whether the glitch is measured as a current or voltage signal. 
Glitch impulse is measured with Vere A; Var‘ B = AGND. 
CAUTION: Propagation Delay: 
1. ESD sensitive device. The digital control inputs are diode pro- This is a measure of the internal delays of the circuit and is defined 
tected; however, permanent damage may occur on unconnected as the time from a digital input change to the analog output current 
devices subjected to high energy electrostatic fields. Unused reaching 90% of its final value. 


devices must be stored in conductive foam or shunts. Chaniélto-Channél Ieolation: 


2. Do not insert this device into powered sockets. Remove power The proportion of input signal from one DAC’s reference input 
before insertion or removal. which appears at the output of the other DAC, expressed as a 


TERMINOLOGY ratio in dB. 
i ; Digital Crosstalk: 
Relative Accuracy: 


Relat; see . yh ah The glitch energy transferred to the output of one converter due 
. ae apeueecy OE Se pet nonlinearity IS 2 NE ASe Or ee to a change in digital input code to the other converter. Specified 
maximum deviation from a straight line passing through the end- 


; : set in nV secs. 
points of the DAC transfer function. It is measured after adjusting 
for zero and full scale and is normally expressed in LSBs or as a PIN CONFIGURATIONS 
percentage of full scale reading. 


ORDERING GUIDE’ 


Temperature Relative 
Range Accuracy 


AD7528JN — 40°C to + 85°C +1LSB 
AD7528KN —40°Cto +85°C | +1/2LSB von apres ie 
AD7528LN ~40°C10 +85°C | £1/2LSB LCCC ee! imaieeae 5 i 
AD7528JP —40°Cto +85°C | +1LSB ae 5 are 
AD7528KP — 40°C to + 85°C + 1/2LSB 
AD7528LP — 40°C to +85°C + 1/2LSB 
AD7528JR | —40°Cto +85°C_ | +1LSB or 
AD7528KR — 40°C to + 85°C + 1/2LSB eas 8 8 
AD7528LR — 40°C to + 85°C + 1/2LSB Mara Meee 
AD7528AQ — 40°C to + 85°C +1LSB meee i ‘ AD7S28 Ki = 
AD7528BQ —40°Cto +85°C | +1/2LSB sa) oa7 7${{ WWotto sealer 1) 46 ag 
AD7528CQ — 40°C to +. 85°C + 1/2LSB i ie Spohrer, 
AD7528SQ —55°Cto +125°C | +1LSB 
AD7528TQ —55°Cto +125°C | +1/2LSB Peis 
AD7528UQ — 55°C to + 125°C + 1/2LSB B22 8 8 AGND 
AD7528SE —55°Cto +125°C | +1LSB irs 
AD7528TE —55°Cto +125°C | +1/2LSB Bog 
AD7528UE —55°Cto +125°C | +1/2LSB Be 
DGND AD7528 

i. TOP VIEW 
N OTE S DAC A/DAC B (Not to Scale) 
1Analog Devices reserves the right to ship side-brazed ceramic in lieu of cerdip. Parts will (MS8) DB7 
be marked with cerdip designator “‘Q.” OBS 


Processing to MIL-STD-883C, Class B is available. To order, add suffix ‘“/883B” to part 

number. For further information, see Analog Devices’ 1990 Military Products Databook. 
3E = Leadless Ceramic Chip Carrier; N = Plastic DIP; P = Plastic Leaded Chip Carrier; aes 
Q = Cerdip; R = SOIC. For outline information see Package Information section. 
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INTERFACE LOGIC INFORMATION 
DAC Selection: 


Both DAC latches share a common 8-bit input port. The control 
_ input DAC A /DAC B selects which DAC can accept data from 


the input port. 


Mode Selection: 
Inputs CS and WR control the operating mode of the selected 
DAC. See Mode Selection Table below. 


Write Mode: 
When CS and WR are bath low the selected DAC is in the 
_ write mode. The input data latches of the selected DAC are 


transparent and its analog output responds to activity on DB0- 
DB7. 


Hold Mode: 

The selected DAC latch retains the data which was present 
on DB0-DB?7 just prior to CS or WR assuming a high state. 
Both analog outputs remain at the values corresponding to the 
data in their respective latches. 


L = Low State H= High State X = Don’t Care 
Mode Selection Table 


WRITE CYCLE TIMING DIAGRAM 


tes ton 


CHIP SELECT 


DAC A/DAC B 


‘WRITE 


DATA IN (DBO-DB7) "DATA IN STABLE {) 


NOTES: 

1. ALL INPUT SIGNAL RISE AND FALL TIMES 
MEASURED FROM 10% TO 90% OF Vopp. 
Voo = +5V,t, = ty = 20ns; 

Voo = + 15V, 't =t, = 40ns. 


2. TIMING MEASUREMENT, REFERENCE LEVEL IS 


CIRCUIT INFORMATION-D/A SECTION 
The AD7528 contains two identical 8-bit multiplying D/A con- 
verters, DAC A.and DAC B. Each DAC consists of a highly 


Vin + Vi 
a a 


stable thin film R-2R ladder and eight N-channel current steering 
switches. A simplified D/A circuit for DAC A is shown in Figure 


1. An inverted R-2R ladder structure is used, that is, binary 
weighted currents are switched between the DAC output and 
AGND thus maintaining fixed currents in each ladder leg inde- 
pendent of switch state. 


Vater AQ 


DAC A DATA LATCHES 
AND DRIVERS - 


Figure 1. Simplified Functional Circuit for DACA 
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EQUIVALENT CIRCUIT ANALYSIS 

Figure 2 shows an approximate equivalent circuit for one of the 
AD7528’s D/A converters, in this case DAC A. A similar equivalent 
circuit can be drawn for DAC B. Note that AGND (Pin 1) is 
common for both DAC A and DAC B. 


The current source I, Eaxace is composed of surface and junction 


leakages and, as with most semiconductor devices, approximately. 


doubles every 10°C. The resistor Ro as shown in Figure 2 is the 
equivalent output resistance of the device which varies with 
input code (excluding all 0’s code) from 0.8R to 2R. R is typically 
11kQ. Coun is the capacitance due to the N-channel switches — 
and varies from about 50pF to 120pF depending upon the digital 
input. g(Vrer A, N) is the Thevenin equivalent voltage generator 
due to the reference input voltage Var A and the transfer 
function of the R-2R ladder. 


Figure 2. Equivalent Analog Output Circuit of DAC A 


For further information on CMOS multiplying D/A converters 
refer to “‘Appplication Guide to CMOS Multiplying D/A Con- 
verters”’ available from Analog Devices, Publication Number 
G479-15-8/78. 


CIRCUIT INFORMATION-DIGITAL SECTION 

The input buffers are simple CMOS inverters designed such 
that when the AD7528 is operated with Vpp = 5V, the buffer 
converts TTL input levels (2.4V and 0.8V) into CMOS logic 
levels. When Vyy is in the region of 2.0 volts to 3.5 volts the 
input buffers operate in their linear region and pass a quiescent 
current, see Figure 3. To minimize power supply currents it is 
recommended that the digital input voltages be as close to the 
supply rails (Vpp and DGND) as 1s practically possible. 


The AD7528 may be operated with any supply voltage in the 
range 5<Vpp<15 volts. With Vpp = + 15V the input logic 
levels are CMOS compatible only, i.e., 1.5V and 13.5V. 


fees cle | 
oe ee ANE ale 
tt 


A> +25) 
ALL DIGITAL INPUTS . 
TIED TOGETHER 


wo 
(ASL+ = SFA) yur OF} 


loo pA (Voo = +5V) 


ee 

mi 

Cana 

A 1A | | IN 
Leaks <2 
LéaN It Titi tee 


10 #11 #12 «13 ~«214 
ec ~- Volts 


Figure 3. Typical Plots of Supply Current, Ipp vs. Logic 
Input Voltage Vin, for Vpp = +5V and +15V 
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| ANALOG 
DEVICES 


LC’M0s 
Dual 12-Bit DACs 


FEATURES 

Two 12-Bit DACs in One Package 

DAC Ladder Resistance Matching: 0.5% 

Space Saving Skinny DIP and Surface Mount Packages 
4-Quadrant Multiplication 

Low Gain Error (1LSB max Over Temperature) 

Byte Loading Structure 

Fast Interface Timing 


APPLICATIONS 

Automatic Test Equipment 
Programmable Filters 
Audio Applications 
Synchro Applications 
Process Control 


GENERAL DESCRIPTION 

The AD7537/AD7547 contains two 12-bit current output DACs 
on one monolithic chip. Also on-chip are the level shifters, data 
registers and control logic for easy microprocessor interfacing. 
There are 12 data inputs. The AD7537 has a 2-byte loading 
structure making it compatible with 8-bit processor systems. 
The AD7547 has a 12-bit parallel loading structure for use in 
16-bit systems. 


The D/A converters provide 4-quadrant multiplication capabili- 
ties with separate reference inputs and feedback resistors. Mono- 
lithic construction ensures that thermal and gain error tracking 
is excellent. Twelve-bit monotonicity is guaranteed for both 
DACs over the full temperature range. 


The DACs are manufactured using the Linear Compatible 
CMOS (LC?MOS) process. This allows fast digital logic and 
precision linear circuitry to be fabricated on the same die. - 


PRODUCT HIGHLIGHTS 

1. DAC to DAC Matching 
Since both DACs are fabricated on the same chip, precise 
matching and tracking is inherent. Many applications which 
are not practical using two discrete DACs are now possible. 
Typical matching: 0.5%. 


2. Wide Power Supply Tolerance 
The device operates on a +12V to +15V Vpp, with +10% 
tolerance on this nominal figure. All specifications are guar- 
anteed over this range. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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AD7537 FUNCTIONAL BLOCK DIAGRAM 


Vop 


f DAC A MS DAC ALS 
[eae REG ; INPUT REG 
F DAC A REGISTER 


CONTROL 
LOGIC 


DAC BREGISTER — 


DAC B MS 
INPUT REG 


Von 


12 


= >CK DAC A REGISTER 


(ime PCK DAC B REGISTER 


12 


G8) (6) 


DB11 DBO 
(MSB) (LSB) 
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1 Yoo = +12V to +15V, 


loura = ‘gure = AGND = OV. All specifications Trin to Tia , 
unless otherwise noted.) 


J,A K, B L, Cc ; 
fi fit [ie foe [rome [ore foe aitaiaaiaiea 


AD7537/AD7547 — SPECIFICATIONS: 


Paraunetes 


ACCURACY 
Resolution 
Relative Accuracy 
Differential Nonlinearity. 


Gain Error 


Gain Temperature Coefficient’; 3 
AGain/ATemperature 
Output Leakage Current 
Iouta 
+ 25°C 
Tmin to Tmax 
IouTs 
+ 25°C 
Tin tO T max 


REFERENCE INPUT 
Input Resistance — 


VrEFA> VREFB 
Input Resistance Match 
DIGITAL INPUTS 
Viz (Input High Voltage) 
Vir (Input Low Voltage) 
Ipy Input Current) 
+25 . | 
Tmin tO Tmax 
Cry (Input Capacitance)” 
POWER SUPPLY? 
Vpp 
Ipp 


AC PERFORMANCE CHARACTERISTICS 


These characteristics are included for Design Guidance only and are not subject to test. 


+10%, Veer, = Veers = = 10V; 


All grades guaranteed 
monotonic over temperature. 
Measured using Rega, Reps. 
Both DAC registers loaded 
with all 1’s. 

| Typical value is lppm/°C 
DAC A Register loaded 

with all 0’s. 


DACB Register loaded 
with all 0’s. 


Typical Input Resistance = 14kQ 


Typically + 0.5% 


Vin = Vpp 


ag 8/16.5 ne 8/16. 5 8/16.5 ae 8/16.5 ne 8/16.5 fe 8/16.5 


(Vop = +12V to + 15; Veera = Vere = +10V, louta = loure = AGND = OV. Output Amplifiers are AD644 except where stated.) 


Parameter 


Ta= +25°C Ta= = Tmino Vmax | Units | 


See 


nV-s typ 


Output Current Settling Time 


Digital-to-Analog Glitch Impulse 


AC Feedthrough* 

Vrera tOlIoura —70 —65 dB max 

Vrers to Iours —70 —65 dB max 
Power Supply Rejection - 

AGain/AVpp + 0. 01 +0.02 % per % max 
Output Capacitance 

CouTa 

Couts 

CouTa 

Couts 
Channel-to-Channel Isolation 

Vrera to Iours dB typ 

Vrers tO loura dBtyp 
Digital Crosstalk — nV-s typ 
Output Noise Voltage Density 25 nV/VHz typ 

(10Hz-100kHz) | . 
Total Harmonic Distortion — 82 /- sds dB typ 
NOTES 


‘Temperature range as follows: J, K, L : Veraon: — 40°C to + 85°C. 
A,B, C Versions: — 40°C to + 85°C. 
S, T, U Versions: — 55°C to + 125°C. 

Sample tested at 25°C to ensure compliance. 

Functional at Vpp = 5V with degraded specifications. 

‘Pin 12(DGND)on ceramic DIPs is connected to lid. 


Specifications subject to change without notice. - 
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Test Conditions/Comments 


To 0.01% of full-scale range. Inu load = 1000, oe 13pF. 
DAC output measured from rising edge of 
Typical Value of Settling Time is 0.8. 


Measured with VREFA = VREFB =O0V. TIouTA> IoutTB 
load = 10020, Cexr = 13pF. DAC registers alternately 
loaded with all 0’s and all 1’s. 


Vrera> Vrers = 20Vp-p 10kHz sinewave. DAC 
registers loaded with all 0’s. 


AVpp = Vpp max — Vpp min 


DAC A, DACB loaded with all 0’s. 


DAC A, DACB loaded with all 1’s. 


VrREFA= 20V Pp-p 10kHz sinewave, VReFe= OV. 

Both DACs loaded with all 1’s. 

VREFB = 20V p-p 10kHz sinewave > VREFA =0V. 

Both DACs loaded with all 1’s. 

Measured for a Code Transition of all 0’s to all 1’s. 

louTa> lous Load = 1000 ’ Cext = i3pF 

Measured between Rega and Ioyura or Regg and Iours. 
Frequency of measurement is 10Hz—-100kHz. 


Vin = 6V rms, 1kHz. Both DACs loaded with all 1’s. 
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AD7537/AD7547 
~AD7537 TIMING CHARACTERISTICS (v,, = 10.8v to 16.5V, Vecra = Vecra = -+10V, Ioura = AGNDA = OV, lqurg = AGNDB = OV). 


Limit at 
Limit at Ta= +55°C 
Ta= —40°Cto + 85°C to + 125°C Units Test Conditions/Comments 


Address Valid to Write Setup Time 
Address Valid to Write Hold Time 
Data Setup Time 


Data Hold Time 
Chip Select or Update to Write Setup Time 3) 
Chip Select or Update to Write Hold Time 


Write Pulse Width 
Clear Pulse Width 
Specifications subject to change without notice. 
Table I. AD7537 Truth Table AD7537 ORDERING GUIDE! 
Temperature Relative 
WR | FUNCTION Range Accuracy 
No Data Transfer AD7537JN — 40°C to + 85°C 
No Data Transfer pedbiine i ped to + te | Dc 
A Rising Edge on CSA or CSB Loads AD7537JP . 40°C a : 85°C P-28 A 
Data to the Respective DAC from the DataBus Ap7537KP_ | —40°Cto +85°C P-28A 
0 . DAC A Register Loaded from Data Bus AD7537LP | —40°Cto + 85°C P-28A 
1 DAC B Register Loaded from Data Bus ead ta ~ pe to + se oa 
0 DAC A and DAC B Registers Loaded pect _ 40°C = 4 85°C 0-24 
from Data Bus AD7537SQ_ | — 55°C to + 125°C Q-24 
NOTES AD7537TQ: | —55°Cto + 125°C Q-24 
1. X = Don’tcare AD7537UQ_ =| —55°Cto + 125°C Q-24 
2. St means rising edge triggered AD7537SE ~§5°Cto + 125°C E-28A 
AD7537TE = | —55°Cto + 125°C 
AD7537UE | —55°Cto + 125°C 


NOTES 
— "Analog Devices reserves the right to ship ceramic packages (D-24A) in lieu of cerdip 


=| 5V Cc. es — 
ana 7K | CREEL «= Provcnter Mil-STD-$83, Clase B procemsed party, add/803B to part number. 
= is 
TTT 2 


Contact your local sales office for military data sheet. 


ee 
| oitona ea 7E = Ceramic Chip Carrier; N = Plastic DIP; P = Plastic Leaded Chip Carrier; 
enna ZILLI. y= Cag Fr sti norman sce Package Information seston 
ts te 
an——{"|__[“}—_- 


NOTES 

1. All INPUT SIGNAL RISE AND FALL TIMES MEASURED FROM 10% TO 
90% OF +5V. t,=t;=20ns. 

2. TIMING MEASUREMENT REFERENCE LEVEL IS Vo Nu 


Figure 1. Timing Diagram for AD7537 
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AD7947 TIMING CHARACTERISTICS (Vop = 10.8V to'16.5V, Vaera = Vecre = = +10, foun = = -AGNDA = = OV). 


| Limit at . 


Limit at" 
| Limit at Ta=—40°C 
Parameter =| Ta= +25°C | to +85°C: 
t; ; 0 
t2 
t3 
ts 


Specifications subject to change without notice. 


Table II. AD1947 Truth Table 


CCR UPD CS WE Al AO 


FUNCTION 
re | 1 x xX xX No Data Transfer 
1 1 xX 1 x x No Data Transfer 
0 X xX =x =x Xx All Registers Cleared 
1 1 0 0 0 0 DACA LS Input Register 
) Loaded with DB7-DBQLSB) 
1 1 0 oO 0 1 ~ DACAMS Input Register 
~ Loaded with DB3(MSB)-DBO 
| 1 0 0 1 0 DACB LS Input Register 
Loaded with DB7-DB0(LSB) 
] 1 0 0 1 ] DACB MS Input Register 
Loaded with DB3(MSB)-DBO 
1 0 | 0 xX xX DACA, DACB Registers - 
Updated Simultaneously from 
Input Registers 7 
1 0 0 0. ».¢ X DAC A, DAC B Registers are 


Transparent 


NOTE: X = Don’t care 


NOTES 


Ta= 


to +125°C . 


a ALL 1 IMDIIT GIZAIA! DICE AAIM FAI) TIAALE BAF ACLIIOEN ENMRA 4N0/ 
ue a pstveuw 8 Ws FU ive 


CWE) OIVWIVAL NIVe AV led 
TO 90% OF +5V.t =€) = 20ns. 
2. TIMING MEASUREMENT REFERENCE LEVEL IS 


Figure 2. Timing Diagram for AD7547 
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AD7547KN | — 40°C to + 85°C 

AD7547LN | — 40°C to + 85°C 

AD7547JP_ | —40°Cto + 85°C | + 

AD7547KP | — 40°Cto + 85°C | + 
-AD7547LP | —40°Cto +85°C 

AD7547JR | —40°Cto +85°C 

AD7547KR | — 40°Cto + 85°C | + 

AD7547LR | —40°Cto +85°C | + 
-AD7547AQ | —40°Cto + 85°C 

AD7547BQ | — 40°C to + 85°C 

AD7547CQ | — 40°C to + 85°C 

AD7547SQ | —55°Cto + 125°C | + 1LSB 

AD7547TQ | —55°Cto + 125°C | + 1/2LSB 

AD7547UQ | — 55°C to + 125°C | + 1/2LSB 

AD7547SE | —55°Cto + 125°C | + 1LSB 

AD7547TE | —55°Cto + 125°C | + 1/2LSB 

AD7547UE 


— 55°C 


Units Test Conditions/Comments 
Data Setup Time 

Data Hold Time 

Chip Select to Write Setup Time 
Chip Select to Write Hold Time 


Write Pulse Width 


AD7547 ORDERING GUIDE! 


Temperature _—_ {Relative | Gain 
Range Accuracy | Error 


— 40°C to + 85°C 


AD7547JN 


—55°Cto + 125°C | + 1/2LSB 


‘NOTES 


‘Analog Devices reserves the right to ship ceramic pecker: Saiaio in lieu 


of cerdip packages (Q-24). 


?To order MIL-STD-883, Class B processed parts, add /883B to part number. : 


Contact your local sales office for military data sheets. 


3E = Leadless Ceramic Chip Carrier; N = Plastic DIP; P = Plastic Leaded 


Chip Carrier; Q = Cerdip; R 
Information section. 


= SOIC. For outline information see Package 
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AD7537 PIN CONFIGURATIONS 


DIP PLCC 


AD7537 
A07537 


TOP VIEW 
(Not to Scale) Top 
(Not to Scale) 


12 13 14 «18 16 17 ;. 


NC = NO CONNECT 


TT 


NC = NO CONNECT 


PIN FUNCTION DESCRIPTION (DIP) 


PIN MNEMONIC DESCRIPTION 


1 AGNDA Analog Ground for DAC A. 

2 loura Current output terminal of DAC A. 
3 Resa Feedback resistor for DAC A. 

4 Verera Reference input to DAC A. 

5 CS Chip Select Input. Active low. 


6-14 DB0O-DB7 Eight data inputs, DBO-DB7. 


12 DGND Digital Ground. 

15 AO Address Line 0. 

16 Al Address Line 1. 

17 CLR Clear Input. Active low. Clears all registers. 

18 WR Write Input. Active low. 

19 UPD Updates DAC Registers from inputs registers. 

20 Vop Power supply input. Nominally +12V to +15V, with +10% tolerance. 
2) VREFB Reference input to DAC B. . 

22 Ress Feedback resistor for DAC B. 

23 louts Current output terminal of DAC B. 

24 AGNDB Analog Ground for DAC B. 


ABSOLUTE MAXIMUM RATINGS* | 
(Ta = 25°C unless otherwise stated) 


Vip t0:DGND:? bose S were ew eee he es --—0.3V, +17V Operating Temperature Range | 
Vrera> Vrerp to AGND,..............+... £25V Commercial (J, K, L Versions) ........ ~ 40°C to +85°C- 
Vrrpa> Vrrsp to AGND,.............0000% +25V Industrial (A, B, C Versions) ......... -—40°C to + 85°C 
Digital Input Voltage to DGND ...... —0.3V, Vpp +0.3V Extended (S, T, U Versions) ......... —55°C to + 125°C 
Iouta> lours to DGND .......... —0.3V, Vpp +0.3V Storage Temperature ............. ~65°C to + 150°C 
AGND toDGND.............. —0.3V, Vpp +0.3V Lead Temperature (Soldering, 10secs) sed ae dew Ae bow «th 300°C 
Power Dissipation (Any Package) 7 os A ees 
A ne ey LC 6 ae i ra Te ee ee 450mW *Stresses above those listed under “Absolute Maximum Ratings” may 
- . cause permanent damage to the device. This is a stress rating only and 
Derates above + 75°C. 7. 2-1 ee ee ee 6émWC functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 
CAUTION 


ESD (electrostatic discharge) sensitive device. The digital control inputs are diode naoecteds: 
however, permanent damage may occur on unconnected devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are removed. 


WARNING! 
rr 


ESD SENSITIVE DEVICE 
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AD7537/AD7547 


AD7547 PIN CONFIGURATIONS 


DIP, SOIC 


Vaera 
CSA 
AD7547 (LSB) DBO 
TOP VIEW NC 
(Not to Scale) 


AD7547 


TOP VIEW 


PIN FUNCTION DESCRIPTION (DIP) 


ei tei ror view hs ae 
t t rf 

21 DB11 (MSB) (Not to Scate) 

20 DB10 


DB11 (MSB) | 


0810 
19 DBS 
069. 


PIN MNEMONIC _s DESCRIPTION | 
] AGND Analog Ground. 
2 Iouta Current output terminal of DACA. 
3 Repa Feedback resistor for DACA. 
4  — VrEFa | Reference input to DACA. 
5 CSA Chip Select Input for DAC A. Active low. 
6-18 DBO-DB11 12 data inputs, DBO (LSB)- DB11 1 (MSB). 
12 DGND Digital Ground. 
19 WR Write Input. Data transfer occurs on rising edge of WR. See Table I. 
20 CSB Chip Select Input for DACB. Active low. | | 
21 Vpp Power supply input. Nominally + 12V to + 15V with + 10% roleranice, 
22. ~-«...«*VreFps Reference input to DACB.: : 
23 Regs Feedback resistor of DACB. 
24 lIouts Current output terminal of DACB. 
CIRCUIT INFORMATION _ EQUIVALENT CIRCUIT ANALYSIS 
Figure 4 shows the equivalent circuit for one of the D/A converters 
D/A SECTION (DAC A) in the AD7537/AD7547. A similar equivalent circuit 


The AD7537/AD7547 contains two identical 12-bit multiplying 
D/A converters. Each DAC consists of a highly stable R-2R 
ladder and 12 N-channel current steering switches. Figure 3 
shows a simplified D/A circuit for DAC A. In the R-2R 
ladder, binary weighted currents are steered between Ioyyra and 
AGND. The current flowing in each ladder leg is constant, 
irrespective of switch state. The feedback resistor Rega is used 
with an op-amp to convert the current flowing in Ioyra to a | 
voltage output. | i | 


Figure 3. Simplified Circuit Diagram for DACA 
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can be drawn for DACB. Note that AGND is common to both 
DAC A and DAC B. R 


Vrera J 


O AGND 


_ Figure 4. Equivalent Analog Circuit for DACA 


Cour is the output capacitance due to the N-channel switches 
and varies from about 50pF to 150pF with digital input code. 
The current source I, xg is composed of surface and junction 
leakages and approximately doubles every 10°C. Ro is the 
equivalent output resistance of the device which varies with 


_ input code. 


DIGITAL CIRCUIT INFORMATION 


_ The digital inputs are designed to be both TTL and 5V CMos 
- compatible. All logic inputs are static-protected MOS gates with 


typical input currents of less than InA. 


REV. 0 


ANALOG : —_-LCM0S 
DEVICES yP-Compatible 14-Bit DAC 


AD7938 


FEATURES FUNCTIONAL BLOCK DIAGRAM 
All Grades 14-Bit Monotonic over the Full Temperature 
Range Vop 


Low Cost 14-Bit Upgrade for 12-Bit Systems 23)— 

14-Bit Parallel Load with Double Buffered Inputs AD7538 (2) Pre 
Small 24-Pin, 0.3” DIP and SOIC y ne 

Low Output Leakage (<20nA) over the Full ner (1) oa lour 


Temperature Range 
APPLICATIONS 


Microprocessor Based Control Systems cone 

Digital Audio 1 f 

Precision Servo Control NbUT as 

Control and Measurement in High Temperature ; 

Environments WR 
14 
(6y ~3)-—E)— 29) 
DB13-DB0 DGND  Vss 

GENERAL DESCRIPTION PRODUCT HIGHLIGHTS 
The AD7538 is a 14-bit monolithic CMOS D/A converter which 1. Guaranteed Monotonicity 
uses laser trimmed thin-film resistors to achieve excellent The AD7538 is guaranteed monotonic to 14-bits over the full 
linearity. | temperature range for all grades. 
The DAC is loaded by a single 14-bit wide word using standard: 2. Low Cost | 
Chip Select and Memory Write Logic. Double buffering, which The AD7538, with its 14-bit dynamic range, affords a low 
is optional using LDAC, allows simultaneous update in a system cost solution for 12-bit system upgrades. 
containing multiple AD7538s. | 3. Small Package Size | 
A novel low leakage configuration (U.S. Patent No. 4,590,456) The AD7538 is packaged in a small 24-pin, 0.3” DIP and a 
enables the AD7538 to exhibit excellent output leakage current 24-pin SOIC. 
characteristics over the specified temperature range. 4. Low Output Leakage 
The AD7538 is manufactured using the Linear Compatible By tying Vss (Pin 24) to a negative voltage, it is possible to 
CMOS (LC2MOS) process. It is speed compatible with most achieve a low output leakage current at high temperatures. 


microprocessors and accepts TTL or CMOS logic level inputs. 5. Wide Power Supply Tolerance 


The device operates on a +12 to + 15V Vpp, with a +5% 
tolerance on this nominal figure. All specifications are guaran- 
teed over this range. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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pomend 2 — — — 
AD7538— SPEC | FICATIONS iS > “onl specication uy Tai ei at) 


ACCURACY 
Resolution == Bits 
Relative Accuracy + + +2 +1 LSB max All grades guaranteed monotonic 
Differential Nonlinearity +: | +1 7 a ar ., LSB max over temperature. 
Full-Scale Error | Measured using internal Rrg 
+25°C PaaS g = * ee + bad LSB max DAC registers loaded with . 
Twden | wien + + + + - LSBmax . all ls. 
Gain Temperature Coefficient’; | . 
AGain/ATemperature | + | ppm/*Ctyp 
Output Leakage Current Iout (Pin 3) 
+25C + + nA max All digital inputs OV 
T min tO Timex + + ( nA max Vss = — 300mV 
T min to Tmax cm ba a Vss = OV 
REFERENCE INPUT 
Input Resistance, Pin 1 Typical Input Resistance = 6kN. 
DIGITAL INPUTS 
Vi (nput High Voltage) 
Vir (input Low Voltage) — 
In Input Current) 
+25°C Vin = 0V or Yop 
Tein to ae 
Cry (Input Capacitance)? 
POWER SUPPLY 
Vpp Range 11.4/15.75 11.4/15.75 11.4/15.75 11.4/15.75 Vous V max Specification guaranteed over 
Vss Range — 200/ — 500 — 200/ — 500 — 200/— 500 — 200/ — 500 mV min/mV max | this range 
Ipp 4 mA max Ali digital inputs V1, or Viz 
500 500 »A max All digital inputs OV or Vpp 


These characteristics are included for Design Guidance only and are not subject to test. 
(Vio = = +11.4¥ to + 15.75V, Vice = + 10V, Ves = Venu = OV, Vsg = OV OR — — 300mV, 


AC PERFORMANCE CHARACTERISTICS. Sins exe 
Parameter _ Units Test Conditions/Comments 


Output Current Settling Time To 0.003% of full-scale range. 
| Iout load = 1000, 
Cext = 13pF. DAC register alternately 
loaded with all 1s and all Os. | 
Typical value of Settling Time 
. is 0.8ps. 
Digital to Analog Glitch Impulse Measured with Vrgr = OV. Ioyt load — 
= 1000, Cex7 = 13pF. DAC | 
register alternately loaded with all 
1s and all Os. 
Multiplying Feedthrough Error mV p-ptyp Vrer = + 10V, 10kHz sine wave 
DAC register loaded with all 0s. 
Power Supply Rejection 
AGain/ AVypp HU. WU. % per % max AVpp = +5% 
Output Capacitance . 
Court (Pin 3) . pF max DAC register loaded with all 1s 
Court (Pin 3) pF max DAC register loaded with all 0s 
Output Noise Voltage Density 
(10Hz— 100kHz) nVVHz typ Measured between Rpg and Ioutr 
NOTES 
Temperature range as follows: J, K Versions: Oto + 70°C 
A, B Versions: — 25°C to + 85°C 
S, T Versions: — 55°C to + 125°C 


2Specifications are guaranteed for a Vpp of + 11.4V to + 15.75V. At Vpp = 5V, the device i is fully functional with degraded specifications. 
3Sample tested to ensure compliance. 


Specifications subject to change without notice. 
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AD7538 


1 Wop = +11.4¥ to + 15.75V, Veer = + 10V, Veues = Vemss = OV, Voc = OV or — 300mV 
TIMING CHARACTERISTICS Ni specifications Tr, 0 Tres unless otherwise stated. See Figure 1 for Timing Diagram.) 


Limit at 
Ta=0to +70°C 
Ta= —25°C to + 85°C 


Limit at 
Ta=—55°Cto + 125°C 


Test Conditions/Comments 


CS to WR Setup Time 
ty CS to WR Hold Time 
t3 LDAC Pulse Width 
t Write Pulse Width 
ts Data Setup Time 


Data Hold Time 


NOTES 

'Temperature range as follows: J, K Versions: Oto + 70°C 
A, B Versions: — 25°C to + 85°C 
S, T Versions: — 55°C to + 125°C 


Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS* 
(Ta = +25°C unless otherwise stated) 


Vpp (Pin 23) to DGND............. —0.3V, +17V Operating Temperature Range 
Vss (Pin 24) toAGND ............. —15V, +0.3V Commercial (J, K versions)........... 0 to +70°C 
Vrer (Pin 1) to AGND ................. +25V Industrial (A, B versions) ......... — 25°C to + 85°C 
Vrrr (Pin2)to AGND ...............0. +25V Extended (S, T versions) ......... — 55°C to + 125°C 
Digital Input Voltage (Pins 6-22) Storage Temperature ........... — 65°C to + 150°C 
to DGND 2 v5.6 4 ek OR wee ES —0.3V, Vpp +0.3V Lead Temperature (Soldering, 10sec) ......... + 300°C 
VpIn3 to DGND) 55.0 oi ds BE —0.3V, Vpp +0.3V | 
AGNDtoDGND............ —0.3V, Vpp +0.3V *Stresses above those listed under ‘‘Absolute Maximum Ratings” may 
Power Dissipation (Any Package) cause permanent damage to the device. This is a stress rating only and 
a functional operation of the device at these or any other conditions above 
TO +7 we eee ee eee eee _1000mW those indicated in the operational sections of this specification is not 
Derates above 75°C ack we ed ed oie g ede 10mW/°C implied. Exposure to absolute maximum rating conditions for extended 
. periods may affect device reliability. 
CAUTION 


however, permanent damage may occur on unconnected devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam ST 
should be discharged to the destination socket before devices are inserted. ESD SENSITIVE DEVICE 


ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; WARNING! ~ 


PIN CONFIGURATION 


o> 
oy 
o> 
N 


1 
¥ 
c 
t 


DIP, SOIC 


3 
a} 
22 22 


mm 
~y--fo-ke 


5V AD7538 
DATA OV TOP VIEW 


(Not to Scale) 


NOTES -— 
1. ALL INPUT SIGNAL RISE AND FALL TIMES MEASURES FROM 10% TO. 
90% OF +5V. t,=t;=20ns. 


2. TIMING MEASUREMENT REFERENCE LEVEL IS 


3. If LDAC IS ACTIVATED PRIOR TO THE RISING EDGE OF WR, 
THEN IT MUST STAY LOW FOR t, or LONGER AFTER WR GOES HIGH. 


Vin + Viv 
2 


Figure 1. AD7538 Timing Diagram 
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TERMINOLOGY 

RELATIVE ACCURACY — 

Relative accuracy or end-point nonlinearity is a measure of the 
maximum deviation from a straight line passing through the 
end-points of the DAC transfer function. It is measured after 
adjusting for zero error and full-scale error and is normally 
expressed in Least Significant Bits or as a percentage of full-scale 
reading. 


DIFFERENTIAL NONLINEARITY 

Differential nonlinearity is the difference between the measured 
change and the ideal 1LSB change between any two adjacent 
codes. A specified differential nonlinearity of + 1LSB max over 
the operating temperature range ensures monotonicity. 


GAIN ERROR 

Gain error is a measure of the output error between an ideal 
DAC and the actual device output. It is measured with all 1s in 
the DAC after offset error has been adjusted out and is expressed 
in Least Significant Bits. Gain error is adjustable to zero with 
an external potentiometer. 


DIGITAL-TO-ANALOG GLITCH IMPULSE 

The amount of charge injected from the digital inputs to the 
analog output when the inputs change state is called Digital-to-Ana- 
log Glitch Impulse. This is normally specified as the area of the 
glitch in either pA-secs or nV-secs depending upon whether the 


glitch is measured as a current or voltage. It is measured with 


VREF = AGND. 


OUTPUT CAPACITANCE 
This is the capacitance from Ionyr to AGND. 


OUTPUT LEAKAGE CURRENT 
Output Leakage Current is current which co at Iour with 
the DAC register loaded to all Os. 


MULTIPLYING FEEDTHROUGH ERROR 
This is the ac error due to capacitive feedthrough from VpEr 
terminal to I9nyr with DAC register loaded to all zeros. 


ORDERING GUIDE 


AD7538JN | 0°Cto +70°C 
AD7538KN | 0°Cto + 70°C 
AD7538JR | 0°Cto + 70°C 
AD7538KR | 0°Cto +70°C 
AD7538AQ | —25°Cto +85°C 
AD7538BQ | —25°Cto + 85°C 
AD7538SQ_ | —55°Cto + 125°C 


AD7538TQ | —55°Cto + 125°C 


*N = Plastic DIP; Q = Cerdip; R 
Information section. 


PIN FUNCTION DESCRIPTION 


Temperature Relative Full-Scale | Package 
Range Accuracy | Error i 


N-24 
R-24 
R-24 
Q-24 
Q-24 
Q-24 


= SOIC. For outline information see Package 


PIN MNEMONIC DESCRIPTION 
l VrReF Voltage Reference. 
Zz Rep Feedback resistor. Used to close the loop around an external op amp. 
3 lout ~ Current Output Terminal. 
4 AGND Analog Ground 
5 DGND Digital Ground 
6-19 DB13—DB0 Data Inputs. Bit 13 (MSB) to Bit 0 (LSB). 
20 LDAC Chip Select input. Active LOW. 
21 CS_ Asynchronous Load DAC input. Active LOW. 
22 WR Write input. Active LOW. 
Load Input Register. 
Load DAC Register from Input Register. 
Input and DAC Registers are Pieuspeient 
No operation. — 
No operation. 
NOTE: X = Don’tCare. 
23 Vpp +12Vto + 15V supply input. 
24 Vss Bias pin for High Temperature Low Leakage configuration. To implement low leakage system, 


the pin should be at a negative voltage. See Figures 4 and 5 for recommended circuitry. 
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ANALOG LC’MOs 
DEVICES +3.3 V/+5 V Quad 12-Bit DAC 


AD7364 


FEATURES FUNCTIONAL BLOCK DIAGRAM 
Four 12-Bit DACs in One Package 
4-Quadrant Multiplication NC AGND Vp) DGND VpccD VaceC VaccB8 VacrA RmA 


Separate References 
Single Supply Operation 
Guaranteed Specifications with +3.3 V/+5 V Supply 


lour2 A 
Low Power _ 
Versatile Serial Interface foun B 


Simultaneous Update Capability DE bie 


Reset Function Rac 
28-Pin SOIC, SSOP and DIP Packages louri © 
lour2 C 

APPLICATIONS ReaD 
Process Control louri D 
Portable Instrumentation  !ourz9 

General Purpose Test Equipment i — 
C) LDAC 


GENERAL DESCRIPTION AD7564 
The AD7564 contains four 12-bit DACs in one monolithic 
device. The DACs are standard current output with separate 
Veer loutis Iouvr2 and Rrg terminals. These DACs operate ‘fr 
a single +5 V supply (Normal Mode) and a single + 


+5 V supply (Biased Mode). 


The AD7564 is a serial input device. Data is loaded usi 
FSIN, CLKIN and SDIN. Two address pins AO and Al's 7564 can be operated from a single +5 V supply 

a device address, and this feature may be used to simplify device Normal Mode) or a single +3.3 V to +5 V supply (Biased 
loading in a multi-DAC environment. Alternatively, AO and Al Mode). 

can be ignored and the serial out capability used to configure a 
daisy-chained system. 


3. Simultaneous update capability and reset function are 


| available. 
All DACs can be simultaneously updated using the asynchro- 


nous LDAC input, and they can be cleared by asserting the 
asynchronous CLR input. 


The device is packaged in 28-pin SOIC, SSOP and DIP 


4. The AD7564 features a fast, versatile serial interface com- 
patible with all modern microprocessors and microcomputers. 


packages. 
ORDERING GUIDE 

Temperature Linearity Nominal Package 

Range Error (LSBs) | Supply Voltage Option* 
AD7564BN ~40°C to +85°C +5 V N-28 
AD7564BR -40°C to +85°C +5 V R-28 
AD7564BRS —40°C to +85°C +5 V RS-28 
AD7564AR-B —40°C to +85°C +3.3Vto +5 V R-28 


AD7564ARS-B —40°C to +85°C +3.3Vtot5 V 


*N = DIP; R = SOIC; RS = SSOP. For outline information see Package Information section. 


This is a preliminary data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. : : 
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AD7564—SPECIFICATIONS 


(Vop = = +4.75 V to +5.25 V: loursA to lounD = louraA = 
unless atherwise noted) 


Normal Mode | 


Parameter | 


ACCURACY 
Resolution 
Relative Accuracy 
Differential Nonlinearity _ 
Gain Error 
+25°C 
Tin to TMAX an 
Gain Temperature Coefficient 


Output Leakage Current 
Tours 
@ +25°C . 
Twin to Tyas es 
REFERENCE INPUT — 
Input Resistance: 


Ladder Resistance Mismatch 


DIGITAL INPUTS 
Vins; Input High Voltage 
Vin.» Input Low Voltage 
Iijus Input Current | 
Cyn; Input Capacitance?” 


DIGITAL OUTPUT (SDOUT) 
Output Low Voltage (Voz) 
Output High Voltage (Vox) 


POWER Sinaia 
Vpp Range. . 
Power Supply Rejection 
AGain/AVpp 


Ipp 


NOTES» 


2 


loyrgB = AGND = 0 V; Veer = +10 V; Ty = Tw t0 Trax, 


1 LSB = Vppy/2"? = 2.44 mV when Vpzr = 10 V 


Bits 
LSB max 
LSB max 


All Grades Guaranteed Monotonic Over Temperature 


LSBs max 
LSBs max 

ppm FSR/°C typ 
ppm FSR/°C max 


nA max 
nA max 


Typical Input Resistance = 9 kQ 


Typically 0.6% 


e329. 


~ V.min/V max 


dB min | 


75 
300 pA max Vinu = 4.0 V min, Vinz = 0.4 V max 
2 mA max 


Vinu = 2.4 V min, Vint = 0.8 V max 


'Temperature range is as follows: B Version: 40°C to +85°C, 
Not production tested. Guaranteed by characterization at initial product release. 
Specifications subject to change without notice. 


This information applies:to a product under development. Its-characteristics and specifications are subject to change without notice. 
Analog Devices assumes no. obligation regarding future manufacture unless otherwise agreed to in writing: 
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AD7564 


(Vop = +3 V to +5.5 V; Viour: = Viour = AGND = 1.23 V; Veer = 0 V to 2.45 V; T, = Twi tO Tray, 
unless otherwise noted) 


Biased Mode! 


Parameter Test Conditions/Comments 
ACCURACY | 
Resolution Bits 1 LSB = (Viour2- Veep)/2!? = 300 uV when 


Viout2 = 1.23 Vand VREF =0V 
LSB max 
LSB max 


Relative Accuracy 
Differential Nonlinearity All Grades Guaranteed Monotonic Over 
Temperature 
Gain Error 

+25°C 

Tin to Tyax 
Gain Temperature Coefficient’ 


LSBs max 

LSBs max 

ppm FSR/°C typ 
ppm FSR/°C max 


Output Leakage Current See Terminology Section 


Tour 

@ +25°C 

Tin to Téax 
Input Resistance 


@ Iour2 Pins 


DIGITAL INPUTS 
Vinu> Input High Voltage @ Vpp = +5 V 
Vinu Input High Voltage @ Vpp = +3.3 V 
Vin.» Input Low Voltage @ Vpp = +5 V 
VinL; Input Low Voltage @ Vpp = +3.3 V 
linn, Input Current | 
Cn, Input Capacitance? 


DIGITAL OUTPUT (SDOUT) 


nA max 
nA max 


kQ min This Varies with DAC Input Code 


Output Low Voltage (Vo;) 
Output Low Voltage (Vor) 
Output High Voltage (Von) 
Output High Voltage (Voi) 


Vpp =+5V 
Vpp = +3.3 V 
Vpp =+5V 
Vpp = +3.3V 


POWER REQUIREMENTS 

Vpp Range © 4,75/5.25 V min/V max 

Power Supply Sensitivity” | 

AGain/AVpp -—75 dB typ 
TIpp 300 LA max Vinu = Vpp - 0.1 V min, Vint = 0.1 V max; 
| SDOUT Open Circuit 
2 mA max Vopp = +5 V; Vinu =2.4V min, VINL = 
| | 0.8 V max; SDOUT Open Circuit 

NOTES 


'These specifications apply with the devices biased up at 1.23 V for single supply applications. The model numbering reflects this by means of a "-B" suffix 
(for example: AD7564AN-B). Figure 16 is an example of Biased Mode Operation. 

- ?Temperature ranges is as follows: A Version: -40°C to +85°C. . 

3Not production tested. Guaranteed by characterization at initial product release. 

Specifications subject to change without notice. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AC Performance Characteristics | 
(Vop = +4.75 V to +5.25 Vs Vigur: = Viour2 = AGND = = V. Veer = = 6 Vrms, 1 kHz sine wave; DAC output op amp is 
AD843; T, = Tyin to Tyay, unless otherwise noted. These characteristics are included for Design Guidance and are 


Normal Mode not subject to test.) 


Parameter Test Conditions/Comments 


DYNAMIC PERFORMANCE 7 
Output Voltage Settling Time | 500 ns typ To 0.01% of Full-Scale Range. DAC Latch Alternately Loaded 
_| with All 0s and All 1s 
Digital-to-Analog Glitch Impulse | 40 nV-s typ | Measured with Vapr = 0 V. DAC Register Alternately Loaded 
. —_ with All Os and All 1s 
Multiplying Feedthrough Error ~70 | dBmax | Vrs = 20 Vp-p, 10 KHz Sine Wave. DAC Latch Loaded 
- | | with All 0s 
Channel-to-Channel Isolation —76 dB typ Feedthrough from Any One Reference to the Others with 20 V 
-p-p, 10 kHz Sine Wave Applied 
Digital Crosstalk 10 nV-s typ | Effect of All Os to All 1s Code Transition on Nonselected DACs 
Digital Feedthrough 10 nV-s typ | Feedthrough to Any DAC Output with FSIN High and Square - 
| oe Wave Applied to SDIN and SCLK 
Total Harmonic Distortion | -83 dB typ Vrer = 6 Vrms, 1 kHz Sine Wave . 
Output Noise Spectral Density Ls | et 
@ 1 kHz 20 nV/VHz | All 1s Loaded to tt »» Veer = 0 V. Output Op Amp Is. 


AC Performance Characteristics 
(Vpp = +3 V to: +5.5 V3 Viour; aad 

t is AD820; T, = Tw 
Biased Mode sco i ‘roi subject to te 


Parameter . : 


DYNAMIC PERFORMANCE . | 
Output Voltage Settling Time To 0. 01% of Full Scale Range. Vrgr = 0 V. DAC Latch Alter- 4 
nately Loaded with all 0s and all 1s. = 
Measured with Vioyr2 = 0 V and Vrgr = 0 v. DAC Register per: 
nately Loaded with all Os and all 1s. vf 

~ DAC Latch Loaded with all Os. 
All 1s Loaded to DAC 
All 0s Loaded to DAC 
Feedthrough to Any DAC Output with FSIN HIGH and a Square 
Wave Applied to SDIN and CLKIN | 


Digital to Analog Glitch Impulse 


Multiplying Feedthrough Error 
Output Capacitance 


Digital Feedthrough 
Total Harmonic Distortion 


Output Noise Spectral Density — 


@ 1 kHz All 1s Loaded to DAC. Viours = 0 V; Vrer=0V | 


This information applies to a picduics under development: Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. . 
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Timing Specifications’ (T, = Tuy to Tyax unless otherwise noted) 


AD7564 


Limit at Limit at 
Parameter Vpp = +3 V to +3.6 V | Vpp = +4.75 V to +5.25 V Units Description 


NOTES 


CLKIN Cycle Time 

CLKIN High Time 

CLKIN Low Time 

FSIN Setup Time 

Data Setup Time 

Data Hold Time 

FSIN Hold Time . 

SDOUT Valid After CLKIN Falling Edge 
LDAC, CLR Pulse Width . 


Not production tested. Guaranteed by characterization at initial product release. All input signals are specified with tr = tf = 5 ns (10% to 90% of Vpp) and timed 


from a voltage level of 1.6 V for a Vpp of 5 V and from a voltage level 1.35 V for a Vpp of 3.3 V. 


21, is measured with the load circuit of Figure 2 and defined as the time required for the output to cross 0.8 V or 2.4 V with a Vpp of 5 V and 0.6 V or 2.1 V fora Vpp 


of 3.3 V. 


WAWAUAUh 
CLKIN(!) | 


t 
+ 


te 


SDOUT(O) 


LDAC, CLR 


TO OUTPUT 
PIN 


+1.6V 


Figure 2. Load Circuit for Digital Output Timing Specifications 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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ABSOLUTE MAXIMUM RATINGS! | a | PIN CONFIGURATION . _ 
(Ta, = +25°C unless otherwise noted) | ys : Mee. Cle 2 ee : 
Vpp to DGND ...... 20. c cece eee ee ae 0.3 Vto +6 V OE Se SSO ee 
lout: to DGND 55 kee eee ... 0.3 V to Vpp + 0.3.V 
Iour2 to DGND ascasaceekan as eee 0.3 V to Vpp + 0.3 V 
AGND to DGND Vedas veesseo ene v4 “O03 V 10 Vpop +03 V 
Digital Input Voltage to DGND ......-0.3 Vto Vpp + 0.3 V 
Vers» Veer to DGND shade Sd th aia eal adaeteares Arlanda hae ake ences +15 V 
Input Current to Any Pin Except Supplies’ Site daccisd am 10 mA 
Operating Temperature Range 

Commercial Plastic (A, B Versions). .... .-40°C to +85°C 
Storage Temperature Range ............. —65°C to +150°C ) TOP VIEW 
Junction Temperature ............ pee ree ene +150°C Ne ereee) 
DIP Package, Power Dissipation ....... eee eee es 875 mW 

O;, Thermal Impedance ........... Goes oaaes 75°C/W 

Lead Temperature, Soldering (10 sec) ........... 260°C 
SOIC Package, Power Dissipation ................ 875 mW 

Oy, Thermal Impedance ................0005 75°C/W 

Lead Temperature, Soldering (10 sec) .......... 260°C 

Vapor Phase (60sec)... esas. Ve nea tw eres eee es +215°C 


Infrared’ (15 SC). ¢..594-045 6s set saw a alee aX 
SSOP Package, Power Dissipation ............ ae 
Oj, Thermal Impedance ................0.. 
Lead Temperature, Soldering 
Vapor Phase (60 sec) ......... ee Adee eek 
Infrared: (i 5°seC). sch aw aac awd at eates aoee 


NOTES 
'Stresses above those listed under “Absolute Maximum Ratin 


operational sections of this specification is not implied. Exposure to co aba 
maximum rating conditions for extended periods may affect device reliability. 
Transient currents of up to 100 mA will not cause SCR latch-up. 


CAUTION 

ESD (electrostatic discharge) sensitive device. Biectroatatic charges as high as 4000 V readily 

accumulate on the human body and test equipment and can discharge without detection. — WARNING! 
Although the AD7564 features proprietary ESD protection circuitry, permanent damage may AG: 


occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 


ESD SENSITIVE DEVICE 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to.in writing. 
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Pin 
Number 


o OND OF SP WH NH — 


| ce oe ee 
Ww bDO —= © 


ry 
=> 


15 


16 
17 


18 
19 
20 
21 
22 
23 
24 
25 
26 
27 


28 


~ AO 
VerrA 
Repl: 
IounA 
louT2A 
VerEFB 
RrpB 


IouT1B 
N/C 
AGND 


Iour2B 


AD7564 


PIN DESCRIPTIONS 


Digital Ground. 

Iout2 terminal for DAC C. This should normally connect to the signal ground of the system. 
Positive power supply. This is +5 V+ 5%. 

Iour: terminal for DAC C. 

Feedback resistor for DAC C. 

DAC C reference input. 
Iour2 terminal for DAC D. This should normally connect to the signal ground of the system. 
Iour terminal for DAC D. | 

Feedback resistor for DAC D. 

DAC D reference input. 

This shift register output allows multiple devices to be connected in a daisy chain configuration. 
Asynchronous CLR input. When this input is taken low, all DAC latches are loaded with all 0s. 


Asynchronous LDAC input. When this input is taken low, all DAC latches are simultaneously 
updated with the contents of the input latches. 

Level-triggered control input (active low). This i 
When FSIN goes low, it enables the input sh 
CLKIN. If the address bits are valid, the.] 
latch on the sixteenth falling edge ai 


the 12-bit data to be loaded to the selected 


gister on the falling edges of CLKIN: 


of the serial input stre 
not loaded to any input latch. However, it will appear at SDOUT irrespective of this. 


Device address pin. This input in association with Al gives the device an address. 

DAC A reference input. 

Feedback resistor for DAC A. 

Iour: terminal for DAC A. 

Iour2 terminal for DAC A. This should normally connect to the signal ground of the system. 
DAC B reference input. 

Feedback resistor for DAC B. 

Iour; terminal for DAC B. 

No Connect pin. 


This pin connects to the back gates of the current steering switches. It should be connected to the 
signal ground of the system. 
Iour2 terminal for DAC B. This should normally connect to the signal ground of the system. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7564 

TERMINOLOGY 

Relative Accuracy 

Relative accuracy or endpoint linearity is a measure of the 
maximum deviation from a straight line passing through the 
endpoints of the DAC transfer function. It is measured after ad- 
justing for zero error. and full-scale error and is normally ex- 
pressed in Least Significant Bits or as a percentage of full-scale 
reading. 


Differential Nonlinearity 

Differential nonlinearity is the difference between the measured 
change and the ideal 1 LSB change between any two adjacent 
codes. A specified differential nonlinearity of 1 LSB maximum 
ensures monotonicity. 


Gain Error 

Gain error is a measure of the enti error between an ideal 
DAC and the actual device output. It is measured with all 1s 
in the DAC after offset error has been adjusted out and is ex- 
pressed in Least Significant Bits. Gain error is adjustable to 
zero with an external potentiometer. ' 


Output Leakage Current ' 
Output leakage current is current which flows in the DAC 
ladder switches when. these are turned off. For the Ioyt, . 
terminal, it can be measured by loading all Os to the DAC and 
be measured by loading all 0s to the DAC and measuring the Ioyr 
current. Minimum current will flow in the Ipyr2 line when the 
DAC is loaded with all 1s. This is a combination of the switch 
leakage current and the ladder termination resistor current. 
The Ipur2 leakage current is typically equal to that in I 


Output Capacitance 
This i iS s the capacitance from the oun pin to AGN 


Table I. AD7564 Loading Sequence — 


DB15 
DB11 


due toa change, in 


DB10 DB9 DB& DB7 DBo ODB5_ DB4 


- Output Voltage Settling Time 


This is the amount of time it takes for the output to settle toa . 
specified level for a full-scale input change. For the AD7564, it 


- 1s specified with the AD843 as the output op amp. 


Digital to Analog Glitch Impulse 

This is the amount of charge injected into the analog output 
when the inputs change state. It is normally specified as the 
area of the glitch in either pA-secs or nV-secs, depending upon 
whether the glitch is measured.as a current or voltage signal. It 
is measured with the reference input connected to AGND and | 
the digital inputs toggled between all 1s and all Os. 

AC Feedthrough Error 

This is the error due to capacitive feedthrough from the DAC 


reference input to the DAC lout terminal, a all Os are 
loaded in the DAC. | 


Channel-to-Channel Isolation. 


. Channel-to-channel isolation refers to the Baenaniod of input 


signal from one DAC’s reference input which appears at the - 
output of any other DAC in the device and is expressed 1 in dBs. 


Digital Crosstalk ? 
The glitch impulse tr; ed to the output of one converter 
put code to the other converter is 


rosstalk and is specified in nV-secs. 


, high frequency logic activity on 
uts is capacitively coupled through the de- ° 
ton the Ioyr pin and subsequently on the op 

| is digital feedthrough. 


d 


DBO 


DB3 DB2 DB1 DBO | Al AO |-DS1  DsSo. 


Table II. DAC Selection | 


— — C © 


Function 


DAC A Selected . 
DAC B Selected 
DAC C Selected 
DAC D Selected 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. : 
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ANALOG | L¢2M0S 
DEVICES. Octal 12-Bit DAC 


FEATURES FUNCTIONAL BLOCK DIAGRAM 


Eight 12-Bit DACs in One Package | 
4-Quadrant Multiplication Vop AGND DGND VaerD Vper® VperB VaerA RepA 


Separate References 

Single +5 V Supply 

Low Power: 1 mW 

Versatile Serial Interface 
Simultaneous Update Capability 
Reset Function 

44-Pin POFP and PLCC 


APPLICATIONS 

Process Control 

Automatic Test Equipment 
General Purpose Instrumentation 


GENERAL DESCRIPTION 

The AD7568 contains eight 12-bit DACs in one monolithic 
device. The DACs are standard current output with separate 
Vrer> louris Ioyr2 and Reg terminals. 


The AD7568 is a serial input device. Data is loaded using 
FSIN, CLKIN and SDIN. One address pin, AO, sets up a 
device address, and this. feature may be used to simplify device 7 


loading in a multi-DAC environment. a CAROL ObIC 
All DACs can be simultaneously updated using the asynchro-.. INPUT SHIFT 
nous LDAC input and they can be cleared by asserting the _ , 5 ESTER 
asynchronous CLR input. | a ee | | a a a a a. 
The AD7568 is housed in a space-saving 44-pin plastic quad AO = SbouT = LAC CLR VrerE VaerF VaerG VperH 
flatpack and 44-lead PLCC. | 
| | ~ PIN CONFIGURATIONS | | 
Plastic Quad Flatpack | | Plastic Leaded Chip Carrier 
SSPRELERSSS Tee bese RSE 
nApAAAAAAAL 6 Sf 4 3 2 Uf 4 49 ta }42 | [41 |] 40] 
NC 39] NC 
ie : — © PIN 1 IDENTIFIER . wo = oe , : be 8 Veer F ra] aa Veer © 
AeF SCO) COC T-]31 Apc Rep F | 9] 137] Reg C 
tom 44):  AD7568 PQFP PL} 20 tounc lours F [10] re [36] tours © - 
Me EE Peete 00 Ne loure F [11 AD7568 PLCC 35] toure 
" Aee 7CI “i a TJ 27 Ap 8 : Ver G [12| TOP VIEW . 34] Veer 8 
lone 8 CI a3 . : PT) 28 lours8 Ree G FI (Not to Scale) an 
ions s9CI} TJ 25 toureB as “FB 
Veer 10 CI - . T} 24 Vanes A a tours & {14 . loun: B 
Reet 11 CI) PT) 23 Are lour2 G {15} | | 31] tours 8 
TOOUWUUUUOL Vrer H [16] 30] Vier A 
5g gleigles §* 55 | ED] ED) | || 
5 2 $2 = 2 |g 8&2 
NC = NO CONNECT ; § § ; 9 a an B § 


NC = NO CONNECT 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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AD7568— SPECIFICATIONS! 


Parameter 


ACCURACY 
Resolution 
Relative Accuracy 
Differential Nonlinearity _ 
Gain Error . 
+25°C 
Twain to Tyax 


Gain Temperature’ Coefficient a 


Output Leakage Current . 4 


Iour: 
@ +25°C 
Tym toTmax .- + 
REFERENCE INPUT ° 
Input Resistance 


Ladder Resistance Mismatch 
DIGITAL INPUTS” 

Vinx» Input High Voltage. 

Vin > Input Low Voltage 

Inne Input Current: 

Cin, Input Capacitance 


ppm FSR/°C typ 
- ppm FSR/°C max 


nA max 
nA max 


(Vop = +4.75 v to +5.25 V; lou = 
Ty = Tray to Twn unless otherwise stated): 


loure = _ 0 V; Ba _ 5 \ “ 


Test Conditions/Comments 
1 LSB jill = 1.22 mV when Varr = 5 V 


All Grades Guaranteed Monotonic over Temperature 


See Terminology Section. 


Typical Input Resistance = 7 kO 


Typically 0.6% 


POWER REQUIREMENTS — end ae 
Vpp Range — : 1. 4.75/5.25° 0 | 
Power Supply Sensitivity Pw es a #4 
AGain/AVpp ~75 Pa ae 
i 300. Ving = 4.0 V min, Vin, = 0.4 V max 


AC PERFORMANCE CHARACTERISTICS 


ee 


72 


“(These characteristics are included for Design Guidance sa are not senect w 
test. DAC output op amp is AD843.) | . 


Parameter Units Test Conditions/Comments 
DYNAMIC PERFORMANCE | 
Output Voltage Settling Time 500 | nstyp . To 0.01% of Full-Scale Range. DAC Latch ahead 
: | 2 -Loaded with All 0s and All 1s. 
- Digital to Analog Glitch Impulse — —6-40 nV-s typ Measured with Vere = 0 V. DAC Register Alternately 
: | | _ Loaded with All 0s and All ls. 
Multiplying tee Error —66 dB max Vrer = 20 V pk-pk, 10 kHz Sine Wave. DAC Latch 
a Loaded with AllOs. . 
Output Capacitance 60 | pF max All 1s Loaded to DAC. 
30 | pF max All 0s Loaded to DAC. i 
Channel-to-Channel Isolation -76 7 dB typ Feedthrough from Any One Reference t to the Others 
| with 20.V pk-pk, 10 kHz Sine Wave Applied. 
Digital Crosstalk 40 nV-s typ Effect of all Os to all 1s Code Transition on Nonselected 
| 3 | DACs. 4 
Digital Feedthrough 40 : nV-s typ Feedthrough to Any DAC Output with FSIN High and 
—_ a | Square Wave Applied to SDIN and SCLK. 
Total Harmonic Distortion —83 . dB typ Vrer = 6 V rms, 1 kHz Sine Wave. — 


Output Noise Spectral Density 
@ 1 kHz 


NOTES 


1Temperature range as follows: B ‘Version —40°C to +85°C. 


All 1s Loaded to the DAC. Vener = 0 V. Output Op 
Amp is AD OP-07. 


2All specifications also apply for Vary = +10 V, except relative accuracy which degrades to +1 LSB. 
Specifications subject to change without notice. 
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AD7568 
TIMING SPECIFICATIONS (v,, = +5 .V + 5%; lou = lours = 0 V: Ty = Ty tO Tyax Unless otherwise stated) 


Limit at Limit at 
Parameter Ta = +25°C T, = —40°C to +85°C Units Description 


ty CLKIN Cycle Time 
th CLKIN High Time 
ts CLKIN Low Time 
t, FSIN Setup Time 
ts Data Setup Time 
ts Data Hold Time 
ty FSIN Hold Time 
tae SDOUT Valid After CLKIN Falling Edge 
ty LDAC, CLR Pulse Width 
NOTES | 


1Sample tested at +25°C to ensure compliance. All input signals are specified with tr = tf = 5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 
21, is measured with the load circuit of Figure 2 and defined as the time required for the output to cross 0.8 V or 2.4 V. 


CLKIN (1) 


_ FSIN () 


SDIN (I) 


NOTES 
1. AO IS HARDWIRED HIGH OR LOW. 


Figure 1. Timing Diagram 


ORDERING GUIDE 
Temperature Linearity | Package 
Model Range Error (LSBs) | Option* 


—AD7568BS | —40°C to +85°C | +0.5 S-44 
el AD7568BP | —40°C to +85°C | +0.5 P-44A 


TO OUTPUT 
2.1V 
: *§ = Plastic Quad Flatpack (PQFP), P = Plastic Leaded Chip Carrier 
50pF =: (PLCC). For outline information see Package Information section. 


Figure 2. Load Circuit for Digital 
Output Timing Specifications 
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EI 


AD7568 


ABSOLUTE MAXIMUM RATINGS! 
(T, = +25°C unless otherwise noted) 


Vpp to DGND re fr: 


lout, to DGND ........... ee. 70.3 VtoVpp +03V  .- 
Iour2 to DGND ............ ».. 70.3 V to Vpp + 0.3 V- 
Digital Input Voltage to DGND ....—0.3 V to Vop + 0.3 V 
Vaiss Vans @DOND 0 ffs ila doet 189 
Input Current to Any Pin Except Supplies” peared . £10 mA 
Operating Temperature Range .. Pa | 

Commercial Plastic (B Versions) ..... ee 6 “40°C to +85°C 
Storage Temperature Range ........ ... 765°C to +150°C 
Lead Temperature (Soldering, 10 secs) . SeGsgithh ele tn aka a4 +300°C 
Power Dissipation (Any Package) to +75°C weeee . 250 mW 
Derates above +75°C ma prepalea ied gota na GEG en eee -10 mW/°C 
NOTES | 


1Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional -_— 
operation of the device at these or any other conditions above those listedin the ._. 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
Transient currents of up to 100 mA will not cause SCR latch-up. 


CAUTION 


ESD (electrostatic discharge) sensitive device. The digital conte inputs are diode protected;. WARNING! 


however, permanent damage may occur on unconnected devices subject to high energy electro- 


static fields. Unused devices must be stored in conductive foam or shunts. The protective foam Sa 


should be discharged to the destination socket before devices are removed. a a ESD SENSITIVE DEVICE 


Table I. AD7568 Loading Sequence 


DBI5 : | DBO 


Ba [BBB oar [ Bw Baa a pa oa [ wT ae 


_ Table II. DAC Selection 


ps2 [Ba [se Function 


DAC A Selected 
DAC B Selected 
DAC C Selected 
DAC D Selected 
DAC E Selected 
DAC F Selected’ *~ 
DAC G Selected 


aor ww Nt 


1 | | i | DAC Hi Seiected 


=e OOO OO] 
-—_ COOH © OS 


: 
0 
] 
0 
] 
0 
l 
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TERMINOLOGY 

Relative Accuracy 

Relative Accuracy or endpoint linearity i is a measure of the max- 
imum deviation from a straight line passing through the end- 
points of the DAC transfer function. It is measured after 
adjusting for zero error and full-scale error and is normally ex- | 
pressed in Least Significant Bits or as a percentage or full-scale 
reading. 


Differential Nonlinearity 

Differential nonlinearity is the difference between the measured 
change and the ideal 1 LSB change between any two adjacent 
codes. A specified differential nonlinearity of 1 LSB maximum | 
ensures monotonicity. 


Gain Error 

Gain Error is a measure of the output error between an ideal 
DAC and the actual device output. It is measured with all 1s in 
the DAC after offset error has been adjusted out and is ex- 
pressed in Least Significant Bits. Gain error is adjustable to zero 
with an external potentiometer. 


Output Leakage Current 

Output leakage current is current which flows in the DAC lad- 
der switches when these are turned off. For the Ioy7, terminal, 
it can be measured by loading all 0s to the DAC and measuring 
the Ioy7, current. Minimum current will flow in the Ipy-2 line 
when the DAC is loaded with all 1s. This is a combination of 
the switch leakage current and the ladder termination resistor | 
current. The Igy72 leakage current is typically equal to that i in . 
Tout: , 


Output Capacitance 
This j is the capacitance from the Lay pin to Ne 


REV. B 


AD7568 


Output Voltage Settling Time 

This is the amount of time it takes for the output to settle to a 
specified level for a full-scale input change. For the AD7568, it 
is specified with the AD843 as the output op amp. 


Digital to Analog Glitch Impulse 

This is the amount of charge injected into the analog output 
when the inputs change state. It is normally specified as the area 
of the glitch in either pA-secs or nV-secs, depending upon 
whether the glitch is measured as a current or voltage signal. It 
is measured with the reference input connected to AGND and 
the digital inputs toggled between all 1s and all Os. 


AC Feedthrough Error 

This is the error due to capacitive feedthrough from the DAC 
reference input to the DAC lout terminal, when all Os are 
loaded in the DAC. 


Channel-to-Channel Isolation 

Channel-to-channel isolation refers to the proportion of input 
signal from one DAC’s reference input which appears at the out- 
put of any other DAC in the device and is expressed in dBs. 


Digital Crosstalk 

The glitch impulse transferred to the output of one converter 
due to a change in digital input code to the other converter is 
defined as the Digital Crosstalk and is specified in nV-secs. 


Digital Feedthrough 

When the device is not selected, high frequency logic activity on 
_ the device digital inputs is capacitively coupled through the de- 
vice to show up as noise on the Ip,;7 pin and subsequently on 
the op amp output. This noise is digital feedthrough. 
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‘AD7568—Typical Performance Curves 


lIpp -— MA 


0.0 1.0 2.0 3.0 4.0 5.0 


~ DIGITAL INPUT - Volts” 


Figure 3. Supply Current vs. Logic 
Input Voltage 


Voo = +5V 
Ty = +25°C 


INL —- LSBs 


2.0 4.0 6.0 8.0 10.0 
Var - Volts 


Figure 6. Integral Nonlinearity Error 
VS. Veer 


104 oe '* DIGITAL INPUTS oe aie pees Be eae bse eS: | oor 8 
Roe *  Vpp = +5V 
: © Tae +25C 
AD713 OUTPUT OP AMP = gets 


t 


Figure 9. Digital-to-Analog Glitch 
Impulse 


INL SPREAD - LSBs 


Vout BNour C-dBs 


TEMPERATURE - °C 


Figure 4. Supply Current vs. 
_ Temperature 


Vper = +10V 
Vpp = +5V 
, Ts = +25°C 


DIGITAL CODE 


Figure 7. Typical DAC to DAC 
Linearity Matching 


VaerC = 20V pk-pk SINE WAVE 

‘[- ALL OTHER REFERENCE INPUTS GROUNDED 
DAC C LOADED WITH ALL 1s 
ALL OTHER DACs LOADED WITH ALL 0s 


10° 104 105 
FREQUENCY - Hz 


Figure 10. Channel-to-Channel 
Isolation (1 DAC to 1 DAC) 
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DNL-LSBs. 


Vop = +5V . : 
Ta = +25°C 


HiME 
ALLELE 


2.0 4.0 6.0 8.0 10.0 
Vrer ~ Volts 


Figure 5. Differential Nonlinearity 
Error vs. Veer _ 


102 10° 104 105 
FREQUENCY - Hz 


Figure 8. Total Harmonic Distortion 
vs. Frequency 


0 
-10 ALL OTHER REFERENCE INPUTS = _ f 
: 20V pk-pk SINE WAVE 
‘DAC B LOADED WITH ALL 0s | 
g -30 ALL OTHER DACs LOADED WITH ALL 1s q 
L 
-40 | 
rs) 
: aie ae el 
5 -s0 
s Bae SER eee 
m -60 
5 Renee 
s ~-70 
-80 
-90 
-~4$0 


FREQUENCY -— Hz 


Figure 11. Channel-to-Channel Iso- 
lation (1 DAC to All Other DACs) 
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ANALOG 
DEVICES 


CMOS Dual 8-Bit 
Buffered Multiplying DAC 


AD7628 


FEATURES 

On-Chip Latches for Both DACs 

+12V to +15V Operation 

DACs Matched to 1% 

Four Quadrant Multiplication 

TTL/CMOS Compatible from +12V to +15V 
Latch Free (Protection Schottkys not Required) 


APPLICATIONS 

Disk Drives 
Programmable Filters 
X-Y Graphics 
Gain/Attenuation 


GENERAL DESCRIPTION 

The AD7628 is a monolithic dual 8-bit digital/analog converter 
featuring excellent DAC-to-DAC matching. It is available in 
small 0.3”-wide 20-pin DIPs and in 20-terminal surface mount 
packages. 


Separate on-chip latches are provided for each DAC to allow 
easy microprocessor interface. 


Data is transferred into either of the two DAC data latches via a 
common 8-bit TTL/CMOS compatible input port. Control 
input DAC A/DAC B determines which DAC is to be loaded. 
The AD7628’s load cycle is similar to the write cycle of a random 
access memory, and the device is bus compatible with most 8- 
bit microprocessors, including 6502, 6809, 8085, Z80. 


The device operates from a + 12V to + 15V power supply and 
is TTL-compatible over this range. Power dissipation is a low 
20mW. 


Both DACs offer excellent four quadrant multiplication charac- 
teristics with a separate reference input and feedback resistor for 
each DAC. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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FUNCTIONAL BLOCK DIAGRAM 


PRODUCT HIGHLIGHTS 

1. DAC to DAC matching: since both of the AD7628 DACs are 
fabricated at the same time on the same chip, precise matching 
and tracking between DAC A and DAC B is inherent. The 
AD7628’s matched CMOS DACs make a whole new range of | 
applications circuits possible, particularly in the audio, graphics 
and process control areas. 


2. Small package size: combining the inputs to the on-chip 


DAC latches into a common data bus and adding a DAC A/ 
DAC B select line has allowed the AD7628 to be packaged in 
a small 20-pin 0.3” wide DIP, 20-pin SOIC, 20-terminal 
PLCC and 20-terminal LCC. 


3. TTL-Compatibility: All digital inputs are TTL-compatible 


over a +12V to +15V power supply range. 
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AD7628-SPECIFICATIONS =a Sot Ter Te eee 


Ta = -@C to 
Parameter a ; Units Test Conditions/Comments 
STATIC PERFORMANCE? 
Resolution 
Relative Accuracy“ This is an Endpoint Linearity Specification 
Differential Nonlinearity All Grades Guaranteed Monotonic Over 
Naf a2: Full Operating Temperature Range 
Gain Error Measured Using Internal RFB A and RFB B. 
— Both DAC Latches Loaded with 11111111. 
Gain Error is Adjustable Using Circuits 
of Figures 4 and 5. 
Gain Temperature Coefficient? 
AGain/ATemperature — 
Output Leakage Current 
OUT A (Pin 2) DAC Latches Loaded with 00000000 
OUT B (Pin 20) . 


Input Resistance ie A, Vrer B) Input Resistance TC = — 300ppm/C, en 


Input Resistance i is 1 1ka 


Vrer A/Vrer B tepea Resistance 
Match. 


DIGITAL INPUTS‘ 
Input High Voltage 
Vin 
‘ Input Low Voltage 
Vin 
Input ¢ Current 
In 
Input Capacitance 
DBO-DB7 
WR,CS, DAC A/DAC B 
SWITCHING CHARACTERISTICS? 
See Timing Diagram 
Chip Select to Write Set Up Time 


tes 
Chip Select to Write Hold Time 


tcH ! 
ae Select to Write Set Up Time 


Vm = Oor Vpp 


DAG Select to Write Hold Time 


taH 
Data Valid to Write Set Up Time 


tps — 
- Data Valid to Write Hold Time 


tox 
Write Pulse Width 


twr 
POWER SUPPLY — 
Ipp, K Grade . 
‘ _B, T Grades 
All Grades 


, Specifications subject to aunee without notice. 


‘AC PERFORMANCE CHARACTERISTICS 


These characteristics are included. for Design Guidance only and are not subject to test. _ : | - | 2%. a . 
Voo = +10.8V to +15.75V. (Measured Using Recommended P.C. Board Layout (Figure 7) and. aD644 as s Output. Amplifiers) ef. . 


See Figure 3 

All Digital Inputs Vint or Viz 
All Digital Inputs Viz or Vir 
All Digital Inputs OV or Vpp | 


Ta = -40°C Taz= —55°Cto 
Parameter Ta = +25°C'} to +85°C! + 125°C! Test Conditions/Comments 
DC SUPPLY REJECTION ae a ti 
(AGAIN/AVpp) “%per%max | AVpp = 5%. =; | a 
CURRENT SETTLING TIME To 1/2LSB. Out A/Out B load = 1002. 
: WR =CS=0V. 
DBO-DB7 = OV to Vpp or Vpop 10 0V 
DIGITAL-TO-ANALOG GLITCH 
IMPULSE For Code Transition 00000000 to 11111111 
OUTPUT CAPACITANCE 
CoutA 25 25 25 DAC Latches Loaded with 00000000 
Court B 25 25 25 
CoutrA 60 60 60 DAC Latches Loaded with 11111111 
Cour B 60 60 60 
AC FEEDTHROUGH 
Vrer AtoOUTA -70 Vrer A, Vrer B = 20V p-p Sine Wave 
Vrer BtoOUTB —70 @ 10kHz 
CHANNEL-TO-CHANNEL ISOLATION Both DAC Latches Loaded with 11111111. 
VrerAtoOUTB — — 80 - - dB typ Vrer A = 20V p-p Sine Wave @ 10kHz 
Vrer B = 0Vsee Figure 6. 
Vrer BtoOUT A | —80 - ~- , Vrer B = 20V p-p Sine Wave @ 10kHz 
Vrer A = 0Vsee Figure 6. 
DIGITAL CROSSTALK nV sec typ Measured for Code Transition 00000000 
tollii111 
NOTES 


'Temperature Ranges are K Version; — 40°C t to. + 85°C 
B Version: — 40°C to + 85°C 
T Version; — 55°C to + 125°C 
2Specification applies to both DACs in AD7628. 
Guaranteed by design but not prodiction tested. 
‘Logic inputs are MOS Gates. Typical input current (+ 25°C) is less than nA. 


Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS 
(Ta = +25°C unless otherwise noted) 


Vpp to AGND 
Vpp to DGND 
AGND to DGND 
DGND to AGND : 
Digital Input Voltage to DGND 
VpIn2 5 Vprn20 toAGND......... 
Vrer A, Vrer B to AGND 
Vere A, Vrrp B to AGND te eae ae mr 
Power Dissipation (Any Package) to + 75°C 
Derates above +75°C by ........ 
Operating Temperature Range 
Commercial (K) Grades 
Industrial (B) Grades 
Extended (T) Grades 
Storage Temperature 
Lead Temperature (Soldering, ‘aUsee), 


CAUTION: 


ee © © © #6 @© © © © 


eo «© @© «© #® © © 8# @ @ 


eo 28 @© e#@ @e¢ e&© © ee @ @ 


OV, +17V 
.0V, +17V 
Vpp +0.3V 
Vpp +0.3V 


_ =0.3V, Vpp +0.3V 


—0.3V, Vpp +0.3V 
+25V 


. —40°C to + 85°C 
. —40°C to +85°C 
. ~55°C to + 125°C 
— 65°C to: + 150°C 
+ 300°C 


1. ESD sensitive device. The digital control inputs are diode 
protected; however, permanent damage may occur on 
unconnected devices subjected to high energy electrostatic 
fields. Unused devices must be stored in conductive foam 


or shunts. 


power before insertion or removal. 


. Do not insert this device into powered sockets. Remove 


ORDERING GUIDE 


AD7628KN 
AD7628KP | 
AD7628KR: 
AD7628BQ | 
AD7628TQ © 
AD7628TE 


NOTES 


~~ 40°C to + 85°C 
— 40°C to + 85°C 
— 40°C to + 85°C: 
~ 40°C to + 85°C |.+1/2LSB. 
— 55°C to + 125°C | + 1/2LSB 
— 55°C to + 125°C | + 1/2LSB 


+ 1/2LSB 
+ 1/2LSB 
+ 1/2LSB 


To order MIL-STD-883, Class B process parts, add /883B to part nUEODEE | 


Temperature Relative | Gain 
Range Accuracy | Error 


-P-20A 
R-20 
 Q-20 

Q-20_ 


Contact your local sales office for military data sheet. 
2For outline information see Package Information section. 


DIP, SOIC 
AGND [1] ¢ 20] OUT B 
outa [2 119| RFBB 
RFB A | 3]. 18] Voce B 
Vrer A [4 | Vop 
penp [5 | AD7628 6] WA 
TOP VIEW 
DAC A/DAC B [6 | (Not to Scale) |15] CS 
(MSB) DB7 | 114] DBO (LSB) 
DB6 | 8 13] DB1 
DBS | 9° 112} DB2 
pes [fo] 


{11] DB3 
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AD7628 


TERMINOLOGY 


Relative Accuracy: 

Relative accuracy or endpoint nonlinearity is a measure of the 
maximum deviation from a straight line passing through the 
endpoints of the DAC transfer function. It is measured after 
adjusting for zero and full-scale and is normally expressed in 
LSBs or as a percentage of full-scale reading. 


Differential Nonlinearity: 

Differential nonlinearity is the difference between the measured 
change and the ideal 1LSB change between any two adjacent: 
codes. A specified differential nonlinearity of + 1LSB max over 
the operating temperature range ensures monotonicity. 


Gain Error: 

Gain error is a measure of the output error between an ideal 
DAC and the actual device output. It is measured with all Is 
in the DAC latches after offset error has been adjusted out. 
Gain error of both DACs 1 is adjustable to zero with external 
resistance. : 


Output Capacitance: 
Capacitance from OUT A or OUT B to OND: 


Digital-to-Analog Glitch Impulse: 

The amount of charge injected from the digital inputs to the 

analog output when the inputs change state. This is normally 

specified as the area of the glitch in either pA-secs or nV-secs 

depending upon whether the glitch is measured as a current or 

voltage signal. Glitch impulse is measured with VREF A, Vrer B 
= AGND. 


Channel-to-Channel Isolation: 

The proportion of input signal from one DAC’s reference input 
which appears at the output of the other DAC, expressed as a 
ratio in dB. 


Digital Crosstalk: 3 : bce 

The glitch energy transferred to fig output of one converter due 
to a change in digital input code to the other converter. Specified 
in nV secs. | 


PIN CONFIGURATIONS 
LCCC 


18 Var B 


Vrer A 4 Ld aay 
DGND 5 AD7628 17 Vpp AD7628 
DAC A/DACB 6 TOP VIEW 16 WR Pea 
DB7 (MSB) 7 (Not to Scale) 15 CS 
DB6 8 14 DBO (LSB) 
‘9 10 11 12 13 
ow fr On 
BRRER 
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AD7628 
INTERFACE LOGIC INFORMATION 
DAC Selection: 


Both DAC latches share a common 8-bit input port. The er . 
input DAC A/DAC B selects which DAC can accept data from ~ 


the input port. 
Mode Selection: 


Inputs CS and WR control the. aperating diols of the selected 
DAC. See Mode Selection Table below. 


Write Mode: 

When CS and WR are bat low the sélected DAC i isin the _ 
write mode. The input data latches of the selected DAC are 
transparent and its analog output repos to activity on DBO- 
DB7. a 


Hold Mode: 

The selected DAC latch retains the data which was present on 
DBO-DB?7 just prior to CS or WR assuming a high state. Both 
analog outputs remain at the values corresponding to the data in 
their respective latches. 


L = Low State H = High State X = Don’t Care 
_ Mode Selection Table 
WRITE cre TIMING DIAGRAM 


ton 


— _—— tes Voo 
CHIP SELECT 
~~ (0 


tan 
tas f Vop : 


DAC A/DAC B 


WRITE 


DATA IN (DBO-DB7) 


. ‘Voo 
Vin 
( DATA IN STABLE J} 
Vin 
0 
1. ALL INPUT SIGNAL RISE AND FALL TIMES 
MEASUR 


ED FROM 10% TO 90% OF +5V. 
Voo= +10.8V TO + 15.75V, ta = te = 20ns. 


2. TIMING MEASUREMENT REFERENCE LEVEL IS 


NOTES 


Vin + Va 
2 


CIRCUIT INFORMATION - D/A SECTION 

The AD7628 contains two identical 8-bit multiplying D/A con- 
verters, DAC A and DAC B. Each DAC consists of a highly 
stable thin film R-2R ladder and eight N-channel current steering 
switches. A simplified D/A circuit for DAC A is shown in Figure 
1. An inverted R-2R ladder structure js used, that is, binary 
weighted currents are switched between the DAC output and 
AGND thus maintaining fixed currents in each ladder leg inde- 
pendent of switch state. 


Vaer AG 


DAC A DATA LATCHES | 
AND DRIVERS 


Figure 1. Simplified Functional Circuit for DAC A 
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Ipp- MA 


| EQUIVALENT CIRCUIT ANALYSIS 


Figure 2 shows an approximate equivalent circuit for one of the 
AD7628’s D/A converters, in this case DAC A. A similar equivalent 
circuit can be drawn for DAC B. Note that AGND (Pin Ii is 
common for both DAC A and DAC B. 


The current source ILEAKAGE iS composed of surface and junction 


leakages and, as with most semiconductor devices, approximately _ 


doubles every 10°C. The resistor Ro as shown in Figure 2 is the. 
equivalent output resistance of the device which varies with 
input code (excluding all 0’s code) from 0.8R to 2R. R is typically 
11kQ. Coyr is the capacitance due to the N-channel switches 
and varies from about 50pF to 120pF depending upon the digital 
input. g(Vrer A, N) is the Thevenin equivalent voltage generator 
due to the reference input voltage Vper A and the transfer | 
function of the R-2R ladder. 


For further information on CMOS avultipiving DIA converters 
refer to “CMOS DAC Application Guide, 2“ Edition” available 
from Analog Devices, Publication Number G872a—15—4/86. 


Figure 2. Equivalent Analog Output Circuit of DACA 


CIRCUIT INFORMATION — DIGITAL SECTION | 
The input buffers are simple CMOS level-shifters designed such 
that when the AD7628 is operated with Vpp from 10.8V to 
15.75V, the buffer converts TTL input levels (2.4V and 0.8V) . 
into CMOS logic levels. When Vyy is in the region of 1.0-volt to. 
2.0 volts the input buffers operate in their linear region and 

pass a quiescent current, see Figure 3. To minimize power 


supply currents it is recommended that the digital input voltages 


be.as close to the supply rails Wop and DGND) as is practically 
possible. 


The AD7628 may be operated with any supply vag in the | 
range 10.8SVpp=15.75 volts. 


a = +25°C 
ALL DIGITAL INPUTS _ 
TIED TOGETHER 


ai ttt ett 

MT ttt TE ty yy 
SE |\RRERERRERE EES 
PHM TTT TT TTT TT 


SOOO 


1 2°3 4 5 6 7 8 8 0 11 12 13 14 15 


Vin ~ VOLTS 


Figure 3. Typical Plot of Supply Current, lop vs. Logic 
oe Voltage Vin for Vop = + 15V. ; 
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ANALOG 
DEVICES 5 V/3.3 V Quad and Octal 10-Bit DACs 


AD7804/AD7808 


FEATURES FUNCTIONAL BLOCK DIAGRAMS 


Four/Eight 10-Bit DACs in One Package 

Serial and Parallel Loading Facilities Available 
AD7808-S Octal 10-Bit Serial Loading 
AD7808-P Octal 10-Bit Parallel Loading 
AD7804-S Quad 10-Bit Serial Loading 
AD7804-P Quad 10-Bit Parallel Loading 

3.3 V and 5 V Operation 

Low Power All CMOS Construction 

10-Bit Resolution, +1 LSB DNL, +1 LSB INL 

Four/Eight Output Amplifiers 


“DAC aioe 
CHANNEL CONTROL | —] REGISTER 
REGISTER oa 
Double Buffered DAC Registers Sr STEM CONTHer “DATA 


REGISTER © CLR 
Power-Down Mode plese 
| CONTROL LOGIC & here 
PL INPUT REGISTER 


Low Cost CLKIN 

APPLICATIONS BAS - - 
Optical Disk Drives , Ps 

Automatic Test Equipment 
Instrumentation Systems 
Communication Systems 
Process Control | 
Voltage Set Point Control 

Trim Potentiometer Replacement 
Automatic Calibration 


GENERAL DESCRIPTION 
The AD7804/AD7808 are quad and octal 10-bit digital-to- 
analog converters, with serial or parallel data load facilities de- 


pending on the version used. These parts operate from a +5 V **A2 MODE CS Wr a oe 
i HBYTE/ 

or +3.3 V (10%) power supply and incorporate an on-board . LBYTE 

reference. These DACs provide output signals in the form of * ONLY ONE DAC STRUCTURE SHOWN FOR CLARITY 


Vaias £ Vswinc that swing rail to rail. CS i Me eae ere 


On-chip control registers include a system control register and a PRODUCT HIGHLIGHTS 


channel control register. The system control register has control 1. The AD7804/AD7808 are complete voltage output 10-bit 


over all DACs in the package. Its controls include power down, quad and octal DACs capable of operating from 5 V and 
input coding select, clearing of all DACs and the facility to put 3.3 V supplies with on-board reference. 


all DACs into standby. The channel control register, allows in- 
dividual control over all DACs and its contents allow individual 
DACs to be cleared, put into standby and reference selection for 
the relevant DAC. The complete transfer function of each indi- 3. The AD7804-S and AD7808-S have a fast versatile serial - 


2. CMOS construction ensures very low power dissipation, ihe 
part dissipating 5 mW/DAC typically in normal operation. 


vidual DAC can be shifted around the Vgyas point using an on- interface while the AD7804-P and AD7808-P offer a fast 
chip 8-bit Sub DAC. All DACs contain double buffered data parallel interface. Both interfaces are compatible with all 
inputs, which allow all analog outputs to be simultaneously up- modern microprocessors and microcomputers, and the out- 
dated using the asynchronous LDAC input. put voltage settles to + 1/2 LSB within 4 us. 


This is a preliminary data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


This information applies to a product under development. Its characteristics and specifications are subject to change without. notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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(Vpp as below; AGND = DGND = 0 V; Vaiss = REF OUT; C, = 100 pF; 
R, = 2 kQ. All specifications Tyjy to Tyax unless otherwise noted.) 


AD7804/AD7808—SPECIFICATION 


Parameter 3.3 V+ 10% Version | 5V+ 10% Version Comments 
STATIC PERFORMANCE : . 
Main DAC 
Resolution Bits 


Relative Accuracy 

Differential Nonlinearity 

Bias Offset Error a 
Plus or Minus Full-Scale Error 


LSB max 
LSB max 


- mV max 


Guaranteed Monotonic 


DAC Code = 0.5 Full 


mV max Scale 
Minimum Load Resistance kQ min 
Sub DAC 
Resolution Bits : : 
Differential Nonlinearity -LSB Guaranteed Monotonic 
OUTPUT CHARACTERISTICS 


Output Voltage Range 


V min/max 


Voltage Output Settling Time to 10 Bits us max Typically 2 ps 
Settling Time to 8 Bits is max 
Slew Rate V/us min 

Digital-to-Analog Glitch apllse 

Digital Feedthrough | 


DC Output Impedance 
Source/Sink Current! 


@ Vour = Vu 
@ Vout = Vmax 
DAC REFERENCE INPUTS 
Vgras Range 1.15/Vpp/2. min/max 
Vearas Input Impedance 500 kQ typ 
DIGITAL INPUTS 
Input High Voltage, Vir 2." 
Input Low Voltage, Vi. 0.6 
Input Leakage Current | +10 
Input Capacitance 8 
Input Coding 2s Complement/Binary 
REFERENCE OUTPUT 
REF OUT Output Voltage 


REF OUT Error @ 425°C 


Tyin~ Tax : 
REF OUT "Temperature Coefficient 


POWER REQUIREMENTS 
Vpp 3.3+ 10% 
Ipnp _ : 
@ +25°C . mA/DAC max |} Excluding Load Currents 
Twn Tmax 2.5 mA/DAC max 
Power Dissipation | | | 
Normal Mode @ +25°C 7:2 + Vo?/Ry 13.75 + Vo/R, mW/DAC max 
Tam- Tmax “ 194+ Vo2/R, 16.5 + Vo7/Ry mW/DAC max 
Power Save Mode @ +25°C 1.5 2 uW/DAC max 
NOTES | 


: IV MIN = — Vrras/16, Vaax = — 2 Varas ~ Varas/16. 


Specifications subject to change without notice. 


This information applies to a product under development. Its eharactetistics and specifications are subject to change without notice. 


Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7804/AD 7808 


(Voy = 3.3 Vor 5 V+ 10%; AGND = DGND = 0 V; Vous = REF OUT. All specifications Ty to T 
TIMING CHARACTERISTICS! tniess otherwise noted.) = ee oe 


Parameter 


ty 
ty 
t3 
ty 
ts 
t6 
ty 
tg 


NOTE 


AD7804-S AND AD7808-S 


i Limit at T, = 
+25°C ~40°C to +85°C Units Description 


CLKIN Cycle Time 
CLKIN High Time 
CLKIN Low Time 

FSIN Setup Time 

Data Setup Time 

Data Hold Time 

FSIN Hold Time 

LDAC, CLR Pulse Width 


‘Guaranteed by design not production tested. All input signals are specified with tr = tf = 5 ns (10% to 90% of Vpp) and timed from a voltage of 1.6 V. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 


CLKIN (I) 


FSIN (1) 


Figure 1. Timing Diagram for AD7804-S and AD7808-S 


Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7804/AD7808 


AD7804-P: AND AD7808-P ; 


Limit at Limit at T, = i? jn 
Parameter Ta = +25°C -40°C to +85°C . _ Units Description 


Mode Valid to Address Setup Time 


ty 
ty Mode Valid to Address Hold Time 
ts Address Valid to Write Setup Time 
t4 Address Valid to Write Hold Time 
ts Data Setup Time 
t6 Data Hold Time 
ty Chip Select to Write Setup Time 
ts Chip Select to Write Hold Time 
to Write Pulse Width 
tio HBEN to Write Setup Time 
thi. HBEN to Write Hold Time 
tio LDAC, CLR Pulse Width 
NOTE , | 
'Guaranteed by design not production tested. All input signals are specified with tr = tf = 5 ns (10% to 90% of Vpp) and timed from a voltage of 1.6 V. 
t, & 
MODE . 
AO, At, A2 
cs 
a 
HBYTE/LBYTE 
DATA 
t 
P tie 
LDAC, CLR 


Figure 2. Timing Diagram for AD7804-P and AD7808-P Parallel Write 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. = 
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AD 7804/AD7808 


PIN DESCRIPTION (AD7804-S and AD7808-S) 


This is an external reference input for the DAC. When this reference is selected for the DAC in the control register, 


Level-triggered control input (active low). This is the frame synchronization signal for the input data. When FSIN 


Serial Data Input. These devices accept a 16-bit word. The first 2 bits (DB15 and DB14) are used to select either 


the 10-bit data. If control registers are selected by the 2 MSBs, then remaining bits are defined in the section Serial 


C registers are simultaneously updated 


register outputs are cleared. 


Mnemonic Description 

AVpp Analog Power Supply. +5 V or +3 V. 

DVpp Digital Power Supply. 

AGND Ground reference point for analog circuitry. 

DGND Ground reference point for digital circuitry. 

Veias 
the analog output from the selected DAC swings around this point. 

REFOUT Reference Output; this is a bandgap reference and is typically 1.26V. 

CLKIN Clock Input. Data is clocked into the input shift register on the falling edges of CLKIN. 

FSIN 
goes low, it enables the input shift register and data is transferred on the falling edges of CLKIN. 

SDIN 
writing to the DACs data registers or to the control registers. If the DAC data register is selected, DB13 is used to 
select either the Main DAC or the Sub DAC, DB12 to DB10 provide the DAC address and DB9 to DBO contain 
Interface. 

LDAC Asynchronous LDAC Input. When this digital input is taken low 
with the contents of the DAC data registers. 

CLR Asynchronous CLR Input. When this input is taken | 

COMP Compensation Pin. This is a compensation pin for 


0.1 uF capacitor to analog ground. 
Analog output voltages from the DACs. 
Analog output voltages from the; 


Vouta-VouTp 
Voute-VouTH 


ABSOLUTE MAXIMUM RATINGS' 


(T, = +25°C unless otherwise noted) 


DV5pt0.DGND: 22554202 soe eee ee wute ws -0.3Vto+7V 
AVpp tO-AGND 363 ce vei el ope ached -0.3Vto+7V 
AGND 10: DGND: A6-ceriuvode segs Sheeas -0.3V+0.3V 
Digital Input Voltage to DGND..... -0.3 V to DVpp + 0.3 V 
Analog Input Voltage to AGND ...... -0.3 V to AVpp + 0.3 V 
REF OU TI0AGND: oo neue peavonunakd the -0.3 V to +Vpp 
Vaing tOAGND: save cevecdeteeeies -0.3 V to Vpp + 0.3 V 
Input Current to Any Pin Except Supplies? ......... +10 mA 
Operating Temperature Range 

Commercial Plastic (A, B Versions) ....... -40°C to +85°C 
Storage Temperature Range .............. —65°C to +150°C 
Junction Temperature ............ccccceccccececs +150°C 


CAUTION 


ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the AD7804/AD7808 features proprietary ESD protection circuitry, permanent dam- 
age may occur on devices subjected to high energy electrostatic discharges. Therefore, proper 
ESD precautions are recommended to avoid performance degradation or loss of functionality. 


nal Vpp/2' reference and should be decoupled with a 


ackage, Power Dissipation ................ 875 mW 
Thermal Impedance .......0.. cc csc ev eccenes 75°C/W 
Lead Temperature, Soldering 


Vapor Phase-(60 sec) absnci¢ecseeg cee ae awaes +215°C 

bn frated Cl 57SEC) 66666 ak os ewe ei wus epee echoes +220°C 

PQFP Package, Power Dissipation ................ 500 mW 

Qj, Thermal Impedance ................0 000000 95°C/W 
Lead Temperature, Soldering 

Vapor Phase: (00SEC). cass eweiinds VaRRs eats +215°C 

IMIEAPER CLD SEC)5.c+ ewe h oS Geese eae sawed +220°C 


NOTES 

‘Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
Transient currents of up to 100 mA will not cause SCR latchup. 


WARNING! 


arn 4 


ESD SENSITIVE DEVICE 


wa 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7804/AD7808 


Mnemonic 
AVpp 
DVpp 
AGND 
DGND 


Veias 


REFOUT 
DB9-DB2 


DBO 
DB1/(HBYTE/LBYTE) 


AO, Al, A2 


CS 
WR 


LDAC ~ 
CLR 
COMP 
Mode 


Vouta-VoutTp 
Voute-VouTH 


- Analog output velisues from a - 


PIN DESCRIPTION (AD7804-P and sles 
Description 
Analog Power Supply. +5 V or +3.3 V. 
Digital Power Supply. 


Ground reference point for analog circuitry. 
Ground reference point for digital circuitry. 


_ This is the midpoint for the DAC outputs. The analog output from the DACs, swings around this 


point. 
Reference Output; this is a bandgap reference and is typically 1.23 V. 

Data Inputs. DB9 to DB2 are the 8 MSBs of the data word. DB9 and DB8 function also as the 2 
LSBs of the 10-bit word when BYTE loading structure is used. | 
Data Input. Functions as the LSB when in the 10-bit parallel mode. 

Data Input in 10-bit parallel mode. Functions as a high byte and low byte enable when BYTE load- 
ing structure is selected. | 

DAC Address Inputs. These digital inputs are used in conjunction with CS and WR to determine 
which DAC channel control register or DAC data register is loaded from the input register. 

Chip Select. Active low logic input. 

Write Input WR is an active low logic input which is used in c 
pins to write data to the relevant registers. _ 
Asynchronous LDAC Input. When this digital inpy 
neously updated with the contents of the DAY 
Asynchronous CLR Input. When this. inj 
Veias or to Veras/ 16 volts. This inp: 
Compensation Pin. This i 
Becoup/ed with a “ 1 


jancti on with CS and the address 


w, all DAC registers are simulta- 


AC outputs are cleared either to 
of the Sub DAC. 


: DACs. 
Analog output voltages from the DACs. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless: otherwise agreed to in writing. 


3-200 DIGITAL-TO-ANALOG CON VERTERS | REV. 0 


INTERFACE SECTION (SERIAL) 

The AD7804-S and AD7808-S are serial input devices. Three 
lines control the serial interface, FSIN, CLKIN and SDIN. 
The timing diagram is shown in Figure 1. . 


When the FSIN input goes low, data appearing on the SDIN 
line is clocked into the input register on each falling edge of 
CLKIN. When sixteen bits have been received, input register 
loading is automatically disabled until the next falling edge of 
FSIN is detected. Table I shows the loading sequence for both 
the AD7804-S and the AD7808-S system control register, Table 
II shows the sequence for the channel control register and Table 
III the sequence for loading data to the DAC data registers. 
Figure 3 shows the internal registers associated with the 
AD7804-S and AD7808-S serial interface DACs. Only one 
DAC structure is shown for clarity. 


O FSIN 
16-BIT INPUT SHIFT REGISTER < O CLKIN 
O SDIN 


raf 


SYSTEM 
CONTROL 


REGISTER N — — a ease 
| CHANNEL | 
TO ALL | CONTROL 
DACS REGISTER | 
| 


SINGLE_.», AD7804-S/ 
DAC ; AD7808-S 


Vout 9 | <q 


Figure 3. AD7804-S and AD7808-S Internal Registers 


AD7804/AD 7808 


DB15 and DB14 (MD1 and MD0) determine whether a write 
cycle accesses the control registers or the DAC data registers. 
When the system control register is selected by writing zeros to 
the modes bits MD1 and MD0, the address bits are ignored as 
the system control register controls all DACs in the package. 
When MD1 = 0 and MD0 = 1, writing is to the channel control 
register. Only the DAC selected by the address bits will be 
affected by writing to this register. Each individual DAC has a 
channel control register. 


The DACs data registers are addressed by writing a one to both 
MD1 and MDO (DB15 and DB14 of the input word). DB13 
determines whether writing is to the Main DAC data register or 
to the Sub DAC data register. The Main DAC is 10 bits wide 
and the Sub DAC is 8 bits wide. Thus when writing to the Sub 
DAC, DB9 and DB8 become don’t cares. The Sub DAC is 
used the shift the complete transfer function of the Main DAC 
around its Vpras point. The Sub DAC has 1/4 LSB resolution 
and will enable the transfer function to be shifted by + Vpyas/16. 


When the LDAC line goes low, all DAC registers in the device 


issuing a hardware clear to the part. This 
og output of the Main DAC to Vpyas/16 

set binary coding is selected and the output is set 
hen twos complement coding is used. 


Table I. AD7804-S/AD7808-S System Control Register Loading Sequence 


MSB LSB 
[mpi zo[mpo=0 [x [x [x [x |x [x [o [antour [wp [sorav [san [scum [x [0 


Table II. AD7804-S/AD7808-S Channel Control Register Loading Sequence 


DB15 (MSB) 


MD1=1 


DBO (LSB) 


MDO = 0 sray_| CER | xo | mxt | o_ 


Table III. AD7804-S/AD7808-S DAC Data Register Loading Sequence 


DB15 (MSB) 


Mp1 = 1] Mpo=1| MAINSUE 


X = Don’t Care. 


DBO (LSB) 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7804/AD 7808 


INPUT/CONTROL REGISTERS . 

Two mode bits (MD1 and MD0), which are ee two MSBs ee . 
the serial word written to. the AD7804-S or the AD7808-S, are 
used to determine whether writing is to the DAC registers or the 
control registers for these parts. These parts contain a system 
control register for controlling the operation of all DACs. in the 
package:as well as a channel control register for controlling the - 
operation of each individual DAC. All registers are write-only 
registers. The following table shows how to access these registers. 


Table IV. Register Selection 


Function 


Write Enable to System Control Register 
‘Write Enable to Channel Control Register 
Write Enable to DAC Data Registers 


Figures. 1—3 show the contents of the above registers. 


DAC SELECTION (A2, Al, A0) 

Bits A2, Al and AO in the input register are used to address a 
specific DAC. The following tables show how the DACs are 
selected. 


Table V. AD7808-S DAC Selection 


Function 


DAC E Selected 
DAC F Selected 


DAC H Selected 


Function | 


_ DAC A Selected 
~ DAC B Selected 
DAC C Selected 
DAC D Selected 


X = Don’t Care. 


DAC G Selected | 


SYSTEM CONTROL REGISTER (MD1 = 0, MDO = 0) - 

This register has control over all DACs in the package. The 
control bits include power down (PD), DAC input coding select 
(BIN/COMP), global standby (SSTBY) and a global clear of all 
Main DACs (SCLRM) and a global clear of all Sub DACs 
(SCLRS). The function of these bits is as follows. 


POWER DOWN (PD) | 7 
This bit in the control register is used to shut down the com- 
plete device. With a 1 in this position, the reference and all 
DACs are put into low power mode. Writing a 0 to this bit puts 
the part in the normal operating mode. When in power-down 
mode the contents of all registers are retained and are valid 
when the device is taken out of standby. 


CODING (BIN/COMP) 
This bit in the global control register allows the user to select 


one of two input coding schemes. The available schemes are 


twos complement coding and offset binary coding. All DACs 
will be configured with the ame input coding scheme. Writing 
a 0 to the control re ects twos complement coding, : 
while shite ay a 1.to this bitin the control register selects offset 


C can be calculated as follows: 
Vour — Veras + 1.875 x Varas x ((NA —512)/1024) 


Where NA is the decimal equivalent of the offset binary input 
code. NA ranges from 0 to 1023. See Table IV for Vpjas input. 


This information applies:to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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SYSTEM STANDBY (SSTBY) 

This bit allows all the DACs in the package to be put into low 
power mode simultaneously. Writing a 0 to the SSTBY bit in 
the system control register puts all DACs into standby mode. 
The following changes take place on writing a 0 to this bit. All 
linear circuitry is switched off . The Vour from all DACs is con- 
nected through a high impedance to ground. The DACs come 
out of power-down mode when a 1 is written to the SSTBY bit. 
The contents of other locations in the control register are re- 
tained when the device is placed in power-down mode and are 
valid when normal operation is restored. 


SYSTEM SOFTWARE CLEAR FUNCTIONS (SCLRM, 
SCLRS) 

This function allows the user to clear the contents of all the 
DAC registers in software. There are two bits available, one to 
clear all Main DACs and the second to clear all Sub DACs. The 
output of the Main DAC can be cleared to one of two places 
depending on the input coding used. Input coding is also 
programmable through the system control register. If twos 
complement coding is selected then issuing a software clear will 
reset the output of the Main DAC to mid-scale (Vgyas). If offset 
binary coding is selected the output will be reset to Vgras/16 fol- 
lowing the execution of a software clear. The Sub DAC will be 
cleared to midscale regardless of the input coding selected. 
Writing a zero to the SCLRM or SCLRS bit in the contr 
ister clears the DACs outputs. A | in these bit positiog 
DAC i in normal operating mode. 


CHANNEL CONTROL REGISTER (MD1 
This register allows the user to have control over individua’ 
DACs in the package. The control bits in this register include 
standby (STBY), individual DAC clear (CLR) and multiplexer 
output selection (MX1 and MX0). The function of these bits i iS 
as follows. 


STANDBY (STBY) 

This bit allows the selected DAC in the package to be put into 
low power mode. Writing a 0 to the STBY bit in the individual 
control register puts the selected DAC into standby mode. The 
following changes take place on writing a zero to this bit. All lin- 
ear Circuitry is switched off. The Voyr from the DAC is con- 
nected through a high impedance to ground. The DAC is 
returned to normal operation by writing a 1 to the STBY bit. 
The contents of other locations in the control register are re- 
tained when the device is placed in power-down mode and are 
valid when normal operation is restored. 


AD7804/AD7808 


SOFTWARE CLEAR FUNCTION (CLR) 

This function allows the user to clear the contents of the 
selected DAC latch in software. This software clear, clears only 
the Main DAC contents of the Sub DAC. DAC register is unaf- 
fected by a CLR operation. The output of the Main DAC can 
be cleared to one of two places depending on the input coding 
used. Input coding is also programmable through the global 
control register. If twos complement coding is selected, then is- 
suing a software clear will reset the output of the Main DAC to 
midscale (Vgias). If offset binary coding is selected, the output 
will be reset to Vpras/16 following the execution of a software 
clear. Writing a 0 to the CLR bit in the control register clears 
the DACs output. A 1 in the CLR bit position puts the DAC in 
normal operating mode. 


_MULTIPLEXER SELECTION (MX1, MX0) 


These two bits are used to select the reference input for the 
selected DAC. The following table shows the options available. 


Table VII. Multiplexer Output Selection 


INTERNAL Veer 
Vpp/2 
EXT Voras 


ATA REGISTER 
the loading sequence for writing to the data reg- 
s. DB13 determines whether writing is to the 
' Cs data register. A one in this position selects 
ested Sub DACs data register. The Sub DAC is eight- 
wide and thus DB9 and DB8 are don’t cares when writing 
the Sub DAC. This Sub DAC allows the complete transfer 
function of each individual DAC to be shifted around the Vgyas 
point. This is achieved by using a Sub DAC whose output is 
either added or subtracted to the output of the Main DAC, This - 
Sub DAC has a span of +Vpac/16 with 1/4-bit resolution. An 
8-bit DAC is used to implement this function. The output of’ 
this Sub DAC 1s guaranteed monotonic. The coding scheme for 
the Sub DAC is programmed through the control register. With 
offset binary coding the transfer function for the Sub DAC is 


Veras/16 x (2 x NA/256-1) 


where NA is the digital code written to the Sub DAC and varies 
from 0 to 255. See Table IV for Vyas input. 


With twos complement coding the transfer function for the Sub 
DAC is: 


Veras/8 X (NB/256) 


where NB is the digital code written to the Sub DAC and varies 
from -128 to 127. See Table IV for Vpyas input. 


The DAC register for the relevant Sub DAC is selected by writ- 
ing 0, 1 to the mode bits MD1 and MDO. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7804/AD 7808 


CONTROL REGISTER (PARALLEL VERSION) 

Access to the control register of the AD7804-P and the. 
AD7808-P is achieved by taking the mode pin to a logic high. 
The control register of these DACs is eight bits wide and is con- 
figured as in Tables V and VI. There are two. control registers 
associated with the part. System control register which looks 
after the input coding, data format, power down, global clear 
and global standby. The channel control register contains bits. 
that effect the operation of the selected DAC. The external 
address bits are used to select the DACs. When mode is high, 
the two mode bits.select- which of the control registers is pene 
addressed. 


Table VIII. AD7804-P and AD7808-P System Control Register 
Configuration 


DB9 


o| x| SCLRS X|SCLRS|SCLRM |SSTBY BIN/COMP | 10. MD0 = 0 


Table IX. AD7804-P and AD7808-P Channel Control Register 
Configuration 


DB9 


STBY while wane [xaoo= 


Each DAC has a separate channel control register. The follo 
ing is a brief discussion on each bit in these registers. 


SYSTEM OR CHANNEL CONTROL REGISTER SEL 


MDO Se : : 

0 This enables soutiag to the system control register. The | 
contents of this are shown in Table VIII. Mode must be 
low to access this control register. 


l This enables writing to the channel control register. The 
contents of this are shown in Table IX. Mode must also 
be low to access this control register. 


DATA FORMAT 


10/8 ; 
0 10-Bit Parallel Loading Structure (Default on Power-Up). 


1 Byte Loading Structure (8 + 2 Loading Left Justified Data). 


IN BYTE MODE DB1 BECOMES HBYTE/LBYTE ENABLE. 
0 = HBYTE, 1 = LBYTE. 


SCLRM & SCLRS 


INPUT CODING 


BIN/COMP COMP 
0 Twos Complement Coding. 


Ls Offset pny Coding (Default on PowerUp). 


POWER DOWN 
PD | 
0 ~§ Normal Operation. 


1 Complete Power Down of Device (Default on Power-Up). 


SYSTEM STANDBY 


SSTBY 
0 All DACs in the Package Put in Sais Mode. 


] Normal Operation (Default on Power-Up). 


SYSTEM CLEAR 


0 All DAG: 
e cQ ing scheme selected. The SCLRM 
while the SCLRS bit clears the 


ement coding the output is cleared to 
al Operation (Default on Power-Up). 


MAIN DAC OR SUB DAC SELECTION 


MAIN/ SUB 
0 When Mode is taken low, writing to the AD7804/AD7808 
loads data to the input register of the selected Sub DAC. 


i Writing to the DAC with MODE low loads data to the 
input register of the selected Main DAC (Default Condi- 
tion on Power-Up). 


10-BIT PARALLEL OPERATION 


BYTE MODE OF OPERATION 


Figure 4. AD7804-P and AD7808-P Parallel & Byte Loading Structure 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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ANALOG L¢?M0S 
DEVICES Complete, Dual 12-Bit MDACs 


AD7837/AD7847 


FEATURES FUNCTIONAL BLOCK DIAGRAMS 

Two 12-Bit MDACS with Output Amplifiers Voo 

4-Quadrant Multiplication 

Space-Saving 0.3”, 24-Pin DIP and 24-Terminal 
SOIC Package 

Parallel Loading Structure: AD7847 

(8 + 4) Loading Structure: AD7837 


APPLICATIONS 

Automatic Test Equipment 
Function Generation 
Waveform Reconstruction 
Programmable Power Supplies 
Synchro Applications 


AD7837 


MS 
INPUT 
LATCH 


GENERAL DESCRIPTION 

The AD7837/AD7847 is a complete, dual, 12-bit multiplying 
digital-to-analog converter with output amplifiers on a mono- 
lithic CMOS chip. No external user trims are required to DGND Ves 
achieve full specified performance. 


Both parts are microprocessor compatible, with high speed data 
latches and interface logic. The AD7847 accepts 12-bit parallel 
data which is loaded into the respective DAC latch using the 
WR input and a separate Chip Select input for each DAC. The 
AD7837 has a double-buffered 8-bit bus interface structure with 
data loaded to the respective input latch in two write operations. 
An asynchronous LDAC signal on the AD7837 updates the 
DAC latches and analog outputs. 


AD7847 


The output amplifiers are capable of developing +10 V across 
a 2 k© load. They are internally compensated with low input 
offset voltage due to laser trimming at wafer level. 


The amplifier feedback resistors are internally connected to 
Vout on the AD7847. 


The AD7837/AD7847 is fabricated in Linear Compatible CMOS 
(LC?MOS), an advanced, mixed technology process that com- 
bines precision bipolar circuits with low power CMOS logic. 
A novel low leakage configuration (U.S. Patent No. 4,590,456) 
ensures low offset errors over the specified temperature range. PRODUCT HIGHLIGHTS 
1. The AD7837/AD7847 is a dual, 12-bit, voltage-out MDAC 
on a single chip. This single chip design offers considerable 
space saving and increased reliability over multichip designs. | 


2. The AD7837 and the AD7847 provide a fast versatile inter- 
ace to 8-bit or 16-bit data bus structures. 


DGND Vss 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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AD7837/AD7847 —SPECIFICATIONS' 


t= = 100 pF Nour connected to Me et All specitetom: Twin tO Trax Unless otherwise noted.) 


(Vop = +15V + 


5%, Vos = —15 V st 5%, AGNDA = AGNDB 
= DEND = OV. Vor, = Maera = +100, Ri = 2 KO, 


Paaancea Ta Version [BVersion — |SVersion | Units Test ContiiousiComeneme | 
STATIC PERFORMANCE . > nd | | . 
Resolution . i 
Relative Accuracy” 
’ Differential Nonlinearity” Guaranteed Monotonic 
Zero Code Offset Error” - | 
@ +25°C DAC Latch Loaded with All 0s 
Trin tO Tmax Temperature Coefficient = +5 ee typ 
Gain Error? 
@ +25°C DAC Latch Loaded with All ls 
Te tO Tans Temperature Coefficient = +2 ppm of 
FSR/C typ 
REFERENCE INPUTS ; 
Vrer Input Resistance 8/13 8/13 8/13 kQ min/max | Typical Input Resistance = 10 kQ 
Vrera> Vrerp Resistance Matching | +3 +3 +3 % max 


DIGITAL INPUTS 
Input High Voltage, Ving 
Input Low Voltage, Vint 
Input Current 
Input Capacitance? 


Typically +0.5% 


Digital Inputs at 0 V and Vpp 


ANALOG OUTPUTS 
DC Output Impedance 
Short Circuit Current Vour Connected to AGND - 
POWER REQUIREMENTS* te - 
_ Vpp Range -14.25/15.75 14.25/15.75 14.25/15.75 V min/max 
Vss Range. —14.25/—15.75 | —14.25/-—15.75 | —14.25/—15.75 | V min/max 
Power Supply Rejection 2 
AGain/AVpp Yper %max | Vpp = 15 V + 5%, Var = —10 V. 
AGainl AV es: Yper %max | Vsg = —15 V + 5%, Vege = +10 V 
Ipp } mA max Output Unloaded. Typically 5 mA. 
Iss mA max Output Unloaded. Typically 4 mA — 
AC CHARACTERISTICS” ? a ; . _ 
Voltage Output Settling Time ws typ Settling Time to Within +1/2 LSB of Final 
Value. DAC Latch Alternately Loaded 
: Oo with All 0s and “ ls 
Slew Rate V/s typ 
Digital-to-Analog Glitch Impulse nV secs typ | DAC Latch Alternately Loaded with 
a¢ Ol...lland10...00 .. 
Channel-to-Channel Isolation _ . | . 
Vaera to Vours a dB typ Vrera = 20 V p-p, 10 kHz Sine Wave. © 
DAC Latches Loaded with All 0s _ | 
Vrers t0 Voura dB typ Vrere = 20 V p-p, 10 kHz Sine Wave. 
DAC Latches Loaded with All 0s 
Multiplying Feedthrough Error dB typ Vrer = 20 V p-p, 10 kHz Sine Wave. 
| | DAC Latch Loaded with AllOs 
Unity Gain Small Signal BW kHz typ Vrer = 100 mV p-p Sine Wave. DAC - 
Latch Loaded with All Is . 
Full Power BW kHz typ =| Vrer = 20 V p-p Sine Wave. DAC. 


Total Harmonic Distortion 


Digital Crosstalk 
Output Noise Voltage @ +25°C 
(0.1 Hz to 10 Hz) 


NOTES 


dB typ 


nV secs typ 


y.V rms typ 


‘Temperature Ranges are as follows: A, B Versions, —40°C to +85°C; S$ Version, —55°C to +125S°C. 


2See Terminology. 


Latch Loaded with All 1s 

Veer = 6 V rms, 1 kHz. DAC Latch 
Loaded with All 1s 

Code Transition from All 0s to All 1s 

See Typical Performance Graphs 

Amplifier Noise and Johnson Noise of Reg 


3Sample tested @+25°C to ensure compliance. 
“The Devices are functional with Vpp/Vs, = +12 V (See typical performance graphs.) 


Specifications subject to change without notice. 
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Limit at T ins Tmax 
(A, B Versions) 


Parameter (S Version) 


NOTES » 


Limit at T,,,;,5 


4 ee 
Units 


AD7837/AD7847 
TIMING CHARACTERISTICS" 2 wy,, = +15 v + 5%, Veg = —15 V + 5%, AGNDA = AGNDB = DGND = 0¥) 


Conditions/Comments 


CS to WR Setup Time 
CS to WR Hold Time 


WR Pulse Width 


Data Valid to WR Setup Time 


Data Valid to WR Hold Time 
Address to WR Setup Time 
Address to WR Hold Time 


LDAC Pulse Width 


1Sample tested @ +25°C to ensure compliance. All input signals are specified with tr = tf = 5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 


2See Figures 3 and 5. 
3AD7837 only. 


ABSOLUTE MAXIMUM RATINGS* 
(T, = +25°C unless otherwise noted) 
Vpp to DGND, AGNDA, AGNDB 
Vs;' to DGND, AGNDA, AGNDB 
VreFa>Vrerg to AGNDA, AGNDB 
gaia seinen oe unde cates ore ae A Vss —0.3 V to Vpp +0.3 V 
AGNDA, AGNDB to DGND ...... —0.3 V to Vpp +0.3 V 
Vouta?> Vours’ to AGNDA, AGNDB 
sara te aa tah iain Sota nin tenecaas Vss —0.3 V to Vpp +0.3 V 
Rega’> Regp to AGNDA, AGNDB | . 
ee ee eee ee ee eee Vss —0.3 V to Vpp +0.3 V 
Digital Inputs to DGND ......... —0.3 V to Vpp +0.3 V 
Operating Temperature Range 
Commercial/Industrial (A, B Versions) . . . . —40°C to +85°C 
Extended (S Version) .............. ~—55°C to +125°C 
Storage Temperature Range ........... —65°C to +150°C 
Lead Temperature (Soldering, 10 secs) ........... +300°C 
Power Dissipation (Any Package) to +75°C ....... 1000 mW 
Derates above +75°C by 


pte seals -0.3 Vto +17 V 
amie he +0.3 Vto -—17 V 


NOTES . 

‘If Vg is open circuited with Vpp and either AGND applied, the Vs, pin will 
float positive, exceeding the Absolute Maximum Ratings. If this possibility 
exists, a Schottky diode connected between V,, and AGND (cathode to 
AGND) ensures the Maximum Ratings will be observed. 

?The outputs may be shorted to voltages in this range provided the power 
dissipation of the package is not exceeded. 

3AD7837 only. 


*Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
Only one Absolute Maximum Rating may be applied at any one time. 


CAUTION 


ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 


Model! | 


AD7837AN 
AD7837BN 
AD7837AR 
AD7837BR 
AD7837AQ 
-AD7837BQ 
AD7837SQ 


AD7847AN 
AD7847BN 
AD7847AR 
AD7847BR 
AD7847AQ 
AD7847BQ 
AD7847SQ 


NOTES 


ORDERING GUIDE 


Temperature Relative 
Range Accuracy 
—40°C to +85°C 
—40°C to +85°C 
—40°C to +85°C 
—40°C to +85°C 


—40°C to +85°C 


—40°C to +85°C » 


—55°C to +125°C 


-40°C to +85°C 
—40°C to +85°C 
—40°C to +85°C 
—40°C to +85°C 
—40°C to +85°C 
—40°C to +85°C 
—55°C to +125°C 


+1 LSB 
+1/2 LSB 
+1 LSB 
+1/2 LSB 
+1 LSB 
+1/2 LSB 
+] LSB 


+1 LSB 
+1/2 LSB 
+1 LSB 
+1/2 LSB 
+] LSB 


‘+1/2 LSB 


+1] LSB 


Package 
Option” 

N-24 _ 
N-24 


| R-24 


R-24 


Q-24 


Q-24 
Q-24 


N-24 
N-24 
R-24 
R-24 
Q-24 
Q-24 
Q-24 


1To order MIL-STD-883, Class B processed parts, add /883B to part 


number. 


?N = Plastic DIP; Q = Cerdip; R = SOIC. For outline information see 
Package Information section. 


should be discharged to the destination socket before devices are inserted. 
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ESD SENSITIVE DEVICE 
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TERMINOLOGY 

Relative Accuray (Linearity) | fs 
Relative accuracy, or endpoint linearity, is a measure of the 
maximum deviation of the DAC transfer function from a 
straight line passing through the endpoints. It is measured after 
allowing for zero and full-scale errors and is expressed in LSBs 
or asa percentage of full-scale prealing: 


Differential Nonlinearity — 

Differential nonlinearity is the difference between the measured 
change and the ideal 1 LSB change between any two adjacent 
codes. A specified differential nonlinearity of +1 LSB or less 
over the operating temperature range ensures monotonicity. 


Zero Code Offset Error — 

Zero code offset error is the error in output voltage from Vouta 
or Vourp With all 0s loaded into the DAC latches. It is due to a 
combination of the DAC leakage current and offset errors in the 
output amplifier. 


Gain Error 

Gain error is a measure of the output error between an ideal 
DAC and the actual device output with all 1s loaded. It does not 
include offset error. 

Total Harmonic Distortion 

This is the ratio of the root-mean-square (rms) sum of the har- 
monics to the fundamental, expressed in dBs. 

Multiplying Feedthrough Error 

This is an ac error due to capacitive feedthrough from the Vrrr 
input to Voyr of the same DAC when the DAC latch is loaded 
with all Qs. 


AD7837 PIN CONFIGURATION 


DIP & SOIC 
cs|1}e DBO 
Resa | 2 | 23 DB1 
Vacra | 3 | 22] DB2 
Voura | 4, 121] DB3 
AGNDA | 5| 120] DB4 
TOP VIEW 
Ves L7 (Not to Scale) 18} DBE 


AGNDB | 8 | DB7 
Vours | 9 | 16] AO 
Vaere {10| 15} At 
DGND |11| 14] LDAC 
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Giinacteotnenae Isolation | 
This is an ac error due to capacitive feedthrough from the VREF 
input on one DAC to Voy on the other DAC. It is measured 


_ with the DAC latches loaded with all Os. 


Digital Feedthrough 

Digital feedthrough is the glitch ee injected from the digi- 
tal inputs to the analog output when the data inputs change 
state, but the data in the DAC latches is not changed. 


For the AD7837, it is measured with LDAC held high. For the 
AD7847, it is measured with CSA and CSB held high. 


Digital Crosstalk 

Digital crosstalk is the glitch impulse transferred to the output 
of one converter due to a change in digital code on the DAC 
latch of the other converter. It is specified in nV secs. 


Digital-to-Analog Glitch Impulse 

This is the voltage spike that appears at the output of the DAC 
when the digital code changes, before the output settles to its 
final value. The energy in the glitch is specified in nV secs and 
is measured for a 1 LSB change around the major carry transi- 
tion (0111 1111 1111 to 1000 0000 0000). 


Unity Gain Small Signal Bandwidth 

This is the frequency at which the small signal ae eutpui 
from the output amplifier is 3 dB below its dc level. It is mea- 
sured with the DAC latch loaded with all 1s. 


Full Power Bandwidth 

This is the maximum frequency for which a sinusoidal input 
signal will produce full output at rated load with a distortion 
less than 3%. It is measured with the DAC latch loaded with » 
all 1s. 


AD7847 PIN CONFIGURATION 
DIP & SOIC 
CSA|1] 124] DBO 
CSB | 2 | 123] DB1 
Vaera [3] 122) DB2 
outa 4 | ji] DB3 
‘ AGNDA | 5| 120] DB4 


TOP VIEW 
Vss [7 (Not to Scale) 18} DBG 


AGNDB | 8 | DB7 
Vours [9] 16] DBS 
Vaere [10] 15] DBS 
DGND [11], | 14] B10 


DB11}12| 
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ANALOG 
DEVICES 


~ 


L¢?M0s 
Complete 14-Bit DAC 


AD7840 


FEATURES 

Complete 14-Bit Voltage Output DAC 

Parallel and Serial Interface Capability 

80dB Signal-to-Noise Ratio 

Interfaces to High Speed DSP Processors 
e.g., ADSP-2100, TMS32010, TMS32020 

45ns min WR Pulse Width 

Low Power — 70OmW typ. 

Operates from +5V Supplies 


GENERAL DESCRIPTION 

The AD7840 is a fast, complete 14-bit voltage output D/A 
converter. It consists of a 14-bit DAC, 3V buried Zener refer- 
ence, DAC output amplifier and high speed control logic. 


The part features double-buffered interface logic with a 14-bit 
input latch and 14-bit DAC latch. Data is loaded to the input 
latch in either of two modes, parallel or serial. This data is then 
transferred to the DAC latch under control of an asynchronous 
LDAC signal. A fast data setup time of 21ns allows direct paral- 
lel interfacing to digital signal processors and high speed 16-bit 
microprocessors. In the serial mode, the maximum serial data 
clock rate can be as high as 6MHz. 


The analog output from the AD7840 provides a bipolar output 
range of +3V. The AD7840 is fully specified for dynamic per- 
formance parameters such as signal-to-noise ratio and harmonic 
distortion as well as for traditional dc specifications. Full power 
output signals up to 20kHz can be created. 


The AD7840 is fabricated in linear compatible CMOS 
(LC?MOS), an advanced, mixed technology process that com- 
bines precision bipolar circuits with low power CMOS logic. 
The part is available in a 24-pin plastic and hermetic dual-in-line 
package (DIP) and is also packaged in a 28-terminal plastic 
leaded chip carrier (PLCC). 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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FUNCTIONAL BLOCK DIAGRAM 


CS/SERIAL 
WR/SYNC 


PARALLEL AND 
SERIAL INTERFACE 


D13/SDATA DO 


AD7840 


PIN CONFIGURATIONS 


DIP | 


CS/SERIAL | 1] @ 


WR/SYNC | 2 | | 23 | REF IN 
D13/SDATA | 3 | | 22 | REF OUT 
D12/SCLK | 4 | | 211 Vss 
D11/FORMAT | 5 | | 20) Vour 
Dio/JusTiFY{ 6} AD7840 { 19] AGND 
rey) iNot to Scuel 18 | Vop 
ps | 8 | po 
b7| 3 | 116 | D1 
p6 | 10 | 15] D2 
D511] 14 | D3 
DGNO | 12 | }13] D4 
PLCC 
Fwd 
g : f oe? 3 
Zee ek 2 2 
4 1] 26) 


D10/JUSTIFY | 7 | AD7840 123] AGND 
TOP VIEW 
nc [8 | (Not to Scale) 22} ne 
oo | 9| [21] Voo 
ps | 10] 20] bo 
b7 | 11] 19] D1 


NC = NO CONNECT 


DIGITAL-TO-ANALOG CONVERTERS 3-209 


— SP ated = KO = i samensint — — nated) - | 


DYNAMIC PERFORMANCE? Poe. ah 

signal to Noise Ratio? (SNR)  Voyr=1kHz Sine Wave, i, AMPLE = =100kHz or 
Typically 82dB at +25°C for 0 <Voy7~<20kHz* 
Voutr= | kHz Sine Wave, fsampre= 100kHz 
Typically —84dB at +25°C for 0 <Voy7<20kHz* 
Voutr= 1 kHz Sine Wave, fs, umpr_E=100kHz 
Typically —84dB at +25°C for 0 <Voy+<20kHz* 


Total Hane Distortion (THD) 


Peak Harmonic or Spurious Noise 


DC ACCURACY™ — 
Resolution =—> 
Integral Nonlinearity 
Differential Nonlinearity 
Bipolar Zero Error 
Positive Full Scale Error? 
Negative Full Scale Error? 


Guaranteed Monotonic 


REFERENCE OUTPUT® 
REF OUT @ +25°C 99 99 : V min 
_ - - | V max 
REF OUT TC = + ppm/°C max 
Reference Load Change | 
(AREF OUT vs. AI) mV max Reference Load Current Change (0-500A) 
REFERENCE INPUT. 


Reference Input Range 3V +5% 


Input Current 


LOGIC INPUTS | 
Input High Voltage, Woes 
Input Low Voltage, Vint 
Input Current, Ip, . 
Input Current (CS Input Only) 
Input Capacitance, C,,)’ 
ANALOG OUTPUT 
Output Voltage Range 
dc Output Impedance 
Short-Circuit Current . 


Vpp= 5V +5% 
Vpp=5V +5% 

Vin = OV to Vpp 
Vin =Vss to Vpp _ 


AC CHARACTERISTICS’ 

Voltage Output Settling Time , | Settling Time to within + -/2LSB of Final Value 
Positive Full-Scale Change ps max ‘Typically 2s 
Negative Full-Scale Change : ps max Typically 2:5ys 

Digital-to-Analog Glitch Impulse . nV secs typ | 

Digital Feedthrough nos | nV secs typ 

POWER ia | . 

Vop _+5% for Specified Performance 

Vss +5% for Specified Performance a 

Ipp Output Unloaded, SCLK=+5V. Typically 10mA 

Ig Output Unloaded, SCLK=+5V. Typically 4mA 


Typically 70mW 


Power Dissipation — 


NOTES 

Temperature ranges are as follows: J, K Versions, 0 to +70°C; A, B Versions, —25°C to +85°C; S Version, —55°C to +125°C. 
*Vour (pk-pk)= +3V. 

3§NR calculation includes distortion and noise components. 

*Using external sample-and-hold (see Testing the AD7840). 

>Measured with respect to REF IN and includes bipolar offset error. 

°For capacitive loads greater than 50pF, a series resistor is required (see Internal Reference section). 

7Sample tested @ +25°C to ensure compliance. 


Specifications subject to change without notice. 
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AD7840 


TIMING CHARACTERISTICS": 2y,, = +5v 5%, vip = —5v 5%, AGND = DEND = ov) 


Limit at Tins Emax Limit at Tins Tmax 
Parameter (J, K, A, B Versions) — (S Version) Units Conditions/Comments 
th | ji CS to WR Setup Time 
t, CS to WR Hold Time 
ts WR Pulse Width 
ty Data Valid to WR Setup Time 
ts Data Valid to WR Hold Time 
ts LDAC Pulse Width 
ty SYNC to SCLK Falling Edge 
ts SCLK Cycle Time 
ty Data Valid to SCLK Setup Time 
tio Data Valid to SCLK Hold Time 
ti; SYNC to SCLK Hold Time 
NOTE 


1Timing specifications in bold print are 100% production tested. All other times are sample tested at +25°C to ensure compliance. All input signals are 
specified with tr= tf= Sns (10% to 90% of 5V) and timed from a voltage level of 1.6V. 

2See Figures 6 and 8. 

3SCLK mark/space ratio is 40/60 to 60/40. 


Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS* 


V5 10-AGND: 5.0. ces Sea 5.4 o BO eS —0.3V to +7V Storage Temperature Range ............ —65°C to + 150°C 
Vssg to AGND.......... Rica seca se aleve +0.3V to —7V Lead Temperature (Soldering, 10sec) Siatat at Mae cx, aM bases +300°C 
AGND to DGND...............4. —0.3V to Vpp +0.3V — Power Dissipation (Any Package) to +75°C......... 450mW 
Vour 10:AGND «acon. s eae Be es Vss to Vpp Derates above +75°C by... 2... . cee eee ee ee 10mW/°C | 
REF OUT to AGND......... 2... eee eee OV to Vpp *Stresses above those listed under “Absolute Maximum Ratings” may cause 
REF IN toAGND ............... —0.3V to Vpp +0.3V —_ permanent damage to the device. This is a stress rating only and functional 
Digital Inputs to DGND ........... —0.3V to Vpp +0.3V operation of the device at these or any other conditions above those listed in 


Operating Temperature Range the operational sections of this specification is not implied. Exposure 


to absolute maximum rating conditions for extended periods may affect 


Commercial J 3 K Ver sions) Cee a ae ea 0 to +70°C © device reliability. 

Industrial (A, B Versions)............. —25°C to +85°C 

Extended (S Version) ............... —55°C to +125°C 
CAUTION 
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; WARNIN G! | 
however, permanent damage may occur on unconnected devices subject to high energy electro- 


static fields. Unused devices must be stored in conductive foam or shunts. The protective foam rit 4 


should be discharged to the destination socket before devices are inserted. ESD SENSITIVE DEVICE 


ORDERING GUIDE 


Temperature 
Range (dB) 


0 to +70°C 


Nonlinearity | Package 


AD7840JN 


AD7840KN | 0 to +70°C N-24 
AD7840JP | 0 to +70°C P-28A 
AD7840KP | 0 to +70°C P-28A 
AD7840AQ | —25°C to +85°C Q-24 
AD7840BQ | —25°C to +85°C Q-24 


AD7840SQ? 


NOTES 

1To order MIL-STD-883, Class B processed parts, add /883B to part number. 
Contact your local sales office for military data sheet and availability. 

2N = Plastic DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip. For outline 
information see Package Information section. 

3This grade will be available to /883B processing only. 


—55°C to +125°C | 78 min 
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-AD7840 


PIN FUNCTION DESCRIPTION 


CS/SERIAL. 


Function 


_.| Chip Select/Serial Input. When driven with seal iiic levels, it is an active. low logic input which is. 
used in conjunction with WR to load parallel data to the input latch. For applications where CS is eeuiae 


: ' | nently low, an R, C is required for correct power-up oat LDAC input). If this input is tied to Vgg, it 


D13/SDATA 


defines the AD7840 for serial mode operation. 


| Write/Frame Synchronization Input. In the parallel data mode, it is used in conjunction with CS to load 
| parallel data. In the serial mode of operation, this pin functions as a Frame Synchronization pulse with 
serial data expected after the falling edge of this signal. 


Data Bit 13(MSB)Serial Data. When parallel data is selected, this pin is the D13 input. In serial mode, 
SDATA is the serial data input which is used in conjunction with SYNC and SCLK to transfer serial data 


» 1 to the AD7840 input latch. 


| D12/SCLK > 


| Di I/FORMAT 


D10/JUSTIFY 


D9—Ds 
DGND 
-D4—D1 
DO. 
Veoss. ¢ 
AGND_ 


| Vour 


Vss 
REF OUT 


| ‘Data Bit 12/Serial Clock. When parallel data is ceed: this pin is the D12 input. In the serial mode, it | 


is the serial clock input. Serial data bits are latched on the falling edge of SCLK when SYNC is low. 


Data Bit 11/Data Format. When parallel data is selected, this pin is the D11 input. In serial mode, a logic 
1 on this input indicates that the MSB is the first valid bit-in the serial data stream. A logic 0 indicates. 


that the LSB is the first valid bit (see Table I). 


Data Bit 10/Data Justification. When parallel data is selected, this pin is the D10 input. In serial mode, ee 
this input controls the serial data justification (see Table I). 


Data Bit.9 to Data Bit 5. Parallel data inputs. 

Digital Ground. Ground reference for digital circuitry. 
Data Bit 4 to Data Bit 1. Parallel data inputs. 

Data Bit 0 (LSB). Parallel data input. 

Positive Supply, +5V+ 5%. 


Analog Ground. Ground reference for DAC, ice and output buffer amplifier. 


“| Analog Output Voltage. This 1 is the buffer sp ees cup voltage. Pipols out range (#3V with REF 
IN = +3V). 


Negative Supply Voltage, -5V +5%. 


Voltage Reference Output. The internal 3V avalon refesences is provided at this pin. To operate the 


. AD7840 with internal reference, REF wee shou be connected to REF IN. The external load capability | | 


2 a of the reference is: S00, A. 


: Voltage Reference Input. The reference voltage for the DAC i is applied to this pin. It i 1s Aaniernally buff-;... 
ered before being applied to the DAC. The nominal REACPENES a for correct operation of the AD7840. 


s |Gg 3¥: 


- PPL PT 
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LAST BIT IN | 
DATA STREAM 


Load DAC. Logic input. A new word is loaded into the DAC latch from the input latch on the falling 
edge of this signal (see Interface Logic Information section). The AD7840 should be powered-up with 
LDAC high. For applications where LDAC is permanently low, an R, C is required for correct power-up 
(see Figure 19). a = : 


FIRST BIT IN 


DATA STREAM -—— , 
|---| FORMAT | JUSTIFY | MODE | 


- 16.BITS 


* =DON'T CARE 


Table |. Serial Data Modes 


REV. A 


ANALOG  }©]})©~—~©)©)6. L¢?M0S 
DEVICES Complete 12-Bit Multiplying DAC 


AD7845 


FEATURES FUNCTIONAL BLOCK DIAGRAM 
12-Bit CMOS MDAC with Output Amplifier 
4-Quadrant Multiplication Voo Ro Re Reo Ree 


Guaranteed Monotonic (Tyyiny to Trax) 
Space-Saving 0.3” DIPs and 24- or 28-Terminal Surface 
Mount Packages : | 
Application Resistors On Chip for Gain Ranging, etc. 
. Low Power LC?7MOS Vaer (47) 


APPLICATIONS 

Automatic Test Equipment 
Digital Attenuators 
Programmable Power Supplies 
Programmable Gain Amplifiers 
Digital-to-4—20 mA Converters 


DB11.. + +DBO OGND  ¢§ WA 
GENERAL DESCRIPTION PRODUCT HIGHLIGHTS , 
The AD7845 is the industry’s first 4-quadrant multiplying D/A 1. Voltage Output Multiplying DAC : 
converter with an on-chip amplifier. It is fabricated on the = The AD7845 is the first DAC which has a full 4-quadrant 
LC?MOS process, which allows precision linear components and multiplying capability and an output amplifier on chip. All 
digital circuitry to be implemented on the same chip. specifications include amplifier performance. 
The 12 data inputs drive latches which are controlled by stan- 2. Matched Application Resistors a 
dard CS and WR signals, making microprocessor interfacing Three application resistors provide an easy facility for gain 
simple. For stand-alone operation, the CS and WR inputs can ranging, voltage offsetting, etc. Sars} ay <3 
be tied to ground, making all latches transparent. All digital in- | 3. Space Saving - | - | — 
puts are T'T'L and 5 V CMOS compatible. The AD7845 saves space in two ways. The integration. of the 
The output amplifier can supply +10 V into a 2 kQ load. It is output amplifier on chip means that chip count is reduced. 
internally compensated, and its input offset voltage is low due to The part is housed in skinny 24-pin, 0.3” DIP, 28-terminal 
laser trimming at wafer level. For normal operation, Rp is tied LCC and PLCC and 24-terminal SOIC packages. 


to Vour, but the user may alternatively choose Ra, Rg or Rc to 
scale the output voltage range. . 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


REV.A DIGITAL-TO-ANALOG CONVERTERS 3-213 


“ADTB4 TATIONS! Siz tthe somethin 
AD7845— ‘SP ECIFICATIONS' oo a to a es cy a nd : ’ us | 


Parameter cies vn [venee eevee [eves oa Test Conditions/Comments 


ACCURACY Vere 
Resolution |1 LSB = rie = 2.4mV 
Relative Accuracy 
at +25°C All Grades Are Guaranteed: 
Tm to Tyax Monotonic over Temperature . 
Differential Nonlinearity DAC. Register Loaded with 
Zero Code Offset Error All0s. 
at +25°C 
Tuan t0 Tmax 
Offset Temperature Coefficient; : 
(AOffset/A Temperature)’ 
Gain Error Reg, Vout Connected 
Rc; Vout Connected, Veer = +5 V 
Rs, Vour Connected, Vaer = =+5V 
Ra, Vout Connected, Veer = =+2.5V 
_ Gain Temperature Coefficient; 
(AGain/ATemperature)* 


a of FSR/C | Reg, Vour Connccned 


REFERENCE INPUT 
Input Resistance, Pin 17 kQ min Typical Input Renan =12k0 
aa 9 = 


APPLICATION RESISTOR 

RATIO MATCHING oe Oe max Matching Between Ra, Rg, Rc 
DIGITAL INPUTS 

Vix (Input High Voltage) V min 

Vir (input Low. Voltage) V max 

Ipy (Input Current) pA max Digital Inputs at 0 V and Vpp 
Cyn (Input Capacitance)” pF max 
POWER SUPPLY* . ; 

Vpp Range 14.25/15.75 14.25/15.75 14.25/15.75 14.25/15.75 14,25/15.75 14.25/15.75 V min/V max 

Vss Range ~14.25/—15.75 | —14.25/—15.75 | —14.25/—15.75 | —14.25/—15.75 | —14.25/—15.75 | —14.25/—15.75 | V min/V max 

Power Supply Rejection . , 

AGain/AVpp +0.2 _ | #0.2 +0.2 ‘ +0.2 +0.2 ~~ +0.2 » % per % max © Vpp =+15V+ 5%, Veer =-10V 

AGain/AVss +0.2 +0.2 +0.2 +0.2 +0.2 +0.2 % per % max | Vsg = ~15 V + 5%. 

Iss 4 4 mA max Vout Unloaded 


AC PERFORMANCE CHARACTERISTICS 


These characteristics are included for Design Guidance and are not subject to test. 


DYNAMIC PERFORMANCE ‘ 
To 0.01% of Full-Scale Range. 


Output Voltage Settling Time {5 
: Vout Load = 2 kf, 100 pF. 
DAC Register: Alternately Loaded 
with All 0s and All 1s. Typically. 
2.5 ps at 25°C. 
Slew Rate 7 Vour Load = 2 kf, 100 pF. 
Digital-to-Analog 450 Measured with Vagr = 0.V. 
Glitch Impulse DAC Register Alternately Loaded 
. with All 0s and All 1s. 
Multiplying Feedthrough : Vrer = +10 V, 10 kHz Sine Wave 
Error® DAC Register Loaded with All 0s. 
Unity Gain Small Signal 
Bandwidth 600 Vout» Rrg Connected. DAC Loaded 
with All ls. Vpgr = 100 mV p-p 
Sine Wave. 
Full Power Bandwidth 250 Vout> Reg Connected. DAC Loaded 
with All ls. Vegp = 20 V p-p 
‘Sine Wave. Ry = 2 kf. 
Total Harmonic Distortion —90 Vrer = 6 V rms, 1 kHz Sine Wave. 
OUTPUT CHARACTERISTICS? 
Open Loop Gain 85 85 85 85 185 85 dB min Vout> Rrg Not Connected 
. Vout = +10 V, Ry = 2 kN 
Output Voltage Swing +10. +10 +10 +10 +10 +10 V min R, = 2 kQ, C, = 100 pF 
Output Resistance 0.2 0.2 0.2 0.2 0.2 0.2 Q) typ - Reg, Vout Connected, 
Short Circuit Current @ +25°C}15 . 15 15 15 15 15 mA typ Vour Shorted to AGND 


Guiput Noise Voiiage 
(0.1Hz to 10Hz) @ +25°C 
f= 10 Hz 
f = 100 Hz 
f = 1 kHz 
f = 10 kHz 
f = 100 kHz 
NOTES 


Temperature Ranges are as follows: J, K Versions: 0 to +70°C; A, B Versions: -25°C to +85°C; S, T Versions: —55°C to +125°C. 
Sample tested to ensure compliance. 

>The metal lid on the ceramic D-24A package is connected to Pin 12 (DGND). 

sThe device is functional with a power supply of +12 V. 

5Minimum specified load resistance is 2 kQ. 


- Specifications subject to change without notice. 


Includes Noise Due io Outpui 
Amplifier and Johnson Noise 
of Reg 
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AD7845 
TIMING CHARACTERISTICS w,, = +15 v, + 5%. Veg = -15 V, + 5%. Voce = +10 V. AGND = DGND = OV) 


Limit at Limit at 
T, = 0to +70°C T, = —55°C 
Ta = —25°C to +85°C to +125°C Test Conditions/Comments 


Chip Select to Write Setup Time 


ton Chip Select to Write Hold Time 
twr Write Pulse Width 
tps Data Setup Time 


Data Hold Time 


Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS* Operating Temperature Range 


(T, = +25°C unless otherwise stated) Commercial (J, K Versions) .............. 0 to +70°C 
Vien tO DGND:. aot ee tad oe aches —0.3 Vto +17 V Industrial (A, B Versions) ............ —25°C to +85°C 
Vee lO DGND" 4:6. ope bank he ome eS +0.3 Vto —-17 V Extended (S, T Versions)............ —55°C to +125°C 
Veep tOAGND cise tee dewed ae eres eee es +25 V Storage Temperature Range ........... —65°C to + 150°C 
Vepe (OUAGND: so scncts wcn-arerd eee adeeb aoeee Bete eee +25 V Lead Temperature (Soldering, 10 sec) ........... +300°C 
Vera toAGND ...... 1s awe bia ica Net is aise Sara hea ws +25 V 

Ven 0 AGND: 422) Caw iS See ir a ON +25 V NOTE 

VeGtOAGND: siltancs-b tie eae Bae +25 V Void may be shorted to AGND provided that the power dissipation of the 
Vour to AGND! ............. V4 03 V. Veg 03 Vv. “Perhaee enol excecced: 

AGND to DGND ...............0 000 —0.3 V, Vup *Stresses above those listed under “Absolute Maximum Ratings” may cause 
Digital Input Voltage to DGND ....—0.3 Vto Vpp + 0.3 V permanent damage to the device. This is a stress rating only and functional 


operation of the device at these or any other conditions above those indicated 


Power Dissipation (Any Package) in the operational sections of this specification is not implied. Exposure to 


TOSISC, cite aie eames ba eR ores s a 650 mW absolute maximum rating conditions for extended periods of time may affect 
Derates above +75°C .. 1... ee ee ee ee ee 10 mW/°C device reliability. Only one Absolute Maximum Rating may be applied at any 
one time. 
COIN, a a 
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; W ARNING! S| 
however, permanent damage may occur on unconnected devices subject to high energy electro- 


static fields. Unused devices must be stored in conductive foam or shunts. The protective foam Sarin 4 


should be discharged to the destination socket before devices are removed. ESD SENSITIVE DEVICE 


Relative 
Accuracy 


+1 LSB 


ORDERING GUIDE’ 


Temperature 
Range 


0°C to +70°C 


Package 
Option? oa es ten 
| 


N-24 cs -_ ~ 
N-24 Ne ov 


AD7845JN 


AD7845KN 0°C to +70°C +1/2 LSB 

AD7845JP 0°C to +70°C +1 LSB | P-28A |}~<—t we ——ae! 

AD7845KP 0°C to +70°C +1/2 LSB | P-28A 2 | — 5V 

AD7845JR 0°C to +70°C +1 LSB | R-24 si \ / 

AD7845KR 0°Cto+70°C =| +12 LSB] R24 ETE ee ee si 

AD7845AQ —25°C to +85°C | +1 LSB | Q-24 _ Bi. 

AD7845BQ —25°C to +85°C | +1/2 LSB | Q-24 ier Yfhh hey // , 

AD7845SQ/883B | —55°C to +125°C | +1 LSB Q-24 ~ ov. 

AD7845TQ/883B | —55°C to +125°C | +1/2 LSB | Q-24 Nines 

AD7845SE/883B | —55°C to +125°C | +1 LSB_ | E-28A 1. All INPUT SIGNAL RISE AND FALL TIMES MEASURED FROM 
10% to 90% of +5V. ta=t-=20ns. 

ce ; _— 2. TIMING MEASUREMENT REFERENCE LEVEL 1s “4+ Vu 

Analog Devices reserves the right to ship either ceramic (D-24A) or cerdip 2 

(Q-24) hermetic packages. . a : a : 

?To order MIL-STD-883, Class B processed parts, add /883B to part Figure 1. AD7845 Timing Diagram 


number. 

3E = Leadless Ceramic Chip Carrier; N = Plastic DIP; P = Plastic Leaded 
Chip Carrier; Q = Cerdip; R = SOIC. For outline information see 
Package Information section. 
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PIN CONFIGURATIONS 


DIP, SOIC Lee | PLCC 
= 5 29 Sosa a a 3 SF wy 
aar> 2 fe 
43 2 1 27 26 | 4 | | 3] | 2 | | 1] 28] | 27] 26 | 


DBO 5 
DBS 6 


TOP VIEW © . sl 
(Not to Scale) . NC 8 


AD7845 


DBGE 9 
DBS 10 
~ pepsin Ty 


NC & 


DB3 &® 
DB2 3 
DGND & 


TERMINOLOGY | 
LEAST SIGNIFICANT BIT | 
This is the analog weighting of 1 bit of the digital arr in a 


DAC. For the AD7845, 1LSB = “EE ; 


RELATIVE ACCURACY 


Relative. accuracy or Sadao foulincarity is a measure of the 7 . 


maximum ‘deviation from.a straight line passing through the 
endpoints’ ‘of the DAC transfer function. It is measured after 
adjusting: for: both. endpoints (i.e., offset and gain error are ad- © 
justed out) and is normally éxpressed 3 in least significant bits or 
as a percentage of full-scale range. 


DIFFERENTIAL NONLINEARITY 

Differential nonlinearity is the difference between the measured 
change and the ideal 1 LSB change between any two adjacent 
codes. A specified differential nonlinearity of +1 LSB max over 
the operating temperature range ensures monotonicity. 


GAIN ERROR | 
Gain error is a measure of the output error between an ideal 
DAC and the actual device output with all 1s loaded after offset 


error has been adjusted out. Gain error is adjustable to zero with © 


an external potentiometer. See Figure 13. 


ZERO CODE OFFSET ERROR ie 
This is the error present at the device output with all Os loaded 
in the DAC, It is due to the op amp input offset voltage and 
bias current and the DAC leakage current. 


TOTAL HARMONIC DISTORTION 
This is the ratio of the root-mean-square (rms) sum of the har- | 
monics to the fundamental, expressed in dBs. 


OUTPUT NOISE 
This is the noise due to the white noise of the DAC and the in- 
put noise of the amplifier. 
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AD7845* 


TOP VIEW 
(Notto Scale) 


DB1 a 
(LSB) DBO = 


25 Ra 
24 Voo 
23 Vss 
22 NC 
21 AGND 
20 Vace 
19 CS 


iE 


NC = NOCONNECT 
NC = NOCONNECT 


DIGITAL-TO-ANALOG GLITCH IMPULSE 

This is the amount of. charge injected from the digital inputs to 
the analog output when the inputs change state. This is normally 
specified as the area of the glitch in either pA-secs or nV-secs 
depending upon whether the glitch is measured as a current or. 


~~ voltage. The measurement takes place with Vaze = AGND. © 


DIGITAL FEEDTHROUGH 


| ‘When the DAC is not ‘selected (i.e., CS is high) high frequency ; 


logic activity on the device digital inputs is capacitively coupled 
through the device to show up as noise on the Vour pin. This 
noise is digital feedthrough. aki ’ 


MULTIPLYING FEEDTHROUGH ERROR 
This is ac error due to capacitive feedthrough from the Vpgp | 
terminal to Voyr when the DAC is loaded with all 0s. 


OPEN-LOOP GAIN | 

Open-loop gain is defined as the ratio of a change of output 
voltage to the voltage applied at the Veer pin with all 1s loaded 
in the DAC, Iti is specified at de. . 


UNITY GAIN SMALL SIGNAL BANDWIDTH | 

This is the frequency at which the magnitude of the small signal 
voltage gain of the output amplifier is 3 dB below unity. The 
device is operated as a closed-loop unity gain inverter (1. €.5 DAC 
is loaded with all 1s). | 


OUTPUT RESISTANCE 
This is the effective output source resistance. . 


FULL POWER BANDWIDTH 

Full power bandwidth is specified as the maximum ‘frequency, 
at unity closed-loop gain, for which a sinusoidal input signal will 
produce full output at rated load without exceeding a distortion 
level of 3%. | 
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ANALOG | Le2M0S 
DEVICES 16-Bit Voltage Output DAC 


AD7846 


FEATURES | | 
16-Bit Monotonicity over Temperature PUNE TIONS SECC one 


+2LSBs Integral Linearity Error : Vee Voo 
Microprocessor Compatible with Readback pGapability . 
Unipolar or Bipolar Output 

Multiplying Capability 

Low Power (100mW typical) 


GENERAL DESCRIPTION 

The AD7846 is a 16-bit DAC constructed with Analog Devices’ 
LC?MOS process. It has Veer, and Varr_ reference inputs 
and an on-chip output amplifier.: These can be configured to 
give a unipolar output range.(0 to +5V, 0 to + me or bipolar 1. 16-Bit Monotonicity 


output ranges (+5V, +10V). : Ld 

The guaranteed 16-bit monotonicity over temperature makes 
The DAC uses a segmented architecture. The 4MSBs in the the AD7846 ideal for closed- -loop applications. 
DAC latch select one of the segments in a 16-resistor string. 2. Readback 
Both taps of the segment are buffered by amplifiers and fed to a ; 
12-bit DAC, which provides a further 12 bits of resolution. This | 
architecture ensures 16-bit monotonicity. Excellent integral lin- 


earity results from tight matching between the input offset volt- 3. Power Dissipation 
ages of the two buffer amplifiers. Power dissipation of 100mW makes the AD7846 the lowest 


power, high accuracy DAC on the market. 


PRODUCT HIGHLIGHTS 


The ability to read back the DAC fexister contents minimizes 
software routines when the AD7846 is used in ATE systems. 


In addition to the excellent accuracy specifications, the AD7846_ | 
also offers a comprehensive microprocessor interface. There are 

16 data I/O pins, plus control lines (CS, R/W, LDAC and 

CLR). R/W and CS allow writing to and reading from the /O. 
latch. This is the readback function which is useful in ATE ap- 
plications. LDAC allows simultaneous updating of DACs in a 
multi-DAC system and the CLR line will reset the contents the 
DAC latch to 00... . 000 or 10. . . 000 depending on the state 

of R/W. This means that the DAC output can be reset to OV in 
both the unipolar and bipolar configurations. 


The AD7846 is available in 28-pin plastic, ceramic, LCCC and 
PLCC packages. 


This is an abridged data sheet. To ibtail the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446- 6212. 
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1 az = +14.25V to +15.75V, Vos = —14.25V to —15.75V, Veg = +4.75V to 


AD 7846 — SPECIFICATIONS 


Parameter _ 
Resolution 


UNIPOLAR OUTPUT 
Relative Accuracy @ 25°C 
Twin tO Trax 
Differential. Nonlinearity Error 
Gain Error @ 25°C 
Train tO Tinay 
Offset Error @ 25°C 
- Train to Tmax 
Gain TC? 
Offset TC? 
BIPOLAR OUTPUT 
Relative Accuracy @ 25°C 
T> tor 
Differential Nonlinearity Error 
Gain Error @ 25°C 
Twin tO Tax 
— Error @ 25°C 
min tO T, 
it Zero Error @ BM 
Trin tO T max 
Gain TC? 
Offset TC? 
Bipolar Zero TC? 
REFERENCE INPUT 
Input Resistance 


_ Varrr- Range 


OUTPUT CHARACTERISTICS 
Output Voltage Swing _ 


Resistive Load 
‘Capacitive Load . 

Output Resistance 

Short Circuit Current 


DIGITAL INPUTS 
Vin: (Input High. Voltage) 
Vir (Input Low Voltage) 
Ipy (Input Current) 
Cpy (Input Capacitance)? 
DIGITAL OUTPUTS 
Vor (Output Low Voltage) 
Von (Output High Voltage) 
Floating State Leakage Current 
Floating State Output Capacitance? 
POWER REQUIREMENTS* 
Vpp +11.4/+15.75 
| —11.4/—15.75 
+4,75/+5.25 


+11.4/+15.75 
—11.4/-—15.75 
+4,75/+5.25 


+11.4/+15.75 
—11.4/-—15.75 
+4,75/+5.25 
& 


Power Supply Sensitivity 
Power Dissipation 


NOTES 

1Temperature Ranges as follows: J, K Versions: 0 to +70°C; 
A, B Versions: —25°C to +85°C; S Version: —55°C to +125°C. 

2Minimum load for S version is 3kM. 

3Sample tested to ensure compliance. 


5 
5 
l 
2 
1 


00 


variations. 
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ppm FSR/C typ 
ppm FSR/C typ 


ppm FSR/C typ 
ppm FSR/C typ 


ppm FSR/C typ 


‘Vour Unloaded 


+5.25V. Voy; loaded with 2kQ, 1000pF to OV. Veer, = +5V, Rw Connected to 
OV. All ee Twn to Trax Unless otherwise stated.) i 3 


e Test Conditions/Comments 


VarF-= OV, Vowr=0V tc to +10V 
ILSB= 153pV 


All Grades Guaranteed Monotonic 


Vout Load= nM 


VeEF- = —5V, Vout= —10V to +10V 
1LSB=305pV 


All Grades Guaranteed Monotonic 
Vout Load= 10MQ 


Vout Load= 10M. 


Resistance from Vary to Varp+ 
Typically 30kQ , 


To OV . 


To 0V_ 


To OV or Any Power Supply: _ 


Isnvx=1.6mA 
Isource=400pA - 
DBO0-DB15=0 to Voc © 


Vour Unloaded 


Vour Unloaded 


*AD7846 is functional with power supplies of +12V. See Typical 
Performance Curves. 
*Sensitivity of Gain Error, Offset Error and om Zero Error to Vpp, Vss 


Specifications subject to change without notice. 


-REV.B 


AD7846 


These characteristics are included for design guidance only and are not 
subject to test. (Voce, =+5V, Vpp=+14.25V to +15.75V, Vo= 


AC PERFORMANCE CHARACTERISTICS —14.25v to —15.75v" v,.=+4.75V to +5.25V, R,, connected to OV.) 


Ta= | Ta= 
Parameter 25°C — to T ex Test Conditions/Comments 


Output Settling Time 2s max To 0.006% FSR. Vopr loaded. Vag =O0V. 

; ps max To 0.003% FSR. Voy loaded. Mae —5V. 
Digital-to-Analog Glitch 400 ae nV-secs typ DAC alternately loaded with 10. . . 0000 and 01... 1111. 
Impulse Vour unloaded. : 
AC Feedthrough 0.5 0.5 mV pk-pk typ | Vprrr_=O0V,; Vrrr.=1V rms, 10KHz sine wave. 

DAC loaded with all Os. 

Digital Feedthrough 10 10 nV-secs typ DAC alternately loaded with all 1s and all 0s. CS High. 
Output Noise Voltage 50 50 nV/\/Hz typ Measured at Voy. DAC loaded with 0111011... 11. 


Density (1kHz—100kHz) 


TIMING CHARACTERISTICS (v,,=+ 14.25 to +15.75V, Veg=—14:25V to —15.75V, Vop=-+4.75V to +5.25V.) 


Limit at 
T,=0 to +70°C Limit at 
T,=—25°C to +85°C Ta=—55°C to +125°C i Test Conditions/Comments 


R/W to CS Setup Time 

CS Pulse Width (Write Cycle) 
R/W to CS Hold Time 

Data Setup Time 

Data Hold Time 

Data Access Time 

Bus Relinquish Time 


VreF+ = VeeFr- =0V. 


CLR Setup Time 

CLR Pulse Width 

CLR Hold Time 

LDAC Pulse Width 

CS Pulse Width (Read Cycle) 


NOTES 

'Timing specifications are sample tested at 25°C to ensure compliance. All input control signals are specified with tp = tp = 5 ns 
(10% to 90% of +5V) and timed from a voltage level of 1.6V. 

2, is measured with the load circuits of Figure 1 and defined as the time required for an output to cross 0.8V or 2.4V. 

3t, is defined as the time required for an output to change 0.5V when loaded with the circuits of Figure 2. 


Specifications subject to change without notice. 


5V 


3kQ) 


DBN R./W 


100pF 100pF 


OGND L ehate cs 


a. High Z to Von b. High Z to Voi | pts port ts jo te> maa ia 


: , | | 
Figure 1. Load Circuits for Access Time (t,) oe a oe com) : i 
he — ty —sofee— t, ofa tro > eagle ° tro —e| 

' | | 


5V 


: : I | 
3k? bs e t 
: u 5V 


DBN 
- ae 10pF | 
a af Figure 3. AD7846 Timing Diagram 
OGND DGND 
a. Voy to High Z b. Vo, to High 2 
Figure 2. Load Circuits for Bus Relinquish Time (t,) 
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-AD7846 


ABSOLUTE MAXIMUM RATINGS? ~ 


Vpp to DGND «06s. ee eee eee eee 0. 3V or +17V 


Voc to DGND? 
band ch OSV, Vop +0. 3V or +7V (Whichever Is Tees 
Vsg to DGND .........0.05. Wane ass F +0. 3V to —17V 
Vrer+ to. DGND......... ee te Se ere .£25V 
Vrer_ to DGND....... Po ne ee ee ree .+25V 
Vour to DGND?. . a ae Nhe ca ey oe ie : ee ee +25V 
Rgto: DGN DY 6 ens wie oe lw He hice ae ee s <eZov 
Digital Input Voltage to DGND...... .—0. Vt to Vec +0.3V 
Digital Output Voltage to DGND..... .—0.3V to Vec +0.3V 
Power Dissipation (Any pia a 4 ‘ 
TO AIS C55 eh Sa Oe Ek we ee ee ees fs .1000mMW 
Derates above PIS: See owen ew eee 10mW/°C 
ORDERING GUIDE 


| Temperature | Relative | 
'| Range _ | Accuracy 


AD7846JN 0°C to +70°C 
AD7846KN _.__| 0°C to +70°C 
-AD7846JP |.0°C to +70°C > 
_AD7846KP —s ||: O°C to +70°C:* 
AD7846AQ_ |: —25°C to +85°C 
AD7846BQ_ | -25°C to +85°C 
AD7846SQ/883B | —55°C to +125°C 


AD7846SE/883B | —55°C to +125°C 


*Q = Ceramic DIP; E = Leadless Ceramic Chip Carrier; N = Plastic DIP; 
P = Plastic Leaded Chip Carrier. For outline information see Package 
Information section. a 4 


CAUTION 


ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are removed. 


' PIN CONFIGURATIONS 
DIP. | LCCC 

$28 8828 
4 3 2 1 28 27 26 

pao [3 | : : ne ’ 

Voo’ sea 25 | tpac - Vour 5 

Vout Rn 6 

Rin Ske aL ee Vrer+ 72) 

Vat AD7646 {22} RW Mase, 8 TOP VIEW 

Veer [8] (Not to Seale) | | Ves 9 (Not to Scale) 


DB15 10 


12 13 14 15 16 17 18 
oOo n &fF§ 6 A BF 
eer €& 2 @ a 
a a 

aaaa°°8 
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al ive 


: “Operating Temperature Range 


Jo K Versions < oo ii ee eet die 3.0 to. +70°C | 


A, B Versions... : 28s... cece ee ees see to +85°C . 

S Version 44:54 3-2 cscs ee Nieno eo a ane —55°C to +125°C 
Storage Temperature Range ............ —65°C to +150°C 
Lead Temperature (Soldering) ..............6...+300°C 
NOTES as _ 


1Stresses. above those listed under “Absolute Maximum Ratings” may cause 


_. permanent damage to the device. This is a stress rating only and functional 


operation of the device at these or any other conditions above those indi-__ 
cated in the operational sections of this specification is not implied. Expo- 
sure to absolute maximum rating conditions for extended periods of time - 
may affect device reliability. Only one Absolute Maximum Rating may be 


_- applied at any one time. 


Voc must not exceed Vop by more — 0.3V. If it is posible for this to | 


happen during power supply sequencing, the following diode protection - | 


scheme will:ensure protection. 


3Vour may be shorted to DGND, Vows Vss> Voc provided that the power 
dissipation of the package is not exceeded. . 


WARNING! 


sr a | 


ESD SENSITIVE DEVICE J 


ite oe, Vout |S | TBAC 
CLR 
cs 

RW 


‘AD7846 
TOP VIEW 
v (Not to Scale} 
cc 


DGND 


REV. B 


ANALOG | Serial Input, 
DEVICES ——-14-Bit/16-Bit DAC 


AD7849 


FEATURES stabilize and a valid word is written to the DAC register. At 
14-Bit/16-Bit Multiplying DAC | this time, G2 opens and G1 closes. Both transmission gates are 
Guaranteed Monotonicity | also externally controllable via the Reset In (RST IN) control 
Output Control on Power-Up and Power-Down input. For instance, if the RST IN input is driven from a battery 
Internal or External Control supervisor chip, then on power-off or during a brown out, the 
Versatile Serial Interface RST IN input will be driven low to open G1 and close G2. 
DAC Clears to 0 V in Both Unipolar and Bipolar Output The DAC must be reloaded, with RST IN high, to re-enable the 
Ranges output. Conversely, the on-chip voltage detector output (RST 
APPLICATIONS OUT) is also available to the user to control other parts 
. of the system. 
industrial Process Control 
PC Analog I/O Boards The AD7849 has a versatile serial interface structure and can be 
Instrumentation controlled over three lines to facilitate opto-isolator applications. 
SDOUT is the output of the on-chip shift register and can be 
used in a daisy-chain fashion to program devices in the multi- 
GENERAL DESCRIPTION channel system. Thé DCEN (Daisy Chain Enable) input con- 


The AD7849 is a 14-bit/16-bit serial input multiplying DAC. 
The DAC architecture ensures excellent differential linearity 
performance, and monotonicity is guaranteed to 14 bits for the 
A grade and to 16 bits for all other grades over the specified 
temperature ranges. 


During power-up and power-dowh sequences (when thé 
voltages are changing), the Vour pin is clamped. 


DGND SDIN SCLK SYNC CLR BIN/COMP DCEN SDOUT LDAC Vgs 


This is a preliminary data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7849-SPECIFICATIONS' 


(Vop = +11.4 V to +15.75 V; Vg = 11.4 V to -15.75 V; Voc = 4.75 V to 5.25 V; Voy; loaded with 2 kQ,? 200 QF to 0 v; Veer. = 45 V: Ror i‘ 
connected to 0 v; i= = Tyy to Typ , unless otherwise noted) | 


A B,T: re : . 


Resolution’ 


Bits A Versions: 1 LSB = 2. (Vazp+-Verp.)/2!4 
' B, C, T Versions: 1 LSB = 2 (Varp+—Vegr-)/2!® 
UNIPOLAR OUTPUT Vrer- = 0 V; Vour = 0 V to +10 V 


Relative Accuracy LSBs max 


Differential Nonlinearity LSBs max All Grades Guaranteed. Monotnic ies Temperature 
Gain Error @ +25°C LSBs max Vout Load = 10 MQ 
Tamim to Tmax . LSBs max . 
Offset Error @ +25°C » LSBs max 
Tin to Tmax LSBs max 
Gain TC?. ppm FSR/°C typ 
Offset TC? ppm FSR/°C typ 
BIPOLAR OUTPUT VREF- =-5 V, Vour =-10 V to +10 V 


Relative Accuracy . 

Differential Nonlinearity 

Gain Error @ +25°C 
Tyan to Tmax 

Offset Error @ +25°C 
Tm to Tqax . 

Bipolar Zero Error @ +25°C 
Twin to Tmax 

Gain TC? 

Offset TC? 

Bipolar Zero TC? 


REFERENCE INPUT 
Input Resistance 


All Grades Guaranteed Monotonic Over Temperature 
Vout Load = 10 MQ 


ance from VpgF+ to VrrF- 
. ically 30 kQ 
Vrer+ Range © 


Vrer- Range 


OUTPUT CHARACTERISTICS 
Output Voltage Swing 


Vss + 4 to 
Vpp - 3 
| 2 


To0V 
To0V 


Resistive Load 
Capacitive Load 
Output Resistance 
Short Circuit Current 


DIGITAL INPUTS. 

’ Vinu, Input High Voltage 
VinL> Input Low Voltage 
Ine» Input Current 
Cyn, Input Capacitance 


DIGITAL OUTPUTS 
Vor (Output Low Voltage) 
Vou (Output High Voltage) 
Floating State Leakage Current 
Floating State Output 


1000 
0.3 


£25 To 0 V or Any Power Supply 


Volts max 
| Volts min 


yA max 


Isink =1.6mA 


Isource = 400 HA 
DBO-DB15 =0 Vto +5 V 


Capacitance pF max 
POWER REQUIREMENTS 
Vpp +11.4/15.75} 4+11.4/15.75 | +11.4/15.75 | V min/V max 
Vss —11.4/15.75 | -11.4/15.75 —11.4/15.75 | V min/V max 
Vec +4.75/+5.25| +4.75/+5.25 | +4.75/+5.25 | V min/V max 
Ipp | 5 5 5 mA max Vour Unloaded 
Iss 5 5 5 mA may Vout Unloaded 
Tec | mA max 
Power Supply Sensitivity* LSB/V max 


Power Dissipation 


NOTES 

'Temperature ranges: A, B, C y crsion: -40°C to +85°C; T Version: -55°C to +125°C.. 
?Minimum load for T Version is 3 kQ. 

3Sample tested to ensure compliance. 

‘Sensitivity of gain error, offset error and bipolar zero error to Vop: Vss variations. 
Specifications subject to change without notice. — 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 


mW typ Vout Unloaded 
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AD7849 


RESET SPECIFICATIONS uporpowersiomsewence) 


Parameter Test Conditions/Comments 


V,, Low Threshold Voltage for Vpp, Vss Volt max | This is the lower Vpp/Vss threshold voltage for the reset 
Volts typ | function. Above this, the reset is activated. 

Vz, High Threshold Voltage for Vpp, Vss | 8. Volts max | This is the higher Vpp/Vss threshold voltage for the reset 
Volts min | function. Below this, the reset is activated. Typically 8 volts. 

Vc, Low Threshold Voltage for Vcc Volt max | This is the lower threshold voltage for the reset function. 
Volts typ | Above this, the reset is activated. 

Vp, High Threshold Voltage for Vcc Volts max | This is the higher Vcc threshold voltage for the reset function. 

Volts min | Below this, the reset is activated. Typically 3 volts. 
G2 Ron kQ max On Resistance of G2; Vpp = 2 V3; Vss = —2 V3 Ig2 = 1 mA. 


Specifications subject to change without notice. 


AC PERFORMANCE CHARACTERISTICS (These characteristics are included for Design Guidance and are not 


subject to test. (Vacr, = +5 V; Vop = +11.4 V to +15.75 V; Vg = —11.4 V to -15.75 V; Voc = 4.75 V to 5.25 V; Ryy connected to 0 V.) 


T A, B, C 
Version! Versions | Units . Se 


Parameter sonditions/Comments 


DYNAMIC PERFORMANCE 
_ Output Settling Time 


0.006% FSR. Vout Loaded. VREF- = OV. 
% FSR. Vour Loaded. Vagr. = —5 V. 
rately Loaded with 10... 00 and 
..- 11. Voyr Unloaded. LDAC Perma- 
nently Low. | 

DAC Frequency = 100 kHz 
Rep. = 0 V, Vrer+ = 1 Vrms, 10 kHz Sine 
Wave. DAC Loaded with All 0s. | 
DAC Alternately Loaded with All 1s and All 0s. 
SYNC High. 


Digital to Analog Glitch Impulse 


AC Feedthrough 
Digital Feedthrough 


Output Noise Voltage Density 


1 kHz-100 kHz nV/VHz Measured at Voyr. DAC Loaded with 


O111011...111. Vrert+t = Veer. = 0 V. 


2 (Vop = +11.4 V to +15.75 V; Vss = —11.4 V to -15.75 V; Voc = 4.75 V to 5.25 V; Rp= 2 kQ, C, 


TIMI NG CHARACTERISTICS": = 200 pF. All Specifications Tyy to Tyax unless otherwise noted.) 


Limit at +25°C Limit at Twn, Tmax 
Parameter (All Versions) (All Versions) Units Conditions/Comments 


t SCLK Cycle Time 

ty SYNC to SCLK Setup Time 

t; SYNC to SCLK Hold Time . 

ty BIN/COMP to SCLK Setup Time 
ts Data Setup Time 

ts Data Hold Time : 

i SCLK Rising Edge to SDO Valid 
ts LDAC, CLR Pulse Width 

t, Digital Input Rise Time 

tr Digital Input Fall Time 

NOTES 


‘All input signals are specified with tr = tf = 5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 
2Guaranteed by characterization. 

3S§CLK mark/space ratio range is 40/60 to 60/40. 

4§DO load capacitance is 50 pF. 


This information applies to'a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. . 
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AD7849 


ABSOLUTE MAXIMUM RATINGS! 


(Ta = +25°C unless otherwise noted) 


Vpp to DGND ...... Frc Bna begharatiga Moh oe eae —0.3 Vto +17. V 
Vec to DGND ............. if taeda OO V, Vpp + 0.3. V or 
| an +7 V (Whichever Is Lower) 
Vss tO DGND 1.1... 0... cece eee eee Cree .-0.3 Vto-17V © 
VREF+ to DGND : Aree 2: eee PRE ER BS RISER babe we Se (£25 Vv 
Vrr- to DGND’.........2....... Meee eengeeaGn +25V—> 
~Vour to DGND? .......... rhe SO sgee aeaten + eau ROO 
Rw toDGND ......2..... eee Dee ilar aan ate +25 V_ 
Digital Input Voltage to DGND ve eee 0.3 Vito Vec + 0.3 V 
Input Current to any Pin Except Supplies” ie pines eon t +10 mA 
Operating Temperature Range | | . 
Commercial/Industrial (B Versions). .......-40°C to +85°C 
Extended (S Versions) ................ —55°C to +125°C 
Storage Temperature Range ............. —65°C to +150°C 
Junction Temperature ........... 0.000 0ee greene +150°C 
CAUTION 


ESD (electrostatic discharge) sensitive device. Hieceonaie sharges as high as 4000 V readily 
accumulate on the human body and test equipment and can-discharge without detection 
Although the AD7849 feature proprietary ESD protection circuitry, permanent dama 
occur. on devices subjected to high energy electrostatic discharges. Therefore, 
precautions are recommended to avoid performance degradation. or loss of fungti 


AD7849AN 


40°C to +85°C 
AD7849BN | ~40°C to +85°C 
AD7849CN | -40°C to +85°C. |. 
“AD7849AR | -40°C to +85°C. 
~ AD7849BR | -40°C to +85°C 
_AD7849CR | -40°C to +85°C 


AD7849TQ -55°C to #125°C 


DIP Package, Power Dissipation ............+....875 mW 
© Oya Thermal Impedance -.03...060....0.. 00... 75°C/W 
- Lead Temperature (Soldering, 10 i ceases es F260°C 
SOIC Package, Power Dissipation ...... eee eee ee B75 MW 
Qj, Thermal Impedance ..... Pre rr rei On 

Lead Temperature, Soldering — | ~~ 
Vapor Phase (60 secs) .......... Sanne woes » +215°C 
Infrared (15 SCs) sheronuickt tesa s shea as +220°C 

NOTES 


1Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 


- maximum rating conditions for extended periods may affect device reliability. 


*V our may be shorted to DGND, Vpp; Vss; provided that the power dissipation of 
the package is not exceeded. 
*Transient currents of up to 100 mA will not cause SCR latch-up. 


WARNING! 


ge S 


ca 4 


ESD SENSITIVE DEVICE 


N-20 
N-20 
R-20 
R-20 
R-20 


*N = Plastic DIP; R = SOP (Small Outline Package) O= Cent. For outline information see = Package 
Information section. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture. unless otherwise agreed to in writing. 
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SYNC 


BIN/COMP 


SDIN 
(AD7849B/C/T) 


SDIN 
(AD7849A) 


LDAC, CLR 


DCEN IS TIED PERMANENTLY LOW 


AD7849 


Figure1. Timing Diagram (Stand-Alone Mode) 


DIGITAL INTERFACE 
The AD7849 contains an input serial to parallel shift register 
and a DAC latch. A simplified diagram of the input loading cir- 
cuitry is shown in Figure 2. Serial data on the SDIN input i 
loaded to the input register under control of DCEN, SYNC 
and, SCLK. When a complete word is held in t 
it may then be loaded into the DAC latch unde 
LDAC. Only the data in the DAC latch det 
output on the AD7849. 


The DCEN (daisy-chain enable) input is used to select: either a 
stand-alone mode or a daisy-chain mode. The loading format is 
slightly different depending on which mode is selected .. 


Serial Data Loading Format (Stand-Alone Mode) 7 
With DCEN at logic 0 the stand-alone mode is selected. In this 
mode alow SYNC input provides the frame synchronization 


signal which tells the AD7849 that valid serial data on the SDIN |. 


input will be available for the next 16 falling edges of SCLK. An 
internal counter/decoder circuit provides a low gating signal so 
that only 16 data bits are clocked into the input shift register. 
After 16 SCLK pulses the internal gating signal goes inactive 
(high) thus locking out any further clock pulses. Therefore 
either a continuous clock or a burst clock source may be used 

to clock in the data. 


GATING 


GATED INPUT SHIFT REGISTER 
SCLK (16 BITS) 
SDOUT 


TTT 

eer | 

ee 
(14/16 BITS) 


ASE i OO 


Figure 2. Simplified Loading Structure 


ken high after the complete 16-bit word is 


7849C and AD7849T versions are 16-bit 

d have a straight 16-bit load format, with 
315) being loaded first. The AD7849A is a 14-bit 
loading structure is still.'16-bit. The MSB (DB13) 
nd the final two bits of the 16-bit stream must 


ré two ways in which thé DAC latch and hence the ana- 
output may be updated. The status of the LDAC input is 
examined after SYNC is taken low. Depending on its status, 


~ one of two update modes is selected. ; 


If LDAC = 0, then the automatic update mode is selected. In 
this mode the DAC latch and analog output are updated auto- 


matically when the last bit in the serial data stream is clocked 
in. The update thus takes place on the sixteenth falling SCLK 


edge.. 
If LDAC = 1, then the automatic update is disabled. The DAC 


— latch update and output update are now separate. The DAC 


latch is updated on the falling edge of LDAC. However, the 
output update is delayed for a further 2 us by means of an inter- 
nal track-and-hold amplifier in the output stage. This function 
results in lower digital-to-analog glitch impulse at the DAC out- 
put. Note that the LDAC input must be taken back high again 


. . before the next data transfer is initiated. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 


Analog Devices assumes:no obligation regarding future manufacture. unless otherwise agreed to in writing. 


REV. 0 


DIGITAL-TO-ANALOG CONVERTERS 3-225 


AD7849 

Serial Data Loading Format (Daisy-Chain Mode) 

By connecting DCEN high, the daisy-chain mode is enabled. 
This mode of operation is designed for multi-DAC systems 
where several AD7849s may be connected in cascade. In this 
mode, the internal gating circuitry on SCLK is disabled and a 
serial data output facility is enabled. The internal gating signal is 
permanently active (low) so that the SCLK signal is continu- 
ously applied to the input shift register when SYNC is low. The 
' data is clocked into the register on each falling SCLK edge after 
_ SYNC going low. If more than 16 clock pulses are applied, the 
data ripples out of the shift register and appears on the 
SDOUT line. By connecting this line to the SDIN input on the 
next AD7849 in the chain, a multi-DAC interface may be con-" 
structed. Sixteen SCLK pulses are required for each DAC in the 
system. Therefore, the total number of clock cycles must equal 
16 x N where N is the total number of devices in the chain. 
When the serial transfer to all devices is complete, SYNC is 
taken high. This prevents any further data being clocked into 
the input register. | 


— SCLK 
SYNC. 


BIN/COMP 


SD IN : 
(AD7849B/C/T) DB15 (N) 
SDOUT 3 
(AD7849B/C/T) , 
SDIN X' 
(AD7849A) DB13(N) } DBO (N) 
SDOUT 
(AD7849A)__ 
LDAC, CLR 


DCEN IS TIED PERMANENTLY HIGH: 


A continuous SCLK source may be used if it can be arranged 
that SYNC is held low for the correct number of clock cycles. 
Alternatively, a burst clock containing the exact number of clock 
cycles may be used and SYNC taken high some time later. 


When the transfer to all input registers is complete, a common 
LDAC signal updates all DAC latches with the data in each in- 
put register. All analog outputs are therefore updated simulta- 

neously, 2 us after the falling edge of LDAC. 


Clear Function (CLR) 

The clear function bypasses the input shift register a1 add loads the 
DAC Latch with all 0s. It is activated by taking CLR low. In all 
ranges except the Offset Binary bipolar range (—5 V to +5 V) the 
output voltage is reset to 0 V. In the offset binary bipolar range 
the output is set to Ver. This clear function is distinct and 


_ separate from the automatic mower On reset feature of the 


device. 


Figure 3. Timing Diagram (Daisy-Chain Mode) 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. af 
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ANALOG 
DEVICES 


+3.3 W/+5 V Multiplying 
12-Bit DACs 


FEATURES 
12-Bit Multiplying DACs 
Guaranteed Specifications with +3.3 V/+5 V Supply 
0.5 LSBs INL and DNL 
Low Power: 5 u.W typ 
Fast Interface 
40 ns Strobe Pulse Width (AD7943) 
40 ns Write Pulse Width (AD7945, AD7948) 
Low Glitch: 60 nV-s with Amplifier Connected 
Fast Settling: 600 ns to 0.01% with AD843 


APPLICATIONS 

Battery-Powered Instrumentation 

Laptop Computers 

Upgrades for All 754x Series DACs (5 V Designs) 


GENERAL DESCRIPTION 

The AD7943, AD7945 and AD7948 are fast 12-bit multiplying 
DACs that operate from a single +5 V supply (Normal Mode) 
and a single +3.3 V to +5 V supply (Biased Mode). The 
AD7943 has a serial interface, the AD7945 has a 12-bit parallel 
interface, and the AD7948 has an 8-bit byte interface. They will 
replace the industry-standard AD7543, AD7545 and AD7548 
in many applications, and they offer superior speed and power 
consumption performance. | 


The AD7943 is available in 16-pin DIP, 16-pin SOP (Small 
Outline Package) and 20-pin SSOP (Shrink Small Outline 
Package). 

The AD7945 is available in 20-pin DIP, 20-pin SOP and 20-pin 
SSOP. 


The AD7948 is available in 20-pin DIP, 20-pin SOP and 20-pin | 


SSOP. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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AD7943/AD7945/AD7948 


FUNCTIONAL BLOCK DIAGRAMS 
Vpp Rep 
O) O) 
AD7943 e 


Vrer C) 12-BIT DAC yo 
S 


SRI ©) 


O 
STB1 STB2 STB3 STB4 DGND 


Vpp Res 


O OO 
AD7945 
DAC 


©) AGND 


DB11-DBO DGND 


Vop Rep 


DATAOVERRIDELOGIC}| ss 


f.12 5 
=e 


INPUT REGISTERS [| capt ie 


12 


DB7-DBO DGND 
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AD7943/AD7945/AD7948-SPECIFICATIONS' 


NORMAL MODE (007943: vp) = +4.5 V to +5.5 V; Vioury = Vioure = AGND = 0 V; Vper = +10 V; Ty = Tyin to Tyay, unless otherwise noted. 
AD7945, AD7948: Voo = = +4, 5 V to +5.5 V; Viour; = AGND = OV; da = +10V: Th= = Twin to Tuay, unless otherwise noted. ) ye hee 


Parameter . | Test Craidiionel Gomineats’ 


ACCURACY . : 
Resolution a a ae | Bits _ 1 LSB = Vpgp/2)? = 2.44 mV when Veg = 10 V 
Relative Accuracy er 0.! | £0. LSB max 
Differential Nonlinearity 0. +0. LSB max All Grades Guaranteed Monotonic over 

. ; Temperature 
Gain Error | 
Tm to Tmax . . LSB max 
Gain Temperature Coefficient? ppm FSR/°C typ 
ppm FSR/°C max 
Output Leakage Current 
Iouri | ; | | | , 
@ +25°C nA max See Terminology Section 
Tam to Tmax nA max Typically 20 nA over Temperature 
REFERENCE INPUT 


Input Resistance Typical Input Resistance = 9 kQ 


DIGITAL INPUTS 
Vinx Input High Voltage 
Vin. Input Low Voltage 
Inn Input Current 
Cy; Input Capacitance* 


DIGITAL OUTPUT (AD7943 SRO) 
Output Low Voltage (Voz) 
Output High Voltage (Voj;) 


For 1 CMOS Load 


POWER REQUIREMENTS 
Vpp Range 5/5, 5/5. V min/V max 
Power Supply Sensitivity* 
AGain/ AVpp dB typ _ 
Ipp (AD7943) pA max Ving _ Vpp -0.1 V min, Vin. = 0.1 V max. 
| SRO Open Circuit. No STB Signal. Typically 
1 pA. Typically 100 vA with a 1 MHz STB 
Frequency. At Input Levels of 0.8 V and 2.4 V, 
| Ipp Is Typically 2.5 mA. 
Ipp (AD7945, AD7948) Vinu = Vpp -0.1V min, VINL = 0.1 V max. 
Typically 1 yA. At Input Levels of 0.8 V and 
2.4 V, Ipp Is Typically 2.5 mA. 
NOTES 


'The AD7943, AD7945 and AD7948 are specified in the normal current mode configuration and in the biased current mode for single-supply applications. 
Figures 15 and 16 are examples of normal mode operation. 

“Temperature ranges as follows: B Grades: —40 °C to +85°C; T Grade: -55°C to +125°C. 

>The T Grade applies to the AD7945 only. 

4Guaranteed by design. 


Specifications aro to change without notice. . 
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AD7943/AD7945/AD7948 
SPECIFICATIONS’ 


BIASED MODE ap7943: vjy = +3 V to +5.5 Vs Vous = Viours = AGND = 1.23 V: Vorr= +0 V to 2.45 V; T, = Ty to Tyay, unless other- 
wise noted. AD7945, AD7948: Voy = +3 V to +5.5 V; Vigour; = AGND = 1.23 V; Vege = +0 V to 2.45 V; Ty = Ty to Tay, unless otherwise noted.) 


Parameter | Test Conditions/Comments 


ACCURACY 

Resolution Bits 1 LSB = (ViouT1 — Vrep/2'? = 300 nV When 
ViouT1 = 1.23 V and VREF =0V 

Relative Accuracy + LSB max 

Differential Nonlinearity +0. LSB max All Grades Guaranteed Monotonic 
over Temperature 

Gain Error @ +25°C |! LSB max 

Tein to Tmax ae LSB max 
Gain Temperature Coefficient? ppm FSR/°C typ 


ppm FSR/°C max 


Output Leakage Current See Terminology Section 


louri 
@ +25°C nA max 
Twn to Tyax nA max Typically 20 nA over Temperature 


Input Resistance 
@ Iour2 Pin (AD7943) kQ min 
@ AGND Pin (AD7945, AD7948) kQ min 


DIGITAL INPUTS 
Vine» Input High Voltage @ Vpp = +5 V 
Vin» Input High Voltage @ Vpp = +3.3 V 
VinL> Input Low Voltage @ Vpp = +5 V 
VinL> Input Low Voltage @ Vpp = +3.3 V 
Iu, Input Current 
Cy; Input Capacitance 


DIGITAL OUTPUT. (SRO) For 1 CMOS Load 


This Varies with DAC Input Code 


3 


Output Low Voltage (Vo;) 0.2 V max 
Output High Voltage (Voy) Vpp- 0.2 | V min 
POWER REQUIREMENTS 
Vpp Range V min/V max 
Power Supply Sensitivity’ 
AGain/AVpp dB typ 
Ipp (AD7943) LA max Vinu = Vpp ~0.1V min, VINL = 0.1 V max. 


SRO Open Circuit; No STB Signal; Typically 
1 pA. Typically 100 pA with 1 MHz STB 
Frequency. 

VINH = Vpp -0.1V min, VINL = 0.1 V max. 


Ipp (AD7945, AD7948) 
| | Typically 1 pA. 


NOTES 

'These specifications apply with the devices biased up at 1.23 V for single supply applications. The model numbering reflects this by means of a “-B” suffix 
(for example: AD7943AN-B). Figure 17 is an example of Biased Mode Operation. 

*Temperature ranges as follows: A Versions: —40°C to +85°C. 

>Guaranteed by design. 

Specifications subject to change without notice. 


REV. 0 | DIGITAL-TO-ANALOG CONVERTERS 3-229 


AD7943/AD7945/AD7948 
AC PERFORMANCE CHARACTERISTICS 


Normal Mode. an7943: Voy = +4.5 V to +5.5 Vs View = Viourz = AGND = OV. AD7945, AD7948: Vop = +4.5 V to +5.5 V; Vioury = AGND 
= OV. Vier = 6 Vrms, 1 kHz sine wave; Ty = Twn to Twax; DAC output op amp is AD843: unless otherwise noted.) These characteristics are | 
included for Design Guidance and are not subject to test. 


Parameter | | B Grades T Grade Test Conditions/Comments 


DYNAMIC PERFORMANCE | 

Output Voltage Settling Time To 0.01% of Full-Scale Range. Vrrr = 
| | +10 V; DAC Latch Alternately Loaded with 

All Os and All 1s 
Measured with Vere = 0 V. DAC Latch 
Alternately Loaded with All 0s and All 1s 

~ DAC Latch Loaded with All 0s 
All 1s Loaded to DAC 
All 0s Loaded to DAC ane 
Feedthrough to the DAC Output with LD1, 
LD2 High and Alternate Loading of All Os 
and All 1s into the Input Shift Register _ 
Feedthrough to the DAC Output with CS 
High and Alternate Loading of All 0s and 
All 1s to the DAC Bus 


Digital to Analog Glitch Impulse 


Multiplying Feedthrough Error 
Output Capacitance 


Digital Feedthrough (AD7943) 
Digital Feedthrough (AD7945, AD7948) 


Total Harmonic Distortion 
Output Noise Spectral Density - 
@ 1 kHz All 1s Loaded to DAC. Vegr = 0 V. Output 


Op Amp Is OPO7 | 


AC PERFORMANCE CHARACTERISTICS 


Biased Mode (AD7943: Voy = +3 V to +5.5 V; Viour: = Viours = AGND = 1.23. AD7945, AD7948: Voy = +3 V to +5.5 V; Viour, = AGND = 
1.23 V. Veer = 1 KHz, 2.45 V p-p, sine wave biased at 1.23 V; DAC output op amp is AD820; T, = Tyin to Trax; unless otherwise noted.) These 
characteristics are included for Design Guidance and are nat subject to test. 


Parameter _ Test Conditions/Comments 


DYNAMIC PERFORMANCE | | oe 
Output Voltage Settling Time 5 | us typ To 0.01% of Full-Scale Range. Vprr = 0 V 


DAC Latch Alternately Loaded with All Os and All Is 
Digital to Analog Glitch Impulse 60 | nV-s typ VrsF = 1.23 V. DAC Register Alternately Loaded 
| . : | with All Os and All 1s 
Multiplying Feedthrough Error 15) dB max DAC Latch Loaded with All 0s 
Output Capacitance : 60 pF max All 1s Loaded to DAC 
| . 30° pF max All 0s Loaded to DAC 
Digital Feedthrough eae. 8 nV-s typ | Feedthrough to the DAC Output with (Di, LD2 


High and Alternate Loading of All 0s and All 1s © 
into the Input Shift Register 


Digital Feedthrough (AD7945, AD7948) 5 nV-styp | Feedthrough to the DAC Output with CS High 
and Alternate Loading of All 0s and a ls to the 
DAC Bus 
Total Harmonic Distortion —83 dB typ 
Output Noise Spectral Density 
@ i kHz 25 aV/VHz typ | All ls Loaded to DAC. Vppr = 1.23 V 
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AD7943/AD7945/AD7948 
AD7943 TIMING SPECIF ICATIONS' (T, = Twn to Tyax, unless otherwise noted) 


Limit @ Limit @ 
Parameter Vpp = +3 V to +3.6 V Vpp = +4.5 V to +5.5 V Units Description 


tsTR” STB Pulse Width 
tps Data Setup Time 
toy Data Hold Time 
tsry SRI Data Pulse Width 
tp Load Pulse Width 
tcLr CLR Pulse Width 
tasp Min Time Between Strobing Input Shift 
Register and Loading DAC Register 
tsv° STB Clocking Edge to SRO Data Valid Delay 
NOTES 


‘All input signals are specified with tr = tf = 5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. tr and tf should not exceed 1 ps on any digital input. 
2STB mark/space ratio range is 60/40 to 40/60. 
3tsy is measured with the load circuit of Figure 2 and defined as the time required for the output to cross 0.8 V or 2.4 V. 


<i 
tore 
STB1, 
STB2, 
STB4 
STB3 


ths _ 
tri 
(MSB) 


Lb1.L02 — - 
CLR 
> |~- tsy 
DB11(N-1) = 


Figure 1. AD7943 Timing Diagram. 


o 


+2.1V 


Figure 2. Load Circuit for Digital Output Timing Specifications 
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AD7943/AD7945/AD7948 a 
AD7945 TIMING SPECIFICATIONS’ (T, = Twin to Tuay, unless otherwise noted) : 


Limit @ — Limit@ : a 
Parameter Vpp = +3 V to +3.6V Vpp = +4.5Vto+5.5V | Units — Description 


tps Data Setup Time 

tpH Data Hold Time 

tcs Chip Select Setup Time 
tcH Chip Select Hold Time 
twrR Write Pulse Width 
NOTE 


‘A]l input signals are specified with tr = tf = 5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 


| 


| helene Dee eet 
DB11-DB0 DATA VALID 


Figure 3. AD7945 Timing Diagram 


AD7948 TIMING SPECIFI CATIONS' (Ty = Twin to Tay, unless otherwise noted) 


Limit @ Limit @ | 
Parameter Vpp = +3 V to +3.6 V Vpp = +4.5 V to +5.5 V Units Description 


tps Data Setup Time 

toy Data Hold Time —_ | 

tcws CSMSB or CSLSB to WR Setup Time 
towH CSMSB or CSLSB to WR Hold ‘Time 
tiws LDAC to WR Setup Time 

tlw LDAC to WR Hold Time 

twr Write Pulse Width 

NOTE 


‘All input signals are specified with tr = tf = 5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 


F 
tows can 


CSMSB 


CSLSB 


LDAC 
WR 


DB7-DBO — 


Figure 4. AD7948 Timing Diagram 
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ABSOLUTE MAXIMUM RATINGS! 


(Ta = +25°C unless otherwise noted) 


Vin tO GND <.s.c.se $s he eel eae oe -0.3 V to +6 V 
Ioput; to DGND ................000. —0.3 V to Vpp + 0.3 V 
Iout2 tO DGND es 4h has HS ESA —0.3 V to Vpp +0.3V 
AGND to DGND ................. —0.3 V to Vpp + 0.3 V 
Digital Input Voltage to DGND ...... —0.3 V to Vpp + 0.3 V 
Vrrp VrerrFtO DGND ....... eee eee +15 V 
Input Current to Any Pin Except Supplies? ........ +10 mA 


Operating Temperature Range 
Industrial (A, B Versions) .............. 
Extended (T Version) ........ ere 
Storage Temperature Range 


-40°C to +85°C 
—55°C to +125°C 
—65°C to +150°C 


oee eee ee we wo we 


Junction Temperature ........ 0... cece eee eee +150°C 
DIP Package, Power Dissipation ................ 670 mW 
Oj, Thermal Impedance .................004. 116°C/W 
Lead Temperature, Soldering, (10 sec) .......... +260°C 


CAUTION 


ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the devices feature proprietary ESD protection circuitry, permanent damage may occur 
on devices subjected to high energy electrostatic discharges. Therefore, proper ESD precautions 
are recommended to avoid performance degradation or loss of functionality. 


AD7943/AD7945/AD 7948 


SOP Package, Power Dissipation ............ ee 450 mW 


Oa Thermal Impedance ..................004. 75°C/W 
Lead Temperature, Soldering 
Vapor Phase (60 sec) 5. cs. se ecc cent eneeees +215°C 
Iitrated (1SSe0): na 2 acne Pew ad ea are es. b om le's +220°C 


SSOP Package, Power Dissipation ................ 875 mW 


Oia. Thermal Impedance: icccte4 eskes oh ewes 132°C/W 
Lead Temperature, Soldering 
Vapor Phase (60 Sec) 22555 sabe tia st eatatiewdcnn +215°C 
Tnifared ClD SOC) een arerk-o tea Wa eRe RON +220°C 


NOTES 

‘Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
Transient currents of up to 100 mA will not cause SCR latch-up. 


WARNING! 
caer 48 


ESD SENSITIVE DEVICE 


ORDERING GUIDE 

Temperature Linearity Nominal Package 
Model Range Error (LSBs) Supply Voltage Option* 
AD7943BN —40°C to +85°C +0.5 +5 V N-16 
AD7943BR ~40°C to +85°C +0.5 +5 V R-16 
AD7943BRS —40°C to +85°C +0.5 +5 V RS-20 
AD7943AN-B —40°C to +85°C +1 +3.3Vto +5 V N-16 
AD7943ARS-B ~40°C to +85°C +1 +3.3Vto+5 V RS-20 
AD7945BN -40°C to +85°C +0.5 $5V N-20 
AD7945BR —40°C to +85°C +0.5 +5 V R-20 
AD7945BRS —40°C to +85°C +0.5 +5 V RS-20 
AD7945AN-B —40°C to +85°C +1 +3.3Vtot5 V N-20 
AD7945ARS-B -40°C to +85°C +1 +3.3Vtot5V RS-20 
AD7945TQ —55°C to +125°C +1 +5 V Q-20 
AD7948BN ~40°C to +85°C +0.5 +5 V N-20 
AD7948BR ~40°C to +85°C +0.5 +5 V R-20 
AD7948BRS —40°C to +85°C +0.5 +5 V RS-20 
AD7948AN-B —40°C to +85°C +1 +3.3Vtot5 V N-20 
AD7948ARS-B ~40°C to +85°C +1 +3.3Vto +5 V RS-20 


*N = Plastic DIP; R = SOP (Small Outline Package); RS = SSOP (Shrink Small Outline Package); Q = Cerdip. For outline 
information see Package Information section. 
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AD7943/AD7945/AD7948 


TERMINOLOGY 

Relative Accuracy _ 

Relative Accuracy or endpoint linearity i is a measure of the 
maximum deviation from a straight line passing through the 
endpoints of the DAC transfer function. It is measured after 
adjusting for zero error and full-scale error and is normally . 
expressed in Least Significant Bits or as a percentage of full- 
scale reading. | 


Differential Nonlinearity 

Differential nonlinearity is the difference between the measured 
change and the ideal 1 LSB change between any two adjacent 
codes. A specified differential nonlinearity of 1 LSB maximum 
ensures monotonicity. 


Gain Error 

Gain Error is a measure of the output error between an ideal 
DAC and the actual device output. It is measured with all ls 
in the DAC after offset error has been adjusted out and is ex- 
pressed in Least Significant Bits. Gain error is adjustable to 
zero with an external potentiometer. 


Output Leakage Current — | 
Output leakage current is current which flows in the DAC lad- 
der switches when these are turned off. For the Iouti terminal, 
it can be measured by loading all Os to the DAC and measuring 
the Iour; current. Minimum current will flow in the Ioyr. line 
when the DAC is loaded with all 1s. 


Output Capacitance 
This is the capacitance from the — pin. to AGND. 


Output Voltage Settling Time ; 
This is the amount of time it takes for the output to settle toa 
specified level for a full-scale input change. For these devices, it 
is specified both with the AD843 as the output op amp in the - 
normal current mode and with the AD820 in the biased current 
mode. ; 


Digital to Analog Glitch Impulse | 


_ This is the amount of charge injected into the analog output — 


when the inputs change state. It is specified as the area of the 
glitch in nV-s. It is measured with the reference input connected 
to AGND and the digital inputs toggled between all 1s and all 
Os. As with Settling Time, it is Ponce with both the AD817 
and the AD820. 


AC Feedthrough Error 


This is the error due to capacitive fedihrouse from the DAC 


reference input to the DAC Ioyry, terminal, when all Os are 
loaded in the DAC. , 


Digital Feedthrough 

When the device is not selected, high frequency logic activity on 
the device digital inputs is capacitively coupled through the de- 
vice to show up as noise on the Ipyr; pin and subsequently on — 
the op amp output. This noise is digital feedthrough. 


PIN CONFIGURATIONS 
DIP/SOP SSOP ‘DIP/SOP/SSOP DIP/SOP/SSOP 
lours L1| & 16] Res lour: [1] ¢@ 120| Ree lour: | 1] ¢ 20] Ree lour: | 1] @ 120] Rep 
lout | 2 | 15] Vrer lour2 | 2 | 19] Vrer AGND | 2 | 19] Vrer AGND | 2| 19] Vaer 
AGND [3 | 14] Von = AGND [3 | 18} Voo DGND | 3 | 18] Vpp DGND [3 | : Vop 


ste1 [4] AD7943° [43] cca = stB1 [4 | CLR 
TOP VIEW | | AD7943 

CDT [5] Wot to Scale) [12] POND = NC 1S] Oe a6) NC 

SRO | 6| _ [11] sTBa _ NC 6 | (Not to Scale) 15] NC 

SRI 10| STB3 Lp1 14] DGND 

STB2 | 8| 19} LD2 SRO | 8 113] STB4 
sri [9° 12) Stes 
STB2 14] [ps 


NC = NO CONNECT 
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DB11 [4 | WR CSMSB {4 | 17| Wr 
794 ere AD794 

pato [5] AD7945 fie] os pF/DOR LS, 8 fie] csies 

TOP VIEW : TOP VIEW 
DBS [6 | (Not to Scale) [15] DBO CTRL [6 | (not to Scale) |15] LDAC 
DB8 14; DB1 DB7(MSB) | 14] DBO (LSB) 
DB7 | 8 | _ -[13} DB2 DBE | 8 | 13] DB1 
DBE | 9 | [12] OB3 DBS | 9 | 12] DB2 
DB5 11} DB4 DB4 |10) 11] DBS 
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Pin Mnemonic 


lout 
Iout2 


AGND 
STB 1 
LD1, LD2 
SRI 
STB 2 
STB 3 
STB 4 


DGND 
CLR 


Vpp 


VREF 
Reg 


Pin Mnemonic 


lout 
AGND 


DGND 
DB11-—DB0 
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AD7943/AD7945/AD7948 


AD7943 PIN DESCRIPTION 
Description 


DAC current output terminal 1. 

DAC current output terminal 2. This should be ree to the AGND pin. 

This pin connects to the back gates of the current steering switches. In normal operation, it should be connected 
to the signal ground of the system. In biased single-supply operation it may be biased to some voltage between 
0 V and the 1.23 V. See Figure 11 for more details. 

This is the Strobe 1 input. Data is clocked into the input shift register on the rising edge of this signal. STB 3 
must be high. STB 2, STB 4 must be low. 

Active low inputs. When both of these are low, the DAC register is updated and the output will change to 
reflect this. 

Serial Data Input. Data on this line will be clocked into the input shift register on one of the Strobe inputs, 
when they are enabled. 

This is the Strobe 2 input. Data is clocked into the input shift register on the rising edge of this signal. 

STB 3 must be high. STB 1, STB 4 must be low. 

This is the Strobe 3 input. Data is clocked into the input shift register on the falling edge of this signal. STB 1, 
STB 2, STB 4, must be low. 


This is the Strobe 4 input. Data is clocked into the input shift register on the rising edge of this signal. STB 3 
must be high. STB 1, STB 2 must be low. 
Digital Ground. 


Asynchronous CLR input. When this input is taken low, all Os are loaded to the DAC latch. 

Power supply input. This is nominally +5 V for Normal Mode Operation and +3.3 V to +5 V for Biased 
Mode Operation. : 

DAC reference input. 

DAC feedback resistor pin. 


AD7945 PIN DESCRIPTION 
Description 


DAC current output terminal 1. 

This pin connects to the back gates of the current steering switches. 
internally to this point. 

Digital Ground. 

Digital Data Inputs. 

Active Low, Chip Select Input. 

Active Low, Write Input. 

Power supply input. This is nominally +5 V for Normal Mode Operation and +3.3 V to +5 V for Biased Mode 
Operation. 

DAC reference input. 

DAC feedback resistor pin. 


The DAC Ipyr2 terminal is also connected 
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AD7943/AD7945/AD7948 


Pin Mnemonic 


lout 
AGND 


DGND 
CSMSB 


DF/DOR 


CTRL 
DB7-DBO0 
LDAC 


CSLSB 


WR 
Vpp 


_ Veer 
Rep 
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AD7948 PIN DESCRIPTION 
Description 


DAC current output terminal 1. Normally terminated at the virtual ground of output amplifier. 


Analog Ground Pin. This pin connects to the back gates of the current steering switches. The DAC Ipy7. 
terminal is also connected internally to this point. : 


‘Digital Ground Pin. 


Chip Select Most Significant Byte. Rete Low nasde Used in combination with WR to load 

external data into the input register or in combination with LDAC and WR to load external data into both put 
and DAC registers. 

Data Format/Data Override. When this input is low, data in the DACr register is forced to one of two override 
codes selected by CTRL. When the override signal is removed, the DAC output returns to reflect the value in 

the DAC register. With DF/DOR high, CTRL selects either a left or right justified mee data format. For normal. 
operation, DF/DOR is held high. See Table I. 


Table I. Truth Table for DFIDOR CTRL 


DF/DOR Function 


DAC Register Contents Overridden by All 0s 
DAC Register Contents Overridden by All 1s 
Left-Justified Input Data Selected 

Right-Justified Input Data Selected - 


—pr—=t CE © 


Control Input. See DF/DOR description. 

Digital Data Inputs. : | 
Load DAC input, active low. This signal, in combination with others, is used to load the DAC register from 
either the input register or the external data bus. 

Chip Select Least Significant (LS) Byte. Active Low Input. Used in combination with WR to load external data 


_ into the input register or in combination with WR and LDAC to load external data into both input and DAC 


registers. 


Saas Hi. Truth Table for AD7948 Write Operatin 


} 


Load LS Byte to Input Register 

Load LS Byte to Input Register and DAC Register 
Load MS Byte to Input Register © 

Load MS Byte to Input Register and DAC Regisiek 
Load Input Register to DAC Register 

No Data Transfer 


eK OOOO © Ss 


Write input, active low. This active low signal, in combination with others is used in loading dail data i into » 
the AD7948 input register and in transferring data from the input register to the DAC register. 

Power supply input. woe) is nominally +5 V for Normal Mode Operation and +3.3 V to +5 V for Biased Mode 
Operation. 

DAC reference input. 

DAC feedback resistor pin. 
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AD7943/AD7945/AD7948 
Typical Performance Curves 


Vop = +5V 

Vrer = +10V 

OP AMP = AD843 
Ty = +25°C 


Vop = +5V 
Ta = +25°C 
OP AMP = AD843 


DNL - LSBs 


LINEARITY ERROR - LSBs 


6 0 1024 2048 3072 4095 
Vaer ~ Volts INPUT CODE 
Figure 5. Differential Nontinearity Error vs. Figure 7. All Codes Linearity In Normal Mode (Vpp = +5 V) 


Veer (Normal Mode) 


Vpp = +3.3V 
T, = +25°C 
OP AMP = AD820 


Vop = +5V 
Ty = +25°C 
OP AMP = AD843 


INL —- LSBs 
INL, DNL — LSBs 


0.2 0.4 0.6 0.8 1.0 1.2 1.4 


Figure 6. Integral Nonlinearity Error vs. Figure 8. Linearity Error vs. Veer (Biased Mode) 
Veer (Normal Mode) 
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AD7943/AD7945/AD7948 


Ta = +25°C 


\ AD711 OUTPUT 


bX 


LINEARITY ERROR — LSBs 


a) eo " nr ony 
weer 


0 1024 © 2048 3072 . 4095 
INPUT CODE 


S50mV/DIVISION 200ns/DIVISION 


Figure 9. All Codes Linearity in Biased Mode 
(Vop = +3.3 V) 


Vop = +5V 

Ta = +25°C 

Vin = 20V p-p 

OP AMP = AD711 


THD - dBs 


FREQUENCY - Hz | FREQUENCY-Hz 


Figure 10. Total Harmonic Distortion vs. Frequency | _ Figure 12. Multiplying Frequency Response vs. 
Digital Code 
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GENERAL DESCRIPTION 

DIA Section 

The AD7943, AD7945 and AD7948 are 12-bit current-output 
D/A converters. A simplified circuit diagram is shown in Fig- 
ure 13. The DAC architecture is segmented. This means that 
the 2 MSBs of the 12-bit data word are decoded to drive the 
three switches A, B and C. The remaining 10 bits of the data 
word drive the switches SO to S9 in a standard inverting R-2R 
ladder configuration. 


Each of the switches A to C steers 1/4 of the total reference cur- 
rent into either Ioyy, Or Ioyr2 with the remaining 1/4 of the to- 
tal current passing through the R-2R section. Switches S9 to SO 
steer binarily weighted currents into either Igyy; or Ioyr2. If 
Iour; and Igyr2 are Kept at the same potential, a constant cur- 
rent flows in each ladder leg, regardless of digital input code. 
Thus, the input resistance seen at Vpgr is always constant. It is 
equal to R/2. The Vpgr input may be driven by any reference 
voltage or current, ac or dc that is within the Absolute Maxi- 
mum Ratings. 


The device provides access to the Vpgr, Reg, and Ipyr; termi- 
nals of the DAC. This makes the device extremely versatile and 
allows it to be configured in several different operating modes. 
Examples of these are shown in the following sections. The 
AD7943 also has a separate Inyr2 pin. In the AD7945 and 
AD7948 this is internally tied to AGND. 


When an output amplifier is connected in the standard configu- 
ration of Figure 14, the output voltage is given by: 


Vour =—D xX Vrer 


where D is the fractional representation of the digital word 
loaded to the DAC. D can be set from 0 to 4095/4096, since it 
has 12-bit resolution. 


© VREF 


SHOWN FOR ALL 1s ON DAC 


Figure 13. Simplified D/A Circuit Diagram 
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AD7943/AD7945/AD7948 


UNIPOLAR BINARY OPERATION 

(Two-Quadrant Multiplication) | 

Figure 14 shows the standard unipolar binary connection dia- 
gram for the AD7943, AD7945 and AD7948. When Vy is an 
ac signal, the circuit performs two-quadrant multiplication. Re- 
sistors R1 and R2 allow the user to adjust the DAC gain error. 
With a specified gain error of 2 LSBs over temperature, these 
are not necessary in many applications. Cuircuit offset is due 
completely to the output amplifier offset. It can be removed by 
adjusting the amplifier offset voltage. Alternatively, choosing a 
low offset amplifier makes this unnecessary. 


A1 should be chosen to suit the application. For example, the 
OP07 is ideal for very low bandwidth applications (10 kHz or 


A1: OP07 
AD711 
AD843 
AD845 


NOTES SIGNAL GROUND | 

1. ONLY ONE DAC IS SHOWN FOR CLARITY. . 

2. DIGITAL INPUT CONNECTIONS ARE OMITTED. 

3. C1 PHASE COMPENSATION (5—15pF) MAY BE REQUIRED WHEN 
USING HIGH SPEED AMPLIFIER. : 


Figure 14. Unipolar Binary Operation 


lower) while the AD711 is suitable for medium bandwidth ap- 
plications (200 kHz or lower). For high bandwidth applications 
of greater than 200 kHz, the AD843 and AD847 offer very fast 
settling times. 


The code table for Figure 14 is shown in Table III. 


Table HI. Unipolar Binary Code 


Digital Input 
MSB LSB 


1111 1111 1111 
1000 0000 0001 
1000 0000 0000 
O111 1111 1111 
0000 0000 0001 
0000 0000 0000 


Analog Output 
(Vour as Shown in Figure 15) 


—-Vper (4095/4096) 
—~Verr (2049/4096) 
—Verr (2048/4096) 
—Verr (2047/4096) 
~Veer (1/4096) 

Veer (0/4096) = 0 


NOTE 
Nominal LSB size for the circuit of Figure 14 is given by: Vpgp (1/4096). 
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AD7943/AD7945/AD7948 


BIPOLAR OPERATION 

(Four-Quadrant Multiplication) 

- Figure 15 shows the standard connection ase for iipole 
operation of the AD7943, AD7945 and AD7948. The coding is 
offset binary as shown in Table IV. When Vjy is an ac signal, 
the circuit performs four-quadrant multiplication. Resistors R1 
and R2 are for gain error adjustment and are not needed in. 
many applications where the device gain error specifications are 
adequate. To maintain the gain error specifications, resistors 
R3, R4 and R5 should be ratio matched to 0.01%. 


NOTES 

1. ONLY ONE DAC IS SHOWN FOR CLARITY. 

2. DIGITAL INPUT CONNECTIONS ARE OMITTED. 

3. C1 PHASE COMPENSATION (5-—15pF) MAY BE BESUInE? WHEN 
USING HIGH SPEED AMPLIFIER, A1. 


Figure 15. Bipolar Operation eur Quadrant 
Multiplication) — 


Suitable dual amplifiers for use with Figure 15 are the OP270 
(low noise, low bandwidth, 15 kHz), the AD712 (medium 
bandwidth, 200 kHz) or the AD827 (wide bandwidth, 1 MHz). 


Table IV. Bipolar (Offset Binary) Code 


Table Digital Input. 
MSB LSB 


_ Analog Output 
(Vout as Shown in Figure 16) 


+Vaer (2047/2048) 
_+Vper (1/2048) 
+Vrrr (0/2048) = 0 
—~Varr (1/2048) 
~Varr (2047/2048) 
Veer (2048/2048) = Veer 


1111 1111 1111 
1000 0000 0001 
1000 0000 0000 
0111 1111 1111 
0000 0000 0001 | 
0000 0000 0000 — 


NOTE 
Nominal LSB size for the circuit of ‘Fein 15 is given by: Vrrr (1/2048). 
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SINGLE SUPPLY APPLICATIONS 

The “-B” versions of the devices are specified and ites for 
single supply applications. Figure 16 shows the recommended 
circuit for operation with a single +5 V to +3.3 V supply. The 
Ioyr2 and AGND terminals are biased to 1.23 V. Thus, with 0 V 
applied to the Vpgr terminal, the output will go from 1.23 V (all 
Os loaded to the DAC) to 2.46 V (all 1s loaded). With 2.45 V. 
applied to the Vpgr terminal, the output will go from 1.23 V (all 
Os loaded) to 0.01 V (all 1s loaded). It is important when con- — 
sidering INL in a single-supply system to realize that most 
single-supply amplifiers cannot sink current and maintain zero 
volts at the output. In Figure 16, with Var = 2.45 V the re- 


-quired sink current is 200 pA. The minimum output voltage 


level is 10 mV. Op amps like the OP295 are capable of main- — 
taining this level while sinking 200 WA. 


Figure 16 shows the Ionyz2 and AGND terminals being driven 
by an amplifier. This is to maintain the bias voltage at 1.23 V 
as the impedance seen looking into the Ipnyy2 terminal changes. 
This impedance is code dependent and varies from infinity (all 
Os loaded in the DAC) to about 6 kQ minimum. The AD589 
has a typical output resistance of 0.6 Q and it can be used to 
drive the terminals directly. However, this will cause a typical 
linearity degradation of 0.2 LSBs. If this is unacceptable then 
the buffer amplifier is necessary. Figure 9 shows the typical lin- 
earity performance of the AD7943/AD7945/AD7948 when used 
as in Figure 16 des Vop set at +3. 3 V and Veg = 0 V. 


A1: OP295 


AD822 
OP283 


\ 7 SIGNAL GROUND 


Figure 16. Single Supply System 
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ANALOG 
DEVICES. 


+5 Volt, Serial Input, 
Dual 12-Bit DAC 


AD8522 


FUNCTIONAL BLOCK DIAGRAM 


FEATURES 

Complete Dual 12-Bit DAC 

No External Components 

+5 V Single-Supply Operation +10% 

4.095 V Full Scale (1 mV/LSB) 

Buffered Voltage Outputs 

Low Power: 5 mW/DAC 

Space Saving 1.5 mm Height SO-14 Package 


APPLICATIONS 

Digitally Controlled Calibration 

Servo Controls 

Process Control Equipment 

Computer Peripherals 

Portable Instrumentation 

Cellular Base Stations Voltage Adjustment 


GENERAL DESCRIPTION 
The AD8522 is a complete dual 12-bit, single-supply, voltage 
output DAC in a 14-pin DIP, or SO-14 surface mount package. 


Fabricated in a CBCMOS process, features include a serial digi- _ 


tal interface, onboard reference, and buffered voltage output. 
Ideal for +5 V-only systems, this monolithic device offers low 
cost and ease of use, and requires no external components to 
realize the full performance of the device. 


The serial digital interface allows interfacing directly to numer- 
ous microcontroller ports, with a simple high speed, three-wire 
data, clock, and load strobe format. The 16-bit serial word con- 
tains the 12-bit data word and DAC select address, which is de- 
coded internally or can be decoded externally using LDA, LDB 


Vpp = +4.5V 
Ta = 55°C, +25°C, +85°C, +125° 


LINEARITY ERROR - LSB 


0 1024 2048 3072 _ 4096 
DIGITAL INPUT CODE — Decimal 


Figure 1. Linearity Error vs. Digital Code & Temperature 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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cs t1 CLK 
CLKO LATCH 
[ 


SHIFT 
REGISTER 


D 
O-<1 DAC B 
Ge REGISTER 
C) 


g) CONTROL 
Loa O LOGIC 


SDO 


LDA 


inputs. A serial data output allows the user to easily daisy-chain 
multiple devices in conjunction with a chip select input. A reset 
RS input sets the outputs to zero scale or midscale, as deter- 
mined by the input MSB. 


The output 4.095 V full scale is laser trimmed to maintain accu- 
racy over the operating temperature range of the device, and 
gives the user an easy-to-use one-millivolt-per-bit resolution. A 
2.5 V reference output is also available externally for other data 
acquisition circuitry, and for ratiometric applications. The out- 
put buffers are capable of driving +5 mA. | 


The AD8522 is available in the 14-pin plastic DIP and low pro- 
file 1.5 mm SOIC-14 packages. 


PACKAGE TYPES AVAILABLE 


PDIP-14 
SO-14 
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~ AD8522-SPECIFICATIONS a ee as 
| | ELECTRICAL CHARACTERISTICS (@ Vp = +5.0 V+ 10%, R, = No Load, 40% ss: 185°C, ‘oth Dats teste, unless. 


otherwise noted) 


STATIC PERFORMANCE 
Resolution! 
Relative Accuracy 


Differential Nonlinearity | Monotonic 
Zero-Scale Error : Data = 0004 
Full-Scale Voltage? a ns | Data = FFF, 
Full-Scale Tempco”? | 
MATCHING PERFORMANCE | 
Linearity Matching Error 
ANALOG OUTPUT | MW # 2 
Output Current \ | - Data = 800q, AVour S$ 3 LSB 
Load Regulation at Half-Scale R;, = 402 Q to o, Data = 8004 
Capacitive Load’ C ~ | “No Oscillation 
REFERENCE OUTPUT | : 
Output Voltage 
Output Source Current* , 1 AVprgr < 18 mV 
Line Rejection | | LNeg fee 
Load Regulation _ Ae L IpEF = 0 to 5 mA, Data = 8004 
LOGIC INPUTS & OUTPUTS | | 


Logic Input Low Voltage 
Logic Input High Voltage | 
Input Leakage Current 
Input Capacitance’ . Cr dhs eg oe 
Logic Output Voltage Low -| Ip, =1.6mA 
Logic Output Voltage High _ | Toy = 400 pA 


TIMING SPECIFICATIONS* ° 
Clock Width High | | 
Clock Width Low 
Load Pulse Width © 
Data Setup | 
Data Hold 

_ Clear Pulse Width 
Load Setup 
Load Hold 
Select 
Deselect 
Clock to SDO Propagation Delay 


AC CHARACTERISTICS» * 


Voltage Output Settling Time? * To +1 LSB of Final Value 
Crosstalk Signal Measured at DAC Output, 
| : While Changing Opposite LDA/B 
DAC Glitch : en om @ Half-Scale Transition a 
Digital Feedthrough Signal Measured at DAC Output, —* 
+8 While Changing Data Without LDA/B 
SUPPLY CHARACTERISTICS oo, | . . _ | 
Positive Supply Current | Ipp | Vpp = 5.5 V, Vip = 2.4 VorVy=0.8V) 3 5 mA 
ear, Vpp = 5 V; Viz = OV 1 2 mA 
Power Dissipation’ Ppiss Vpp = 5 V; Vix = 2.4 V or Vir = = 0. 8 Vv 7 15: 25 mW 
Vpp = 5 V, Vi. =0V ea 5 10 mW 
Power Supply Sensitivity PSS AVpp = 5% | 0.002 0.004 | %/% 
NOTES — 


1) LSB = 1 mV for 0 V to +4.095 V output range. 

"Includes internal voltage reference error. 

>These parameters are guaranteed by design and not subject to production testing. 

‘Very little sink current is available at the Vpgr pin. Use external buffer if setting up a virtual ground. 

°All input control signals are specified with t, = tp = 5 ns (10% to 90% of +5 V) and timed from a voltage level of 1.6 V. 

©The settling time specification does not apply for negative going transitions within the last 6 LSBs of ground. Some devices exhibit double the typical settling time in this 6 LSB region. 
"Power Dissipation is calculated Ipp x 5 V. 

Specifications subject to change without notice. 
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AD8522 


sor Yeu YH YH Yo oY os enon os) 


CLK 
tess tesn 
cs 
tio tio2 


) A+T LSB 
|V" ERROR BAND 


Figure 2. Timing Diagram 
SERIAL INPUT REGISTER DATA FORMAT 


. First 


Last | | 
pe [or poor [ee [o> [ow [on [oa [op PORE 
a [eo _| sin 


Table I. Truth Table . “# 


Data Word . | 
-Hardware Load: 
De xX Loads DACA + DACB with Data from SR 
L X Loads DACA with Data from SR 
L X Loads DACB with Data from SR 
L X No Load 
Software Decode Load: | 
H L No Load 
H H Loads DACB with Data from SR, See Note 1 Below 
H H No Load . 
H L Loads DACA with Data from SR, See Note 1 Below 
H L.; No Load 
H H Loads DACA + DACB with Data from SR, See 1 Note Below 
H H. No Load 
NOTES ) 


In software mode LDA and LDB perform the same function. They can be tied together or the unused pin should be tied high. 
External Pins LDA and LDB should always be high when shifting Data into the shift register. 
3), symbol denotes negative transition. , 


{ 1.6mA 
SDO ) 1.6 VOLT 
{ 200A 


Figure 3. AC Timing SDO Pin Load Circuit 
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“AD8522 


PIN DESCRIPTION 

Pin Function. _ | — 

SDI Serial Data Input, input aa loads directly i into the shift register. 

CLK Clock input, positive edge clocks data into shift register. 

cs Chip Select, active low input. Prevents shift register loading when high. Does.not affect LDA and LDB operation. 

LDA/B Load. DAC register strobes, active low. Transfers shift register data to DAC register. See truth table for operation. 
Software decode feature only segues one LD strobe. Tie LDA and EDS Bp tOgeICE or use one of them with the 
other pin-tied high. 

SDO Serial Data Output. Output of shift register, always active. 

RS Resets DAC registers to condition determined by MSB pin. Active low i input. 

MSB Digital input: High presets DAC Repisiens to half scale (8005 Low ears all preeters to zero (0003), when RS is 
strobed to active low. os 

Vpp Positive +5 V power supply input. Tolerance +10%. 

AGND Analog Ground Input. 

DGND Digital Ground Input. 

VREF Reference Voltage Output, 2.5 V nominal. 

Vout AB DAC AJB voltage outputs, 4.095 V full scale, +5 mA output. | 


PIN CONFIGURATION 


14-Lead SO-14 


14-Pin Plastic DIP 


Table Il. Truth Tables _ 


_ DAC Register Preset _ 
Register Activity 


Asynchronously Resets pee Registers t to Zero j 
Scale . 
Asynchronously Presets DAC Registers to’ 

Half Scale (800;;) © 

None 


‘Shift ft Register 


1 X 
n Ai 


CAUTION 


ESD (electrostatic discharge) sensitive device. Electrostatic es as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the AD8522 features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 
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- ABSOLUTE MAXIMUM RATINGS* 


Vpp to DGND & AGND ........ ESieaitasears -0.3V,+7V 
Logic Inputs and Output to DGND ..... ~0.3 V, Vpp + 0,3 V 
Vout to AGND 3. 265. ¢eckes We Rae a ...0.3 V, Vpp + 0.3 V 
VerptOoAGND) .fisccees heb aceesas ~0.3 V, Vpp €:0:3 V 
AGND to DGND ©....... Sues Pasa aces .. 0.3 V, Vpp 
Iour Short Circuit'to GND or Vas, pide soe e DOA 


Package Power Dissipation 
Thermal Resistance, 9y, | ; — 
14-Pin Plastic DIP Package (N-14) ........... ys 83°CW 


_14-Lead SOIC Package (SO-14) .......04.005. 120°C/W 
Maximum Junction Temperature (Tj; max) ..... cae 150°C 
Operating Temperature Range ............6> —40°C to +85°C 
Storage Temperature Range ......53..... “65°C to +150°C 
Lead Temperature (Soldering, 10 sec) ............. +300°C 


*Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 


operation of the device at these or any other conditions above those indicated in the 


operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability: 


ORDERING GUIDE | 


Temperature Package. 
Range Description 


Package 
Option* 


AD8522AN 


40°C to +85°C | 14-Pin P-DIP | N-14 
AD8522AR | ~40°C to +85°C | 14-Lead SOIC | SO-14 _ 
AD8522Chips Bote 


*For outline intonation see Package informarion: section, 


- The AD8522 contains 1482 transistors. 


WARNING! 


Farr ae 


ESD SENSITIVE DEVICE. 


wa 
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+5 Volt, Parallel Input 
Complete Dual 12-Bit DAC 


AD8582 


FEATURES 

Complete Dual 12-Bit DAC 

No External Components 

Single +5 Volt Operation 

1 mV/Bit with 4.095 V Full Scale 
True Voltage Output, +5 mA Drive 
Very Low Power: 5 mW 


APPLICATIONS 

Digitally Controlled Calibration 
Portable Equipment 

Servo Controls _ 

Process Control Equipment 

PC Peripherals 


GENERAL DESCRIPTION 

The AD8582 is a complete, parallel input, dual 12-bit, voltage 
output DAC designed to operate from a single +5 volt supply. 
Built using a CBCMOS process, this monolithic DAC offers the 
user low cost, and ease-of-use in +5 volt only systems. | 


Included on the chip, in addition to the DACs, are a quiere 


amplifier, latch and reference. The reference (Vprgr) is trimmed 
to 2.5 volts output, and the on-chip amplifier gains up the DAC 
output to 4.095 volts full scale. The user needs only supply a +5 
volt supply. 


The AD8582 is coded natural binary. The op amp output 
swings from 0 volt to +4.095 volts for a one-millivolt-per-bit 
resolution, and is capable of driving +5 mA. Operation down to 
4.3 V is possible with output load currents less than 1 mA. 


5.0 


AVFS <1LSB 


DATA = FFF, 
48 Ta = +25°C 


2 
3 46 
- PROPER OPERATION 
= WHEN Vpp SUPPLY 
Q 4.4 VOLTAGE ABOVE 

> 

4.2 

4.0 


0.01 0.1 1.0 10 100 
OUTPUT LOAD CURRENT — mA 


Figure 1. Minimum Supply Voltage vs. Load 
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FUNCTIONAL BLOCK DIAGRAM 


AD8582 12 © Vop 
— DAC A 12-BIT 
LDA) P REGISTER 

cs O—#-0 INPUT A 

af i O REGISTER 

a——_ae pre 
° >] _INPUTB 
REGISTER 


VV 


The high speed parallel data interface connects to the fastest 
processors without wait states. The double-buffered input struc- 
ture allows the user to load the input registers one at a time, 
then a single load strobe tied to both LDA + LDB inputs will 
update both DAC outputs simultaneously. LDA and LDB can 
also be activated independently to immediately update their re- 
spective DAC registers. An address input decodes DAC A or 
DAC B when the chip select CS input is strobed. An asynchro- 
nous reset input sets the output to zero scale. The MSB bit can 
be used to establish a preset to midscale when. the reset input is 
strobed. : 


The AD8582 is available in the 24-pin plastic DIP and the sur- 
face mount SOIC-24. Each part is fully specified for operation 
over —40°C to +85°C, and the full +5 V+ 5% power supply 
range. a 


LINEARITY ERROR — LSB 


"0 1024 2048 3072 4096 
DIGITAL INPUT CODE = Decimal ~ 


Figure 2. Linearity Error vs. Digital Code and Temperature 
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AD8582-SPEC IFICATIONS 
ELECTRICAL CHARACTERISTI CS (@ Vpp = +5.0 V+ 5%, Ry = No Load, 40°C <1,< +85°C, unless otherwise noted) 


Parameter (Min Typ Max_| Units 


STATIC PERFORMANCE 


Resolution _ | | Note 1 | | | 12 Bits 

Relative Accuracy | -2 +3/4 _| LSB 

Differential Nonlinearity ~ Monotonic a. -1 (+3/4 | LSB 

Zero-Scale Error | . Data = 000, “40.2. 4 mV 

Full-Scale Voltage - | Ves Data = FFF,,,” 4.079 4.095 : V 

Full-Scale Tempco - TCVg Notes 2 and 3 +16 | ppm/°C 
MATCHING PERFORMANCE 

Linearity Matching Error AV RAB -LSB 
REFERENCE OUTPUT 

Output Voltage 2.484 2.500 V 


Output Source Current 
Line Rejection 
Load Regulation 


ANALOG OUTPUT 
- Output Current 
Load Regulation at Half Scale 
Capacitive Load ~ 


Data = 800, | 
R, = 402 Q to , Data = 800, 
No Oscillation’ 


DYNAMIC CHARACTERISTICS? 
Crosstalk . 
Voltage Output Settling Time? 


To +1 LSB of Final Value 


Digital Feedthrough Signal Measured at DAC Output, While 
Changing Data (LDA = LDB = “1”) 
LOGIC INPUTS . 
‘Logic Input Low Voltage 
Logic Input High Voltage 


Input Leakage Current 
Input Capacitance 


TIMING SPECIFICATIONS” °® 
Chip Select Pulse Width 
DAC Select Setup 
DAC Select Hold 


Data Setup 
Data Hold 
Load Setup 
Load Hold 
Load Pulse Width 
Reset Pulse Width 
SUPPLY CHARACTERISTICS 
Positive Supply Current ‘Top Vin = 2.4 V, Vy, = 0.8 V 4 7 mA 
. Si Vir =9V; Vop = +5 V me a 2 mA 
Power Dissipation’ Pisce Vin = 2.4 V, Vy = 0.8 V _ — 20 2 35 mW 
| | _ Vi = 0 Vy Vop = +5 V 5 10 mW 
Power Suppiy Sensitivity | PSS AVpp = £5% 0.002 0.004 | %/% 


NOTES 

'1 LSB = 1 mV for 0 V to +4, 095 V output range. 

"Includes internal voltage reference error. 

*These parameters are guaranteed by design and not oe to production testing. 

Very little sink current is available at the Vag pin. Use external buffer if setting up a virtual ground. 

*Settling time is not guaranteed for the first six.codes 0 through 5. 

°All input control signals are specified with tp = tp = 5 ns (10% to 90% of +5 V) ang timed from a voltage level of 1.6 V. 
"Power dissipation is a calculated value Ipp x 5 V. . | 
Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS* 


Vpp to DGND & AGND ............. 02000 -0.3V,+7V 
Logic Inputs to DGND ............... —0.3 V, Vpp + 0.3 V 
Vout to AGND pile lieh lor terete) cae celtes ea b> We ihostse” 100 Se: eat —0.3 Vy, Vpp + 0.3 V 
VrrFtoAGND ....... cece eee eee —0.3 V, Vpp + 0.3 V 
AGND to:DGND  6666::445654e48e8 eae Gees —0.3 V, Vpp 
Iour Short Circuit to GND .......... 0.0 cee eee eee 50 mA 
Package Power Dissipation ............... (Ty; max-T,a)/Oy4 
Thermal Resistance, 0, 

24-Pin Plastic DIP Package (N-24) ............. 62°C/W 

24-Lead SOIC Package (SOL-24) .............. 73°C/W 
Maximum Junction Temperature (Tj max) .......... 150°C 
Operating Temperature Range ............. —40°C to +85°C 
Storage Temperature Range ............. —65°C to +150°C 
Lead Temperature (Soldering, 10 sec) ............. +300°C 


*Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
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Timing Diagram _ 


~ ORDERING INFORMATION! 


Temperature Package 
Range Description 


Package 
Option’ 


AD8582AN —40°C to +85°C | 24-Pin Plastic DIP| N-24 
AD8582AR —40°C to +85°C | 24-Lead SOIC SOL-24 
AD8582Chips | +25°C Die 

NOTES 


'For die specifications contact your local Analog Devices sales office. The 
AD8582 contains 1270 transistors. 
*For outline information see Package Information section. 


CAUTION 


ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the AD8582 features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 
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PIN DESCRIPTION 


Pin No. ‘Name | Description 


Voltage outputs from the DACs. Fixed 
output voltage range of 0 V to 4.095 V 
with 1 mV/LSB. An internal 
temperature stabilized reference 
maintains a fixed full-scale voltage 
independent of time, temperature and 
power supply variations. 

Analog Ground. Ground reference for 
the internal bandgap reference voltage, 
the DAC, and the output buffer. 

Digital ground for input logic. 

Load DAC register strobes. Transfers 
input register data to the DAC registers. 
Active low inputs, Level sensitive latch. 
May be connected together to double- 
buffer load DAC registers. 

Digital Input: High presets DAC 
registers to half scale (8003), Low 
clears DAC registers to zero (0001) 
upon RST assertion. 

Active low digital input that clears the 
DAC register to zero, setting the DAC 
to minimum scale when MSB pin = 0, 
or half-scale when MSB pin = 1. 
Twelve Binary Data Bit Inputs. DB11 is 
the MSB and DBO is the LSB. 

Chip Select. Active low input. 

Select DAC A= 0 or DAC B= 1. | 
Positive Supply. Nominal value +5 V, £5%. 
Nominal 2.5 V reference output 
voltage. This node must be buffered if 
required to drive external loads. 


PIN CONFIGURATIONS 


N-24 
24-Pin Plastic DIP 


TOP VIEW 
DB0 | _7| (Not to Scale) 18] DB11 


SOL-24 
24-Pin SOIC 


AD8582 


TOP VIEW 
(Not to Scale) 


WARNING! 
nae 


ESD SENSITIVE DEVICE 


DIGITAL-TO-ANALOG CONVERTERS 3-247 


AD8582 


-. Table I. Control Logic Truth Table 


LDA LDB' ~ MSB 


Se ok Ree Die Oi Ga Gilg GE my 0 
D4 bd > bd tt = 
| 4 bd bg > At eo 
[roe orm mm 
> mt mt | 
| “j 
Dd II I pd Dd pd Dd Dd Dd 


ADenotes positive edge triggered. 


OPERATION | | 
The AD8582 is a complete, ready-to-use dual 12-bit digital-to- 
analog converter. Only one +5 V power supply is necessary for 
operation. It contains two voltage-switched, 12-bit, laser- 
trimmed digital-to-analog converters, a curvature-corrected 
bandgap reference, rail-to-rail output op amps, input registers, — 
and DAC registers. The parallel data interface consists of twelve 
data bits, DBO-DB11, an address select pin A/B, two load 
strobe pins (LDA, LDB) and an active low CS strobe. In addi- 
tion an asynchronous RST pin will set all DAC register bits to 
zero causing the Voyr to become zero volts, or to midscale for 
trimming applications when the MSB pin is programmed to 
Logic 1. This function is useful for power on reset or system 
failure recovery to a known state. 


DIA CONVERTER SECTION 

The internal DAC is a 12-bit voltage-mode device sib an 
output that swings from AGND potential to the 2.5 volt in- 
ternal bandgap voltage. It uses a laser trimmed R-2R | 
ladder which is switched by N channel MOSFETS. The out- 
put voltage of the DAC has a constant resistance independent 
of digital input code. The DAC output (not available to the 
user) is internally connected to the rail-to-rail output op amp. 


AMPLIFIER SECTION ; 

The internal DAC’s output is buffered by a iow. power con- 
sumption precision amplifier. This low power amplifier contains 
a differential PNP pair input stage which provides low offset 
voltage and low noise, as well as the ability to amplify the zero- 
scale DAC output voltages. The rail-to-rail amplifier is config- 
ured in a gain of 1. 6384 (= 4.095: V/2.5 V) in order to set the 
4.095 volt full-scale output (1 mV/LSB). See Figure 3 for an 
equivalent circuit schematic of the.analog section. 


The op amp has a 16 us typical settling time to 0.01%. There 
are slight differences in settling time for negative slewing signals 
versus positive. See the oscilloscope photos i in the Typical Per- 

_ formances section of this data sheet. _ 
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Input Register -- 


_ DAC Register. 


Write to A ‘Latched 
Write to B _ Latched ~ 
‘Write to A A Transparent 
Write toB B Transparent 
~ Latched A & B Transparent — 
Latched . Latched 
Reset to Zero Scale _ Reset to Zero Scale 
Reset to Midscale ~ Reset'to. Midscale 
, Latch Reset Value Latch Reset Value. 
BANDGAP oY ROR DIACONVERTER ——-RAIL-TO-RAIL 


REFERENCE 


‘AMPLIFIER 


BUFFER - 


AV = 4.095/2.5 
= 1.638V/V 


N CH FET 
SWITCHES 


Figure 3. Equivalent Schematic of Analog Portion 


OUTPUT SECTION © 

The rail-to-rail output stage of this adplities Ha been designed 
to provide precision performance while operating near either 
power supply. Figure 4 shows an equivalent output schematic of 
the rail-to-rail amplifier with its N channel pull-down FETs that 
will pull an output load directly to GND. The output sourcing 
current is provided by a P channel. pull-up device that can sup- 
ply GND terminated loads, especially important at the -5% 
supply tolerance value. of 4.75 volts. . 


Figure 4, Equivalent Analog Output Circuit 
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Figures 5 and 6 in the typical performance characteristics sec- 
tion provide information on output swing performance near 
ground and full-scale as a function of load. In addition to resis- 
tive load driving capability, the amplifier has also been carefully 
designed and characterized for up to 500 pF capacitive load 
driving capability. 


REFERENCE SECTION 

The internal 2.5 V curvature-corrected bandgap voltage refer- 
ence is laser trimmed for both initial accuracy and low tempera- 
ture coefficient. The voltage generated by the reference is 
available at the Vpegr pin. Since Vpgr is not intended to drive ex- 
ternal loads, it must be buffered. The equivalent emitter fol- 
lower output circuit of the Vrgf pin is shown in Figure 3. 


Bypassing the Vpgr pin will improve noise performance; how- 
ever, bypassing is not required for proper operation. Figure 8 
shows broadband noise performance. 


POWER SUPPLY 

The very low power consumption of the AD8582 is a direct re- 
sult of a circuit design optimizing use of the CBCMOS process. 
By using the low power characteristics of the CMOS for the 
logic, and the low noise, tight matching of the complementary 
bipolar transistors good analog accuracy is achieved. 


For power-consumption sensitive applications it is important to — 


note that the internal power consumption of the AD8582 is 
strongly dependent on the actual logic-input voltage levels. 
present on the DBO-DB11, CS, A/B, MSB, LDA, LDB and 
RST pins. Since these inputs are standard CMOS logic struc- 
tures they contribute static power dissipation dependent on the 
actual driving logic Voy and Vo, voltage levels. The graph in 
Figure 9 shows the effect on total AD8582 supply current as a 
function of the actual value of input logic voltage. Conse- 
quently, for optimum dissipation use of CMOS logic versus 
TTL provides minimal dissipation in the static state. A Vint, = 
0 V on the DBO-11 pins provides the lowest standby dissipation 
of 1 mA typical with a +5 V power supply. 


As with any analog system, it is recommended that the ee 


power supply be bypassed on the same PC card that contains | 


the chip. Figure 10 shows the power supply rejection versus fre- ee : 
_. Number in DAC 

| pce le i 

FFF | 
6-801 


quency performance. This should be taken into account when 
using higher frequency switched-mode power supplies ae 
nPPIE mequencics of 100 kHz and higher. 
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One advantage of the rail-to-rail output amplifiers used in the 
AD8582 is the wide range of usable supply voltage. The part is 
fully specified and tested over temperature for operation from 
+4.75 V to +5.25 V. If reduced linearity and source current 
capability near full scale can be tolerated, operation of the 
AD8582 is possible down to +4.3 volts. The minimum operat- 
ing supply voltage versus load current plot, in Figure 1, pro- 
vides information for eperation below Vpp = +4.75 V. 


TIMING AND CONTROL 

The input registers are level triggered and acquire data from the 
data bus during the time period when CS is low. The input reg- 
ister selected is determined by the A/B select pin, see Table I. 
for a complete description. When CS goes high, the data is 
latched into the register and held until CS returns low. The 
minimum time required for the data to be present on the bus 
before CS returns high is called the data setup time (tps) as seen 
in Timing Diagram. The data hold time (tpy) is the amount 

of time that the data has to remain on the bus after CS goes 


high. The high speed timing offered by the AD8582 provides 


for direct interface with no wait states in all but the fastest 
microprocessors. 


The data from the input registers is transferred to the DAC reg- 
isters by the active low LDA and LDB pins. If these inputs are 
tied together, a single logic input can perform a double buffer 
update of the DAC registers, which in turn simultaneously _ 
changes the analog output voltages to a new value. If the LDA 
and LDB pins are wired low, they become transparent. In this 
mode the input register data will directly control the output 
voltages. Refer to the Control Logic Truth Table for a com- 
plete description. 


Unipolar Output Operation 

This is the basic mode of operation for the AD8582. The 
AD8582 has been designed to drive loads as low as 820 in par- 
allel with 500 pF. The code table for this operation is shown in 
Table IT. 


Table II. Unipolar Code Table 


Hexadecimal 
Analog Output 
Voltage (V) 


Decimal Number 
in DAC Register 


+ 4.095 

fe + 2.049 

800. + 2.048 

7FF + 2.047 
0 
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Figure 5. Output Swing vs. Load 


OUTPUT NOISE VOLTAGE — 200pV/DIV 


TIME = 100jis/DIV 


Figure 8. Broadband Noise 


TIME — 500ns/DIV 


Figure 11. Midscale Transition 


Performance 
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Ta= +25°C 
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Figure 6. Pull-Down Voltage vs. 
Output Sink Current Capability 
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Figure 9. Supply Current vs. Logic | 


Input Voltage 


Vpop = +5V 
+ Ta =+25°C 


TIME = 20us/DIV 


Figure 12. Large Signal Settling Time 
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Figure 7. lour vs. Vout 


Vpp = +5V #200mV AC 
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Figure 10. Power Supply Rejection 
vs. Frequency 
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Time Detail 
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ANALOG 
DEVICES 


16-Channel, 8-Bit 
Multiplying DAC 


AD8600* 


FEATURES 

16 Independently Addressable Voltage Outputs 
Full-Scale Set by External Reference 

2 us Settling Time 

Double Buffered 8-Bit Parallel Input 

High Speed Data Load Rate 

Data Readback 

Operates from Single +5 V 

Optional +6 V Supply Extends Output Range 


APPLICATIONS 
Phased Array Ultrasound & Sonar 
Power Level Setting 
Receiver Gain Setting 
Automatic Test Equipment 
LCD Clock Level Setting 


GENERAL DESCRIPTION 

The AD8600 contains 16 independent voltage output digital-to- 
analog converters that share a common external reference input 
voltage. Each DAC has its own DAC register and input register 
to allow double buffering. An 8-bit parallel data input, four ad- 
dress pins, a CS select, a LD, EN, R/W, and RS provide the 
digital interface. 


‘The AD8600 is constructed in a monolithic CBCMOS process 
which optimizes use of CMOS for logic and bipolar for speed 


and precision. The digital-to-analog converter design uses volt- _ 


age mode operation ideally suited to single supply operation. 
The internal DAC voltage range is fixed at DACGND to Vpgr. 
The voltage buffers provide an output voltage range that ap- 
proaches ground and extends to 1.0 V below Vcc. Changes in 
reference voltage values and digital inputs will settle within 

+1 LSB in 2 ps. 


Data 1s preloaded into the input registers one at a time after the 
internal address decoder selects the input register. In the write 
mode (R/W low) data is latched into the input register during 
the positive edge of the EN pulse. Pulses as short as 40 ns can 
be used to load the data. After changes have been submitted to 
the input registers, the DAC registers are simultaneously up- 
dated by a common load EN x LD strobe. The new analog out- 
put voltages simultaneously appear on all 16 outputs. : 


At system power up or during fault recovery the reset (RS) pin 
forces all DAC registers into the zero state which places zero 
volts at all DAC outputs. 7 


The AD8600 is offered in the PLCC-44 package. The device is 
designed and tested for operation over the extended industrial 
temperature range of —40°C to +85°C. 


*Patent pending. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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FUNCTIONAL BLOCK DIAGRAM 
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Figure 1. Equivalent DAC Channel 


PIN CONFIGURATION 
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‘AD8600-SPECIFICATIONS — 


SINGLE SUPPLY (e Vou: = Vooo = Voc = +5 V+ 5%, Ver = 0V, Veer = +2.500 V, -40°C < T, < +85°C, unless otherwise noted) 


Parameter Min Tp _Max [Unis 


STATIC PERFORMANCE! 
Resolution | 
Relative Accuracy’ 

_ Differential Nonlinearity? 
Full-Scale Voltage 
Full-Scale Tempco 
Zero Scale Error 


Guaranteed Monotonic 

Data = FFy 

Data = FFy 

Data = 00y, RS = “0,” Ta = +25°C 
Data = 00y, RS = “0” 


Reference Input Resistance Data = ABy 


ANALOG OUTPUT 
Output Voltage Range? — OVRss Ver = +2.5 V 
Output Current lout Data = 804 
Capacitive Load . Cy No Oscillation 
LOGIC INPUTS 
Logic Input Low Voltage = = | Vi, 
_ Logic Input High Voltage Vin 
‘Logic Input Current ln 
Logic Input Capacitance? Cy 
LOGIC OUTPUTS — i 
Logic Out High Voltage Ioy = -0.4 mA 3.5 V 
Logic Out Low Voltage - Ip, = 1.6mA 0.4 V 


AC CHARACTERISTICS? 


Slew Rate : | For AVrgr or FS Code Change 

Voltage Output Settling Time? +1 LSB of Final Value, Full-Scale Data Change 

Voltage Output Settling Time? | +1 LSB of Final Value, AVgzp = 1 V, Data = FFy 
POWER SUPPLIES 

Positive Supply Current Vin = 5 V; Viz = 0 V, No Load 

Logic Supply Currents Vin = 5 V, Vy = 0 V, No Load 


Power Dissipation 

Power Supply Sensitivity 
Logic Power Supply Range. 
Positive Power Supply Range? 


Vin =5 V; Vin =0 V, No Load 
AVcc =+5% 


NOTES 

‘When Vpgr = 2.500 V, 1 LSB = 9.76 mV. 
*Single supply operation does not include the final 2 LSBs 1 near analog ground. If this performance is critical, use a negative supply (V gx) pin of at least -0. 7 V to 
-5.25 V. Note that for the INL measurement zero-scale voltage is extrapolated using codes 7 jo to 80}. 

3Guaranteed by design not subject to production test. 

Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS Digital Input/Output Voltage to GND . 0.3 V, Vpp + 0.3 V 


(Ta= +25°C unless otherwise noted) Thermal Resistance—Theta Junction- to-Ambient Cra) 
~Vpp1 (Digital Supply) to GND .............. —0.3V,+7V PU CAAA. 2.5.5. Aas as banc URe Ga we eke Aes 47°C/W 
Vpp2 (DAC Buffer/Driver Supply)............. -0.3 V, +7 V Package Power Dissipation .......... Goatees cs Ta)/Oja 
Vcc (Analog Supply) toGND ............... -0.3V,+7V Maximum Junction Temperature Tj max ........... 150°C 
Ver (Analog Supply) toGND ............... +0.3V,-7V Operating Temperature Range............ —40°C to +85°C 
* VeppiOGaN. 49 t-¢vs0 satSs See eee oees -06.3.V, Veco t+ 6.3V Storage Temperature Range ....... tates —65°C to +150°C 
VinnetO Veer one rroad son edad eeencnewnse aces -~0.3V Lead Temperature (Soldering, 10 sec) ............. +300°C 
VourtoGND ............ peters Rss Meds hat tate taco g tee te Vec NOTE | | 
Short Circuit Duration 1No more than four outputs may be shorted to power or GND simultaneously. 


Vout to GND or Power Supplies! iedaae i enutin tile Continuous 
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DUAL SUPPLY (@ Vou: = Voos = Ver = +5 V+ 5%, Ver = -5 V+ 5%, Veer = +3.500 V, -40°C <T, < 485°C, unless otherwise noted) 


Parameter [Simbot [Condon Min 
STATIC PERFORMANCE! 
Resolution 


Total Unadjusted Error 
Relative Accuracy 
Differential Nonlinearity 
Full-Scale Voltage 
Full-Scale Voltage Error 
Full-Scale Tempco 

Zero Scale Error 

Zero Scale Error 

Zero Scale Error 

Zero Scale Tempco 


All Other DACs Loaded with Data = 55, 


Guaranteed Monotonic 

Data = FFy, Vere = +3.5 V 

Data = FFy, Vere = +3.5 V 

Data = FFy, Verr= +3.5 V 

Data = 00y, RS = “0,” Ta = +25°C 
Data = 00;;, All Other DACs Data = 004 
Data = 003;, All Other DACs Data = 55y 
Data = 004, Vec = +5 V;, Veg = -5 V 


Reference Input Resistance Data = ABy 
Reference Input Capacitance? Data = ABy 
ANALOG OUTPUT 
Output Voltage Range Veer = +3.5V 
Output Voltage Range? Veco = Vpp2 = +7 V; Vez = —0.7 V, Vrsr =5V 


Data = 804 
No Oscillation 


Output Current 
Capacitive Load? 


LOGIC INPUTS 
Logic Input Low Voltage 
Logic Input High Voltage 
Logic Input Current 
Logic Input Capacitance? 


LOGIC OUTPUTS 
Logic Out High Voltage 
Logic Out Low Voltage 


AC CHARACTERISTICS? 
Reference In Bandwidth 
Slew Rate | 
Voltage Noise Density 
Digital Feedthrough _ 
Voltage Output Settling Time? 
Voltage Output Settling Time? 


~3 dB Frequency, Vrrr = 2.5 Voc + 0.1 Vac 

For AVpgr or FS Code Change ~ 

f=] kHz, VReEF =0OV 

Digital Inputs to DAC Outputs 

+1 LSB of Final Value, FS Data Change 

+1 LSB of Final Value, AVpgr = 1 V, Data = FFy 


POWER SUPPLIES 
Positive Supply Current 
Negative Supply Current 
Logic Supply Currents 
Power Dissipation* 

Power Supply Sensitivity 
Logic Power Supply Range 
Pos Power Supply Range? — 
Neg Power Supply Range? 


Vin =5V, Vir =0 V, VEE = —5 V, No Load 
Vin =5V, Vin =0V, VEE = —-5 V, No Load 


Vin =5V, Vir =0 V, VEE = —5 V, No Load 
Vin =5V, Vin =0 V, VEE =-—5 V, No Load 
AVcc & AVeE =+5% 


NOTES. _ 

'When Veer = +3.500 V, 1 LSB = 13.67 mV. 

Guaranteed by design not subject to production test. 

Settling time test is performed using Ry = 50 kQ and C,, = 35 pF. 
4Power Dissipation is calculated using 5 V x (Ipp + [Iss| + Ipp: + Ipp2)- 
Specifications subject to change without notice. 


CAUTION , . 

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the AD8600 features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 
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Typ Max Units 


Bits 

LSB 
LSB 
LSB 
V 


ppm/°C 
mV 
LSB 
LSB 
wVv/°C 
kQ 

pF 


V/us 
nV/VHz 


WARNING! 


ESD SENSITIVE DEVICE 
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AD8600 
(@ Voo1 = = Vop2 = = Vee = = +5V+ + ae Mee= = = V, he = +3.500 V, Ricks < shhs < +85°C, Satie 


ELECTRICAL CHARACTERISTICS unless otherwise noted) = Z ote eee ae 
Parameter | Condition _ Ree i e | 3 “Units 


INTERFACE TIMING! | | 
Clock (EN) Frequency i : Data Loading ; | | . | MHz 


Clock (EN) High Pulse Width ons 
Clock (EN) LowPulse Width ns 
Data Setup Time ns 
Data Hold Time ns 

_ Address Setup Time ns 
Address Hold Time ns 
Valid Address to Data Valid ns - 
Load Enable Setup Time ns 
Load Enable Hold Time_ ns 
Read/Write to Clock (EN) ns 
Read/Write to DataBus Hi-Z ns — 
‘Read/Write to DataBus Active ns 
Clock (EN) to Read/Write ns 
Clock (EN). to Chip Select ns 
Chip Select to Clock (EN) ns __ 

~ Chip Select to Data Valid ns 
Chip Select to DataBus Hi-Z ons 
Reset Pulse Width ns 

NOTES 


‘Guaranteed by design’ not subject to production test. 
2All logic input signals have maximum rise and fall times of 2 ns. 


Specifications subject to change without notice. 
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Figure 2. Write Timing - | Figure 3. Readback Timing 


ORDERING GUIDE: 


-40°C to +85°C 44- Lead PLCC | P-44A : za 


Package i 
Description . 


Package, 
Option’ 


AD8600AP 
AD8600Chips 


NOTES 
'For outline information see Package Information section. 
~ *Bor die specifications contact your local Analog Devices sales office. 
The AD8600" contains re transistors. 


Figure 4 4. Write t to ) DAC Register & Voltage’ Output Settling | 
< Timing ( CS= High, Prevents Input Register Changes) - Breit © 
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ANALOG 
i DEVICES 


8-Bit Octal, 4-Quadrant 
Multiplying, CMOS TrimDAC 


AD8842 


FEATURES 

Low Cost 

Replaces 8 Potentiometers 

50 kHz 4-Quadrant Multiplying Bandwidth 
Low Zero Output Error 

Eight Individual Channels 

3-Wire Serial Input 

500 kHz Update Data Loading Rate 

+3 V Output Swing 

Midscale Preset, Zero Volts Out 


APPLICATIONS 

Automatic Adjustment 

Trimmer Replacement 

Vertical Deflection Amplitude Adjustment 
Waveform Generation and Modulation 


GENERAL DESCRIPTION 

The AD8842 provides eight general purpose digitally controlled 
voltage adjustment devices. The TrimDAC® capability allows 
replacement of the mechanical trimmer function in new designs. 
The AD8842 is ideal for ac or dc gain control of up to 50 kHz 
bandwidth signals. The four-quadrant multiplying capability is 
useful for signal inversion and modulation often found in video 
vertical deflection circuitry. 


Internally the AD8842 contains eight voltage output digital-to- 
analog converters, each with separate voltage inputs. A new 
current conveyor amplifier design performs the four-quadrant 
multiplying function with a single amplifier at the output of the 
current steering. digital-to-analog converter. This approach of- 
fers an improved constant input resistance performance versus 
previous voltage switched DACs used in TrimDAC circuits, 
eliminating the need for additional input buffer amplifiers. 


Each DAC has its own DAC register that holds its output state. 
These DAC registers are updated from an internal serial-to- 
parallel shift register that is loaded from a standard 3-wire serial 
input digital interface. Twelve data bits make up the data word 
clocked into the serial input register. This data word is decoded 
where the first 4 bits determine the address of the DAC register 
to be loaded with the last 8 bits of data. A serial data output pin 
at the opposite end of the serial register allows simple daisy 
chaining in multiple DAC applications without additional exter- 
nal decoding logic. 


TrimDAC is a registered trademark of Analog Devices, Inc. 


The current conveyor amplifier is a patented circuit belonging to Analog 
Devices, Inc. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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FUNCTIONAL BLOCK DIAGRAM 


DECODED 
ADDRESS 


SERIAL 


Y REGISTER 
‘ae 
C) 
C) () 


The AD8842 consumes only 95 mW from +5 V power supplies. 
For single 5 V supply applications consult the DAC-8841. The 
AD8842 is pin compatible with the 1 MHz multiplying band- 
width DAC8840. The AD8842 is available in 24-pin plastic 
DIP and surface mount SOL-24 packages. 


Figure 1. Functional Circuit of One 4-Quadrant | 
Multiplying Channel : 


CURRENT CONVEYOR 


AMPLIFIER . 
— Vour 
\ = Vay 0 (D/128—1) 
Yr 0 
L “h 


Figure 2. Actual Current Conveyor Implementation of 
Multiplying DAC Channel 
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AD8842-SPECIFICATIONS: 
ELECTRICAL eine es (Voo = +5, = All yx = +3 V, Th = -40°% to +85°C, unless otherwise 5 noted.) 
Min Top Maw Ua 


STATIC ACCURACY—All Specifications heels for DACs A, B, C, D, E, F, G, H 
Resolution N: 


Parameter 


Integral Nonlinearity Error INL 
Differential Nonlinearity DNL All Devices Monotonic 
Full-Scale Gain Error Grsz. 
Output Offset VazE PR = 0, Sets D = 804 _ 
Output Offset Drift TCVpz PR = 0, Sets D = 804 
VOLTAGE PYECE Seppe to All Inputs Vpyx 
Input Voltage Range! IVR 
Input Resistance Rm: 
Input Capacitance ~ | Cp 
DAC OUTPUTS—Applies to All Outputs Vourx | : 
Voltage Range! OVR | Ry = 10 kQ 
Output Current = Tour AVout < 1.5 LSB 
Capacitive Load ft Cy No Oscillation 


DYNAMIC PERFORMANCE—Applies to. All DACs 


Full Power Gain Bandwidth! GBW Vinx = £3 Vp, R. = = 2 kQ, Cy = 10 DF 
Slew Rate | , Measured 10% to 90% 
Positive 7 | SR+- AVoutx = +5.5 Vv 
Negative : | SR- AVoutx = —-5.5 V . 
Total Harmonic Distortion | THD Vinx = 4 V p-p, D = FFy, f = 1 kHz, 
mats pace dea gieh aga 
Spot Noise Voltage en f = 1kHz, Vin = 
Output Settling Time ts +1 LSB Error ae D = 004 to FFy 
, D = FFyto 00}: 
Channel-to-Channel Crosstalk Cr Measured Between Adjacent 
| | Baad Channels, f = 100 kHz 
Digital Feedthrough 


| Vinx = 0 V,D=0t0 25519 _ 
POWER SUPPLIES _ | 


Positive Supply Current 
Negative Supply Current 
Power Dissipation” 
Power Supply Rejection 
Power Supply Range 


PR=0V 
PR=0V 


-— PR=OV, AVpp = t5% 


Vpp> | Vss| 


DIGITAL INPUTS 
Logic High 
Logic Low 
Input Current 
Input Capacitance 


7 


Input Coding Offset Binary - 

DIGITAL OUTPUT ee 
Logic High . Vou Ion = -0.4 mA 
Logic Low Vo. Io, = 1.6mA 

TIMING SPECIFICATIONS! * . 
Input Clock Pulse Width tow te. a | . — 60 a Tons 
Data Setup Time tps 7 | ns 
Data Hold Time toy ns 
CLK to SDO Propagation Delay tpp ns 
DAC Register Load Pulse Width tLp ns 
Preset Pulse Width tpr ns 
Clock Edge to Load Time tcKLD ns 


Load Edge to Next Clock Edge | 


NOTES : 
1Guaranteed by design, not subject to production test. 
Calculated limit = 5 V x (Ipp + Iss). 

Specifications subject to change without notice. 


tLpck 
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AD8842 


1 
soi, X a3 XK a2 X ar XK ao X oy X vs X vs X vs XK 0s XK v2 X or XK vo ) 
DAC REGISTER LOAD 
LD ; / \ 
0 F 
+3V — 
Vout ov Ne 


CLK 


a OC =“ & 


DETAIL SERIAL DATA INPUT TIMING (PR = “1”) 


1 
(DATA IN 9 aD ee 
tos 


+1 LSB ERROR BAND 


= i ag 
PR 
+3V 
Vout 
ov +1 LSB ERROR BAND 
Figure 3. Timing Diagram 
ABSOLUTE MAXIMUM RATINGS ORDERING GUIDE | 
(Ta = +25°C unless otherwise noted) - Pack 
ee oe cusicaes “uae 
: nge | Description 

VestOX IN Do ee et nee ChG coe Ree eee. +0.3 V,-7V | 
VWEK1O'GND wines c ese eheoae Sones ig Eoedaees Vpp> Vss AD8842AN |; XIND 24-Pin 300mil P-DIP|N-24 | 
Voir (OSG ND cet cdarte sede g ence Podunk Vypp» Vss AD8842AR | XIND 24-Pin 300mil SOIC |SOL-24 
Short Circuit Inyprx toGND ..............4.. Continuous Gas | 
Digital Input & Output Voltage to GND ........ Vpp> a IXIND = -40°C to +85°C, The AD8842 contains 2452 transistors. 
Operating Temperature Range ............. —40°C to +85°C *For outline information see Package Information section. 
Maximum Junction Temperature (Tj Max) ......... +150°C 
Storage Temperature ................0.. —65°C to +150°C 
Lead Temperature (Soldering, 10 sec) ............. +300°C 
Package Power Dissipation .............. (T,; Max—T,)/®y4 
Thermal Resistance 0a, 

SOIC (SO L204 6 cot irek pe a ee ue eee 70°C/W 

PaDLP CNG24) 3 sues eh kn arse eee aed eG Gs Fas 57°C/W. 
CAUTION 


ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 


accumulate on the human body and test equipment and can discharge without detection. WARNING! S| 


Although the AD8842 features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 


precautions are recommended to avoid performance degradation or loss of functionality. 


ESD SENSITIVE DEVICE 
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AD8842 
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18 


19 


20 
21 
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23 
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PIN DESCRIPTION | 
_ Description 


DAC C Output 
~DACB Output _ 


DAC A Output 
DAC B Reference Input 


- DACA Reference Input 


Ground 


Preset Input, active low, all DAC 


registers = 804 

DAC E Reference Input 
DAC F Reference Input 
DAC E Output | 
DAC F Output 

DAC G Output | 

DAC H Output 

DAC G Reference Input 
DAC H Reference Input 


Load DAC Register Strobe, active- 
high input that transfers the data 
bits from the serial-input register 
into the decoded DAC register. 

SDI and CLK inputs are disabled 
when LD is high. See Tables I and II 


Serial Clock Input, positive edge 


triggered 


Serial Data Output, active totem 


pole output 

Negative 5 V Power Supply 
Serial Data Input 

Positive 5 V Power Supply 
DAC D Reference Input 
DAC C Reference Input 
DAC D Output 
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PIN CONFIGURATION 
Vourc fi je 124] VourD 
VourB | 2 | 123] Vinc 
VourA | 3 | VinD 

VinB 4 | 21 | Vpp 


VinA [5 


Gnp [e| AD8842° fa] vss 


PF [Z| otto scale) [18] 800 
VinE | 8 | | CLK 
VinF 9} 16] LD 
VourE {10| [15] Vinx 
VoutF a. 14] VinG 


VourG [12 13] VinH 
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ANALOG 250MSPS Video 
DEVICES Digital-to-Analog Converter 


ADS701 


FEATURES FUNCTIONAL BLOCK DIAGRAM 
250MSPS Update Rate 


Low Glitch Impulse se 
Complete Composite Functions L 7 
Internal Voltage Reference 
Single —5.2V Supply 


7.5 IRE 1OIRE = 1k 
1°) 


SETUP 
CURRENT 


APPLICATIONS SYNE O—o} VIDEO — BaGUND 
Raster Scan Displays icacellta, oa (ain 
Color Graphics sear lla 
Automated Test Equipment annae CURRENT 
TV Video Reconstruction fie 
BIT 1 (MSB) r | 
BIT 2 = 
BIT 3 = 
DIGITAL BIT 4 6 REGISTER 
INPUTS = REGISTERS i OVERRIDE 
752 
GENERAL DESCRIPTION 


The AD9701 is a high-speed, 8-bit digital-to-analog converter 
with fully integrated composite video functions. High-speed 3 
ECL input registers provide synchronous operation of data and ma) 
control functions up to 250MSPS. 


The AD9701 incorporates on-board control functions including 


horizontal sync, blanking, reference white level, and a 10% The AD9701 is available as an industrial temperature range 
bright signal for highlighting. The setup level is also adjustable device, — 25°C to +85°C, and as an extended temperature range 
from 0 IRE units to 20 IRE units, through the control pin. An device, —55°C to + 125°C. Both grades of the AD9701 are 
internal voltage reference allows the AD9701 to operate as a packaged in a 22-pin ceramic DIP, with the extended temperature 
stand-alone video reconstruction DAC. device also available in a 28-pin LCC package. 


PIN CONFIGURATIONS 


SETUP 


& -Vs 
® GROUND 
% GROUND 
= GROUND 
33 GROUND 
N -Vs 


‘GROUND | 1] @ | 22| GROUND 


-Vs | 2| [21] SETUP 
ait 1 (mse) [3 | 20] NO CONNECT BIT 1(MSB) 5 25 NO CONNECT 
ieee ee BIT2 6 24 10% BRIGHT 
BiT2 | 4 | 119 | 10% BRIGHT 
BIT3 7 Peers 23 GOMPOSITE BLANKING 
BiT3 [5 | AD9701 _ 18] COMPOSITE BLANKING BIT4 8 meenegs 22 NO CONNECT 
IT TOP VIEW COMPOSITE SYNC (Not to Scale) ABA SITE SURF 
BIT 4 | 6 | (Not to Scale) 17 | BITS 9 21 COMPOSITE SYNC 
BITS 16 | REFERENCE WHITE BIT 6 10 20 REFERENCE WHITE 
BIT6 | 8 | 15 | COMPENSATION BIT7 11 19 COMPENSATION _ 


BIT7 | 9 | |14 | CURRENT SET 
BIT 8 (LSB) | 10] 113 | OUTPUT 
STROBE | 11] 112 | GROUND 


12 13 14 15 16 17 18 


BIT 8 (LSB) 
NO CONNECT 
GROUND 
OUTPUT 
CURRENT SET 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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AD9701 — SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS’ 


Supply Voltage(—Vs) . 2.0... .020005 : a ape STV. Operating Temperature Range a 
Digital Input Voltages (including STROBE, SYNC, ADS70IBO: «© 4 634 ew woe ew ws — 25°C to +85°C 
BLANKING, 10% BRIGHT, and REFERENCE AD970ISQ/SE ..... eh eG eg gh ay — 55°C to + 125°C 
WHILE): oo o:6 3 we we Ee ORE SE OV to —Vs Storage Temperature Range......... — 65°C to + 150°C 
Analog Output Current .......... 0.02 ee ee 37mA Junction Temperature... ...........006. +175°C 
Power Dissipation (+ 25°C Free BAD feos hee .. 730mW Lead Soldering Temperature (10sec) ......... + 300°C 
ELECTRICAL CHARACTERISTICS (Supply Voltages = —5.2V;R, = 37.52; Setup = OV, unless otherwise stated) 
AD9701BQ AD9701SQ/SE 
Parameter Temp Min Typ Max Min Typ Max Units 
RESOLUTION 
DC ACCURACY 
Differential Linearity 0.25 
Integral Linearity | 0.25 0.25 
Monotonicity | GUARANTEED GUARANTEED 
INITIAL OFFSET ERROR? , 


Zero-Scale Offset Error* 


Zero-Scale Offset Drift Coefficient 
Full-Scale Drift Coefficient 


ANALOG OUTPUT 

Voltage Output? 

10% Bright® 

Reference White 

Blanking (Setup = 0 IRE)’ 

Sync (Setup = 0IRE)® 
Current Output? 

10% Bright® 

Reference White 

Blanking (Setup = 0 IRE)’ 
- Sync (Setup = OIRE)® 
Output Compliance Range 
Output Resistance 


DYNAMIC PERFORMANCE 

Update Rate 

Output Propagation Delay” 

Output Settling Time’? 
Current 
Voltage 

Output Slew Rate!! 

Output Rise Time?! 

Output Fall Time?! 

Glitch Impulse 


SETUP CONTROL” 
Setup Level (Grounded) 
Setup Level (Open) 
Setup Level (Tied to — 5.2V with 1kQ) 
Setup Level (— 5.2V) 


DIGITALINPUTS . —— . 
Logic “1” Voltage Full -1.1 a - TV 
Logic “0” Voltage Full —1.5 -15.. Vv 


Logic “‘1” Current ' 
Logic “0” Current 
Input Capacitance 
Data Setup Time 
Data Hold Time 


POWER SUPPLY 
Supply Current (—5.2V) | 


Nominal Power Dissipation 
Power Supply Rejection Ratio!* 
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NOTES 
‘Absolute maximum ratings are limiting values, to be applied individually, 
and beyond which serviceability of the circuit may be impaired. Functional 
operability under any of these conditions is not necessarily implied. 
Exposure to absolute maximum rating conditions for extended periods 
may affect device reliability. 
2Typical thermal impedance . 
22-Pin Ceramic 6, = = 64° C/W; 8}. = 16°C/W 
28-Pin Ceramic LCC = 70°C/W; 8;, = 21°C/W 
3SYNC, BLANKING, and REFERENCE WHITE are inactive (Logic “1”’). 
Iser a 1.26V/Rser. 
‘All bits at logic HIGH. 
>All values are relative to full-scale output, after being normalized 
to nominal value. Typical variation in full-scale output from device to 
device can reach + 10%, for a fixed Rsg7 resistor. 
The effect of 10% BRIGHT algebraically adds to the output waveform. 


AD9701 


’The output level with BLANKING active (Logic “0”), is determined by 
the setup control level. 

In normal operation, the BLANKING input is activated (Logic 0”) prior 
to or in conjunction with the SYNC input. The effect of the SYNC 
{output is relative to the setup level. 
°Measured from edge of STROBE to 50% transition soil of the output 
signal. 

!0Measured with full-scale change in output level, from the 10% transition 
level to within + 0.2% of the final output value. 

'!Measured from 10% to 90% transition point for full-scale step output. 

!2An IRE unit is 1% of the Grey Scale (GS range) with a 0 IRE setup level. 

'3Supply Voltage should remain stable within + 5% for normal operation. 

14Measured at +5% of — Vs. 


Specifications subject to change without notice. 


DIGITAL INPUTS VS. ANALOG OUTPUT 


Bit | Bit pe ei Bit 


8 


Bit 


Ko 
- 


es 


ooootijooncoeo- & 
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PA PS PS PS [PS PS PS IDS OO OM OM 


alata lalhalallal Lalalalalalle 
Ealal all lal alal all lLollal allel als! 


NOTES 

1. Setup (Pin 21) grounded (0 IRE units). 

2. Setup (Pin 21) open (7.5 IRE units). 

3. Setup (Pin 21) to —5.2V through 1k (0 IRE units). 
4. Setup (Pin 21) to —5.2V (20 IRE units). 


10% 
Bright 


Ref. 
White 


Analog 
Output (mV) 


— 
Blanking 


—71 


27 
637.50! 
— 690.75? 
~ 708.50? 
~779.504 


— 922.50! 
— 975.75? 

- —993.50? 
— 1064.504 


— 993.50! 

— 1046.757 
— 1064.507 
— 1135.50+ 


eoooo joctoo!]oooo = = 


cooolooegs 


ORDERING GUIDE 


AD9701BQ 
AD9701SE 
AD9701SQ 


— 25°C to + 85°C 
—55°C to + 125°C 
— 55°C to + 125°C 


22-Pin DIP, Industrial Temperature 
28-Pin LCC, Extended Temperature 
22-Pin DIP, Extended Tempe 


*E = Leadless Ceramic Chip Carrier; Q = Cerdip. For outline information see Package Information section. 
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¥ ANALOG — 
DEVICES _ 


FEATURES _ | 

100 MSPS Update Rate 
ECL/TTL Compatibility 

SFDR @ 1 MHz: 70 dBc 

Low Glitch Impulse: 28 pV-s 
Fast Settling: 27 ns 

Low Power: 725 mW 

1/2 LSB DNL (B Grade) 

40 MHz Multiplying Bandwidth 


APPLICATIONS 

ATE 

Signal Reconstruction 
Arbitrary Waveform Generators 
Digital Synthesizers 

‘Signal Generators 


GENERAL DESCRIPTION oe 

The AD9712B and AD9713B D/A converters are replacements | 
for the AD9712 and AD9713 units which offer improved ac and 
dc performance. Like their predecessors, they are 12-bit, high 
speed digital-to-analog converters fabricated in an advanced 
oxide isolated bipolar process. The AD9712B is an ECL- 
compatible device featuring update rates of 100 MSPS mini- 
mum; the TTL-compatible AD9713B will update at 80 MSPS 
minimum. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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~12-Bit, 100 MSPS 
D/A Converters 


LATCH 
ENABLE 


DIGITAL 
INPUTS 


REFERENCE 


CONTROL 


INTERNAL AMP OUT. 


VOLTAGE 
REFERENCE 


® 


REFERENCE CONTROL 
OUT : AMP IN 


Designed for direct digital synthesis, waveform reconstruction, 
and high resolution imaging applications, both devices feature 
low glitch impulse of 28 pV-s and fast settling times of 27 ns. 
Both units are characterized for dynamic performance and have 
excellent harmonic suppression.’ : | 
The AD9712B and AD9713B are available in 28-pin plastic 
DIPs and PLCCs, with an operating temperature range of 
—25°C to +85°C. Both are also available for extended tempera- 
ture ranges of —55°C to +125°C in cerdips and 28-pin LCC 
packages. ‘ . 
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SPECIFICATIONS ADS712B/ADS713B 
ELECTRICAL CHARACTERISTICS ty 150 Yor = 0 al pounds ss oes mie) 


AD9712B/AD9713B 
Test AN/AP 
Temp |Level; Min) Typ Max 


—1.25 1.0 


AD9712B/AD9713B | AD9712B/AD9713B | AD9712B/AD9713B 
SE/SQ TE/TQ 
Typ Max |Min Typ Max 


Parameter (Conditions) 
RESOLUTION 


DC ACCURACY 
Differential Nonlinearity — 


+1.25 | -0.75 0.5  +0.75 


15 1.5 
Integral Nonlinearity -1.0 0.75 1.0 
(“Best Fit” Straight Line) 75 


AD9712B AD9713B 
AN/AP/BN/BP/SE/SQ/TE/TQ AN/AP/BN/BP/SE/SQ/TE/TQ 
Parameter (Conditions) Typ Min Typ Max 


INITIAL OFFSET ERROR 
Zero-Scale Offset Error 


Full-Scale Gain Error! 


Offset Drift Coefficient 


REFERENCE/CONTROL AMP 
Internal Reference Voltage 


Internal Reference Voltage Drift 
Internal Reference Output Current 
Amplifier Input Impedance 
Amplifier Bandwidth 


REFERENCE INPUT 
Reference Input Impedance 
Reference Multiplying Bandwidth? 


DYNAMIC PERFORMANCE 
Full-Scale Output Current* 
Output Compliance Range 
Output Resistance 
Output Capacitance 
Output Update Rate? 
Output Settling Time (ts7)® 
Output Propagation Delay (tpp)’ 
Glitch Impulse® 
Output Rise Time’ 

Output Fall Time? 

DIGITAL INPUTS 
Logic “1” Voltage 
Logic ‘‘0” Voltage 
Logic “1” Current 
Logic ‘0’? Current 
Input Capacitance 
Input Setup Time (t,)'° 


Input Hold Time (t,;)"* 


Latch Pulse Width (t; pw) (LOW) 
(Transparent) 


AC LINEARITY . 
Spurious-Free Dynamic Range (SFDR) | 


1.23 MHz; 10 MSPS; 2 MHz Span Vv 70 70 dB 
5.055 MHz; 20 MSPS; 2 MHz Span V 72 72 dB 
10.1 MHz; 50 MSPS; 2 MHz Span V 68 68 dB 
16 MHz; 40 MSPS; 10 MHz Span V 68 68 dB 
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AD9712B/AD9713B 


Parameter (Conditions) : 
POWER SUPPLY” 
A Positive Supply Current (+5.0 V) 


‘Negative Supply Current (—5.2 V)"* - 


Nominal Power Dissipation | 
Power Supply Rejection Radio. (PSR) 


~ _ NOTES 


AN/AP/BN/BP/SE/SQ/TE/TQ ~ 
i Typ | 


AD9712B _. AD9713B—Ci‘(i‘i‘(‘ (; 
_AN/AP/BN/BP/SE/SQ/TE/TQ 


_ Max Min Typ Max 


\Measured as error in ratio o of full-scale current to current through Rep (160 iu nominal); ratio is nominally 128. 
*Full-scale variations among devices are higher when driving REFERENCE INPUT directly. 
3Frequency at which the gain is flat +0.5 dB; R, = 50 0; 50% modulation at mudacale: 


‘Based on I;, = 128 (Vags/Rsp7) when using internal amplifier. 


*Data registered into DAC accurately at this rate; does not imply settling to 12-bit accuracy. 


®Measured as voltage settling at midscale transition to +0.024%; R, = 502. 


7Measured as the time between the 50% point of the falling edge or LATCH ENABLE and the point where the output signal has left a 1 LSB error band 


around its previous value. 


®Peak glitch impulse_is measured as the largest area under a single positive or negative transient. 


°Measured with R, = 50 9 and DAC operating in latched mode. 


10PData must remain stable for specified time prior to falling edge of LATCH ENABLE signal. 
'\Data must remain stable for specified time after rising edge of LATCH ENABLE signal. 
12SFDR is defined as the difference in signal energy between the fundamental and worst case spurious frequencies i in the output spectrum MIBOW: which i is 


centered at the fundamental frequency and covers the indicated span. 
13Supply voltages should remain:stable within +5% for normal operation. 
14108 mA typ on Digital —-V,, 37 mA typ on Analog —Vs. 


‘SMeasured at +5% of +V, (AD9713B only) and —V, (AD9712B or AD9713B) using teal reference. 


Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS’ 


Positive Supply Voltage (+ Vs) (AD9713B Only) ...... +6V 
Negative Supply Voltage (—Vs) .......----+-- 00. -7V 
Analog-to-Digital Ground Voltage Differential ........ 0.5 V 
Digital Input Voltages (D,-D,,, LATCH ENABLE) | 
ADOT IZ & o5en kk ah tie ee nae a es 0V to —-Vs 
SRDOTIBB: 505d 6 ae CAS Re —0.5 V to +V, 
Internal Reference Output Current.............. 500 pA 
Control Amplifier Input Voltage Range ...... .0OVto-4V 
Control Amplifier Output Current ............. +2.5 mA 
Reference Input Voltage Range (Vp_pp) ..--.--- 0V to —Vs 
Analog Output Current... ...... 000.0000 ce eee 30 mA 
Operating Temperature Range | 
AD9712B/AD9713BAN/AP/BN/BP ...... —25°C to +85°C 
AD9712B/AD9713BSE/SQ/TE/TQ ....... —55°C to +125°C 
Maximum Junction Temperature? i 
AD9712B/AD9713BAN/AP/BN/BP ............ +150°C 
AD9712B/AD9713BSE/SQ/TE/TQ ............ +175°C 
Lead, Temperature (Soldering, 10 sec) ...... ee + 300°C 
Storage Temperature Range ........... —65°C to + 150°C 
NOTES 


_ ‘Absolute maximum ratings are limiting values to be applied individually, and 
‘beyond which the serviceability of the circuit may be impaired. Functional 
operability is not necessarily implied. Exposure to absolute maximum rating 
conditions for an extended period of time may affect device reliability. 

“Typical thermal impedances with parts soldered in place: 28-pin plastic DIP: 


Sia = 37°CIW, Sic = 10°CNW; 28-pin PLCC: 8,, — 44°CIW, 8). = 14°CIW; 
Cerdip: 8yq = 32°C/W, Oc = 10°C/W3 LOC: Oy, = 41°C/W, Bye = 13°CW. No 


air flow. 
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ORDERING GUIDE 


| Temperature Package 
Range Description 


Package 
Option* 


_ AD9712BAN | —25°C to +85°C | 28-Pin PDIP | N-28 
-AD9712BBN | —25°C to +85°C | 28-Pin PDIP | N-28 
AD9712BAP | —25°C to +85°C | 28-Pin PLCC | P-28A 
AD9712BBP | —25°C to +85°C | 28-PinPLCC | P-28A 
AD9712BSQ | —55°C to +125°C | 28-Pin Cerdip | Q-28 
AD9712BSE | —55°C to +125°C | 28-Pin LCC | E-28A 
AD9712BTQ | —55°C to +125°C | 28-Pin Cerdip | Q-28 
AD9712BTE | —55°C to +125°C | 28-Pin LCC | E-28A 
AD9713BAN | —25°C to +85°C | 28-Pin PDIP | N-28 
AD9713BBN. | —25°C to +85°C | 28-Pin PDIP {| N-28 
AD9713BAP | —25°C to +85°C | 28-Pin PLCC | P-28A 
AD9713BBP | —25°C to +85°C | 28-Pin PLCC | P-28A 

~ AD9713BSQ | —55°C to +125°C | 28-Pin Cerdip | Q-28 . 
AD9713BSE | —55°C to +125°C | 28-Pin LCC E-28A 
AD9713BTQ | -—55°C to +125°C | 28-Pin Cerdip | Q-28 


AD9713BTE | —55°C to +125°C | 28-Pin LCC 


*For outline information see Package Information section. 


EXPLANATION OF TEST LEVELS 


Test Level 
I — 100% production tested.. 
II — 100% production tested at - +25°C, and sample tested at 


specified temperatures. 
III —- Sample tested only. 


IV — Parameter is guaranteed by design and characterization 
testing. 
V — Parameter is a typical value only. 


VI — All devices are 100% tested at +25°C. 100% production 
tested at temperature extremes for extended temperature 
devices; sample tested at temperature extremes for 
commercial/industrial devices. 
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PIN DESCRIPTIONS 
Pin # | Name 

1-10 | D-D,, 

1] D,2 (LSB) 


12 DIGITAL -V, 
13 ANALOG RETURN 


15 ANALOG -V, 


17 REFERENCE IN 


18 CONTROL AMP OUT 


19 CONTROL AMP IN 

20 REFERENCE OUT 

21 DIGITAL —V, 

22 REFERENCE GROUND 
23 DIGITAL +V; 


24 


Rser 


25 ANALOG —V, 

26 ~| LATCH ENABLE 
27 DIGITAL GROUND 
28 D, (MSB) 


DIP 


TOP VIEW 
Dy 8] (Not to Scale) 
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AD9712B/AD9713B 


Function 


Ten bits of twelve-bit digital input word. 


Least Significant Bit (LSB) of digital input word. 
Input Coding vs. Current Output 


Input Code D,-D,, | Ioyr (mA) Iour (mA) 
1111111111 —20.475 0 
0000000000 0 —20.475 


One of two negative digital supply pins; nominally —5.2 V. 


Analog ground return. This point and the reference side of the DAC load resistors should be connected 
to the same potential (nominally ground). 

Analog current output; fuil-scale output occurs with digital inputs at all “1.” 

One of two negative analog supply pins; nominally —5.2 V. 

“ey 


Complementary analog current output; zero scale output occurs with digital inputs at all 


Normally connected to CONTROL AMP OUT (Pin 18). Direct line to DAC current source network. 
Voltage changes at this point have a direct effect on the full-scale output value of unit. Full-scale current 
output = 128 (Reference voltage/Rs,7) when using internal amplifier. 


Normally connected to REFERENCE INPUT (Pin 17). Output of internal control amplifier, which 
provides a temperature-compensated drive level to the current switch network. 


Normally connected to REFERENCE OUT (Pin 20) if not connected to external reference. 

Normally connected to CONTROL AMP IN (Pin 19). Internal voltage ee ee —1.18 V. 
One of two negative digital supply pins; nominally —5.2 V. 

Ground return for the internal voltage reference and amplifier. 


Positive digital supply pin, used only on the AD9713B; nominally +5 V. No connection to fh pin on 
AD9712B. 


Connection for external resistance reference. Full-scale current out = 
when using internal amplifier. Nominally 7.5 kQ. 


One of two negative analog supply pins; nominally —5.2 V. 

Transparent latch control line. Register is transparent when LATCH ENABLE is LOW. 
Digital ground return. 

Most Significant Bit (MSB) of digital input word. 


128 (Reference voltage/R¢gp7) 


PIN CONFIGURATIONS 
PLCC/LCC 
i wl a ul 
_|28] D, (MSBO 2 £353 
% adéa630 


DIGITAL GROUND 
26 | LATCH ENABLE 


ANALOG -V 
zs ° 25] ANALOG -V, 


|23| DIGITAL +V, AD9712B 
AD9713B 


TOP VIEW 
(Not to Scale) 


123| DIGITAL +V, 
REFERENCE 
GROUND 
'21| DIGITAL -V, 
REFERENCE 
OUT 

19] CONTROL 

AMP IN 


'22] REFERENCE GROUND 
21] DIGITAL -V, 

20 | REFERENCE OUT 
119| CONTROL AMP IN 


118] CONTROL AMP OUT 


REFERENCE IN y2|fi3] [ra] fis 
16} our 7 OF BF lg aw 22 
JI @¢—--— © ~*~ VEea 
115] ANALOG -Vg < eu ° a z= 
= Od 
© z co 

a z rm 

< ul 

rc 
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DIE LAYOUT AND METALIZATION INFORMATION 


Die Dimensions ............. 220 x 196 X 15 (+2) mils 
Pad Dimensions ........... a Sedona. Sed wee ee 4X 4 mils 
Metalization: <5-< 3:64 #62 piso Ae eR EEG Aluminum 
Backing ...... cis SB le wy No lerdal ah ey ie binant ln rch 8 wo None 
Substrate Potential. s.2. 008s eee eee os ed ee ow -Vs 
PasSiV ation: 2.5 )3d36. ea boo ed ese IG ace bac waa . Nitride 


LATCH ENABLE 


OUT 


REFERENCE IN —— 
CONTROL AMP —— 


| 

z. 
F 
c 
< 
z 


THEORY AND APPLICATIONS . 
The AD9712B and AD9713B high speed digital-to-analog con- 
verters utilize Most Significant Bit (MSB) decoding and segmen- 
tation techniques to reduce glitch impulse and maintain 12-bit 
linearity without trimming. 


As shown in the functional block diagram, the design is based 
on four main subsections: the Decoder/Driver circuits, the 
Transparent Latches, the Switch Network, and the Control 
Amplifier. An internal bandgap reference is also included to 
allow operation with a minimum of external components. 


LATCH ENABLE 
VALID DATA 


DATA INPUTS 


OUTPUT 


tipy — LATCH PULSE WIDTH 
ts — INPUT SETUP TIME 


Digital Inputs/Timing 

The AD9712B employs dagiecndea ECL-compatible noite for 
data inputs D,-D,, and LATCH ENABLE. The internal ECL 
midpoint reference is designed to match 10K ECL device 
thresholds. On the AD9713B, a TTL translator is added at each 
input; with this exception, the AD9712B and AD9713B are 
identical. 


In the Decoder/Driver section, aise four MSBs (D,-D,) are 
decoded to 15 “‘thermometer code”’ lines. An equalizing delay is 
included for the eight Least Significant Bits (LSBs) and 
LATCH ENABLE. This delay minimizes data skew, and data 


setup and hold times at the latch inputs; this is important when 


operating the latches in the transparent mode. Without the 
delay, skew caused by the ecine circuits would degrade 
glitch impulse. 


The latches operate in their transparent mode when LATCH 
ENABLE (Pin 26) is at logic level ‘‘0.”” The latches should be 
used to synchronize data to the current switches by applying a 
narrow LATCH ENABLE pulse with proper data setup and 
hold times as shown in the Timing Diagram. An external latch 
at each data input, clocked out of phase with the Latch Enable, 
operates the AD9712B/AD9713B in a master slave (edge- | 
triggered) mode. This is the optimum way to operate the DAC 
because data is always stable at the DAC input. An external 


- latch eases timing constraints when using the converter. 


Although the AD9712B/AD9713B chip is designed to provide 
isolation from digital inputs to the outputs, some coupling of 

digital transitions is inevitable, especially with TTL or CMOS 
inputs applied to the AD9713B. Digital feedthrough can be 


reduced by forming a low-pass filter using a (200 ()) series resis- _ 


tor in series with the capacitance of each digital input; this rolls 
off the slew rate of the digital inputs. 7 


References 

As shown in the functional block diagram, the internal bandteap 
reference, control amplifier, and reference input are pinned out 
for maximum user flexibility when setting the reference. 


When using the internal reference, REFERENCE OUT (Pin 20) 
should be connected to CONTROL AMP IN (Pin 19). CON- 
TROL AMP OUT (Pin 18) should be connected to REFER- 
ENCE IN (Pin 17) through a 20 © resistor. A 0.1 wF ceramic 
capacitor from Pin 17 to-—Vg, (Pin 15) improves settling by 
decoupling switching noise from the current sink base line. A 
reference current cell provides feedback to the control amp by 
sinking current through Rep (Pin 24). 


LATCH 
ENABLE 


OUTPUT _ 


crmon 


t,, - INPUT HOLD TIME 
tsy — OUTPUT SETTLING TIME 
tpp — OUTPUT PROPAGATION DELAY 


Timing Diagram 
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Full-scale output current is determined by CONTROL AMP IN 
and Rg, according to the equation: 


Iour (FS) = (CONTROL AMP IN/Rsgr) X 128 


The internal reference is nominally —1.18 V with a tolerance of 
+3.5% and typical drift over temperature of 50 ppm/°C. If 
greater accuracy or better temperature stability is required, an 
external reference can be utilized. The AD589 reference shown 
in Figure | features +10 ppm/°C drift over temperatures from 
0°C to +70°C. 


AD9712B 
AD9713B 


(19) CONTROL 
AMP IN 


Figure 1. Use of AD589 as External Reference 


Two modes of multiplying operation are possible with the 
AD9712B/AD9713B. Signals with small signal bandwidths up to 
300 kHz and input swings of 100 mV, or dc signals from —0.6 V 
to —1.2 V can be applied to the CONTROL AMP input as 
shown in Figure 2. Because the control amplifier is internally 
compensated, the 0.1 wF capacitor at Pin 17 can be reduced to 
0.01 pF to maximize the multiplying bandwidth. However, it 
should be noted that settling time for changes to the digital 
inputs will be degraded. 


CONTROL 
AMP IN 


-0.6V TO -1.2V 
300 kHz MAX 


AD9712B 
AD9713B 


CONTROL 
AMP OUT 


REFERENCE 
IN 


Figure 2. Low Frequency Multiplying Circuit 
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The REFERENCE IN pin can also be driven directly for wider 
bandwidth multiplying operation. The analog signal for this 
mode of operation must have a signal swing in the range of 
—3.75 V to —4.25 V. This can be implemented by capacitively 
coupling into REFERENCE IN a signal with a dc bias of 
—3.75 V to —4.25 V, as shown in Figure 3; or by driving REF- 
ERENCE IN with a low impedance op amp whose signal swing 
is limited to the stated range. 


Outputs 

As indicated earlier, D,-D, (four MSBs) are decoded and drive 

15 discrete current sinks. DS and D6 are binarily weighted; and 
D,-D,, are applied to the R-2R network. This segmented archi- 
tecture reduces frequency domain errors due to glitch impulse. 


AD9712B 
AD9713B 


REFERENCE 
: | iN 


Figure 3. Wideband Multiplying Circuit 


The Switch Network provides complementary current outputs 
Iour and Ioy7. These current outputs are based on statistical 
current source matching which provides 12-bit linearity without 
trim. Current is steered to either I5y-7 or Ioyz in proportion to 
the digital input code. The sum of the two currents is always 
equal to the full-scale output current minus one LSB. 


The current output can be converted to a voltage by resistive 
loading as shown in Figure 4. Both Ipyy and Iour should be 
loaded equally for best overall performance. The voltage which 
is developed is the product of the output current and the value 
of the load resistor. 
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-5.2V 
O 


DIGITAL -Vs ANALOG -V, O4uF 


| Dy (MSB) REFERENCE 
IN 


. CONTROL . 
AMP OUT 


REFERENCE 
OUT 


CONTROL 
AMP IN 


R set. 
lout 


AD9712B 
AD9713B 


Dy2 (LSB) 
LATCH ENABLE 


ANALOG REFERENCE DIGITAL 
RETURN GROUND GROUND 


SYSTEM - 
GROUND 


Figure 4. Typical Resistive Load Connection 


An operational amplifier can. also be used to perform the I to V 
conversion of the DAC output. Figure 5 shows an example of a 
circuit which uses the AD9617, a high speed, current feedback 
amplifier. 


REF CONTROL 
OUT AMPIN 


AD9712B 
AD9713B 


Figure 5. I/V Conversion Using Current Feedback 
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‘DAC current across feedback resistor Rgpg determines the 


AD9617 output swing. A current divider formed by Re. and Rer 
limits the current used in the I-to-V conversion, and provides an 
output voltage swing within the specifications of the AD9617. 
Current through R, provides dc offset at the output of the 
AD9617. Adjusting the value of R, adjusts the value of offset 
current. This offset current is based on the reference of the 
AD9712B/AD9713B, to avoid coupling noise into the output 
signal. 


The resistor values in Figure 5 provide a 4.096 Vv swing, cen- 
tered at ground, at the output of the AD9617 amplifier. 


Power and Grounding 

Maintaining low noise on power supplies and ground is critical 
for obtaining optimum results with the AD9712B or AD9713B. 
DACs are most often used in circuits which are predominantly 
digital. To preserve 12-bit performance, especially at conversion 
speeds up to 100 MSPS, special precautions are necessary for 
power supplies and grounding. 


Ideally, the DAC should have a separate analog ground plane. 
All ground pins of the DAC, as well as reference and analog 
output components, should be tied directly to this analog 
ground plane. The DAC’s ground plane should be connected to 
the system ground plane at a single point. 


Ferrite beads such as the Stackpole 57-1392 or Amidon FB-43B- 
101, along with high frequency, low-inductance decoupling 
capacitors, should be used for the supply connections to isolate 
digital switching currents from the DAC supply pins. Separate 
isolation networks for the digital and analog supply connections 
will further reduce supply noise coupling to the 

output. 


Molded socket assemblies should be avoided even when Sisto 
typing circuits with the AD9712B or AD9713B. When the DAC 
cannot be directly soldered into the board, individual pin sock- 
ets such as AMP #6-330808-0 (knock-out end), or #60330808-3 
(open end) should be used. These have much less effect on 
inter-lead capacitance than do molded assemblies. 


DDS Applications 

Numerically controlled oscillators (NCOs) are digital devices 
which generate samples of a sine wave. When the NCO is com- 
bined with a high performance D/A converter (DAC), the com- 
bination system is referred to as a Direct Digital Synthesizer 
(DDS). 


The digital samples cenevared by the NCO are reconstructed by 
the DAC and the resulting sine wave is usable in any system 
which requires a stable, spectrally pure, frequency-agile refer- 
ence. The DAC is often the limiting factor in DDS applications, 
since it is the-only analog function in the circuit. The AD9712B/ 
AD9713B D/A converters offer the highest level of performance 
available for DDS applications. 


DC linearity errors of a DAC are the dominant effect in low- 
requency applications and can affect both noise and harmonic 
content in the output waveform. Differential Nonlinearity 


(DNL) errors determine the quantization error between adjacent 


codes, while Integral Nonlinearity (INL) is a measure of how 
closely the overall transfer function of the DAC compares with 
an ideal device. Together, these errors establish the limits of 
phase and amplitude accuracy in the output waveform. 
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: SYSTEM 
CLOCK 
LATCH 
NUMERICALLY-CONTROLLED OSCILLATOR pe 
TUNING | 32 PHASE PHASE-TO-AMPLITUDE TTL AD9712B 
WORD ACCUMULATOR CONVERSION SHEDATA REGISTER AD9713B 
D/A CONVERTER 


Figure 6. Direct Digital Synthesizer Block Diagram 


When the analog frequency (f,) is exactly f./N and N is an even 
integer, the DDS continually uses a small subset of the available 
DAC codes. The DNL of the converter is effectively the DNL 
error of the codes used, and is typically worse than the error 
measured against all available DAC codes. This increase in 
DNL is translated into higher harmonic and noise levels at the 
output. 


5mV/div 


Glitch impulse, often considered a figure of merit in DDS appli- 
cations, is simply the initial transient response of the DAC as it 
moves between two output levels. This nonlinearity is com- 
monly associated with external data skew, but this effect is mini- 
mized by using the on-board registers of the AD9712B/AD9713B : 
converters (see Digital Inputs/Timing section). The majority of Figure 7. AD9712B/AD9713B Glitch Impulse 
the glitch impulse, shown below, is produced as the current in Sc ee ee ee ree 

the R-2R ladder network settles, and is fairly constant over the 
full-scale range of the DAC. The fast transients which form the 
glitch impulse appear as high-frequency spurs in the output 
spectrum. 


5ns/div 


200mV/div 


While it is difficult to predict the effects of glitch on the output 
waveform, slew rate limitations translate directly into harmonics. 
This makes slew rate the dominant effect in ac linearity of the 
DAC. Applications in which the ratio of analog frequency (f,) 
to clock frequency (f,) is relatively high will benefit from the 
high slew rate and low output capacitance of the AD9712B/ 
AD9713B devices. 


; ; + Ans/di 
Another concern in DDS applications is the presence of aliased eae 
harmonics in the output spectrum. Aliased harmonics appear as Figure 8. Rise and Fall Characteristics 
spurs in the output spectrum at frequencies which are deter- 
mined by: 
MfA=+Nfc 


where M and N are integers. 


The effects of these spurs are most easily observed in applica- 
tions where f, is nearly equal to an integer fraction of the clock 
rate. This condition causes the aliased harmonics to fold near 
the fundamental output frequency. 
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ANALOG 
DEVICES © 


FEATURES. | 
400 MSPS (ECL)/100 MSPS (TTL) Update Rate 
Low Glitch Impulse: 1.5 pV-s . 
Fast Settling: 4.5 ns to 1/2 LSB 
Low Power: 1.1 W 
On-Board Quadrature Logic 
for DDS Applications 
Differential Clock (ECL) 


APPLICATIONS 

Direct Digital Synthesis 
Arbitrary Waveform Synthesis | 
Waveform Reconstruction — 
High Speed Imaging = 


GENERAL DESCRIPTION __ | 
The AD9720 and.AD9721 D/A converters are 10-bit, high speed 
digital-to-analog converters constructed in an oxide isolated 


~ 10-Bit, 400 MSPS 
D/A Converters 


bipolar process. The AD9720 is ECL compatible, and will 
update up to 400 Msps; the AD9721 is TTL compatible and 
will update up to 100 Msps. 


Designed for direct digital synthesis (DDS), waveform recon- 
struction, and high resolution video applications, both devices 
feature low glitch impulse of 1.5 pV-s and fast settling times of 
4.5 ns to 1/2 LSB. 


Both converters are characterized for dynamic performance, and 
have excellent harmonic suppression and spectral purity in 
waveform generation applications. 


The units are available in 28-pin DIPs, LCCs and SOICs. 
Industrial temperature range devices are packaged in plastic for 
operation from —25°C to +25°C; extended temperature range 
devices for operation from —55°C to +125°C are in hermetic 
ceramic packages. Contact the factory. for information about the 
availability of MIL-STD-883 devices. 


ae | a FUNCTIONAL BLOCK DIAGRAM AND CONNECTIONS 


DECODERS 
& 
DRIVERS 


cr 


INTERNAL 
VOLTAGE 
‘REFERENCE 


Rsep § REFERENCE 
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CONTROL 
OUT AMP IN 


ANALOG 
RETURN 


lout 


l out 


REGISTER 


REFERENCE 
IN 


I CONTROL 
AMP OUT. 


DIGITAL DIGITAL ANALOG 


~Vs +Vg Vs 


f Love. Plow. BYP. 
-5.2V % +5V a -5.2V a 
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SPECIFICATIONS © AD9720/AD9721 


~V, = —5.2 V; +V, = +5 V [AD9721 only); Reference Voltage = —1.25 V; 


ELECTRICAL CHARACTERISTICS h’= 1.960 0, unsss othervise notes 


Test AD9720BN/BR AD9720TE/TQ AD9721BN/BR AD9721TE/TQ 
Parameter (Conditions) Temp |Level|Min Typ Max |Min Typ Max |Min Typ Max |Min Typ Max | Units 
0 


DC ACCURACY | 
Differential Nonlinearity 


25 | 0. |LSB 


LSB 

Integral Nonlinearity 0.5 LSB 
(“Best Fit” Straight Line) LSB 
INITIAL OFFSET ERROR 

Zero-Scale Offset Error pA 

wA 
Full-Scale Gain Error! % 

% 
Offset Drift Coefficient pAlC 


REFERENCE/CONTROL AMP 
Internal Reference Voltage 1 Sat 1,15 = 1 351.15 = 1.3554 1.15 
—1.35}—1.15 12351) 1515 —1.35|-1.15 
Internal Reference Voltage Drift 
Internal Reference Output Current 


Amplifier Input Impedance 


Amplifier Bandwidth 
REFERENCE INPUT? 
Reference Input Impedance +25°C|V 
Reference Multiplying Bandwidth? +25°C|V 
OUTPUT PERFORMANCE 


Full-Scale Output Current”? + 
Output Compliance Range 
Output Resistance 

Output Capacitance 

Output Update Rate 

Voltage Settling Time (1/2 LSB) 
Propagation Delay (tpp)® 
Glitch Impulse’ 

Output Slew Rate® 

Output Rise Time® 

Output Fall Time® 


DIGITAL INPUTS 

_ Logic “1” Voltage 
Logic “0” Voltage 
Logic “1” Current 
Logic “0” Current 
Input Capacitance 
Input Setup Time (ts)? 


Input Hold Time (t,;)"° 


Clock Pulse Width (Low) 
Clock Pulse Width (High) | 


DYNAMIC PERFORMANCE 
Spurious-Free Dynamic Range (SFDR)'” 
2.02 MHz; 100 Msps; 2 MHz Span 
25.01 MHz; 100 Msps; 2 MHz Span 
10.02 MHz; 250 Msps; 5 MHz Span - 
62.54 MHz; 250 Msps; 5 MHz Span 
70 MHz; 220 Msps; 10 MHz Span 
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Parameter (Conditions) 
POWER SUPPLY” | 
Negative Supply Current (-5.2 V)? 4 


af ; Test |. .AD9720BN/BR _ AD9720TE/TQ | AD9721BN/BR AD9I721TE/TQ 
Temp |Level Min Typ Max Min Typ Max Min” “Typ . | |Min’” Typ . Max 


Positive Supply Current (+5.0 V) 


Nominal Power Dissipation 
Power Supply Rejection Ratio (PSRR)'* 


NOTES 
1Measured as error in ratio of full-scale current to current through Res (640 wA nominal); ratio is nominally 32. DAC load is virtual ground. » 
2Full-scale current variations among devices are higher when driving REFERENCE IN directly. 
3Frequency at which a 3 dB change in output of DAC is observed; Ry, = 50 9; 100 mV modulation at midscale. 
‘Based on Ip, = 32 (CONTROL AMP IN/Rsgy) when using internal control amplifier. DAC load is virtual ground. 
5Measured as voltage settling at midscale transition to +0.1%; R,, = 50 0. 
SMeasured from 50% point of rising edge of CLOCK signal to 1/2 LSB change in output signal. ar . 
7Peak glitch impulse is measured as the largest area under a single positive or negative transient. < a Wee 
®Measured with Rr = 50 2 and DAC operating in latched mode. . 
*Data must remain stable for specified time prior to Tising edge of CLOCK. 
10Data must remain stable for specified time after rising edge of CLOCK. 
11SFDR is defined as the difference in signal energy between the fundamental and worst case spurious frequencies in : the output spectrum window, which is centered. at the 
fundamental frequency and covers the indicated span. 
12Supply voltages should remain stable within +5% for normal operation. 
13190 mA typ on Digital —-Vs, 30 mA typ on Analog —Vs 
14Measured at +5% of +Vs (AD9721 only) and —V, (AD9720 or AD9721) using external reference. 


Specifications subject to change without notice. 


aime : 


ABSOLUTE MAXIMUM RATINGS! . ee 
Positive Supply Voltage (+V;) (AD9721 Only) .......+6V Teat Level pO EL eevee 
Negative Supply Voltage (—Vs) (AD9720 and AD9721) .-7V | I — 100% production RO ed , 
Digital Input Voltages (D,-D, CLOCK, CLOCK) II — 100% production tested at +25°C, and sample t fciiedl at 
AD97 20 o3 cis ha Oe eA ae ER EES 0Vto -Vs specified temperatures. | 
tiaaeal Risso: Oem Cuneo, = SO yks ae ea oe 
Control Amplifier Input Voltage Range ...... OVt0-4V IV see is guaranteed by design and characterization 
Control Amplifier Output Current ............. +2.5 mA V — Parameter is a typical value only. | 
Reference Input Voltage Range (Ver) -------- 0V to —Vs VI — All devices are 100% tested at +25°C. 100% peciusdan 
| ee ie i eenae Range nary herons ay OM ee + .30mA | tested at temperature extremes for extended temperature 
AD9720/AD9721BN/BR ............- 25°C to +85°C srilsasacron ncanuniey oe 
AD9720/AD9721TE/TQ ............ —55°C to +125°C , 
Maximum Junction Temperature’ DIE LAYOUT AND MECHANICAL INFORMATION 
AD9720/AD9721BN/BR ..... ee ee +150°C = Die Dimensions ............. 199 x 165 x 15 (+2) mils 
AD9720/AD9721TE/TQ ........ 0.0 cee ewes . +175°C Pad Dimensions ...3.........+0ee eee ..4X 4 mils 
Lead Temperature (Soldering, 10 sec) .......... . +300°C Metalization. 2s in: s0i fee ee se ew kde es . Aluminum 
Storage Temperature Range ......... » - 65°C to + 150°C Backing ....... soe ta ta ia has we PE te enclose wae es None 
NOTES | Substrate Potential .... 1.2... 21. ee eee eee eee eee —-Vs 
' Absolute maximum ratings are limiting values to be applied individually, and Passivation ..... sept leroy GO SSR oh Se Rea cd oasoMe &, Smeaton MICELLE 


beyond which the serviceability of the circuit may be impaired. Functional 
operability is not necessarily implied. Exposure to absolute maximum rating 
conditions for an extended period of time may affect device reliability. 
Typical thermal impedances: 28-pin plastic DIP: 6,,4= 37°C/W, 0;-'= 10°C/W; 
28-pin LCC: 6,4 = 41°C/W, 8), = 13°C/W; 28-pin SOIC: 6,, = 46°C/W, 
Oc = 10°C/W; Cerdip: 6;,.= 35°C/W, 8;, = 10°C/W. Soldered to board; no 
air flow. . 


ORDERING GUIDE : Delete ye | abs ie 
: aie ss OL, REF IN 
_ Range Description if fans 

AD9720BN | —25°C to +85°C | 28-Pin PDIP | £2 ae 
AD9720BR | -25°C to +85°C | 28-PinSOIC | R-28 | rt -_ts nETURN 
AD9720TE | -55°C to +125°C | 28-PinLCC | E-28A seh ae _ 
-AD9720TQ | -55°C to +125°C | 28-Pin Cerdip | Q-28 a FR ge crown 
AD9721BN | —25°C to +85°C | 28-Pin PDIP. | N-28 Pt. fe 
AD9721BR | -25°C to +85°C | 28-PinSOIC | R-28 Ree os § 
AD9721TE | -55°C to +125°C | 28-Pin LCC ? esnocoeecs 
AD9721TQ | -55°C to +125°C | 28-Pin Cerdip 


*For outline information see Package Information section.* 
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AD9720/AD9721 


PIN DESCRIPTIONS 

DIP 

Pin # Name Function 

l D, (MSB) Most Significant Bit (MSB) of digital input word. 

29 D,-D, Eight of 10 digital input bits. Digital inputs are 1OK ECL compatible for AD9720; TTL compatible for 


10. Dyo (LSB) 


11 CLOCK 
12. CLOCK/NC 
13. INVERT 


14 DIGITAL -V,/+V, 


15 GROUND 

16 DIGITAL -Vs 
17: “Rese: 

18 GROUND 


19 ANALOG RETURN 
20° Iout 


22 ANALOG -V, 
23. REFERENCE IN 


24 CONTROL AMP OUT 


25. REFERENCE OUT 
26 CONTROL AMP IN 
27. ~-DIGITAL -V, 

28 GROUND 


DIGITAL -Vg (+Vs) | 14) 


NC = NO CONNECT 


 Pinouts (SOIC Pin Numbering is Same as DIP) 


REV.A 


AD9720/ 
AD9721 


TOP VIEW 
(Not to Scale) 


AD9721. See coding table elsewhere. 
Least Significant Bit (LSB) of digital input word. 
Input Coding vs. Current Output 
Input Code D,-Dyy Tour (mA) Ioy7 (mA) 
11111132111 — 20.48 0 
0000000000 0 —20.48 
Edge-triggered latch enable signal for on-board registers. 10K ECL compatible for AD9720. TTL compatible 


for AD9721. Register loads data on rising edge of CLOCK signal; must be driven in conjunction with CLOCK. 


Complementary edge-triggered latch enable signal for on-board registers. 1OK ECL compatible for 
AD9720; not connected (NC) for AD9721. 

Normally connected to logic LOW; inverters are transparent in this mode. Logic High inverts the 9 LSBs 
(D,-Dj9) when the MSB is LOW. No internal pull-down resistor. 

One of three digital supply pins; nominally —5.2 V for AD9720; +5 V for AD9721. 
Converter ground return. 

One of three negative digital supply pins; nominally —5.2 V. 

Connection for external resistance reference; nominally 1,960 . Full-scale current out = 
(CONTROL AMP IN/Rser) when using internal amplifier. DAC load is virtual ground. 
Converter ground return. 

Analog current return. This point and the reference side of the DAC load resistors should be cece to 
the same potential (nominally ground). 

Analog current output; full-scale output occurs with digital inputs at all “1.” With external load resistor, 
output voltage = Toyz X (Rioap Il Rinrernac): Rinternar 18 nominally 210 . 

Complementary analog current output; zero-scale output occurs with digital inputs at all “1.” 

Negative analog supply; nominally —5.2 V. 

Normally connected to CONTROL AMP OUT (Pin 24). Direct line to DAC current source network. 
Voltage changes (noise) at this point have a direct effect on the full-scale output current of DAC. 
Full-scale current output = 32 x (CONTROL AMP IN/Rgg-) when using internal amplifier. DAC 

load is virtual ground. 

Normally connected to REFERENCE INPUT (Pin 23). Output of internal control amplifier, which 
provides a reference for the current switch network. 

Normally connected to CONTROL AMP IN (Pin 26). Internal voltage reference, nominally —1.25 Vv. 
Normally connected to REFERENCE OUT (Pin 25) if not connected to external reference. 

One of three negative digital supply pins; nominally —5.2 V. 

Converter ground return. 


32 x 


| 28] GROUND 
DIGITAL -Vg 
| 26] CONTROL AMP IN 


2 | CONTROL AMP IN 


7 
— 
< 
Ee 
4 
a 
27] 


| 25| REFERENCE OUT 


[25] REFERENCE OUT 
24] CONTROL AMP OUT 
'23| REFERENCE IN 
122] ANALOG —Vs 

21] four 

20} lout 


119] ANALOG RETURN 


24 CONTROL AMP OUT 
| 23 | REFERENCE IN 


AD9720/AD9721 
TOP VIEW 
(Not To Scale) 


| 22] ANALOG —Vs 
[21] tour 
20 lout 


119] ANALOG RETURN 


18] GROUND 2 
Skeet es 
Rser * 4 ok & & 
eS -7F GE G 
16] DIGITAL -Vs a oe2 8g 
f 
| 18] GROUND & NC = NO CONNECT 


LCC AD9720 (AD9721) Pinouts 
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CLOCK 
CLOCK ———/J ee 
DATAINPUTS CODE 1 
D, -D10 VALID DATA 
OUTPUT 


CODE 1 


CLOCK 


ctock --—'\ : 


OUTPUT 
ERROR 


oan 


t, - INPUT SETUP TIME 
t,, - INPUT HOLD TIME 
‘tg; - OUTPUT SETTLING TIME 
tpp — OUTPUT PROPAGATION DELAY 


(AD9720/AD9721 Timing Diagram | 


THEORY AND APPLICATIONS 
The AD9720/AD9721 high speed digital-to- analog converters 
utilize Most Significant Bit (MSB) decoding and segmentation 


techniques to reduce glitch impulse and maintain 10- bit linearity | 


without trimming. 


As shown in the functional block shania the aeons iS opis 
on four main subsections: the Decoder/Driver circuits, the Edge 
Triggered Data Register, the Switch Network, and the Control 
Amplifier. An internal bandgap reference is also included to 
allow operation with a minimum of external components. The 
block labeled “Inverters” is transparent in normal operation, 
but can be used to minimize the external components require- . 
ments in DDS applications using the AD9950, a 300 Msps 
phase accumulator (see AD9950 data sheet). 


Digital Inputs/Timing 

The AD9720 employs single-ended’ ECL-compatible i inputs for : 
data inputs D,—D,, and the differential clock signals CLOCK 
and CLOCK. The internal ECL midpoint reference .is designed 


to match 10K ECL device thresholds. On the AD9721, a TTL. 


translator is added at each input and the clock becomes ‘single 
ended; with these exceptions, the AD9720.and AD9721 are 
identical. (NOTE: Pin 14 is +V,; on AD9721; —Vg on 
AD9720.) 


In the Decoder/Driver section, the four MSBs (D,- D,) are 
decoded to 15 “thermometer code” lines. An equalizing delay is 
. included for the six Least. Significant Bits (LSBs) and the clock 

signals. This delay minimizes data skew and data setup and hold 
times at the register inputs. | 


The on-board register is rising-edge-triggered and should be 
used to synchronize data to the current switches by applying a 
pulse with proper data set-up and per times. as shown i in the 
timing diagram. 
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| Although the AD9720/AD972 l chip is designed to provide isola- 


tion from digital inputs to the outputs, some coupling of digital 
transitions is inevitable, especially with TTL or CMOS inputs 
applied to the AD9721. Digital feedthrough can be reduced by 


: forming a low-pass filter using a resistor in series with the | 
_ capacitance of each digital input; this rolls off the slew rate of 


the digital inputs. 


_ References | | oe 
__As shown in the functional block diagram, the internal (pandas 


reference, control amplifier, and reference input are pinned out. 
for maximum user flexibility. when setting the reference. 


- When using the internal reference, REFERENCE OUT (Pin 25) 
_ should: be connected to CONTROL AMP IN (Pin 26). CON- — 


TROL AMP OUT (Pin 24) should be connected to REFER- 
ENCE IN (Pin 23). A 0.1 wF ceramic capacitor from Pin 23 to 
ANALOG —V,j (Pin 22) improves settling by decoupling 
switching noise from the current sink base line. A reference cur- 


. “rent cell provides feedback to the control amp by sinking cur- 


rent through Rgp-z (Pin 17). 


7 Full- scale output current is determined by CONTROL AMP IN 


and Rsger according to the equation: 


ioe (FS). = (CONTROL AMP IN/Rser) > x 32° 


- The internal reference is nominally — 1.25 V with a tolerance of 


+8% and typical drift over temperature of 100 ppm/°C. If 
greater accuracy or better temperature stability is required, an 
external reference can be utilized. The AD589 reference features 
+10 ppm/°C drift over Empcteness from 0°C to +70°C. 
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Two modes of multiplying operation are possible with the 
AD9720/9721. Signals with bandwidths up to 1 MHz and input 
swings from —0.6 V to —1.2 V can be applied to the CON- 
TROL AMP input as shown in Figure 1. Because the control 
amplifier is internally compensated, the 0.1 F capacitor dis- 
cussed above can be reduced to maximize the multiplying band- 
width. However, it should be noted that settling time for 
changes to the digital inputs will be degraded. 


AD9720/AD9721 


-0.6V TO -1.2V 
400 kHz MAX 


(23) REFERENCE 
IN 

0.1p.F 
ANALOG - Vs 


Figure 1. Low Frequency Multiplying Circuit 


The REFERENCE IN pin can also be driven directly for wider 
bandwidth multiplying operation. The analog signal for this 
mode of operation must have.a signal swing in the range of 
—3.3 V to:—4.25 V. This can be implemented by ‘capacitively © 
coupling into REFERENCE IN a signal with a dc bias of . 
—3.3 V our ~ 22.5 mA) to —4.25 V oyr ~ 3 mA), as 


shown in Figure 2, or by driving REFERENCE IN with a low, - 


impedance op amp whose signal swing is limited to the stated 
range. 


AD9720/AD9721 


Figure 2, Wideband Multiplying Circuit 


Outputs a 

The Switch Network provides complementary current outputs 
Iour and Igyy The design of the AD9720/AD9721 is based on 
statistical current source matching which provides 10-bit linear- 
ity without trim. Current is steered to either Igy or Ioyrz in 
proportion to the digital input code. The sum of the two cur- 
rents is always equal to the full-scale output current minus 

one LSB. 


REV.A 


‘. DDS Applications Be ere eine 
The performance characteristics of the AD9720/AD9721 make it 


AD9720/AD9721 


The current output can be converted to a voltage by resistive 
loading as shown in the block diagram. Both Ipy7 and Iour 
should be loaded equally for best overall performance. The volt- 
age which is developed is the product of the output current and 
the value of the load resistor. 


An operational amplifier can also be used to perform the I to V 
conversion of the DAC output. Figure 3 shows an example of a 
circuit which uses the AD9617, a high speed, current feedback 
amplifier. The resistor values in Figure 3 provide a 4.096 V 
swing, centered at ground, at the output of the AD9617 
amplifier. 


REF CONTROL 
OUT AMPIN 


lout 
AD9720/ 


AD9721 encas 


Figure 3. I/V Conversion Using Current Feedback Amp 


ideally suited for direct digital synthesis (DDS) and other wave- 


_form generation applications. Since the aliased distortion of the 


DAC collects around the fundamental when generating frequen- 
cies which are nearly integer fractions of the clock rate, these 
are often considered worst case conditions. 


Please contact the factory for information concerning the avail- 
ability of an evaluation board or for additional characterization 


data. 


SETTLING TIME ~ 4.5ns 
NET GLITCH = 1.34pV-s 
PEAK GLITCH = 1.36pV-s 


- 2mV/DIVISION 


TEST CIRCUIT 


_ 51ns/DIVISION 


Figure 4. AD9720 Glitch Impulse 
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Figure 8. Typical Output Spectrum | 


AD9720/AD9721 


ee AD9720UPDATED| aa a 
Tea 


MHz MHz 


TTL CLOCK 
REFERENCE 
GENERATOR 


STANDARD PRINTER CABLE 


_(AD9713B 
ore seer sees , 
éuloe one DAC 
AD9955 DDS EVALUATION BOARD 


Peas PC 


SPECTRUM ANALYZER» 


Figure 11. Direct Digital Synthesis System Diagram | 
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REV. A 


ANALOG 
DEVICES 


Ultrahigh Speed IC 
D/A Converter 


ee AD9768 


FUNCTIONAL BLOCK DIAGRAM 


FEATURES 

5ns Settling Time 
100MSPS Update Rate 
20mA Output Current 
ECL-Compatible 

40MHz Multiplying Mode 


APPLICATIONS 

Raster Scan & Vector Graphic Displays 
High Speed Waveform Generation 
Digital VCOs 

Ultra-Fast Digital Attenuators 


GENERAL DESCRIPTION 

The Analog Devices AD9768SD D/A converter is a monolithic 
current-output converter which can accept 8 bits of ECL-level 
digital input voltages and convert them into analog signals at, 
update rates as high as 1OOMSPS. In addition to its use as a 
standard D/A converter, it can also be utilized as a two-quadrant 
multiplying D/A at multiplying bandwidths as high as 40MHz. 


An inherently low glitch design is used, and the complementary 
current outputs are suitable for driving transmission lines directly. 
Nominal full-scale output is 20mA, which corresponds to a 1- 
volt drop across a 502 load, or +1 volt across 100© returned to 
+1 volt. The actual output current is determined by the on-chip 
reference voltage (Varr ~ —1.26V) and an external current 
setting resistor, Rsgr. 


Full-scale output current Ioyr with digital “1” at all inputs is 
calculated with the equation: 
VreT — VREF 

RsET 


The setting resistor Rspr7 and the output load resistor should 
both have low temperature coefficients. A complementary 
IourT 1s also provided. 


IoutT =4 X 


AD9768JD/SD PIN CONNECTIONS 


DIGITAL 
INPUTS 


Vee(—5.2V) | 9 | 110 | Voc (+5¥) 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


REV. A 


SWITCHING 
CURRENT SOURCES 


REFERENCE 
AMPLIFIER 


Veet 
The reference voltage source is a modified bandgap type and is 
nominally — 1.26 volts. This reference supply requires no external 
regulation. To reduce the possibility of noise generation and/or 
instability, pin 15 (REFERENCE OUT) can be decoupled using 
a high-quality ceramic chip capacitor. Stabilization of the internal 
loop amplifier is by a single capacitor connected from pin 17 
(COMPENSATION) to ground. The minimum value for this 
capacitor 1s 3900pF, although a 0.01F ceramic chip capacitor 
is recommended. 


The incredible speed characteristics of the AD9768SD D/A 
converter make it attractive for a wide range of high speed 
applications. The ability of the unit to operate as a two-quadrant 
multiplying D/A converter adds another dimension to its usefulness 
and makes the AD9768SD a truly versatile device. — 


AD9768SE PIN CONNECTIONS 


wo D2 
© D1 (MSB) 
COMPENSATION 


= 
N 
o 
-_ 
(7) 


D3 4 8 REFERENCE IN 

pa 5 7 REFERENCE OUT 
AD9768SE ae 

DS 6 6 OUTPUT (ip) 

os 7 (Not to Scale) 5 OUTPUT (lo) 

D7 8 ? 


ANALOG RETURN 


= 
° 


1 


= 
» 
= 
a 


‘9 
a 
Mi} 
© 
=) 


Vee (-5.0V) 
Vee (+5V) 
DIGITAL 
GROUND 
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AD9768 — SPECIFICATIONS sGjumatae rma 0 te 


Parameter Unit AD9768SJD/SD/SE Parameter Unit AD9768SJD/SD/SE 


RESOLUTION (FS = FULL SCALE) Bits 8 CURRENT-MULTIPLYING MODE (See Figure 4) 

RRENT Im Range (at Pins 17 & 18) mA 0to5 
LSBWEIGHT(CURRENT) 0A Resistance (at Pin 18) a 160 
ACCURACY! ; Transfer Function - Measured at Pin 13; Digital “0” Applied 

Differential Nonlinearity ~ : ' +%FS ~* 0.2 ¥ : ; “e* - toBits1-8: =~ 
Integral Nonlincanty’ a _ +%FS 0.2 imA Iy Input = OmA Iour 
Monotonicity : ; eee Guaranteed 5mA Iy Input = 0mA Iour 
_ZeoOfiset(Initil) A Measured at Pin 13; Digital “1” Applied 
‘TEMPERATURE COREHICENTS 4 to Bits 1-8: 
Zero Offset 3 ppm°C 1S ImA Iq Input = 4mA Iour 
Reference Voltage (— 1. 26V) ; ‘ppm/c | 70 5mA Iy Input = 20mA Iour 
DIGITAL DATA INPUTS | am 7 Large Signal Bandwidth ( — 3dB Point) MHz © : 40 
Logic Compatibility , n° be ’ BCL POWER REQUIREMENTS 
Logic Voltage Levels “1” = , > =0.9 —5.2V +0.25 mA(max). - —_- 66 (70). 
$97 = 7 Vv -1.7 .+5.0V +0.25 mA (max) 14(15) 
Coding | Binary (BIN) = Unipolar Out Power Dissipation mW (max) 410 (430) 
; Offset Binary (OBN) = Bipolar Out Power Supply Sensitivity? %/% ~ 0.07 
OUTPUT ae Sa TEMPERATURE RANGES® 
Current (Unipolar) FS - -mA(max) _ 210 20(30) Operating = 
lout (@ Pin 13) : ; ¥ AD9768JD 2 °C *  . Ot0 +70 
All Digital “1” Input " mA 20 AD9768SD/SE °C acc ~55to + 125 
_Ali Digital 0” Input mA o O° Storage °C  '£$$t0 +150 
Tout (@ Pin 14) : . . = roe 
All Digital “1"Input | mA - 0 THERMAL RESISTANCE’ 
All Digital“O” Input mA. 20 Junction to Air, 054 (Free Air) °C/W 90 
Compliance Ag ‘B —0.7t0 + a Junction to Case, 834 °C/W 20 
‘. i —l.lto+ 
, PACKAGE OPTION® 
mE is) OR Ceramic (D-18) - AD9768JD 
SPEED PERFORMANCE . , AD9768SD ‘. 
Settling Time (t0 0.2% FS)’ ns 5 LCC(E-20A)_ : AD9768SE 
Slew Rate ‘Vips 400 
Update Rate | MSPS 100 NOTES 
i ines ue eer nee 
_LGlitch Energy *Acntjeiwiien neraning ‘AD9768 as standard D/A. 
REFERENCE — 3 ; “od pe i ey 4Based on Ry, = 50 ohms; Rsgy = 220 ohms; Vaer = OV. 
Internal, Monolithic? °: ; Vv : — 1.26 51% change in either power supply voltage causes 0.07% canes in analog output. 
External, Variable* ; | | | 2 . Ae heaneacinint temperature 125°C. | 
Voltage-Multiplying Mode : V (max) * Oto —1.1(—2) 8D. = Ceramic DIP; E = Leadless Ceramic Chip Carrier. For outline 
Current-Multiplying Mode ; mA(max) |. 0to—5(-7.5) information see Package Information section. 
VOLTAGE- MULTIPLYING MODE* (See Figured) oy ; Specifications subject to change without notice. 
Vm Range (at Pin 16)’ ce Vv , -  +0.5 
Vm Center 8 : : V | : , fo 0.6: 
Resistance (at Pin 16) kQ 800 
Transfer Function— Measured at Pin 13; Digital “0” Applied 
to Bits 1-8: 
0.1 Vim Input = OmA Ioutr 
-1. 1Vy Input = = OmAIoutr 
Measured at Pin 13; Digital ‘‘1” Applied 
to Bits 1-8: 
. —0.1Vy Input = ImA Iour 
i .? , —1.1. Vy Input = 20mA Iour 
Large Signal Bandwidth ( — 3dB Point) kHz 7 250 


REFERENCE saber aca 


+5V e 
‘ANALOG 


) at 


pete tet ey 


17) COMPENSATION 


MSB 


AD9768SD D/A Schematic 
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Quad 12-Bit 
D/A Converter 


FEATURES 

4 Complete 12-Bit D/A Functions 
Double-Buffered Latches | 

Simultaneous Update of All DACs Possible 
+5 V Output Range 

High Stability Bandgap Reference 

Monolithic BiMOS Construction 

Guaranteed Monotonic over Temperature 

3/4 LSB Linearity Guaranteed over Temperature 
4 ws max Settling Time to 0.01% 

Operates with +12 V Supplies 

Low Power: 720 mW max Including Reference 
TTL/5 V CMOS Compatible Logic Inputs 

8-Bit Microprocessor Interface 

24-Pin PDIP or 28-Lead PLCC Package 


PRODUCT DESCRIPTION 

The AD75004 contains four complete, voltage output, 12-bit 
digital-to-analog converters, a high stability bandgap reference, 
and double-buffered input latches on a single chip. The convert- 
ers use 12 precision high speed bipolar current steering switches 
and laser-trimmed thin-film resistor networks to provide fast 
settling time and high accuracy. | 


Microprocessor compatibility is achieved by the on-chip 
double-buffered latches. The design of the input latches allows 
direct interface to 8-bit buses. The 12 bits of data from the first 
rank of latches can then be transferred to the second rank, 
avoiding generation of spurious analog output values. The latch 
responds to strobe pulses as short as 50 ns, allowing use with 
fast microprocessors. 


The functional completeness and high performance of the 
AD75004 results from a combination of advanced switch design, 
the BiMOS II fabrication process, and proven laser trimming 
technology. BiMOSII is an epitaxial BiCMOS process optimized 
for analog and converter functions. The AD75004 is trimmed at 
the wafer level and is specified to +1/2 LSB maximum linearity 
error at 25°C and +3/4 LSB over the full operating temperature 
range. The on-chip output amplifiers provide an output range of 
+5 V, with 1 LSB equal to 2.44 mV. 


REV.A 


AD75004 


FUNCTIONAL BLOCK DIAGRAM 


V REFOUT VREFIN 
O O 


LATCHES 


LATCHES LATCH DA VouT1 
8 + 4-BIT 12-BIT 
LATCH 
CONTROL LOGIC 
'=12V OVss 


© AGND 
O DGND 


—Tiweuts] -AD75004 


GS WR A3 A2 Al AO 


The bandgap reference on the chip has low noise, long term sta- 
bility and temperature drift characteristics comparable to dis- _ 
crete reference diodes. The absolute value of the reference is 
laser trimmed to +5.00 V with 0.6% maximum error. Its tem- 
perature coefficient is also laser trimmed. © 


Typical full-scale gain TC is 15 ppm/°C. With guaranteed mono- 
tonicity over the full temperature range, the AD75004 is well 
suited for wide temperature range performance. 
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AD75004— - SPECIFICATIONS (TI, = +25°C, +12.0 V power supplies sag ‘otherwise a 


Pasa 


Units | 
DIGITAL INPUTS (o-by, A0-A3, CS, WR) | 
Logic Levels (TTL Compatible) we! 
Input Voltage, Logic ‘‘1” V 
Input Voltage, Logic ‘‘0” V 
Input Current, Vj; = 5.5 V pA 
Input Current, V,;;, = 0.8 V pA 
Input Capacitance pF 
ACCURACY 
Resolution Bits 
Integral Linearity Error 3 +1/4 LSB 
Integral Linearity Error, T,,;, to Tmax +1/2  +3/4 LSB 
Differential Linearity Error — _ +1/2 +3/4 LSB 
Differential Linearity Error, T,in tO Tmax Guaranteed Monotonic — ‘ 
Gain (Full-Scale) Error’ = | +2 ‘+10 LSB 
Gain Error Drift, Trin tO Tmax” +15 +30 ppm/°C 
Bipolar Zero Error’ Oe fe. 3 +] +2 LSB 
Bipolar Zero Error Drift, Trin tO Tmax! +3 7 ppm/°C 
CHANNEL- TO-CHANNEL MISMATCH | | 
Integral Pulearity Error LSB. 
Gain Error! LSB 
| Bipolar Zero Error! LSB 
DYNAMIC PERFORMANCE 
Settling Time to +0.01% of FSR. | 
for FSR Change, 2 kQ || 500 pF Load WS 
Slew Rate, 2 kQ || 500 pF Load V/us 
Digital Input Crosstalk (Static)? dB 
ANALOG OUTPUTS | 
Full-Scale Range (FSR) vO 
Output Current | mA 
Short Circuit Limit Current | ~ mA 
VOLTAGE REFERENCE ——, 
Reference Output Voltage Vv : 
Temperature Coefficient ppm/°C 
Reference Output Current’ mA 
Reference Input Voltage | V 
Reference Input Current @ 5.0V mA 
POWER SUPPLY GAIN SENSITIVITY 
- AGain/AVpp, Vpp = +10.8 to +13.2 V de! ppm of FSR/% 
AGain/AVss5, Vss = —10.8 to —13.2 V de? ppm of FSR/% 
POWER SUPPLY REQUIREMENTS 
Voltage Range Vpp; Vss Vv 
Supply Currents Ipp> Iss mA 
TEMPERATURE RANGE 
Specification petra Weer °C 
Storage °C 
NOTES 


‘Gain and bipolar zero errors aré measured using internal voltage reference and include its errors. 

*Digital crosstalk is defined as the change in any one output’s steady state value as a result of any other output being driven from Voyrmin tO Vourmax into a 
2 kQ) || 500 pF load by means of varying the digital input code. 

>The internal voltage reference is intended to drive on-chip only; buffer it if using it externally. | 

‘All minimum and maximum specifications are guaranteed, and specifications shown in boldface are tested on all production units at final electrical test. Results 
from those tests are used to calculate outgoing quality levels. 


Specifications subject to change without notice. 
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AD75004 


TIMING CHARACTERISTICS! (T, = +25°C, +12.0 V power supplies unless otherwise noted) 


Parameter 


ADDRESS INPUTS 


Address Setup Time Poon 
Address Hold Time ns 

DATA INPUTS 
Data Setup Time ns (D0-D7) 
Data Hold Time ns 
Chip Select to Write Setup Time ns eee 
Write to Chip Select Hold Time ns 
Write Pulse Width WRITE 

(WR) 


NOTES 
'Timing measurement reference level is 1.5 V. 


Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS? (T, = +25°C unless otherwise noted) 


Vpp to DGND 
Vss to DGND 
Vpp to Vss 
Verein to AGND 

Digital Inputs to DGND 

AGND to DGND 

Short to AGND on Analog Outputs 
Power Dissipation 

Specification Temperature Range 
Storage Temperature | 

Lead Temperature 


T, = 75°C 


Soldering, 10 seconds 


*Stresses above those listed under “Absolute Maximum Ratings”. may cause permanent damage to the device. 
These are stress ratings only and functional operation of the device at these or any other conditions above those 
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 


TRUTH TABLE 


Control and Address Lines 
WR A3 A2 


Operation 


No operation 
| No operation 
8 LSBs — one input latch © 
4 MSBs — one input latch 
Update one DAC latch 
Update all 4 DAC latches _ 


oooox;7Kr 
oooo~ 
mm OS MX 

= 

* 

> 

© 

* 


NOTE 
_ ¥The Al and AO inputs specify the relevant channel. 
Al AO Channel 


pet > 


CAUTION 3 
ESD (electrostatic discharge) sensitive device. The digital control inputs are Zener protected; WARNI NG! 
however, permanent damage may occur on unconnected devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam AG: 

should be discharged to the destination socket before devices are removed. 


ESD SENSITIVE DEVICE 
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PIN DESCRIPTIONS "4 | | . _ PIN CONFIGURATIONS - eR? eee 
= Ps A a eh ee See ee , 54-Pin Plastic DIP : oy Pe eRe 
Plastic 
PLCC. DIP _. eee ee 
Pin Pin. Name __ Description 9 
1 i D7 ~~ s*DataInput Bit77 
OF. 2 °®&#&«D6 Data Input Bit6 
ge 3° DS ~~ Data Input Bit 5 
St, 4 D4 ~ Data Input Bit.4 ee 
6 a D3 — _ Data Input Bit 3 or i (MSB) eo 
7 6 D2 Data Input Bit 2 or 10 
i 7 Di... _ Data Input Bit 1 or 9 
10 8 DO. ._.. . Data Input Bit 0 (LSB) or 8 
11 9 CS. —-—s Chip Select Input; Active Low 
13 10 WR Write Input; Active Low 
14 11 A3 _ Address Input Bit 3 (MSB) 
15 12 A2 Address Input Bit 2 
16 13 Al Address Input Bit 1 
17 — 14 AO Address Input Bit 0 (LSB). 
18 15 DGND Digital Ground 
19 ~=— 16 AGND Analog Ground 
20 17 Vss ~—12 V Power Supply 
21 18 Vrerout +5 V Reference Output — 
22 19 VREFIN Reference Input 
23 20 Vourto Analog Output 0 
24 21 Vour: . Analog Output 1 
26 22 Vout2 Analog Output 2 
27 a) Vout: Analog Output 3 
28 24 Vop +12 V Power Supply 
4 - NC No Internal Connection : ‘ . ae 
i NC No Internal Connection : z -:, . AD75004KP Palince 
12 aa NC No Internal Connection eae | — ol 
25 - NC —_No Internal Connection. es oo A) ee _ TOP VIEW La) Vier 
ee CF | se (NottoSealey Fy ; 
: . \EFOUT: - 
cs [11 4.19] AGND 
12} [13} 14} |15} 16] [17} | 19) 
gil§ 222 2 Q 
~ NC = NO CONNECT a 
BINARY CODE TABLE ‘ eae , Aes ; ne oe _ .ORDERING GUIDE 


Twos Complement Package Option* 


Value in DAC Latch 


Model e 


AD75004KN _ 
AD75004KP 


| Temperature Range 
0°C to +70°C 
| 0°C to +70°C 


' *N = Plastic DIP; P = Plastic ‘Leaded Chip Carrier. For outline information 


_ Analog Output i 
Voltage 


O111 ©1111 12111 | (2047/2048) * Vereen 


0000 0000 0001 | (1/2048) * VeErn | see Package Information section. 
0000 0000 0000 | OV | | 
— (1/2048) * VREFIN 


—VReFIN 
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ANALOG 
DEVICES 


FEATURES 
Single Chip Construction 
On-Board Output Amplifier 
Low Power Dissipation: 300mW 
Monotonicity Guaranteed over Temperature 
Guaranteed for Operation with +12V Supplies 
Improved Replacement for Standard DAC80, DAC800 
Hi-5680 
High Stability, High Current Output 
Buried Zener Reference 
Laser Trimmed to High Accuracy: 
+1/2LSB max Nonlinearity 
Low Cost Plastic Packaging 


PRODUCT DESCRIPTION 

The AD DAC80 Series is a family of low cost 12-bit digital-to-ana- 
log converters with both a high stability voltage reference and 
output amplifier combined on a single monolithic chip. The AD 
DAC80 Series is recommended for all low cost 12-bit D/A converter 
applications where reliability and cost are of paramount 
importance. 


Advanced circuit design and precision processing techniques 
result in significant performance advantages over conventional 
DAC80 devices. Innovative circuit design reduces the total 
power consumption to 300mW which not only improves reliability 
but also improves long term stability. 


The AD DAC80 incorporates a fully differential, non-saturating 
precision current switching cell structure which provides greatly 
increased immunity to supply voltage variation. This same struc- 
ture also reduces nonlinearities due to thermal transients as the 
various bits are switched; nearly all critical components operate 
at constant power dissipation. High stability, S$iCr thin film 
resistors are trimmed with a fine resolution laser, resulting in 
lower differential nonlinearity errors. A low noise, high stability, 
subsurface Zener diode is used to produce a reference voltage 
with excellent long term stability, high external current capability 
and temperature drift characteristics which challenge the best 
discrete Zener references. 


The AD DAC80 Series is available in three performance grades 
and two package types. The AD DAC80 1s specified for use 
over the 0 to + 70°C temperature range and is available in 

both plastic and ceramic DIP packages. The AD DAC85 and 
AD DAC87 are available in hermetically sealed ceramic packages 
and are specified for the — 25°C to + 85°C and — 55°C to + 125°C 
temperature ranges. | | 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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Complete Low Cost 12-Bit 
D/A Converters 


AD DAC80/AD DAC85/AD DAC87 


FUNCTIONAL BLOCK DIAGRAMS 


| 24] Vaer OUT (MSB) BIT 1 1 | 


|23| GAIN ADJUST 


[22] +Vs * 
|21] common ata] 4 | 21] COMMON 
20] summinauuncrion 85 [ 6 | a SCALING NETWORK 
[19] 20v RANGE are | 6 | | 19 | SCALINGINETWORK 
[18] 10V RANGE ar? | 7 | [18 | SCALING NETWORK 
[17] BIPOLAR OFFSET are | 8 | 17 | BIPOLAR OFFSET 
}16| REF INPUT sr 9} 9 | [16 | REF INPUT 
[15] Vour BIT 10 }10 | 116 | tour 

-Vs art 11 “Vs 


AD DAC80 


*NC - CBI VERSIONS 
+5V - cep VERSIONS 


PRODUCT HIGHLIGHTS 

1. The AD DAC80 series of D/A converters directly sopiines all 
other devices of this type with significant increases in 
performance. 


2. Single chip construction and low power consumption provides 
the optimum choice for applications where low cost and high 
reliability are major considerations. 


3. The high speed output amplifier has been designed to settle 
within 1/2LSB for a 10V full scale transition in 2.0us, when 
- properly compensated. 


4. The precision buried Zener reference can supply up to 2.5mA 
for use elsewhere in the application. 


5. The low TC binary ladder guarantees that all units are 
monotonic over the specified temperature range. 


6. System performance upgrading is possible without redesign. 


PRODUCT OFFERING 

Analog Devices has developed a number of technologies to 
support products within the data acquisition market. In serving 
the market new products are implemented with the technology 
best suited to the application. The DAC80 series of products 
was first implemented in hybrid form and now it is available in 
a single monolithic chip. We will provide both the hybrid and 
monolithic versions of the family so that in existing designs 
changes to documentation or product qualification will not have 
to be done. Specifications and ordering information for both 
versions are delineated in this data sheet. 
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AD DAC80/AD DAC85/AD DAC87— SPECIFICATIONS 


Model 


TECHNOLOGY 


DIGITAL INPUT 

Binary - CBI 

BCD-CCD 

Logic Levels (T'F L Compatible) 
Vira (Logic “*1") 
Vir. (Logic “0”") 
Tn (Vin = 5.5V) 
In (Vir. = 0.8V) 


TRANSFER CHARACTERISTICS 
ACCURACY 

Linearity Error @ + 25°C 
CBI 
ccD 
Ta @ Tmnin tO Trax 

Differential Linearity Error @ + 25°C 

’ CBI 
CCD 
Ta @ Tmin to Tmax 

Gain Error’ 

Offset Error” 

Temperature Range for Guaranteed 
Monotonicity 

DRIFT (Tin tO Tmax) 

Total Bipolar Drift, max (includes gain, 
offset, and linearity drifts) 

Total Error (Timin tO Tmax)* 
Unipolar 
Bipolar. 

Gain 
Including Internal Reference 
Excluding Internal Reference 

Unipolar Offset 

Bipolar Offset 


CONVERSION SPEED 
Voltage Model (V)* 
Settling Time to + 0.01% of FSR for 

FSR change (2k0||S00pF load) 
with 10k0 Feedback 
with 5kQ Feedback 

For LSB Change 
Slew Rate 


ANALOG OUTPUT. 
Voltage Models 
Ranges— CBI +2.5, +5, +10, 


+5,+10 


-CCD 
Output Current . 
Output Impedance (dc) 
Short Circuit Current 
Internal Reference Voltage (Vp) 

Output Impedance 

Max External Current® 

Tempco of Drift 


POWER SUPPLY SENSITIVITY 
+ 1SV + 10%, SV supply when applicable 
+12V +5% 


POWER SUPPLY REQUIREMENTS 
Rated Voltages 
Range 
Analog Supplies 
Logic Supplies . 
Supply Drain 
+12, +15V 
-12, -15V 


TEMPERATURE RANGE 
Specification 
Operating 
Storage 

NOTES 

‘Least Significant Bit. 

“Adjustable to zero with external trim potentiometer. 

2 FSR means “Full Scale Range” and is 20V for the + 10V range and 10V for the +5V Range. 

‘Gain and offset errors adjusted to zero at + 25°C. 

5Cy = 0, see Figure la. 

‘Maximum with no degradation of specification, must be @ constant load. 
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(T, = +25°C, rated power 
supplies unless otherwise 
noted.) | 


AD DAC87 
Units 


ppm of FSR/°C 


%of FSR 
%of FSR 


ppm of FSR/°C 
ppm of FSR/°C 
ppm of FSR/°C 
ppm of FSR/°C 


| £25, +5, +10, 
+5, +10 


+2.5, +5, +10, 
+5, +10 


0.05 


+6.3 
1.5 


mA 
ppm of Va/°C 


% of FSR/%Vs 
% of FSR/%Vs 


Vv 


V 


mA 
mA 


add 


7A minimum of + 12.3V is required for a + 10V full scale output and 
+11.4V is required for all other voltage ranges. 

Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at final electri- 

cal test. Results from those tests are used to calculate outgoing quality levels. All 

min and max specifications are guaranteed, although only those shown in 

boldface are tested on all production units. 
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AD DAC80/AD DAC85/AD DAC87 


Model AD DACS80 AD DAC85C AD DAC85 
Min Typ Max Min- Typ Max Min Typ Max Units 
DIGITAL INPUT 
Binary —CBI Bits 
BCD-CCD Digits 
Logic Levels (TTL Compatible) 
Vin (Logic “1"") Vv 
Viz. (Logic “0"") Vv 
Ina (Vins = 5.5V) pA 
Tyn.(Vun, = 0.8V) pA 
TRANSFER CHARACTERISTICS 
ACCURACY 
, Linearity Error @ + 25°C 
CBI LSB! 
CCD LSB 
Ta @ Trin tO Tmax LSB 
Differential Linearity Error @ + 25°C , 
CBI LSB 
CCD LSB 
Ta a Train to Tmax LSB 
Gain Error’ % FSR? 
Offset Error’ %FSR} 
Temperature Range for Guarantecd ; 
Monotonicity °C 
DRIFT (Tin to Tmax) 
Total Bipolar Drift, max (includes gain, 
offset, and linearity drifts) ppm of FSR/°C 
Total Error (T mint© Tmax)® 
Unipolar % of FSR 
Bipolar % of FSR 
Gain 
Including Internal Reference ppm of FSR/°C 
Excluding Internal Reference ppm of FSR/°C 
Unipolar Offset ppm of FSR/°C 
Bipolar Offset ppm of FSR/°C 
CONVERSION SPEED 
Voltage Model (V)* 
Settling Time to + 0.01% of FSR for 
FSR change (2k1||SO0pF load) 
with 10k Feedback 5 5 5 ps 
with SkN Feedback 3 3 3 ps 
For LSB Change 1.5 1.5 1.5 ps 
Slew Rate 10 15 20 20 Vis 
Current Model (1) 
Settling Time to + 0.01% of FSR 
for FSR Change 10 to 100M Load 300 300 300 ns 
for 1kQ Load | 1 1 ps 
ANALOG OUTPUT 
Voltage Modeis 
Ranges —CBI +2.5, +5, +10, +2.5, +5, +10, +2.5, +5, +10, Vv 
+5, +10 +5, +10 +5, +10 
-CCD +10 — +10 +10 Vv 
Output Current +5 mA 
Output Impedance (dc) 0.05 0.05 0.05 a 
Short Circuit Duration Indefinite to Common Indefinite to Common Indefinite to Common 
Current Models 
Ranges - Unipolar -2.0 -2.0 —2.0 mA 
~ Bipolar +1.0 +1.0 +1.0 mA 
Output Impedance - Bipolar 3.2 3.2 3.2 kQ 
~ Unipolar 6.6 6.6 6.6 ka. 
Compliance ~ 1.5, +10 -2.5, +10 —2.5, +10 Vv 
Internal Reference Voltage (Vp) +6.17  +6.3 +6.17 +6.3 46.17 +6.3 Vv 
Output Impedance 1.5 1.5 1.5 2 
Max External Current® mA 
Tempco of Drift + ppm of Vp/°C 
POWER SUPPLY SENSITIVITY 
+ 1SV + 10%, 5V supply when applicable ‘+ 0.002 + 0.002 + 0.002 % of FSR/%Vs 


POWER SUPPLY REQUIREMENTS 
Rated Voltages 
Range 
Analog Supplies 
Logic Supplies 
Supply Drain’ 
+15V 
—15V 
+5V8 


TEMPERATURE RANGE 
Specification 
Operating. 
Storage 


NOTES 

‘Least Significant Bit. 

Adjustable to zero with éxternal trim potentiometer. 

3FSR means “Full Scale Range” and is 20V for the + 10V range and 10V for the + 5V range. 
‘Gain and offset errors adjusted to zero at + 25°C. 


REV.B 


5Cp=0, see Figure la. 

SMaximum with no degradation of specification, must be a constant load. 
"Including SmA load. 

®45V supply required only for CCD versions. 


. Specifications subject to change without notice. 
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AD DAC8O/AD DAC85/AD DAC7—SPECIFICATIONS “=r"™""™"= 


Model os -- ADDACSLD- - == |. = s AD DACSSMIL-—s—|5— > — |} —:s AD AACS 


Min Typ Max [Mi Typ Min Typ x | Units 
TECHNOLOGY 
DIGITAL INPUT 
Binary —CBI Bits 
BCD-CCD - Digits 
Logic Levels (TTL Compatible) : 
Vin (Logic **1”") Vv 
Vi. (Logic ‘‘0”") Vv 
Ita (Vin = 5.5V) nA 
In. (Vu. = 0.8V) pA 
TRANSFER CHARACTERISTICS 
ACCURACY 
Linearity Error @ + 25°C 
CBI LSB! 
ccD LSB 
Ta @ Trin tO Tmax LSB 
Differential Linearity Error @ + 25°C 
CBI LSB 
CCD LSB 
Ta @ Trin tO Tax LSB 
Gain Error’ % FSR? | 
Offset Error’ %FSR? 
Temperature Range for Guaranteed 
Monotonicity °C 
DRIFT (Tin tO Tmax) 
Tota! Bipolar Drift, max (includes gain, 
offset, and linearity drifts) ppm of FSR/°C 
Total Error (TmintO Tmax)” 
Unipolar %of FSR 
Bipolar %of FSR 
Gain = 
Including Internal Reference ppm of FSR/°C 
Excluding Internal Reference ppm of FSR/°C 
Unipolar Offset ‘ppm of FSR/°C 
Bipolar Offset ppm of FSR/°C 
CONVERSION SPEED 
Voltage Model (V)° 
Settling Time to + 0.01% of FSR for 
FSR change (2kM||500pF load) 
with 10k0 Feedback ps 
with 5kN Feedback ps 
For LSB Change ps 
Slew Rate - Vins 
Current Model (I) 
Settling Time to + 0.01% of FSR 
for FSR Change 10 to 10092 Load ns: 
for 1k Load ps 
ANALOG OUTPUT 
Voltage Models ; 
Ranges ~ CBI +2.5,+5,+10, . , +2.5, +5, +10, +2.5, +5, +10, Vv 
+5, +10 +5,+10 +5,+10 
-CCD 7 Vv 
Output Current Ts5. * +5 — Fe mA 
Output Impedance (dc) A 0.05 , 0.05 " 2 
Short Circuit Duration i - Indefinite toCommon _ Indefinite to Common 
Current Models ; ; 
Ranges — Unipolar . ~2.0 aa -2.0 mA 
- Bipolar } : a +1.0 ! +1.0 . mA 
Output Impedance - Bipolar “ 43; ‘ 3.2, . : 3.2 ‘ kQ 
— Unipolar ; 6. 6 : 6.6 F ko, 
Compliance o . - 2.5, +10 ~1.5, +10 Vv 
Internal Reference Voltage (Vp) +6.17 +63 ; . +6.3 : ; +6.3 . V. 
Output Impedance : _ : 1.5 2 
Max External Current® mA ; 
Tempco of Drift ppm of Vp/°C 
POWER SUPPLY SENSITIVITY f ngentne : is ; 
+ 15V + 10%, SV supply wher. applicable %ofFSR/%Vs © a pe aes 
POWER SUPPLY REQUIREMENTS “ef 
Rated Voltages 15,5 | +15,5 . +15,5 Vv; 
Range i 
Analog Supplies +14.5 +15.5 +145 + 15,5 +13.5 + 16.5 Vv 
Logic Supplies +45 + 15.5 + 45 ; +15.5 +4.5 + 16.5 Vv 
Supply Drain” 
+15V mA 
—15V 


+5Vv! 
TEMPERATURE RANGE 
Specification 
Operating 
Storage 


NOTES “ ao fen 

‘Least Significant Bit. Cp =O, see Figure la. 

?Adjustable to zero with external trim potentiometer. ®Maximum with no degradation of specification, must be a constant load. 
3FSR means ‘Full Scale Range” and is 20V for the + 10V range and 10V for the + sv range. . "Including SmA load. 


‘Gain and offset errors adjusted to zero at + 25°C. ®+5V supply required only for CCD versions. 
: _ Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS —— _ . 
+Vs to Power Ground ......... oe... OV to +18V 


—Vs to PowerGround .............. OV to —18V 
_ Digital Inputs (Pins 1 to 12) to Power Ground ... -—1.0V to 
+7V 


> 15 | Vour 


Fa] -v. 


AD DAC80 


*NC - CBI VERSIONS 


'+5V - CCD VERSIONS 


raat BIPOLAR OFFSET 
16 | REF INPUT : 


Voltage Model Functional Diagram and Pin Canfiguration 


Model. 

AD DAC80N-CBI-V_ 
AD DAC80D-CBI-V 
AD DAC85D-CBI-V 
AD DAC87D-CBI-V 


AD DAC80-CBI-V 
AD DAC80-CBI-I 

AD DAC80-CCD-V 
AD DAC80-CCD-I 
AD DAC80Z-CBI-V** 
AD DAC80Z-CBI-I** 


AD DAC80Z-CCD-V** 


AD DAC80Z-CCD-I** 


AD DAC8SC-CBI-V 
‘AD DAC85C-CBI-I- 
AD DAC85-CBI-V 
AD DACS85-CBI-I 


AD DAC8SLD-CBI-V _ 


AD DAC85LD-CBI-I 
AD DACS85MIL-CBI-V 
AD DAC85MIL-CBI-I 
AD DAC85C-CCD-V 
AD DAC85C-CCD-I 
AD DAC85-CCD-V 
AD DAC85-CCD-I 


AD DAC87-CBI-V 
AD DAC87-CBI-I 


Code © 


Input 


Binary | 

Binary 

Binary 

Binary 

Binary 

Binary 

Binary Coded Decimal 
Binary Coded Decimal 


Binary , 


Binary 

Binary Coded Decimal 
Binary Coded Decimal 
Binary 

Binary 

Binary 

Binary 

Binary 

Binary 

Binary 


| Binary 


Binary Coded Decimal 
Binary Coded Decimal 
Binary Coded Decimal 
Binary Coded Decimal 
Binary 
Binary 


*For outline information see Package Information section. 


~ Voltage 
Voltage 


Voltage 
Voltage 


Voltage 
Current 
Voltage 
Current 
Voltage 
Current 
Voltage 


Current — 


Voltage 
Current 


Voltage _ 
Current — 


Voltage 
Current 
Voltage 
Current 
Voltage 


Current | 


Voltage 
Current 


Voltage 
Current 


Ref In to Reference Ground 


AD DAC8O/AD DAC85/AD DAC87 


Co al ard oc ct oe gee 4 os SEV 
Bipolar Offset to Reference Ground. .......... +12V 
10V Span R to Reference Ground. ........... +12V 
20V Span R to Reference Ground. ........... +24V 


Ref Out 


Indefinite short to power ground or + Vs 


REF 
CONTROL 
CIRCUIT 


“NC — CBI VERSIONS 
+5V - CCD VERSIONS 


Current Model! Functional Diagram and Pin Configuration 


ORDERING GUIDE — 


‘Output “i Temperature ; 
- Mode Technology | Range | : 


|- Monolithic 


Oto +70°C 
“Oto + 70°C 


—25°Cto + 85°C 
—55°Cto + 125°C 


Oto + 70°C 
Oto + 70°C 
Oto + 70°C 
Oto + 70°C 
Oto + 70°C 
Oto +70°C 
Oto + 70°C 
Oto + 70°C 


Oto + 70°C 

Oto + 70°C 

— 25°C to + 85°C 
— 25°C to + 85°C 
— 25°C to + 85°C 
— 25°C to + 85°C 
— 55°C to + 125°C 
— 55°C to + 125°C 
Oto + 70°C 

Oto + 70°C 


Monolithic © 
Monolithic 
Monolithic 


Hybrid 
Hybrid 
Hybrid 
Hybrid 
Hybrid 
‘Hybrid 
Hybrid 
Hybrid 
Hybrid 
Hybrid 
Hybrid 
Hybrid 
Hybrid 
Hybrid 
Hybrid 
Hybrid — 
Hybrid 
Hybrid 
Hybrid 
Hybrid 
Hybrid 
- Hybrid 


~ = 25°C to + 85°C 
— 55°C to + 125°C 
— 55°C to + 125°C 


**7Z-Suffix devices guarantee performance of 0 to +5V and +5V spans with minimum supply voltages of + 11.4V. 
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— 25°C to +85°C © 


Linearity 
Error. 


+ 1/2LSB 


1+ 1/2LSB- 
~+1/2LSB 


+ 1/2LSB 
+1/2LSB 


+1/2LSB_ 


+ 1/4LSB 
+ 1/4LSB 
+ 1/2LSB 
+ 1/2LSB 
+ 1/4LSB 
+ 1/4LSB 


+1/2LSB 


+ 1/2LSB 
+ 1/2LSB 


+ 1/2LSB. 
+1/2LSB 
-+1/2LSB 


+ 1/2LSB 
+ 1/2LSB 
+ 1/4LSB 
+ 1/4LSB 
+ 1/4LSB 
+ 1/4LSB 


+ 1/2LSB 
+ 1/2LSB 


Package 
Option* 
N-24A 


 D-24-- 


D-24 
D-24 
DH-24A 


-‘DH-24A 


DH-24A 
DH-24A 
DH-24A 
DH-24A 
DH-24A 
DH-24A 


DH-24A 


- -DH-24A 


DH-24A 
DH-24A 
DH-24A 
DH-24A 
DH-24A 


DH-24A | 


DH-24A 
DH-24A 
DH-24A 
DH-24A 


DH-24A 
DH-24A 
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DEVICES _ 


FEATURES 


_ © Fast Settling Output Current ..................... 85ns 
e Full-Scale Current Prematched to +1 LSB 
© Direct Interface to TTL, CMOS, ECL, HTL, PMOS | 
e Nonlinearity to .0.1% Maximum Over Temperature Range 
© High Output impedance and 

Compliance ............. 0... 00. c cease -10V to + 18V 


© Complementary Current Outputs | 

¢ Wide Range Multiplying Capability ... 1MHz Bandwidth 
@ Low FS Current Drift .............. Lealcaer +10ppm/°C 
© Wide Power Supply Range ............. +4.5V to +18V 
@ Low Power Consumption ............... 33mW @ +5V 
@ Low Cost 

@ 


Available in Die Form 


GENERAL DESCRIPTION 

The DAC-08 series of 8-bit monolithic digital-to-analog 
converters provide very high-speed performance coupled 
with low cost and outstanding applications flexibility. 


Advanced circuit design achieves 85ns settling times with 
very low “glitch” energy and at low power consumption. 
Monotonic multiplying performance is attained over a wide 
20 to 1 reference current range. Matching to within 1 LSB 
between reference and full-scale currents eliminates the 
need for full-scale trimming in most applications. Direct 


EQUIVALENT CIRCUIT 


BIAS 
NETWORK 
CURRENT 


VREF (+) SWITCHES 
OO 


-VRer (-) 


REFERENCE 
| AMPLIFIER 


16 
COMP 


_ This is an abridged data sheet. To obtain the most recent version or 
- complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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W ANALOG — 8-Bit, High Speed, Multiplying D/A Converter 
_(Universal Digital Logic Interface) — 


DACO8 


interface to all popular logic families with full noise immunity | 
is provided by the high swing, adjustable threshold logic 
input. . 


High voltage compliance complementary current outputs are 
provided, increasing versatility and enabling differential 
operation to effectively double the peak-to-peak output 
swing. In many applications, the outputs can be directly 
converted to voitage without the need for an external op amp. 


All DAC-08 series models guarantee full 8-bit monotonicity, 
and nonlinearities as tight as +0.1% over the entire operating 
temperature range are available. Device performance is 
essentially unchanged over the +4.5 to +18V power supply 
range, with 33mW power consumption attainable at +5V 
supplies. 


The compact size and low power consumption make the 
DAC-08 attractive for portable and military/aerospace appli- 


cations; devices processed to MIL-STD-883, Level B are 


available. | 


DAC-08 applications include 8-bit, 14s A/D converters, servo 
motor and pen drivers, waveform generators, audio encoders 
and attenuators, analog meter drivers, programmable power 


_ supplies, CRT display drivers, high-speed modems and other 
_ applications where low cost, high speed and complete input/ 


output versatility are required. 
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ABSOLUTE MAXIMUM RATINGS (Note 1) Reference Input Differential Voltage | 

Operating Temperature 7 AV ARON 2) ces tec Sesites sctecannsaecstnesannnivesi saueanehs ebocaess 
DAC-O8AQ, Q uu... cccccccsssseeseeessseeeess vee 95°C to +1 25°C Reference Input Current (I, 4) .....-.:ecccsssssscesssssesesseeneeees 
DAC-08HQ, EQ, CQ, ie EP: GCP, GCS esauti 0°C to +70°C : 

Junction Temperature (T,) .....:.ccscecseeseeeee -65°C to +150°C RAORASE TEPe — _. Sia NOTES 8c 

Storage Temperature Q ae secs Pulose Rac atontsee —65°C to +150°C 16-Pin Hermetic DIP (Q) 100 16 

Storage Temperature P Package .................. —65°C to +125°C 16-Pin Plastic DIP (P) 82 39 

Lead Temperature (Soldering, 60 S@C) ...............cseeeeeee 300°C 20-Contact LCC (RC) 76 36 

V+ Supply to V— Supply «0.00... eee cecesseeccsneessneeeessreeseees 36V 16-Pin SO (8) M1 35 

LOGIC INPUTS ai.tstcceaicrartinieaiprececesscenetviinae V-— to V— plus 36V nceS. 

Vc fs sages Pacnancgcaa is aesdt lastest cae ams stebaeeaneacetiate V—to V+ ; 


1. Absolute maximum ratings apply to both DICE and package Ss, unl 
Analog Current Outputs (at V.— = PT5V) ticked. 4.25mA otherwise noted. saeeess a a a at 
Reference Input (V 14 t0 V V—to V+ 2. @,, is specified for worst case mounting conditions, i.e., @,, is specified for 
device in socket for CerDIP, P-DIP, and LCC packages; 8; a (Ss specified for 
device soldered to printed circuit board for SO package. 


i erat auicleneend 


ELECTRICAL CHARACTERISTICS at Vg =+ 15V, Ipep=2.0mA, —55°C < Ta< + 125°C for DAC-08/08A, pe etree ree 
DAC-08C, E & H, unless otherwise noted. Output characteristics refer to both |gyt and lout. 


DAC-08A/H DAC-08E DAC-08C 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 
Resolution 8 ae _ 8 ae = 8 = — Bits 
Monotonicity | 8 ~ — 8 — — 8 — — Bits 
Nonlinearity NL —~ _ +01 — — +0.19 _ — +0.39 %FS 


Settling Time t 4o = MeTeB all bis swliched 85 «135 85 «150 85 150 
2 $ ON or OFF, T, = 25°C, Note) Va aps 


Propagation Delay 


Each bit tpLH Ty = 25°C po = 35 60 _ 35 60 ~ 35 60 ‘ 
All bits switched tact. \Note | —~ 35 60 — 35 60 — 35 60 one 
Full-Scale Tempco , — +10 +50 — +10 +80 — +10. +80 
TCI m/° 
‘Note & DAC-08E -~— = = —- — +50 ee dated 
Output Voltage Compliance Full-Scale current change 
‘ : : Voc oe -10 — +18 -10 — +18 -10 — +18 Vv 
‘True Compliance: <1/2 LSB, Royt > 20M? typical 
Veer = 10.000V 
Full Range Current lena Rig Ry5 = 5.000k2) 1.984 1.992 2.000 194 199 2.04 194 199 2.04 mA 
Tp = +25°C 
Full Range Symmetry lens lena~leRo — +05 +4 +1 +8 aa +2 +16 pA 
Zero-Scale Current las ae 0.1 1 et 0.2 2 me 0.2 4 pA 
IOR R14. Ry5 = 5.000k22 21 — _ 2.1 ~ — 2.1 — _ 
Output Current Range ee: Vref = + 15.0V, V- = -10V mA 
: Vrer = +25.0V, V- = -12V 4.2 2 = 4.2 = = 4.2 _ = 
Output Current Noise Ipep = 2MA = 25 _ _ 25 _ — 25 = nA 
Logic Input Levels 
Logic “oO” Vin Vic =0V . = = 0.8 — = 0.8 = — 0.8 Vv 
Logic Input “1” Vit 2 = = 2 aa = 2 oe _ 
Logic Input Current Vic = OV 
Logic “0” lip Vin = ~10V to +0.8V — -2 -10 — -2 -10 — -2  -10 ie 
Logic Input “1” hi Vin = 2.0V to 18V — 0.002 10 — 0.002 10 — 0.002 10 
Logic Input Swing Vis V-=~-15V -10 _ +18 -10 — +18 -10 — +18 Vv 
Logic Threshold Range VTHR Vs = +15V, (Note) -10 — +13.5 ~10 — +13.5 ~10 — +13.5 Vo 
Reference Bias Current 145 Se ~3 = =] -3 = aa | ~3 BA 


Reqg= 200 See fast pulsed 
Reference Input Slew Rate di/dt R, = 10022. ref. info. 4 8 _— 4 8 _ 4 8 — MmA/ ps 
Co=OpF following. (Note) 


PSSI V+ = 4.5V to 18V —+0.0003 +0.01 —+0.0003 +0.01 —+0.0003 +0.01 %Mo/%AV+ 

Power Supply Sensitivity FSt — yV- =-4.5V to -18V — +0.002 +0.01 — +0.002 +0.01 — +0002 +0.01 %Mo/%AV- 
PSSieg- maievES 
REFS um 


NOTE: Guaranteed by design. 
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ELECTRICAL CHARACTERISTICS at Vs= + 15V, Iperp=2.0mA, —55°C =TaS +t 125°C for DAC-08/08A, 0°C <Tas+70°C for 
DAC- 08c, E & H, unless otherwise noted. Output characteristics refer to both Iquyu7 and lour- ( Continued) “% 


2 -_ DAC-08A/H _ DAC-08E DAC-08C 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX 
| I+ Vg = +5V, Inep = 1.0mA a 2.3 3.8 _ 2.3 3.8 _ 23 38 
I- _ — — -43 -58 - = -43 -58 9 — -43. -58 
Vg = +5V, -15V, Inge = 2.0MA ~ 2.4 3.8 hae 2.4 3.8 — 24 38 
: Current ae 
power supp Curren | — -64 -78 —- -64 -78  — -64 -78 
It Vg = + 15V, Inge = 2.0MA | = 25 = 3.8 —- 25 38 —- 25 38 
I- —- -65 -78 — 65 -78 — -65 -7.8 
| +5V, Inger = 1.0MA 83 —- 33 48 — 33 48 
Power Dissipation Py +5V, -15V, Ipeg = 2.0MA _ 108 136 — 103 136 = 108 136 
+15V, Ipep = 2.0MA — — 135 174 es 135 174 — 135 174 


UNITS 


mA 


mw 


NOTE: Guaranteed by design. 


ORDERING INFORMATION?{ 


16-PIN DUAL-IN-LINE PACKAGE " OPERATING 
TEMPERATURE 

NL HERMETIC PLASTIC LCC RANGE. 
01%  CACO8AQ” ee ts MIL 

=" DACOBHQ DACO8HP = COM 
ot9% DACA" = DACO8RC/883 MIL 
*"" DACO8EQ DACO8EP — COM 

DACO8CQ DACO8CP bes 

399 7 2 COM 
vases DACO8CStt - = 


» 


For devices processed in total compliance to MIL-STD-883, add /883 after part 
number. Consult factory for 883 data sheet. 

Burn-in is available on commercial and industrial temperature range parts in 
-‘CerDIP, plastic DIP, and TO-can packages. 

tt For availability and burn-in information on SO and PLCC packages, contact 
your local sales office. 


as 
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16-PIN DUAL-IN-LINE 
PACKAGE 


(Q-Suffix) 


DAC-08RC/883 
-20-LEAD LCC 
(RC-Suffix) 


16-LEAD SO 
(S-Suffix) 
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ANALOG -16-Bit High Speed 
DEVICES Current-Output DAC 


FEATURES FUNCTIONAL BLOCK DIAGRAM 
+1 LSB Differential Linearity ivan 
Guaranteed Monotonic Over Temperature Range 
+2 LSB Integral Linearity (max) REF [NeUFFER 
500 ns Settling Time ef 
REF GND © 


5 mA Full-Scale Output 
TTL/CMOS Compatible 


Low Power: 190 mW (typ) Vv 

Available in Die Form AGB O lout 
APPLICATIONS sean 

Coreen DBO (LSB) DB15 (MSB) 


Data Acquisition Systems 
High Resolution Displays 


a SRA AN RCE RN CNT 
—— Mooe-eevt tL of || 


TURNING OFF 
Vioaic = OV 
Pe TURNING ON 
Bae ee ae ae 


GENERAL DESCRIPTION 

The DAC16 is a 16-bit high speed current-output digital-to- 
analog converter with a settling time of 500 ns. A unique combi- 
nation of low distortion, high signal-to-noise ratio, and high 
speed make the DAC16 ideally suited to performing waveform 
synthesis and modulation in communications, instrumentation, 
and ATE systems. Input reference current is buffered, with full- 
scale output current of 5 mA. The 16-bit parallel digital input 
bus is TTL/CMOS compatible. Operating from +5 V and , 
—15 V supplies, the DAC16 consumes 190 mW (typ) and is 0.001 


PERCENT OF FULL-SCALE ~ % 


available in a 24-pin epoxy DIP, epoxy surface-mount small out- 6 10 2000 S00 400 500 G00 700 800 
line (SOL), ceramic side brazed DIP, 28-pin leadless ceramic ae aaa as | 
chip carrier (LCC) packages, and in die form. Figure 1. DAC16 Settling Time Accuracy vs. Percent of ° 
. Full Scale 
ORDERING GUIDE 


Package Option! 


Grade DNE Gnas 


DACI16EP —40°C to +85°C 24-Pin PDIP N-24 
DACI6ES —40°C to +85°C 24-Pin SOL R-24 
DACI6FP —40°C to + 85°C 24-Pin PDIP N-24 
DACI6FS —40°C to +85°C 24-Pin SOL R-24 _ 
DACI6BVB2 —55°C to +125°C 24-Pin Ceramic DIP D-24A 
DACI6BTC? —55°C to +125°C 28-Pin LCC E-28A 


DACI16GBC +25°C Die 


NOTES 
1For package outline information see Package Information section. 
Consult factory for availability. 
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DAC16— -SPECIFICATIONS 


(@ Vec = = +5.0 V, Vee = = —15.0 V, leer = = 0.5 mA, ee — AT af. 


ELECTRICAL CHARACTERISTICS —40°C = T, = +85°C unless otherwise noted. See Note 1 for supply wee 


- Integral Linearity “E” A= “ _ 7 2 | LSB. 
Integral Linearity “E” . | LSB . 
Differential Linearity “E” | ei 20: -. | LSB . 
Differential Linearity “E” | _ =. «s | 7. +15. -| LSB . 
- Integral Linearity “F” | | Ta: + sae +4. | LSB 
Integral Linearity “F” . . . | LSB 
Differential Linearity “F” | > | LSB 
Differential Linearity “F” : 6: 4 LSB 
Zero Scale Error | LSB 
Zero Scale Drift | ppm/°c 
Gain Error % FS 
Gain Drift ie ppm/°C 


REFERENCE? 
Reference Input Current 


OUTPUT CHARACTERISTICS 
Output Current Note 2 
Output Capacitance tC 
Settling Time 0.003% of Full Scale 


LOGIC CHARACTERISTICS | | 
Logic Input High Voltage : Ta = +25°C 
Logic Input Low Voltage = || ~*V Ta = +25°C 
Logic Input Current Vin = 5.0 V; DBO-DB10 
Logic Input Current : | Vin = 5.0 V, DB11-DBI15 
Logic Input Current , Vin = 0 V, DBO-DB15 
Input Capacitance 7 


SUPPLY CHARACTERISTICS : 
Power Supply Sensitivity | Voc = 4.5 V to 5.5 V, Vex = —13 Vto -17 V 
Positive Supply Current All Bits HIGH eS 
Positive Supply Current | All Bits LOW 
Negative Supply Current a 
Power Dissipation 


NOTES 
1All supplies can be varied +5% and operation is guaranteed. Device is tested with nominal supplies. 
Operation is guaranteed over this reference range, but linearity is neither tested nor guaranteed (see Figures 7 and 8). 


Specifications subject to change without notice. 
WAFER TEST LIMITS (@ vec = +5.0 V, Ver = —15.0V, Iper = 0.5 MA, Cooyp = 47 pF, Ty = +25°C unless otherwise noted.) 


Parameter 


Integral Nonlinearity LSB max 


Differential Nonlinearity LSB max 
Zero Scale Error LSB max 
Gain. Error % FS max 
Logic Input High Voltage V min 
Logic Input Low Voltage V max 
Logic Input Current ~ pA max 
Positive Supply Current mA max 
Negative Supply Current mA max 


mW max 


Power Dissipation 
NOTE 


Electrical tests are performed at wafer probe to the limits sfinat Due to variations in assembly methods and normal yield loss, yield after packaging is not guar- 
anteed for standard product dice, Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 
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DICE CHARACTERISTICS 


Voc PGND lass Cooup . loyr AGND 


DB15 (MSB) 


DB14 


DBS OBS OB7 DBE DBS DB4 


Die Size 0.129 x 0.153 inch, 19,737 sq. mils 
(3.277 x 3.886 mm, 12.73 sq. mm) 
The DAC16 Contains 330 Transistors. 


ABSOLUTE MAXIMUM RATINGS 
(T, = +25°C unless otherwise noted) 


Vee 10. Veep rie ea aa ee a eee ele -0.3 V, +25.0 V 
Vee 1O'DGND- 560 454 fag ates tad ais -—0.3 V, +7.0V 
Vax tO AGND occieciie ee cies wees bee +0.3 V, -18.0 V 
DGND to AGND .............000000% —0.3 V, +0.3 V 
REF GND to AGND ................ -0.3 V, +1.0V 
Oe et ee ee a ere ee 1 mA 
Analog Output Current .............0 00 e eee 8 mA 
Digital Input Voltage to DGND ...........:5.... Vee 
Operating Temperature Range . 

EP; BPs ES3 9! 3625 ae oS eee —40°C to +85°C 

BEC, BV BS & csanh 24c6 ae Soh ee cede —55°C to +125°C 
Dice Junction Temperature ...............6.- +150°C 
Storage Temperature ......... heute —65°C to +150°C 
Power Dissipation .............. 002000005 1000 mW 
Lead Temperature (Soldering, 60 sec) ........... + 300°C 
Package Type ni 
24-Pin Plastic DIP (P) °C/W 
24-Lead Plastic SOL (S) °C/W 


24-Lead Size Brazed DIP (VB) 
28-Lead Hermetic LCC (TC) 


NOTE | | ; 
"Os, is specified for worst case mounting conditions, i.e., 6,4 is specified for 
device in socket. 


CAUTION , 

1. Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. This is a stress 
rating only and functional operation at or above this specifica- 
tion is not implied. Exposure to the above maximum rating 
conditions for extended periods may affect device reliability. 


2. Digital inputs and outputs are protected; however, permanent 
damage may occur on unprotected units from high energy 
electrostatic fields. Keep units in conductive foam or packaging 
at all times until ready to use. Use proper antistatic handling 
procedures. 


3. Remove power before inserting or removing units from their 
sockets. 
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PACKAGE PINOUTS 


24-Pin DIP (P, S, VB) 


DAC16 


TOP VIEW 
(Not to Scale) 


28-Pin LCC (TC) 

9 7 
oe page 
4 3 2 1 2 27 2. 
SOO) oo 


DB15(MSB) 5) | |_(25 REF GND 


DB14 6) | (24 v,. 
DB13 7) {23 Bo (LsB) 
DB12 8) | {22 NC | 
DB11 9) | | (21 DB1 
DB10 10) | | (20 DB2 
NC 11) | | (19 NC 
RiRiRiRER 
12 13 14 15 16 17 18 
ee S28 28 8 
NC = NO CONNECT 
PIN DESCRIPTION 


Description 


Reference Current Input 
Digital Ground 


3 Voc +5 V Digital Supply 
4-19 DB15-DB0 | 16-Bit Digital Input Bus. 
DB15 Is the MSB. 
20 —15 V Analog Supply 
21 Reference Current Return 
22 Analog Ground/Output 
| Reference 
23 Current Output 
24 _| Current Ladder Compensation 


No Connects 
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+5V 


NC 


~ ~15V 


RRSRSASaRERG 
pT ETT 


Figure 2. Burn-In Diagram 


OPERATION 
Novel DAC Architecture 


The DAC16 was designed with a compound DAC architecture 
to achieve high accuracy, excellent linearity, and low transition 
errors. As shown in Figure 3, the DAC’s five most-significant 
bits utilize 31 identical segmented current sources to obtain opti- 
mal high speed settling at major code transitions. The lower 
nine bits utilize'an inverted R-2R ladder network which is laser- 
trimmed to ensure excellent differential nonlinearity. The mid- 
dle two bits (DB9 and DB10) are binary-weighted and scaled 
from the MSB segments. Note that the flow of output current is 
into the DAC16—-there is no signal inversion. As shown, the 
switches for each current source are essentially diodes. It is for 
this reason that the output voltage compliance of the DAC16 is 
limited to a few millivolts. The DAC16 was designed to operate 
with an operational amplifier configured as an I-V converter; 
therefore, the DAC16’s output must be connected to the sum 
node of an operational amplifier for proper operation. Exceeding 
the output voltage compliance of the DAC16 will introduce lin- 
earity errors. The reference current buffer assures full accuracy 


DB10 DB9 i 


DB11-DB15 


31 CURRENT SOURCES 


62.5uA 
125uA EACH 


31.25yA 


Y Coomp 


4kQ 4kQ. 4kQ 


fswe] [sw7] [swe] 


® OY OO® o @ 


and fag seitlitig by controlling the MSB reference node. The 
16-bit parallel digital input is TTL/CMOS compatible and 
unbuffered, minimizing the deleterious effects of digital feed- 
through while allowing the used to tailor the digital interface to 
the speed requirements and bus configuration of the application. 


Equivalent Circuit Analysis 

An equivalent circuit for static operation “of the DAC16 is illus- 
trated in Figure 4. Ipgr is the current applied to the DAC16 
and is set externally to the device by Vrer and Repr. The out- 
put capacitance of the DAC16 is approximately 10 pF and is 
code independent. Its output resistance ‘Rot is code dependent 
and is given by: Se : 


DB\IO 8 =X 
144 144 kQ * 72 kO 


i 1 m 
Ro. BRO 


DB9 | 


288 kO kO. 
where 


DB9 = State of Data Bit 9 = 0 or 1; 
DB10 = State of Data Bit 10 = 0 or 1; and 


X = Decimal representation of the 5 MSBs (DB11- eee = 0 
to 31. 


ee 65,536 ~ Digital Code 7 
lour = 8° lner [ence 
R,=SEETEXT - - 


Cy = 10pF 


Figure 4. Equivalent Circuit for the DAC16 © 


Table I provides the relationship between the input digital code 
and the output resistance of the DAC16. | ‘ 


Table I. DAC16 Output Resistance v vs. Digital Code | 


Output Resistance 


Hex Digital Code 


Zero 

1/4 

1/2 

3/4 

Full - 1 LSB 


_ DBO-DB8 : AGND 
O 


DBO-DB15 
SWITCH DETAIL 


8kQ 4kQ. 


Figure 3. DAC16 Architecture 
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Typical. Performance Characteristics—DAC16 


Digital Input Considerations This input capacitance can be used in conjunction with an exter- 
The threshold of the DAC16’s digital input circuitry is set at nal R-C circuit for digital signal deskewing, if required. In 

1.4 V, independent of supply voltage. Hence, the digital inputs applications where some of the DAC16’s digital inputs are not 
can interface with any type of 5 V logic. Illustrated in Figure 5 used, the recommended procedure to turn off one or more 

is the equivalent circuit of the digital inputs. Note that the indi- inputs is to connect each input line to +5 V as shown in Fig- 
vidual input capacitance is approximately 7 pF. ure 6. 


O +0.7V 


Figure 5. Equivalent Circuit of a DAC16 Digital Input Figure 6. Handling Unused DAC16 Digital Inputs 


a 
a ae 
al} 
< 
s e o 
id < ad 
< y 
ud = WwW 
= al | 
3 5 3 
§ : % 
d = 
: é : 
Ww c 
- WW 
z tk 
a 
—4 . 
0.2 03 0.4 0.5 0.6 0.7 0.2 0.3 0.4 0.5 0.6 0.7 -40 -20 0 20 40 60° 80 
REFERENCE CURRENT - mA REFERENCE CURRENT - mA TEMPERATURE ~ °C 
Figure 7. Integral Nonlinearity vs. Figure 8. Differential Nonlinearity Figure 9. Zero Scale Output vs. 
Iper | VS. Iper Temperature 


Vec = +5V 
Vee = -15V 
lReF = 0.5mA 


GAIN ERROR - LSB 


INTEGRAL NONLINEARITY - LSB 
‘DIFFERENTIAL NONLINEARITY - LSB 


-40 -20 0 20 40 60 80 -40 -20 0 20 40 60 80 —40 -20.0 20 40 60 80 
TEMPERATURE - °C TEMPERATURE -— °C TEMPERATURE - °C 
Figure 10. Gain Error vs. Figure 11. Integral Nonlinearity Figure 12. Differential Non- 
‘Temperature vs. Temperature | linearity vs. Temperature’ 
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20 


ec, LOGIC BITS = HIGH 


_ 
a 


10 


llee|, LOGIC BITS = LOW 


Ee ee ee 


aa 
[Tee toae ars =e 
i ee 


Ic: LOGIC BITS = LOW 


-40 -20 0 20 40 60 80 
TEMPERATURE -— °C 


SUPPLY CURRENT — mA 


Figure 13. Supply Current vs. 
Temperature | 


Vee = +5V, Vee =-1 5V : 
Ta = +25°C, lner =0.5mA 


WORST c CASE + ONL \ 


SSS 
SON 


DIFFERENTIAL NONLINEARITY - LSB 


0 200. 400 600 800 1000 1200 
BURN-IN TIME — Hours 


Figure 16. Differential Nonlinearity 
vs. Time Accelerated by Burn-in 


LOGIC INPUT VOLTAGE ~V 
ALL DATA BITS 


Figure 14. Vcc Supply Current vs. 


Logic Input Voltage, All Data Bits 


[pron ona inc 


a \ 

: ie 

> AL MAGA Ren 2 

ec 

< 

Z 

z ANS SS NS 

Z ORRARCARSSRG 

<x; SSN AA RANA AAA AAT | 

fe Z eae ie ORST CASE - INL 

BS leet ce eo | 
Tear seene [| 


0 -:-200-°' 400 600 800 1000 1200 
BURN-IN TIME — Hours 


Figure 17. Integral Nonlinearity vs. 
Time Accelerated by Burn-In 


LOGIC BIT CURRENT —uA - 


GAIN ERROR —LSB 


~40 -20 0 20 40 60 980 
TEMPERATURE - °C 


Figure 15. Digital Input Current vs. 
Temperature 


SN 
— 


Seer 


SES \ WORST CASE - ~ GAIN ERROR 


Ss S\ 


0 200 400 600 800 1000 1200. 
BURN-IN TIME — Hours 


Figure 18. Gain Error vs. Time 
Accelerated by Burn-in 


APPLICATIONS 


Power Supplies, Bypassing, and Grounding 
All precision converter products require careful application of 


good grounding practices to maintain full-rated performance. As | 


is always the case with analog circuits operating in digital envi- 


ronments, digital noise is prevalent; therefore, special care must — 


be taken to ensure that the DAC16’s inherent precision is main- 
tained. This means that particularly good engineering judgment 
should be exercised when addressing the power supply, ground- 
ing, and bypassing issues using the DAC16. 


The DAC16 was designed to operate from +5 V and —15 V 


supplies. The +5 V supply primarily powers the digital portion 7 


of the DAC16 and can consume 20 mA, maximum. Although 
very little +5 V supply current is used by the reference ampli- 
fier, large amounts of digital noise present on the +5 V supply | 
can introduce analog errors. It is therefore very important that 
the +5 V supply be well filtered and regulated. The —15 V sup- 
ply provides most of the current for the reference amplifier and 
all of the current for the internal DAC. ‘Although the maximum 
current in this supply is 10 mA, it must provide a low imped- 
ance path for the DAC switch currents. Therefore, it too must 
be well filtered and regulated. - 


The DAC16 includes two ground connections in order to mini- 
mize system accuracy, degradation arising from grounding errors. 
The two ground pins are designated DGND (Pin 2) and AGND 
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(Pin 22). The DGND pin is ‘the return for the digital c: circuit 
sections of the DAC and serves as their input threshold refer- 
ence point. Thus, DGND should be connected to the same 


_ ground as the circuitry that drives the digital inputs. 


Pin 22, AGND, serves as the reference point for the 9. bit lower- 


’ order DAC as well as the common for the reference amplifier, 


REFGND (Pin 21). This pin should also serve as the reference 
point for all analog circuitry associated with the DAC16. There- 
fore, to minimize any errors, it is recommended that AGND 
connection on the DAC16 be connected to a high quality analog 
ground. If the system contains any analog signal path carrying a 
significant amount of current, then that path should have its. 
own return connection to Pin pe : 


It is often advisable to maintain separate analog and digital 
grounds throughout a complete system, tying them common.to 
one place only. If the common tie point is remote and an acci- 


‘dental disconnection of that one common tie point were to occur 


due to card removal with power on, a large differential voltage 
between the two commons could‘develop. To protect devices that 
interface to both digital and analog parts of the system, such as 
the DAC16, it is recommended that common ground tie points 
be provided at each such device. If only one system ground can 
be connected directly to the DAC16, it is recommended that the 


-analog common be used. If the system’s AGND has suitable low 


impedance, then the digital signal currents flowing in it should 
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not seriously affect the ground noise. The amount of digital 
noise introduced by connecting the two grounds together at the 
device will not adversely affect system perormancs due to loss 
of digital noise immunity. 


Generous bypassing of the DAC’s supplies goes a long way in 
reducing supply-line induced errors. Even with well-filtered, 
well-regulated supplies, local bypassing consisting of 10 wF tan- 
talum electrolytic shunted by a 0.1 »F ceramic is recommended. 
The decoupling capacitors should be connected between the 
DAC’s supply pins (Pin 3 for +5 V, Pin 20 for —15 V) and the 
analog ground (Pin 22). Figure 19 shows how the DGND, 
AGND, and bypass connections should be made to the DAC16. 


+5V0 DB0-DB15 


TO OTHER TO -15V 
ANALOG POWER 
CICUITS GROUND 


Figure 19. Recommended Grounding and RypeeSIng: 
Scheme for the DAC16 


Using the Right Capacitors | 

Probably the most important external components associated 
with high speed design are the capacitors used to bypass the 
power supplies and to provide compensation. Both selection and 
placement of these capacitors can be critical and, to a large 
extent, dependent upon the specifics of the system configura- 
tion. The dominant consideration in selection of bypass and 
compensation capacitors for the DAC16 is minimization of series 
resistance and inductance. Many capacitors begin to look induc- 
tive at 20 MHz and above—the very frequencies where rejection 
of interference is needed. Ceramic and film-type capacitors gen- 
erally feature lower series inductance than tantalum or electro- 
lytic types. A few general rules are of universal use when 
approaching the issue of compensation or bypassing. 


Bypass capacitors. should be installed on the printed circuit 
board with the shortest possible leads consistent with reliable . 
construction. This helps to minimize series inductance in the 
leads. Chip capacitors are optimal in this respect. Where illus- 
trated in the applications section, large tantalum electrolytic 
capacitors are shunted by low self-inductance ceramic capacitors. 
This technique reduces the self-resonance of the electrolytics 
while shifting the resonant frequency of the ceramics out-of-band. 


Some series inductance between the DAC supply pins and the 
power supply plane often helps to filter out high frequency 
power supply noise. This inductance can be generated using a 
small ferrite bead as shown in Figure 20. 


Reference Amplifier Considerations 

The reference input current buffer is a high performance ampli- 
fier optimized for high accuracy and linearity. The design of the 
reference amplifier ensures fast settling times by tightly control- 
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ling the node common to all the current sources internal to the 
DAC with an external compensation capacitor (Cgojp). Since 
the primary design goal of the DAC16 is to achieve 16-bit per- 
formance, proper operation of the reference amplifier requires a 


-15V O . 
Figure 20. Using a Ferrite Bead as a High Frequency Filter 


47 uF tantalum electrolytic capacitor shunted by a 0.1 pF 
ceramic capacitor, as shown in Figure 21. Increasing the capaci- 
tance at this node above the recommended values does not fur- 
ther reduce the analog transition current noise spikes at the . 
output of the reference amplifier. Reducing the value of com- 
pensation, however, is not recommended as DAC linearity will 
degrade as a result. In most systems, the Veg supply offers suf- 
ficiently low impedance to maintain a quiet return point for the 
reference amplifier. If this is not the case, the AGND point can 
also be used for the.compensation capacitor return, as shown in 
Figure 21. 


Figure21b. Recommended Compensation Schemeto AGND 


In applications where 16-bit multiplying performance is 
required, the DAC16 might appear to be a viable solution. 
However, the compensation capacitor network would have to be 
removed in these applications. The DAC16’s reference amplifier 
was specifically designed for low frequency operation, with a 
compensation canacitor network. In fact, this network serves not 
only as a charge reservoir for the DAC’s internal current sources 
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but also as a wideband noise filter for the reference amplifier. 
Completely removing the compensation network would intro- 
duce large linearity errors, reference amplifier instability, 
wideband reference amplifier noise, and poor settling time. 


Because the DAC exhibits an internal current scaling factor of 
eight times (8X), the reference amplifier requires only 500 pA 
input current from the user-supplied precision reference for a 
4 mA full-scale output current. In applications that do not 
require such high output currents, good accuracy can be 
achieved with input reference currents in the range of 350 pA 
= Inger = 625 pA. The best signal-to-noise ratios, of course, will 
be achieved with a 625 A reference current which yields a 
maximum 5 mA output current. Figure 22 illustrates how to 
form the reference input current with a REFO2 and a 10 kQ 
precision resistor. 


O +15V 


Figure 22. Generating the DAC16's eterenes Input 
Current 


Reducing Voltage Hictevente Noise : 

In data converters of 16-bit and greater resolution, noise is of 
critical importance. Surprisingly, the integrated voltage refer-. 

- ence circuit used may contribute the dominant share of a sys- - 
tem’s noise floor, thereby degrading system dynamic range and 
signal-to-noise ratio.: To: maximize system dynamic range and 


SNR, all external noise contributions should be effectively much - 


less than 1/2 LSB. For example, in a 5 V DAC16 application, 
one LSB is equivalent to 76 ~V. This means that the total wide- 
band noise contribution due to a voltage reference and all other 
sources should be less than 38 ~V rms. These noise levels are not 
easy targets to hit with standard off-the-shelf reference devices. 
For example, commercially available references might exhibit 

5 wV rms noise from 0.1 Hz to 10 Hz; but, over a 100 kHz 
bandwidth, its 300 ~V rms of noise can easily swamp out a 
16-bit system. Such noisy behavior can degrade a DAC’s effec- 
tive resolution by increasing its differential nonlinearity which, 
in turn, can lead to nonmonotonic behavior or analog errors. 


The easiest way to reduce noise in the reference circuit is to 
band-limit its noise before feeding it to the converter. In the 
case of the DAC16, the reference is not a voltage, but a current. 
Illustrated in Figure 23 is a simple way of band-limiting 


+15V © 


2 


R1 5k2 = R2 5kQ 


REF = DAC 16 


REF GND 
AGND 


Figure 23. Filtering a Reference’s Wideband Noise 
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voltage reference noise by splitting Rp-- into two equal resistors . 
and bypassing the common node with a capacitor: To minimize ° 


thermally induced errors, Rl and R2 must be electrically and 


thermally well-matched. Thin-film resistor networks work well 
here. In this circuit, the parallel combination of R1 and R2 
forms a 3 Hz low pass filter with Cl. The only noise source that 
remains is the thermal noise of R2 which can be a significantly _ 
lower noise generator than the ee reference. 


Input Coding 
The unipolar digital input deding of the DAC16 employs nega- 
tive logic to control the output current; that is, an all zero input 
code (0000,,) yields an output current | LSB below full scale. 
Conversely, an all 1s input code (FFFF;;) yields a zero analog 
current output. An expression for the DAC16’s transfer equa- 
tion can be expressed by: 


; 65,535 
lour = 8 % Inee * | 


— Digital Code 
65,536 


Table II provides the relationship between the digital input 
codes and the output current of the DAC16. 


Table II. Unipolar Code Table 


DACI6 Output | 
Current Ipour 


Digital Input 


Word (Hex) Comment 


0000 8 x (2° — 1)/2"© x Igpe | Full Scale 
7FFE 8 x (2)5 + 1)/2)© x Iepe | Midscale + 1 LSB 
7FFF 8 x (25/216) x Ipee Midscale 
8000 8 x (2)° — 1)/2'© xX Inge | Midscale — 1 LSB 


Zero Scale -— 


Since the DAC16 exhibits a small output voltage compliance on 
the order of a few millivolts, a high accuracy operational ampli- 
fier must be used to convert the DAC’s output current to a volt- 
age. Refer to the section on selecting operation amplifiers for the 
DAC16. The circuit shown in Figure 24 illustrates a unipolar 
output configuration. In symbolic form, the transfer equation 
for this circuit can be expressed by: | 


65,535 — eal Code 
65,536 


In this example, the reference input current was set to 500 A 
which produces a full-scale output current of 4mA — 1 LSB. The 
DAC’s output current was scaled by R3, a 1.25 kQ resistor, to 
produce a 5 V full-scale output voltage. Bear in mind that to 
ensure the highest possible accuracy, matched thin-film resistor 
networks are almost a necessity, not an option. The resistors used 
in the circuit must have close tolerance and tight thermal track- — 
ing. Table III illustrates the relationship between the input digi- 
tal code and the circuit’s output voltage for the component 
values shown. 


Vo = = R3 x8 Xe | 


Table II. Unipolar Output Voltage vs. Digital Input Code 


Digital Input Word Analog Output 


Decimal Number in 
(Hex) in DAC Decoder: Voltage (V) 
0000 | 65, | .4,999924 
7FFE 2.500076. 
7FFF 2.500000 
8000 


2.499924 
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DIGITAL INPUT WORD 


DBO-DB7 


® 


O +15V 
R1 5kQ2 R2 5kQ2 1 
0.1 F 
+ 21 
22uF a 24 
+ 
\/ atuF 100nF 


DB8—-DB15 


s 


ENO r $74AC11377 fe ala 


CERAMIC 
0.1uF 
+5V DIGITAL +5V -~15V 


i PIN 3, DAC16 
10uF 0.1uF 


vv 


+ 


10uF 


DAC16 


R3 
1.25kQ 
(5kQ+4) 


0 Vour 
+ i OV TO +5V FS 


10uF 


O -—15V 


RESISTORS: CADDOCK T912-5K-010—02 (OR EQUIVALENT) 


O-15V 


5kQ, 0.01%, TC TRACK = 2ppm/°C 


Figure 24, Unipolar Circuit Configuration 


DIGITAL INPUT WORD 


DBO0-DB7 


e. 


CLK O 


s5Vier ENO . 174AC11377 fe 74AC11377 
O +15V | 


0.1uF 


\/ + 100nF | 


10uF 0.1pF 


vv 


DB8-—DB15 


S 


CERAMIC 
— 0.1pF 
+5V DIGITAL +5V -15V 
+ PIN 3, DAC16 + 


10F 


+5Vrer 
R3 R4 
2.5kQ 2.5kQ 
(5kQ--2) (5k+2) 


10uF 


O-15V 


RESISTORS: CADDOCK T912-5K-010-02 (OR EQUIVALENT) 


O -15V 


5kQ, 0.01%, TC TRACK = 2ppm/°C 


Figure 25. Bipolar Circuit Configuration 


Bipolar Configuration : 

For applications that require a bipolar.output voltage, the circuit 
in Figure 24 can be modified slightly by adding a resistor from 
the reference to the inverting sum node of the output amplifier 
to level shift the output signal. The transfer equation for the 
circuit now becomes: 


65,535 — Digital ~) (js) 
Se eae REP | 


Vor RY SS CARER 65,536 R3 


The circuit has the form shown in Figure 25, and Table IV pro- 
vides the relationship between the digital input code and the 
circuit’s output voltage for the component values shown. 
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Table IV. Bipolar Output Operation vs. Digital Input Code 


Digital Input 
Word (Hex) 


0000 
7FFE 
7FFF 
8000 


Analog Output 
Voltage (V) 


4.999848 
152E-6 

0 
—152E-6 
—5.00000 
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DIGITAL INPUT WORD 
DBO-DB7 


O +15V- 


RISk2Q = R2SkQ , 


0.1uF 


47uF 
+5V DIGITAL +5V ~15V 
+ PIN 3, DAC16 
10uF ai L 0.1nF 


1. 10uF 


2 
DB8-DB15 4 bee 


J | (2.49kQ+2) 


74AC11377] 


OV T 
OV TO +5V FS 


10uF 


d -15V 


RESISTORS: CADDOCK 1912-5K-010-02 (OR EQUIVALENT) 
6 -15V 5kQ, 0.01%, TC TRACK = 2ppm/°C 


Figure 26. DAC16 Noise Measurement Test Circuit 


DACI16 Noise Performance 

The novel architecture employed in the DAC16 yields very low 
wideband noise. Figure 26 illustrates the circuit configuration 
for evaluating the DAC16’s noise performance. An OP27 is used 
as the DAC16’s output I-V converter which is configured to 


produce a 5 V full-scale output voltage. The output of the OP27 


was then capacitively coupled to an OP37 stage configured in a 
gain of 101. Note that the techniques for reducing wideband 
noise of the voltage reference and the DAC’s internal reference 
amplifier were used. As a result of these techniques, the DAC16 
exhibited a full-scale output noise spectral density of 31 | 
pA/\/Hz at 1 kHz. | 


Digital Feedthrough and Data Skew | 
The DAC16 features a compound DAC architecture where the 5 
most significant bits utilize 31 identical, segmented current 


sources to obtain optimal high speed settling at major code tran- | 


sitions. Although every effort has been made to equalize the 
speeds at which the DAC switches operate, there exists finite 
skew in the MSB DAC switches. 


As with any converter product, a high speed digital-to-analog 
converter is forced to exist on the frontier between the noisy 
environment of high speed digital logic and the sensitive analog 
domain. The problems of this interface are particularly acute 
when demands of high speed (greater than 10 MHz switching 
times).and high precision are combined. No amount of design _ 
effort can perfectly isolate the analog portions of a DAC from _ 
the spectral components of a digital input signal with a 2 ns rise 
time. Inevitably, once this digital signal is brought onto the — 
chip, some of its higher frequency components will find their | 


way to the sensitive analog nodes, producing a digital feed- 


Oe WEa peta awww 


through glitch. To minimize the exposure to this effect, the 


DAC16 was designed to omit intentionally the on-board latches: . 


that are usually included in many slower DAGs. This not only 
reduces the overall level of digital activity on chip, it also avoids 
bringing a latch clock pulse onto the IC, whose opposite edge 


inevitably produces a substantial glitch, even when the DAC is © 


“not supposed to be changing codes. 
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The DAC16 uses each digital input line to switch each current 
segment in the DAC between the output diode-connected tran- 
sistor and the logic control transistor. If the input bits are not 
changed simultaneously, or if the different DAC bits switch at 
different speeds, then the DAC output current will momentarily 
take on some incorrect value. This effect is particularly trouble- 
some at the “carry points,” where the DAC output is to change 
by only one LSB, but several of the larger current sources must 
be switched to realize this change. Data skew can allow the 
DAC output to move a substantial amount towards full scale or 
zero (depending upon the direction of the’skew) when only a 
small transition is desired. The glitch-sensitive user should be 
equally diligent about minimizing the data skew at the DAC16’s 
inputs, particularly the five most significant bits. This can be 
achieved by using the proper logic family and gate to drive the 
DAC inputs, and keeping the interconnect lines between the 
latches and the DAC inputs as short and as well matched as pos- 
sible. Logic families that were empirically determined to operate 
well with the DAC16 are devices from the 74AC11XXX and > 
T4ACTIIXXX advanced CMOS logic families. These devices 
have been purposely designed with improved layout and tailored 
rise times for minimizing ground bounce and digital feedthrough. 


Deglitching | 

The output glitch of the DAC16 at the major carry (7FFE,, to’ 
7FFF,,) is a not-insignificant 360 pA-sec, manifested as a 
momentary output transition to the negative rail for approxi- 
mately 200 ns. Due to the inherent low-pass or time-sampled 
nature of many systems, this behavior in the DAC16 is not 
noticeable and does not detract from overall performance. Some 
applications however may prove so sensitive to glitch impulse 
that reduction by an order of magnitude or more is required. In 
order to realize low glitch impulses, some sort of sample-and- 
hold amplifier-based deglitching scheme must be used. 
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There are high speed SHAs available with specifications suffi- 
cient to deglitch the DAC16; however, most are hybrid in 
topology at costs which can be prohibitive. A high performance, 
low cost alternative shown in Figure 27 is a discrete SHA utiliz- 
ing a high speed monolithic op amp and high speed DMOS 
FET switches. 


This SHA circuit uses the inverting integrator structure. A 

300 MHz gain-bandwidth product op amp, the AD841, is the 
heart of this fast SHA. The time constant formed by the 200 0 
resistor and the 100 pF capacitor determines the acquisition 
time and also band limits the output signal to eliminate slew- 
induced distortion. 


A discrete drive circuit is used to achieve the best performance 
from the $D5000 quad DMOS switch. This switch-driving cell 
is composed of MPS571 RF NPN transistors and an MC10124 
TTL-to-ECL translator. Using this technique provides both 
high speed and highly symmetrical drive signals for the $D5000 
switches. The switches are arranged in a single-pole, double- 
throw (SPDT) configuration. The 500 pF “flyback” capacitor is 
switched to the op amp summing junction during the hold mode 
to keep switching transients from feeding to the output. This 
capacitor is grounded during sample mode to minimize its effect 
on acquisition time. 


Careful circuit layout of the high speed SHA section is almost as 
important as the design itself. Double-sided printed circuit board, 
a compact layout, and short critical signal paths all ensure best 
performance. 


Op Amp Selection 

When selecting the amplifier to be used for the DAC16’s I-V 
converter, there are two main application areas; those requiring 
high accuracy, and those seeking high speed. In high accuracy 
applications, three parameters are of prime importance: (1) 
input offset voltage, Vos; (2) input bias current, —I,; and (3) 
offset voltage drift, TCV os. In these applications where 16-bit 


DAC16 


performance must be maintained with an external reference at 
+5 V, an op amp’s input offset voltage must be less than 15 pV 
(~0.1 LSB) with a bias current less than 6 nA. The op amp 
must also exhibit high open-loop gain to keep the offset voltage 
below this limit over the specified full-scale output range. Thus, 
for an maximum output of 5 V, the op amp’s open loop gain 
must be greater than 1300 V/mV. 


For low frequency, high accuracy applications, Table IV lists 
selected compatible operational amplifiers available from Analog 
Devices. These operational amplifiers satisfy all the above require- 
ments and in most all cases will not require offset voltage nulling. 


Table V. Precision Operational Amplifiers for the DACI16 


0.3 pV/°C 
0.6 pV/°C 
0.2 pVv/°C 
2 pV/°C 


12000 V/mV 
2000 V/mV 

_ 1500 V/mV 

2000 V/mV 


OP77 


In high speed applications where resolution is more important 
than absolute accuracy, operational amplifiers such as the 
AD843 offer the requisite settling time. Although these amplifi-. 
ers are not specified for 16-bit performance, their settling times 
are two to three times faster than the DAC16 and will introduce 
negligible error to the overall circuit’s settling time. It is possi- 
ble to estimate the 16-bit settling time of an operational ampli- 
fier if its 12-bit settling time is known. Assuming that the op 
amp can be modeled by a single-pole response, then the ratio of 
the op amp’s 16-bit settling time to its 12-bit settling can be 
expressed as: 


ts (16-bit) _ 
ts (12-bit) 


1.33 


OUTPUT 


Q1, Q2 = MPS571 
M1-M4=SD5000 \/ 


Figure 27. A High Performance Deglitching Circuit 
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Since many operational amplifier data sheets provide charts 
illustrating 0.01% settling time versus output voltage step size, 
all that is required to estimate an op amp’s 16-bit settling time is 
to multiply the 12-bit settling time for the required full-scale 
voltage by 1.33. The circuit’s overall settling time can then be 
approximated by the root-sum-square method: : | 


ts = Vitpac! + loa 


where . . | | | 

tpac = DAC16’s specified full-scale settling time 

toa = Op amp full-scale settling time | 

As a design aid, Table VI illustrates a high speed operational 
amplifier selector guide for devices compatible with the DAC16 
for high speed applications. All these devices exhibit the requi- 


site settling time, input offset voltage, and input bias current 
consistent with maximum performance. 


Table VI. High Speed Operational Amplifiers for the DAC16 


OP467 | 200 ns —0.01/0.5 mV [3.5 wV/°C}0.5 pA 
AD817|70 ns —0.01 }2mV_  |10 pV/°C |6.6 pA 
AD829|90 ns -0.1 {0.5 mV |0.3 pV/°C}7 pA 
AD841|110 ns —0.01|1-mV 45 V/mV 
AD843}135 ns —0.01)}1 mV {12 pV/°C |0.001 pA} 25 V/mV 
AD845 | 350 ns —0.01}0.25 mV/5 pV/°C_ | 0.001 ~A|500 V/mV 
AD847/|120 ns —0.01)}1 mV [15 pV/C 15 pA 5.5 V/mV 


100 V/mV 
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In using high speed op amps, the output capacitance of the 
DAC16 appears across the inputs of the op amp where it and 
the op amp’s input capacitance will set an additional pole in the 


- op amp’s loop gain response. The pole is formed with the feed- 


back resistance and the output resistance of the DAC. This 
additional pole may adversely affect the transient response of the 
circuit due to the added phase shift. Placing a small capacitor 
across the feedback resistance, as shown in Figure 28, compen- 
sates for the additional pole. The value of the capacitor can be 
determined by setting RegCrg = Ro (Co + Cyn) and should be 
adjusted for optimum transient response. 


The choice of amplifier depends entirely on the required system 
accuracy, the required temperature range, and the operating 
frequency. | | 


Figure 28. Compensating for the Feedback Pole - 
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DEVICES 


12-Bit High Speed Multiplying 
D/A Converter 


FEATURES 
© Differential Nonlinearity ..................... +1/2LSB 
@ Nonlinearity .............. 0.0... cece eee 0.05% 
e Fast Settling Time .........................085. 250ns 
® High Compliance ....................... -5V to + 10V 
e Differential Outputs ......................... 0 to 4mA 
e Guaranteed Monotonicity ...................... 12 Bits 
@ Low Full-Scale Tempco ...............:.... 10ppm/°C 
® Circuit Interface to TTL, CMOS, ECL, PMOS/NMOS 
© Low Power Consumption ..................... 225mW 
® Industry Standard AM6012 Pinout 
e Available in Die Form 
ORDERING INFORMATION ' 
PACKAGE OPERATING 
CERDIP PLASTIC TEMPERATURE 
DNL 20-PIN 20-PIN RANGE 
+1/2LSB DAC312ER* - COM 
t1LSB DAC312FR - XIND 
+1LSB DAC312HR - XIND 
+1LSB - DAC312HP XING 
+1LSB - DAC312HS XIND 


* For devices processed in total compliance to MIL-STD-883, add /883 after part 
number. Consult factory for 883 data sheet. 

t Burn-in is available on commercial and industrial temperature range parts in 
CerDiP, plastic DIP, and TO-can packages. 


GENERAL DESCRIPTION 


The DAC-312 series of 12-bit multiplying digital-to-analog 
converters provide high speed with guaranteed performance 
to 0.012% differential nonlinearity over the full commercial 
operating temperature range. 


FUNCTIONAL DIAGRAM 


Pret 3-8 LINE 
eeu | 


NETWORK 


REFERENCE 
AMPLIFIER 


CURRENT 
SWITCHES LS 


8-SEGMENT 
GENERATOR 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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Based on the segmented design approach pioneered by PMI 
with the COMDAC® line of data converters, the DAC-312 
combines a 9-bit master D/A converter with a 3-bit (MSB’s) 
segment generator to form an accurate 12-bit D/A converter 
at low cost. This technique guarantees a very uniform step 
size (up to +1/2 LSB from the ideal), monotonicity to 12 bits 
and integral nonlinearity to 0.05% at its differential current 
Outputs. In order to provide the same performance with a 
12-bit R-2R ladder design, an integral nonlinearity over 
temperature of 1/2 LSB (0.012%) would be required. 


The 250ns settling time with low glitch energy and low power 
consumption are achieved by careful attention to the circuit 
design and stringent process controls. Direct interface with 
all popular logic families is achieved through the logic 
threshold terminal. 


PIN CONNECTIONS 


20-PIN HERMETIC DIP 
(R-Suffix) 


20-PIN PLASTIC DIP 
(P-Suffix) 


20-PIN SOL. 
(S-Suffix) 


LSB 
B6 B7 B8 BS B10 B11 B12 
O O O 


7 8 9 10 11 


LOGIC SWITCHES 


9-BIT R--2R ; 
D/A CONVERTER | 
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| High compliance and low drift characteristics (as low as Lead Temperature (Soldering 60 sec) ue a: 300°C 
10ppm/°C) are also features of the DAC-312 along with an Power Supply Vollede's sunset Nateeinesenee Sota OV. 
excellent power supply rejection. ratio of +.001% FS/%AV. _ . ‘Logic Inputs ....:......... casartadysdees ee ssessrssreeeees —OV tO +18V 
Operating over a power supply range of +5/-11V to +18V the Analog Current Outputs....................cssssccssssrseseeeees —8V to +12V 
device consumes 225mW at the lower supply voltages with an Reference Inputs V, 41 V4 vvss-ssssseseesse De i cons beseet aes 2 V—to V+ 
absolute maximum Berens of 375mW at the eunge Supply Reference Input Differential Voltage’ V. a. 1d Oe Sates: +18V 
devels.. Php, . Reference Input Current (|, .) .....-.ssscscsscssessssesseseeseeseess 1.25mA 


With their guaranteed specilibations: simale Chip reliability 


and low cost, the DAC-312 device makes excellent building . ; one Oe SA id | aa chi 
_. blocks. for A/D converters, data acquisition systems, video - _20-Pin Hermetic DIP (R) 76 | alas re °C/W 
_ display drivers, programmable test equipment and: other 20-Pin Plastic DIP (P) 69 ' 27 °C 
~ applications where low power eo eae eD and complete _ #. 20-Pin SOL (S) | 88 25 °C/W 
Beet al a meveatlly are required. - NOTES: ; : . 
| 1. -Absolute maximum ratings apply to both DICE and packaged parts, unless other- 
wise noted. 
ABSOLUTE MAXIMUM RATINGS (Note 1) . . 2 Bis specified ick wink canes mounting conditions, ie., O, is specified for device 
Operating Temperature | . . in socket for CerDIP and P-DIP packages; 8, i is apecited for device soldered to 
DAG BA OE vac accenvts sessescatartondsesedcccteieiae tonsiiecs ... O°C to +70°C - printed circuit board for SOL package. 
DAC-312F, DAC-312H .........c cece eleccecescsseees —40°C to +85°C 
Junction Temperature ......... sissteaesseseseseesecesees —O5°C tO +150°C 
Storage Temperature (T)) sssesssesssessseessseesniers “B5°S tO +125°C 2 or ae 


ELECTRICAL CHARACTERISTICS at Vg = #15V, I... =1.0mA, OCs v2 < <70°C for DAGC-31 2E and ~40°C < T =< +85°C for DAC- 


312F, DAC-312H, unless otherwise noted. Output characteristics refer to both loyr and ae 
DAC-312E e DAC-31 2F DAC-312H 
PARAMETER SYMBOL CONDITIONS ¥ "MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 
Resolution = | ; | 12 _ _ - 1 _ 12 _ — Bits 
Monofonicity - | ; 12, _ = 12 — _ 12 o™. — —..,. Bits 
Differential ~ bac Deviation from ideal — — +0025 ©— ‘=~ +0.0250 — — = +£0.0250 %FS 
Nonlinearity step size (Note 2) —_ — +0.5 — — +14 _ — +1 LSB 
ee Deviation from ideal a as oe 
i i ai x 13 ee — +0.05 _ — +0.05 — _ +0. 
Nonlinearity INL straight line (Note 2). 2 ra -0.05 ; ie 
Full-Scale Veer = 10.000V . : ; ; , ; - -* fan at ‘ 
les Ryg=Ry5= 10.000k9. = == 3.967 3.999 4.031 — 3.935 3.999 :4.063 3.935 3.999 4.063 =. mA 
Current 
(Note 2) ; th = : 
Full-Scale = _ os = +5 +20 = +10 +40 2 = +80 — ppm/°c 
Tempco FS — +0005 +0.002 — +0.001 +0.004 — +0008 © — %FS/°C° 
DNL Specification : | 
Volt | | 
ue ; eee Voc guaranteed over -5 _ +10 -5 _ +10 -5 = +10 V 
Compliance ; 
compliance range 
Full-Scale are i ; oe a ee tu 
- — +0.4 +1 — +0.4 +2 — +0.4 +20 A 
Symmetry less Iles | ~ lpg! 0 | M 
Zero-Scale ‘ 
_— _— 0.10 _ — 0.10 _ ~ 0.10 A 
Current I2s - 
| To +1/2 LSB, all bits 7 : Oe i ma: 3 
Settling Time — ts switched ON or OFF _ 250 500 —_ 250 500 _ 250 500 ns 
(Note 1) a | 
. All bits switched 
Piepagauen: t 50% point logic swing - | | : | 
Delay — sPLH eee a or 25 50 —- 25 50 = 25 50 ns 
; CpHEL io 50% point output. ; ioe le Ne 
all bits (Note 1) 
Output Ro oe — >0 = = >10. — ~~ >10 — Mo. 
Resistance ; 
mae Court _— 20 _ _ 20 _ — 20 — pF 


Capacitance 
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ELECTRICAL CHARACTERISTICS at V, = +15V, |, = 1.0MA, 0°CsT, = 70°C for DAC-312E and—40°C <T, «+85°C for DAC- 
| 


312F, DAC-312H, unless otherwise noted. Output characteristics refer to both lout and |,.,,- Continued 


DAC-312E DAC-312F DAC-312H 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 
Logic Input _ 
eeueleege Viv Vic = GND Se = 0.8 = = 0.8 an a 0.8 Vv 
Logic Input _ 
eae Vin Vic = GND 2 be i 2 ae = 2 = ae V 
Logic input 
= + ~ — — _ _ _ 
Sanat lin Vin = 5 to + 18V 40 40 40 uA 
Logic Input | 
a deeka Vis -5 —~ «+18 -§ a Hie -5 — «+18 V 
Swing 
Reference Bias 
-0. - 0 -0.5 -2 0 -0. ~2 
Current bi : 2 2 BA 
Reference Input R 14(eq) = 8000 
di/dt q 4 8 = 4 8 = 4 8 _ A/us 
Slew Rate Co = OpF (Note 1) degen 
+= +13. +16.5V, 
Ee Pee eno eee — +0.0005 +0.001 — +0.0005 +0.001 — +0.0005 +0.001 
Power Supply PSSli¢g, V- =-15V %FS/%AV 
Sensi: Geers: Nos eee le ent —+0.00025 +0.001 —+0.00025 +0.001 —+0.00025. +0.001 
V+ = +15V 
Power Supply V+ V = OV 4.5 — 18 4.5 _ 18 4.5 —_— 18 V 
Range v- oUt ~18 — -10.8 -18 — -10.8 ~18 — -10.8 
t+ 7 e oe 3.3 7 = 3.3 zs ae 3.3 7 
Power Supply I- VES NOS IV — -13.9 18 = 139 ~18 —  -13.9 ~18 
Current ot V+ = +15V, V-=-15V _ 3.9 7 _ 3.9 7 ae 3.9 7 mA 
I- — ~13.9 ~18 — ~13.9 ~18 — -139- +18 
Power - V+=+5V, V-=-15V = 225 305 rae 225 305 ae: | 3205 305 ay 
Dissipation 9 V+ =+15V, V- =-15V = 267 375 Bo 267 375 =a 267375 
NOTES: 


1. Guaranteed by design. 
2. Ta = 25°C for DAC-312H grade only. 
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FEATURES 
12-Bit Accuracy in an 8-Pin Mini-Dip 
Fast Serial Data Input 

Double Data Buffers 

Low +1/2 LSB Max INL and DNL 
Max Gain Error: +1 LSB 

Low 5ppm/°C Max Tempco 

ESD Resistant 

Low Cost 

Available in Die Form 


APPLICATIONS 

e Auto-Calibration Systems 

e Process Control and Industrial Automation 
e Programmable Amplifiers and Attenuators 
e Digitally-Controlled Filters 


ORDERING INFORMATION! _ 
: PACKAGE 


| EXTENDED _ 
MILITARY* INDUSTRIAL © COMMERCIAL 
RELATIVE TEMPERATURE TEMPERATURE § TEMPERATURE 
ACCURACY -55°CT0+125°C = -40°C TO. +85°C 0°C TO+70°C 
+1/2LSB — . DAC8043AZ DAC8043EZ DAC8043GP 
+1/2LSB _ DAC8043AZ/883 = 7 . 
#1LSB a DAC8043FZ = 
+1 LSB = DAC8043FP 2 


* Fordevices processed in total compliance to MIL-STD-883, add /883 after part 
number. Consult factory for 883 data sheet. 
t Allcommercial and industrial temperature range parts are available with burn- 


in. 
PIN CONNECTIONS 
: 8-PIN EPOXY DIP 

Vrer [1] 18} Vp (P-Suffix) 

Rep [ 2] 7} CLK 

lout 3] 6) SRI 8-PIN CERDIP 

Gno [4] [s]ip (2Z-Suffix) 
BURN-IN CIRCUIT 


NOTES: 

A, = 10Q 

C, = 10mF 

DO, = 1N4001 OR EQUIVALENT 


MAXIMUM POWER SUPPLY CURRENT PER DEVICE IS +1.5mA, -OmA 
POWER-UP SEQUENCE: +5V, +10V ; 
POWER-DOWN SEQUENCE: +10V, +5V 


This is an abridged data sheet. To obtain the most recent version or | 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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__Multiplying CMOS D/A Converter 


12-Bit Serial Input 


— ___DAC8043 | 


The DAC-8043 is a high accuracy 12-bit CMOS multiplying 
DAC in a space-saving 8-pin mini-DIP package. Featuring 
serial data input, double buffering, and excellent analog per- 
formance, the DAC-8043 is ideal for applications where PC 
board space is at a premium. Also, improved linearity and gain 
error performance permit reduced parts count through the - 
elimination of trimming components. Separate input clock and 
load-DAC control lines allow full user control of data loading 
and analog output. | 


The circuit consists of a 12-bit serial-in, parallel-out shift regis- 
ter, a 12-bit DAC register, a 12-bit CMOS DAC, and control 
logic. Serial data is clocked into the input register on the rising 
edge of the CLOCK pulse. When the new data word has been 
clocked in, it is loaded into the DAC register with the LD input 
pin. Data in the DAC register is converted to an output current 
by the D/A converter. ni 


The DAC-8043’s fast interface timing may reduce timing design 
considerations while minimizing microprocessor wait states. 
For applications requiring an asynchronous CLEAR function or 
more versatile microprocessor interface logic, refer to the PM- 
7543. | fs 


Operating from a single +5V power supply, the DAC-8043 is the 
ideal low power, small size, high performance solution to many 
application problems. Itis available in plastic and cerdip pack- 
ages that are compatible with auto-insertion equipment. | 


_ FUNCTIONAL BLOCK DIAGRAM 


D/A CONVERTER 
12-BIT 
DAC REGISTER 


a 
SHIFT REGISTER 
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ABSOLUTE MAXIMUM RATINGS PACKAGE TYPE @,(NOTE1) UNITS 
(T, = +25°C unless otherwise noted.) . , 
Vis WOGND bo ccccaitrenrlsledera dee ecuttehaiaed Stee gq «ae ee = ae =< 
Vee 10 GND) cect ota ln nncainndnausiumandticy ale +25V lll cheat = =a Bild 
Varp to GND oo veccereasbceetades teen oe soa ass asa Geedica eel nsaates +25V NOTE: i 
Digital Input Voltage Range ou... cesses cesses —0.3V to V, 1. oA is sais for eee Hala des Le., 8, is specified for 
Output Voltage (Pin 3) 0... ccc ceeceeeceeceeeceeceeeees —0.3V to V,, prised eee ae a i 
Operating Temperature Ran : 

se a. ne P ge 55°C to +125°C. 1. Donotapply voltages higher than Vop or less than GND potential on any ter- 

aaa Cece ence vcccccseencccceseuccceseussenseceece ia minal except Va er (Pin 1) and R. 3 (Pin 2). 

EZ/FZ/FP Versions .........ccccccccsceessssssssssseneeeees —40°C to +85°C 2. The digital contol inputs are zener-protected; however, permanent damage 

GP VGISION sexniicsssicn cs eveseecceasncseevousenausaceeecwiadevaas 0°C to +70°C © may occur on unprotected units from high-energy electrostatic fields. Keep 
Junction Temperature .......c.cccccccscssssssssssessesssssssseseeseees +150°C as ay conucive a at all times until ready to use. 

3. Use proper anti-static handling procedures. 
—fKRO ° 

Storage Temperature seaseeneennesanestseennennnecnanenns 65 eee 4. Absolute Maximum Ratings apply to both packaged devices and DICE. 
Lead Temperature (Soldering, 60 Sec) ..............sceee +300°C Stresses above those listed under Absolute Maximum Ratings may cause 


permanent damage to the device. 


ELECTRICAL CHARACTERISTICS atV,,,. =+5V; Vice =+10V; Iu, = GND = OV; T, = Full Temperature Range specified under 
Absolute Maximum Ratings unless otherwise noted. 


DAC-8043 
PARAMETER SYMBOL CONDITIONS / MIN TYP MAX UNITS 
STATIC ACCURACY 
Resolution N 12 _ - Bits 
" Nonlinearity DAC-8043A/E/G _ 7 ee £1/2 
(Note 1) ss sie | DAC-8043F = _ 1 22 
Differential Nonlinearity DAC-8043A/E | - - —s- #12 _ 
(Note 2) oN DAC-8043F/G =. - +1 cee 
| T, = +25°C | 
Gain Error ; DAC-8043A/E = Se 1 
(Note 3) Gese DAC-8043F/G - ~ 2 LSB 
oes T, = Full Temperature Range et i 
a AllGrades . - me 2 
Gain Tempco - 
_(4 Gairva Temp) , TCers . . - - £5 ppm/°C 
(Note 5) 
Power Supply > oi 
Rejection Ratio PSRR e — AVy = £5% -  +0.0006  +0.002 — %ol% 
(A GairvA Vp 5) | | | 
| T, = 425°C -_ - +5 
Output Leakage Current ' T, = Full Temperature Range 7 7 
(Note 4) | LKG DAC-8043A - - +100 
DAC-8043E/F/G . ~ 7 +25 
T, = +25°C - - 0.03 
Zero Scale Error ' T, = Full Temperature Range . - LSB 
(Notes 7, 12) ZSE DAC-8043A | - - 0.61 2 
Aa . DAC-8043E/F/G . - - 0.15 
Input Resistance 
7 11 15 . kQ 
(Note 8) | Rin | 
AC PERFORMANCE 
Output Current os | 
Settling Time ty Tye +25°C - 0.25 1 he ps 
(Notes 5, 6) | oe 
REV. B 
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— ELECTRICAL CHARACTERISTICS atV, , = +5V; Vace= = +10V; |oy7= GND = OV; T, = Full Temperature Range specified under 
Absolute Maximum Ratings unless otherwise ‘noted. Continued we ea ge sa a7 


| ) DAC-8043 
PARAMETER — - SYMBOL _ CONDITIONS | MIN TYP MAX at UNITS 
| | . Veer = OV 
Digitalto Analog Iny7 Load = 100Q . ; . 29 
Glitch Energy Q Ceyy = 13pF - 2: 20 nVs 
(Note 5,10) . DAC register loaded alternately with 
all Os and ail 1s 
Feedthrough Error — Vaer = 20V,,., @ f= 10kHz | 
(Vege tO loys) FT. Digital Input = 0000 0000 0000 - 0.7 1 mV,» 
(Note 5, 11) T, = +25°C | 
Total Harmonic Distortion Vare = 6V RMS @ 1kHz | 
THD REF ee. a = . 
(Note 5) | . DAC register loaded with all 1s = a8 
Output Noise 
Voltage Density e, 10Hz to 100kHz between R,, and I, “ - 17 nVVHz 
(Notes 5, 13) . 
DIGITAL INPUTS 
Digital Input : 
HIGH : Vin 2.4 ~ - Vv 
Digital Input | 
InputLeakage Current : . | ; 
(Note 9) he Viy = OV to +5V | 7 #1 a pA 
input Capacitance | | | ry | | 
(Note 5, 11) Cin wince | 7 : ae ad 
ANALOG OUTPUTS a 
Output Capacitance é Digital Inputs = V,,, . | a - = 110 - 
(Note 5) . OUT 7 : 
Digital Inputs = V,, - _: 80 
TIMING CHARACTERISTICS (NOTES 5, 14) | | | 
Data Setup Time a . T, = Full Temperature Range — 40 - = ons 
Data Hold Time i T, = Full Temperature Range 80 - - ns 
Clock Pulse Width High = ‘tag T, = Full Temperature Range - 90 - - one 
Clock Pulse Width Low | tet T, = Full Temperature Range 120 - - ey ns 
Load Pulse Width tip T, = Full Temperature Range | 120 - = ns 
LSB Clock Into Input Register , | 
T, = Full T: n 0 = - ns 
to Load DAC Register Time ASB gern euperse Hane 
POWER SUPPLY 
Supply Voltage | Von 4.75 § 5.25 Vv 
Digital Inputs = V,,,orV,, - - 500 MAX 
Supply Current 'pp Digital inputs = OV or V, . | - 2 100 wAt 
NOTES: — a 
1. #1/2 LSB = +0.012% of Full Scale. 9. Digital inputs are CMOS gates; |,,, is typically 1nA at +25°C. 
‘ se! 10. Voe- = OV, all digital inputs = OV to Yoo or Vp to OV. 
2. All grades are monotonic to 12-bits over temperature. REF 
a Lising internal feedback resistor 11. All digital inputs = Ov. 
We ww LD - | TUCO E TG . een 5 wae we ; 
4. Applies to |,,,,; All digital inputs = OV. = aera via se Rrer " 
5. Guaranteed by design and not tested. zse (in ” 8) = (Race * | xg X 4096) Veer 
6. !oy7 Load = 1002, C.,,, = 13pF, digital input = OV to V,,_, or Vp_, to OV. 13. -Caiculations from en = v4 TRB where: | 
Extrapolated to 1/2 LSB: t, = propagation delay (tp ,) + 9« where t = meas- a K = Boltzmann constant, J/°K, R = resistance, Q 
ured time constant of the final RC decay. . T = resistor temperature, °K, B = bandwidth, Hz 
7. Vaer = +10V, all digital inputs = OV. 14. Tested at V,,, = OV orV,_. 
8. Absolute temperature coefficient is less than +300ppm/°C. 
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ANALOG Dual 12-Bit Buffered 
DEVICES Multiplying CMOS D/A Converter 


DAC8221 


and a +5V supply is less than 0.56mW. The DAC-8221 is manu- 
FEATURES factured using PMI’s highly-stable, thin-film resistors on an 


® a 
E Sed eee oe advanced oxide-isolated, silicon-gate, CMOS process. PMI’s 
* Direct Parallel Load of All 12 Bits for High DetaThroughput «Proved ‘Iaich up Tesistant Cesign eliminates the need for 
* On-Chip Latches for Both DACs external protective Schottky diodes. 
© 12-Bit Endpont Linearity («1/2 LSB) Over Temperature Acommon 1 2-bit (TTL/CMOS com patible) input portis used to 
* +5V to +15V Single Supply Operation load a 12-bit-wide word into either of the two DACs. This port, 
° DACs Matched to 0.2% Typically whose data loading is similar to that of a RAM’s write cycle, 
© Four-Quadrant Multiplication interfaces directly with most 12-bit or wider bus systems. With 
° Improved ESD Resistance WR and CS lines at logic LOW, the input data registers are trans- 
° Available in Die Form parent. This allows direct unbuffered data to flow directly to the 
| DAC output selected by DAC A/DAC B control input. For 
APPLICATIONS applications requiring double-buffering, see the DAC-8222. 


¢ Automatic Test Equipment 
* Industrial Automation PIN CONNECTIONS 
* Robotics/Process Control 

* Programmable Instrumentation Equipment 
* Digital Gain/Attenuation Control 


ideal for Battery-Operated Equipment 24-PIN: 
0.3” CERDIP 
(W-Suffix) 
ORDERING INFORMATION ' | - PIN 
PACKAGE (MSB) 0B11| 6 | - 
| Fa] BACA/DAC B EPOXY DIP 
RELATIVE GAIN MILITARY* INDUSTRIAL COMMERCIAL (P-Suftix) 
ACCURACY ERROR TEMPERATURE TEMPERATURE TEMPERATURE [17] DBO (LSB) 

+5V or +15 -55°Cto+125°C -40°Cto+85°C ——O°C to +70°C ) 

{ ul : : 24-PIN SOL 
+1/2LSB *1LSB  DAC8221AW  DAC8221EW ~ (S-Suffix) 
+1/2LSB +2LSB - - DAC8221GP 

+1 LSB +4LSB - DAC8221FW § DAC8221HP 
+1 LSB +4LSB -~ DAC8221FP = DAC8221HStt 


* For devices processed in total compliance to MIL-SDT-883, add /883 after part 
number. Consult factory for 883 data sheet. 
t Burn-in is available on commercial and industrial temperature range parts in 


CerDIP, plastic DIP, and TO-can packages. FUNCTIONAL DIAGRAM 


tt For availability and burn-in information on SO and PLCC packages, contact 
your local sales office. . 


GENERAL DESCRIPTION 


The DAC-8221 combines two identical 12-bit, multiplying, digital- 
to-analog converters into a single CMOS chip. This device is 
electrically similar to DAC-8212 with improved microprocessor 
interface timing and is packaged in a narrow 0.300” DIP. Mono- 
lithic construction offers excellent DAC-to-DAC matching and 
tracking over the full operating temperature range. The DAC- 
8221 consists of two thin-film R-2R resistor-ladder networks, 
two 12-bit data latches, one 12-bit input buffer, and control 
logic. The DAC-8221 operates on a single supply from +5V to 
+15V. Maximum power dissipation with OV and + 5V logic levels 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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ABSOLUTE MAXIMUM RATINGS re ——— 


@,, (NOTE 1) e UNITS 
. a = +25°C, unless otherwise noted) = — _ sae dl 
OGIND ictal lata inane OV, +17V et rin vemet DIE WO = ue JOINS 
yee IO DGND cts atest rent eereenentterd an OV, +17V id ill taal - = co 
AGND to DGND .oeccccssssstsestennerarnrnreO.3V, Vop t0.3V —_24-Pin SOL (S) Si See “CW 
Digital Input Voltage to DGND ..1... —0.3V, V,, +0.3V NOTE: | 
lout a lei at to AGND ..............cccc0ee000- eas -0. 3V, Vp p +0. 38V . 1. @,, is specified for worst case mounting conditions, i.e., 8), is specified for 
V V to AGND cee . 0 25V. Svice in socket for CerDIP, and.P-DIP packages; 8, ais apecnen for device 
REF A’ REF B ae AGND . Serezpecvcsensvvceasscvece Roa Pater ee ene és #25V soldered to printed circuit board for SOL package. | . . 
RFB A’ RFB B eceesereweeeeeseseeseseessenesesasens Jeeecesccenescce CAUTION: . 
Operating Temper ature Range 1. Dono apply voltages higher than Vor po less than GND potential on any termi- 
AW Version ....... Based a cacelarencsocesaca rete cinet 55°C to +1 25°C. nal except V,.-, and Rep. 
EW, FW, FP Versions. ..............cccccccccssscceessecs —40°C to +85°C 2. The digital control inputs are zener-protected; however, permanent damage _ 
GP, HP, HS Versions ............... cc eeeeseeeseeseeeees —0°C to +70°C. may occur on unprotected units from high-energy electrostatic fields. Keep 
Junction Temperature .........ccccecccccssscsescecsessacseecestessecees +150C units Inconduckye foarvat alltinies until ready to ube. 
Storage Temperature .............. misicteuncdaaenaan die ‘65°C to +150°C 2 sepia this device into powered sockets; remove power before insertion 
Lead Temperature ange 60 sec) sii Usedeaeocecer ceteeae +300°C. 4. Use proper anti-static handling procedures. 
5. Stresses above those listed under "Absolute Maximum Ratings" may cause 


permanent damage to the device. This is a stress rating only and functional 
operation at or above this specification is not implied. 


ELECTRICAL CHARACTERISTICS at V,,,, = +5V oF +15V, Vace a= Vace g= +10V, Vor = Vora = OV; AGND = DGND = OV; 


T, = Full Temp. Range specified in Absolute Maximum Ratings; unless otherwise noted. Specifications apply for DAC A and DAC B. 


; DAC-8221 ett 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 
STATIC ACCURACY | | | a. 
Resolution i) 3 N a Nee ot et ee Bits: 
Relative Accuracy INL: Endpoint Linearity Error mate . 2 o0 ae | LSB 
Differential Nonlinearity DNL. All Grades are Monotonic 7 : | - 202 af.  ~ LSB 
DAC-8221A/E | we et ON Pe 
Full Scale Gain Error Bs . se 
nein dl Gise DAC-8221G : - 204 #2 LSB 
DAC-8221B/F/H | ‘ - +0.6 +4 
Gain Temperature = . = ; 
Coefficient TCGeg (Notes 2, 7) a 22>. #5 © . ppm/?C — 
AGain/ATemperature As oe ee 
Sai perex acl i All Digital inputs = T,=428C Se en 
mee EKS 0000 0000 0000 T, = Full Temp. Range - +2 250° 
lour B (Pin 24) | | , 
Input Resistance | | | 
Ren... Roe) Rree _—~_—s(Novte 9+) 8 22 15 kQ 
REF A’ REF B . = 
Input Resistance Match ARpee a 20.2: #1 % 
| Aree aR REF B) REF 
DIGITAL INPUTS a - 
et a Migs ted _ Vane=+5V ea ee? > 
Digital Input High Vic oes pee | ; ; ae a a v 
Ded is po=*~ : os 
Von = +5V | - Peg oe os - 
Digital Input Low Vv DD | re -— Yas Mv 
as P _ INE “Vpp = +15V me 4 | oe = i.5 io 
a Vi = OVorV T, = +25°C oe . = £0,006 21) 

IN DD A ) ee es cin ; | 
amipaiiale hn and Vip OF Ving T,=FullTemp.Range - 20.1 #10 ue 
Input Capacitance Cc . DBO - 0B1 1 _ - 10 oF 

(Note 2) IN WR, CS, DAC A/DAC B - - ~ 15 
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ELECTRICAL CHARACTERISTICS at V,,, = +5V or +15V, Vace a = Vace g = +10V, Vous a = Vout g = OV; AGND = DGND = OV; 
T, = Full Temp Range specified in Absolute Maximum Ratings; unless otherwise noted: Specifications apply: for DAC A and DAC B. 
Continued 
(PSEA I ANOS PRN I SE eT SE IO I IN SEI I I Ne IE NI II I TE OI IA DTT ETE ITI SO ETE 2 II = TES SE AN FOE 
7 | DAC-8221 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 
POWER SUPPLY 15 | 
All Digital Inputs Vi. OF Ving | | - 1 2 
Supply Current dp Ne = = ee | | 
| All Digital Inputs OV or V,_ a ae 2 100 pA 
DC Power Supply - | 
Rejection Ratio PSRR =. AVy py = #5% , ~ - 0.002 - %/% 
(AGain/AV,, o) | 
AC PERFORMANCE CHARACTERISTICS (Note 2) 
. Propagation Delay Pe: oo - 
(Notes 4, 5) < Ta = +25°C - _ 350 ~— ns 
Current Settling Time ; 
. . T= e - 4 1 
(Notes 5, 6) ‘ 8 a= 25°C | 3 | oe 0.45 us 
Bie DAC Latches Loaded | -  .30 ~~ 90 
Care with 0000 0000 0000 © ne | _ 60 120 
i , F 
as ag Cour, CAC Latches Loaded : - — - 60_——s«*120 ° 
Caure with 1111 1111 1111 | / — 30 A 90. 
| Voce tOlaie ai V =20V_: | | 
FT REF A OUT A’ "REF A™ p-p" =a as ae =70 . 
A = = ° % ge RA . 
AC Feedthrough at bie ea asta | aa 
{ or | . os ae ges WE: 
ae 7 a FT . Vaerp!0 loure B’ ‘Veer B= 20V,, . oy, Sat - + =70' 
B f= 100kHz; T, = +25°C = oa oo 
? se = +5V “ Vpp = +15V 
SWITCHING CHARACTERISTICS mee hake ee Fok 2 
(Notes 2, 3) mo +25°C = -40°C TO +85°C 55°C TO0.+125°C. an TEMPS. 
| (Note8) , tos 10 
~ Chip Select to ; 27° ae -- . Sg aes ae, 
1 1 160 © 70 ns MIN 
Write Set-Up Time — tes 24 = 2 Be 
Chip Select to 
0 ns MIN 
Write Hold Time cn .. oe . . 
DAC Select to 4; ; > + 
Au 70 ns MIN 
Write’ Set-Up Time fas a as ea . 
DAC Select to | o A ee ea es : 
: : : = 4) ns MIN 
Write Hold Time aH ; . ° Mere 
Data Valid to | | : | | | 
1 1 220 90 ns MIN 
Write Set-Up Time ‘bs . . sis ia ie 
DataValidto its ‘ | | : | 
: S Ss . 0 10 ns MIN 
. Write Hold Time... ‘oH = . . : . ° . 
_ Write Pulse Width to ? ee : 140 180 170 8 90 ns MIN 


‘NOTES: 


1. Measured using internal Rep aand fre B: Both DAC digital inputs = 6. Salting’ time is measured from 50% of the digital input Saige to where the 
© 199999999111. output voltage settles within 1/2 LSB of full scale. 
2. Guaranteed and not tested. 7. Gain TC is measured from +25°C tO Tain OF from +25°C to T, MAX" 
3. See timing diagram. . 8. These limits apply for the commercial and industrial grade products. 
4. From'50% of digital input to 90% of final analog output ‘current: Ver A= - pe 9. Absolute temperature coefficient is approximately +50ppm/°C. 
Vaer 8° gztt OV; OUT A, OUT B load = 1009, Ceyr= 13pF. oat oe 10. These limits also apply as iypeeve vhost for ‘Yop = = +12V with +5V CMOS 


5. WA, CS = OV; DBO - DB11 = OV to V,,, or Vp, to OV. dope levels and T= 429°0 


REV. B | DIGITAL-FTO-ANALOG CONVERTERS 3-313 


DAC8221 


CHANNEL-TO-CHANNEL 
MATCHING (DAC A & B 


- 1.00. 


NONLINEARITY (LSB) 
° 


0 1024 2048 3072 4096 


DIGITAL INPUT CODE (DECIMAL) 


NONLINEARITY 
vS Vrer 


NONLINEARITY (LSB) 


0 
-10 -8 - -4 -2 0 2 6 6 8 10 
Vrer (VOLTS) 


NONLINEARITY vs CODE 
(DAC A & B ARE 
SUPERIMPOSED) 


NONLINEARITY (LSB) 


3072. ~ me 


2048 
DIGITAL INPUT CODE (DECIMAL) 


0 1024 


4096 | 


DNL (LSB) 


NONLINEARITY (LSB) 


” NONLINEARITY (LSB) 


DIFFERENTIAL 
NONLINEARITY 
V8 Veer 


Vaer (VOLTS) . 


NONLINEARITY 


Vaer (VOLTS) 


NONLINEARITY vs CODE AT 
Ta = -58°C, +25°C, 
+125°C FOR DACA&B 
(ALL SUPERIMPOSED) 


. | 3072 
DIGITAL INPUT CODE (DECIMAL) 


2048 
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ONL (LSB) 


NONLINEARITY (LSB) 


_ GAIN ERROR (LSB) 


_ DIFFERENTIAL 
. NONLINEARITY | 
vs Vrer | 


NONLINEARITY 


5 


Var (VOLTS) © 


10 


SUPPLY VOLTAGE (VOLTS) - 


ABSOLUTE GAIN ERROR 


CHANGE vs VREF 


"5 <a 
Vaer (VOLTS) 
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DEVICES 


FEATURES 

Two Matched 12-Bit DACs on One Chip 

Direct Parallel Load of All 12 Bits for High Data Throughput 
Double-Buffered Digital Inputs 

12-Bit Endpont Linearity (+1/2 LSB) Over Temperature 
+5V to +15V Single Supply Operation 

DACs Matched to 1% Max 

Four-Quadrant Multiplication 

improved ESD Resistance 

Packaged in a Narrow 0.3" 24-Pin DIP and 0.3" 24-Pin SOL 
package 

* Available in Die Form 


APPLICATIONS 

* Automatic Test Equipment 

* Robotics/Process Control/Automation 
* Digital Gain/Attenuation Control 

* ideal for Battery-Operated Equipment 


ORDERING INFORMATION ' 

_ PACKAGE 
RELATIVE GAIN MILITARY* INDUSTRIAL COMMERCIAL 
ACCURACY ERROR TEMPERATURE TEMPERATURE TEMPERATURE 


(+5V or +15V) ~55°C to+125°C 1 -40°Cto+85°C 00°C to+70°C 
+1/2LSB #1LSB DAC8222AW DAC8222EW - 
+1/2 LSB +2LSB - - DAC8222GP 
+1LSB +4LSB be ee DAC8222FW DAC8222HP 
+1 LSB DAC8222FP DAC8222HStH 


+4LSB - 


* For devices processed in total compliance to MIL-SDT-883, add /883 after part 
number. Consult factory for 883 data sheet. 

t Burn-in is available on commercial and industrial temperature range parts in 
cerdip, plastic dip, and TO-can packages. : 


tt For availability and burn-in information on SO and PLCC packages, contact — 


_ your local sales office. 


FUNCTIONAL DIAGRAM 


DAC-8222 


(MSB) 
12-BIT DATA BUS ; 
(LSB) ¢ 


CONTROL 
CIRCUIT 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


REV. B 


Dual 12-Bit Double-Buffered 
Multiplying CMOS D/A Converter 


— DAC8222 


The DAC-8222 is a dual 12-bit, double-buffered, CMOS digital- 
to-analog converter. It has a 12-bit wide data port that allows a 
12-bit word to be loaded directly. This achieves faster through- 
put time in stand-alone systems or when interfacing to a 16-bit 
processor. Acommon 12-bit input TTL/CMOS compatible data 
port is used to load the 12-bit word into either of the two DACs. 
This port, whose data loading is similar to that of a RAM’s write 
cycle, interfaces directly with most 12-bit and 16-bit bus 
systems. (See PMI’s DAC-8248 for a complete 8-bit data bus 
interface product.) A common bus allows the DAC-8222 to be 
packaged in a narrow 24-pin 0.3” DIP and save PCB space. 


PIN CONNECTIONS 


24-PIN 
0.3" CERDIP 
( W-Suffix) 


24-PIN 
EPOXY DIP 
(P-Suffix) 


24-PIN SOL 
(S-Suffix) 


28-CONTACT LCC 
( TC-Suffix) 


DIGITAL-TO-ANALOG CONVERTERS 3-315 


DACB22200—C 


oe re 


The:DAC is controlled with two. ‘signals, WR and LDAC. With, 
logic low at these inputs, the DAC. registers become transparent. : 
This allows direct unbuffered data to flow directly toeither DAC 
output selected by. DAC A/DAC B. Also, the DAC’s double- 


buffered digital inputs will allow both DACs to be updated _ 


simultaneously. 


DAC-8222’s monolithic construction nioHters excellent DAC-to- 
DAC matching and tracking over the full operating temperature 
range. The chip consists of two thin-film R-2R resistor ladder 
networks, four 12-bit registers, and DAC control logic circuitry. 
The device has separate reference-input and feedback resistors 
for each DAC and operates on a single supply from +5V to 
+15V. Maximum power dissipation. at +5V using zero or Vop 
logic levels is less than 0.5mW. 


The DAC- 8222 is manufactured with PMI 's fighiy. stable thin- 
film resistors on an advanced oxide-isolated; .silicon-gate, 
CMOS technology: PMI’s improved latch-up resistant design 
eliminates the need for external protective Schottky diodes. 


) ABSOLUTE MAXIMUM RATINGS 
(T, = +25°C, unless otherwise noted. ) 


Vpp to AGND ......... saan dabsadecedeeateies siessidenesies ecuseseuseeves OV, +17V 
V, 5 to DGND ......eccssessesseeoeeeees edatenntss eeiceaseatieee OV, +17V 
AGND 10 DGND ois. scccsetctscstaicssapeesereivcdsensensies 0. 3V, Vop +0-3V 
Digital Input Voltage:to DGND ......:..........04: .. -0.3V, Vo 5 +0. 3V 


nae bar gtOAGND nrnnnetsinnnnese - ~0.3V, Yoo +0.3V 


Vace ar Veer gt AGND yesccccSitiecsessivesicles thageeesenssescsey £25V 


_. Mare a Vere. t© o AGND ............. sd situccscseinecicessaciventsn ani Peo 
Operating Temperature as 
AW VISION... cccccccscscscsesesseceseseeccececesesees ~-~§5°C to +125°C 
_EW, FW, FP VOTSIONS oovccnccneen, eee —40°C to +85°C 
GP, HP, HS Versions ..........cscssscssssesseessseessees —0°C to +70°C 
Junction Temperature ............csscccseeeecseeeeees ssvggapeceneeres 150°C 
Storage Temperature ..........esseseceeeseees rant -~65°C to +150°C 
Lead Jennie (Soldering, 60 sec. J. a sod ecten +300°C 
PACKAGE TYPE @,(NOTE1) . @. °° — UNITS 
24-PinHermeticDIP(W) = isis 
24-Pin SOL (S) 72 24. AN 


NOTES: . 

1. @, is specified for worst case mounting conditions, i.e., e, is specified for 
device in socket for CerDIP, and P-DIP packages; @., is specified f tor device 
soldered to printed circuit board for SOL package. oe 


CAUTION: 

1. Dono apply voltages a than V,, p or less than GND potential on any termi- 
nal except V_... , and Ree 

2. The digital contro! inputs. are zener-protected; however. permanent damage 
may occur on unprotected units from high-energy electrostatic fields. ‘Keep 
units in conductive foam at all times until ready touse. © 

3. Do not insert this device into. powered sockets; remove power before insertion 
or removal. 

4. Use proper anti-static handling procedures. © he 

5. Devices can suffer permanent damage and/or reliability decianidion it siesta 
above the limits listed under Absolute Maximum oan? for exienced edpaneds 


ELECTRICAL CHARACTERISTICS at Vop = +5V or + 15V, a A= ee B = +10V, Vouriz A= ae g =-0V; AGND = DGND = OV; 
Ta = Full Temp Range Specified in Absolute Maximum Ratings; unless otherwise noted. Specifications apply for DAC A and DAC B. 


. oc DAC-8222 a ; 
PARAMETER — ~ SYMBOL CONDITIONS . MIN TYP MAX '. UNITS 
STATIC ACCURACY ao | 
Resolution ~ N | 2 Bits 
| i as pene DAC-8222A/E/G — -  . £V2 ° | 
Relative Accuracy is Endpoint Linearity Error DAC-8222F/H wc ee UP ee LSB 
Differential Nonlinearity ~~. DNL All Grades are Guaranteed Monotonic = — tt LSB 
aan’ > DAC-8222A/E _ _ ott = 
a nn Sane Grse DAC-8222G . _ — +2 LSB 
5 DAC-8222F/H = as +4 
Gain Temperature Coefficient Pic eS dae, 
Notes 2, 7 _ +2 +§ m/°C 
AGain/ATemperature Meare cree eet oO 
ses oe Sai All Digital Inputs = Ta=t25°C — +5 +10 sd 
our a (Pin 2), ERS a 0000 0000 0000 © Ta= Full Temp. Range — _ +50 
lout B (Pin 24) . yee ue ‘ ; . 
input Resistance Rar ef (Note 9) 8 " 15 ka 
(Vrer a VRer B) : 
Input Resistance Match a REF — +0.2 +1 % 
REF 
SOIGITAL INPUTS a 
sack , Vpp = +5V 2.4 ; —_ mae 
V 
Digital Input High ViINH Vop = +15V 13.5 oe = 
‘ i Vop = +5V = 0.8 
Vv 
Digital Input Low VINL Vop = +15V - s 15 
Vin = OV OF Vop Ta = +25°C _ +0,001 +1 
f A 
lapebCurrent Nn and Vint OF Vinn Ta = Full Temp. Range — — +10 . 
Input Capacitance C DB0-DB11 | — ae 10 oF 
(Note 2) Ly WR, LDAC, DAC A/DAC B | _ _ 15 sy 
3-316. DIGITAL-TO-ANALOG CONVERTERS REV: B 


-DAC8222 


ELECTRICAL CHARACTERISTICS at V,,, = +5V oF +15V, Voce. = Vac g = +10V, Vous «= Voyr g = OV; AGND = DGND = OV; 
T,, = Full Temp Range specified in Absolute Maximum Ratings; unless otherwise noted. Specifications apply for DAC A and DAC B. 
Continued | 


DAC-8222 


PARAMETER SYMBOL CONDITIONS | . _ MIN TYP MAX UNITS 
POWER SUPPLY | 
All Digital Inputs V,., Or Vin, ~ “ 2 
Supply Current lop : 
All Digital inputs OV or V,,, os 10100 pA 
DC Power Supply | | 
Rejection Ration PSRR AVpp = 8% - - 0.002 %/% 
(AGain/AV, b) 
AC PERFORMANCE CHARACTERISTICS (Note 2) 
Propagation Delay _ : CO , rae 
(Notes 4, 5) top T, = +25 Cc - - 350 ns 
Current Settling Time ; . . 
t T, = +25° 2 = a 
(Notes 5, 6) 8 qanen® A HS 
. . | = oan 
Digital Inputs = All Os _ = 90 
Cour a Sours : 
Sulpnt eepacience @9 Digital Inputs = All 1s. a 120 : 
Cour a: Sours 
Voy to! Vv =20V.__; 
FT "REFA OUT A’ "REFA p-p’ = = —-70 
: A =1 ‘T= ° 
AC Feedthrough at te MOON es ce 220-6 oe oo 
| or | % 
A T . ss : 
OUT OUT B a - Veer pte lout B Vaer B= 20V 5’ : ae ee -70 
B f = 100kHz; T, = +25°C 
i . 2 V, , = +15V. 
SWITCHING CHARACTERISTICS > . en (sls ee ey ~pp tier 
(Notes 2, 3) | +25°C -40°CTO+85°C -55°CTO+125°C ALL TEMPS 
ee (Note 8) (Note 10) 
DAC Select to | : ons 
150 180 210 60 ns MIN 
Write Set-Up Time . ‘as | 
DAC Select to : 
0 0 | 0 0 ns MIN 
Write Hold Time aH 
LDAC to 
80 * 100 120 60 ns MIN 
Write Set-Up Time Ls 
ee ss t 20 20 20 20 ns MIN 
Write Hold Time LH 
Data Valid to 
220 240 260 ~ 1400 ns MIN 
Write Set-Up Time . bs 
Data Valid to t : ; 0 0 0 - 100 ns MIN 
Write Hold Time DH ° era He -ue 
Write Pulse Width bie 130 ‘160 170 90 ns MIN 
LDAC Pulse Width two 100 120 - 130 60 ns MIN 
NOTES: . 
1. Measured using internal R-, , and Rep a: Both DAC Pigital inputs = = 6. Settling time is measured from 50% of the digital input change to where the 
11114 14111 1111. . ; output voltage settles within 1/2 LSB of full scale. 
2. Guaranteed and not tested. <S 7. Gain TC is measured from +25°C to Tai or from +25°C to Twa 
3. See timing diagram. 8. These limits apply for the commercial and industrial grade products. 
4. From’50% of digital input to 90% of final analog output current. Voce , = 9. Absolute temperature coefficient is approximately +50ppm/°C. 
Vaer p= t10V; OUT A, OUT B load = 10022, C,.,, = 13pF. 10. These limits also apply as typical values for Vop = +12V with +5V CMOS 
5. WR, LDAC = OV; DBO-DB11=O0VtoV,,orVp,toOV. ~ 7 logic levels and T, = +25°C. 
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ANALOG 
DEVICES 


Dual 8-Bit CMOS 


D/A Converter with Voltage Output 


FEATURES be 

Two 8-Bit Voltage Out DACs in a Single Chip 

Fits 7528/7628 Sockets 

Adjustment Free Internal CMOS Op Amps 

Single +12V to +15V Operation 

TTL Compatible Over Full V,, , Range 

Fast Interface Timing ............sccssssseesesseenees we Ty, = 50nS 
improved Resistance to ESD 

Available in Small Outline Package 

CerDIP and Epoxy Packages Come in the Extended 
industrial Temperature Range of —40°C to +85°C 

° Available in Die Form 


APPLICATIONS 

° Disk Drive Systems 

* Automatic Test Equipment 

* Process/Industrial Controls 

Energy Controls 

Programmable Instrumentation 

Multi-Channel Microprocessor-Controlled Systems 
Servo Control Systems 


ORDERING INFORMATION '! | 
PACKAGE: 20-PIN DIP/SOL 


EXTENDED 

| INDUSTRIAL _ 

RELATIVE | GAIN _ TEMPERATURE 
ACCURACY | ERROR ~—40°C to +85°C 
#1/2LSB +2LSB DAC8228FR 
+1/2LSB +2LSB DAC8228FP 
#1/2LSB +2LSB DAC8228FS 


t All commercial and industrial temperature range parts are available with burn- 
in. . 


FUNCTIONAL DIAGRAM as 


tal 
- DAC ADAC Bi 


CONTROL | 
LOGIC | 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, cali our fax retrieval system at 1-800-446-6212. 
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GENERAL DESCRIPTION 


The DAC-8228 is a dual 8-bit, voltage output, CMOS, D/A con- 
verter in a single chip. Itwas designed to drop into AD7528/7628 
sockets eliminating two external op amps in applications such 
as hard disk drives. These applications generally operate the 
AD7528/7628 with zero volts applied to V.,., and offset AGND 
to +2.5 or +5 volts. The DAC-8228 is tested under both these 
conditions. 


The DAC-8228 can also be used in those applications requiring 
a unipolar output voltage. It can deliver an output voltage be- 
tween OV and +10V with V,,, = +14V (maximum output voltage 


is Vp) —4V). The DAC-8228's reference input can accept a 


negative voltage from OV to —10V (the DAC's internal unity-gain 
inverting amplifier inverts the input signal). Choose the DAC- 
8229 for bipolar operation. | 

| Continued 


PIN CONNECTIONS 


20-PIN 
0.3" CERDIP 
(R-Suffix) . 


20-PIN SOL 
(S-Suffix) | 


20-PIN 
EPOXY DIP 
(P-Suffix) | 


VaerA 
e 


Vace B 


REV.A 


GENERAL DESCRIPTION Continued 

The DAC-8228 offers CerDIP and plastic packaged devices in 
the extended industrial temperature range of —40°C to +85°C. 
Applications requiring the military temperature range should 
use the DAC-8229. To make the DAC-8229 pin and functionally 
compatible with the DAC-8228, AGND Aand AGND B should be 
tied together to function as V,, and V.. connected to GND. 


The DAC-8228 consists of two CMOS voltage output amplifiers, 
two high-accuracy R-2R resistor ladder networks, interface 
control logic, and two 8-bit registers. An internal regulator main- 
tains TTL logic compatibility and fast microprocessor interface 
timing over the full V,, , range. 


The DAC-8228 dissipates only 9OmW in the space saving 20- 
pin 0.3" DIP or the 20-lead SO surface mount package. Its 
compact size, low power, and economical cost per channel, 
makes it attractive for applications requiring multiple D/A con- 
verters without sacrificing circuit-board space. Reduced parts 
count also improves system reliability. 


Using PMI's advanced oxide-isolated, silicon-gate CMOS proc- 
ess, coupled with its highly-stable thin-film resistor ladder, al- 
lows the DAC-8228 to offer superior matching and temperature 
tracking between DACs. 


ELECTRICAL CHARACTERISTICS at V,,, 


= +12V 25%, V,__ = OV, V, = +2.5V and V 


ABSOLUTE MAXIMUM RATINGS 
. 4 = +25°C, unless otherwise noted.) 


gy 85 OF GIND aioe rceccccncany sa edstcvonientnnstncwtecsnsoees —0.3V, +17V 
~ SND ae eee ett ene. -0.3V, V5, 
Digital Input Voltage to GND oe ecessstenees -0.3V, Von 
Vise cians Veneer 10 ND ot ciatsccectensetepicectasearitarcNestetater -17V, V, 
Vout a’ Vout g t0 Vz (Note 1) ....--ssecssssesesesseensens -0.3V, Vin 
Operating emperature Range 
FR/FP/FS Versions ................ccccccesssecssseeee 4 
Junction Temperature 
Storage Temperature ..................c:cccccessseeeees -6 
Lead Temperature (Soldering, 60 sec) .................ccc008 +300°C 
PACKAGE TYPE 8), (NOTE 3) Gc UNITS 
20-Pin Hermetic DIP (R) 76 11 °C/W 
20-Pin Plastic DIP (P) 69 27 °C/W 
20-Pin SOL (S) 88 25 °C/W 


NOTES: 

1. Outputs may be shorted to any terminal provided the package power dissipa- 
tion is not exceeded. Typical output short-circuit current to GND is 50mA. 

. Use proper anti-static handling procedures when handling these devices. 

. ©, is specified for worst case mounting conditions, i.e., @ ais specified for 
device in socket for CerDIP and P-DIP packages; 8, , iS specified for device 
soldered to printed circuit board for SOL package. 


@ NO 


= +15V 25%, V,_, = OV, V, = +5V. 


EF Zz DD v4 
T, = Full Temperature Range specified under Absolute Maximum Ratings, unless otherwise noted. 
ERR ENTE IES OTT DAES SELIG EE AIGA IE NTE AG LEELA SAEED SAIL ELI GILES GLUTEN EBA TENET DEES EINES ERE SEI TENE CTT LOG TETAS BOS AEG NS STAINS SE TO AAT EEE GEE IND EEN SERIES SENOS R ERS BATE Pe TOO 
| DAC-8228 
PARAMETER SYMBOL CONDITIONS MIN TYP _ . MAX UNITS 
STATIC ACCURACY 
(Note 1) 
Resolution | N 8 - - Bits 
Relative Accuracy 
- ~ 1 LSB 
(Note 2) INL + S 
Differential Nonlinearity 
- - 1 LSB 
(Note 3) ane - 
Gain Error Gege DAC Latches Loaded with 1111 1111 _ - +2 LSB 
Gain Error | 
Temperature Coefficient TCG, - 20.0003 +0.002 %/°C 
(Note 4) 
Zero Code Error Vose - - #15 mV 
Zero Code Error | 
Temperature Coefficient TCV>, ~ #10 ~ pviPC 
(Note 4) _ 
REFERENCE INPUT 
(Note 8) 
Input Resistance 
1 7 - 15 kQ 
(Note 5) Rin Pin 4 and Pin 18 
Input Resistance Match AR _ 20.1 X % 
VnerAVrer®) Bi 
Input Capacitance 7 9 20 F 
(Note 4) Cin | J 
V, Input Resistance 
z ital | =0V 2 ~ - kQ 
(Note 10) | Ry2 Digital inputs = 0 


REV. A 


DIGITAL-TO-ANALOG CONVERTERS 3-319 


ELECTRICAL CHARACTERISTICS at V,,, = +12V +5%, Vae, = OV, V, = +2.5V and V,, = +15V 45%, Vere 


T,, = Full Temperature Range specified under Absolute Maximum Ratings, unless otherwise noted. Continued — 


er 


a Fas _ i | DAC-8228 i 

PARAMETER SYMBOL CONDITIONS a eae on MIN” -——OCTYP MAX =~ | UNITS 

DIGITAL INPUTS ee ae ce > 

Digital Input High ee eat | a es a oe 

Digital InputLow Wire. oe ge Be ore oe ee 

Input Current . In am Vin = OV Or Von ; oe — a ee ae ee pA. 
a ‘Input Capacitance, o : 

(Note 4) Cin - . 8 pF 
POWER SUPPLIES | 
Supply Current ; a 
- (Note 6) lop ‘ us 
: | | | 2 Mpg +120 _ % mr 3 
‘Power p 12x 7mA | a iw 

Dissipation | SO dD | Vpp = +15V | - : a m 

: | 15 x 7MA_ 
DC Power Supply — , | ae dy tig, . a re 

Rejection Ratio = ~ PSRR | AVpp = 15% | A et, . a, 9 2 5. ee" 0.010 | Hl %. 
DYNAMIC PERFORMANC 
Slew Rate (Voy) T, = +25°C _ _ 

(Note 4) ii Digital Inputs = OV to +5V o Mla 


Settling Time (Vs) , te poe Ogee Ses Ao o. 
Positive or Negative t Digital Inputs = OV to +5V... a « 142 ; eB es 
(Note 4,7) . . . a en OG . 


Channel-to-Channel as Ty, = 25°C : eat hgs - be te 
HN aban AcE . aor BtoV,,,-Aor V,.-A to V,,,-B. maa a TO, ee a B 
"Isolation (Note 4) oC) | vREE xy cea ns : Oi . | d 
rere = VperA = 20V,., @ f= 10kHz | 
ah — — T, = +25°C a eee : . -_ he 
. . . A . 7 
Digital wrosstalk Q ' For Code Transition - 4 10 a, 6 6onVs 
(Notes 4, 9) as . eee, pyran se 


0000 0000 to 1111 1111 


T A= +25°C ss 
Q For Code Transition — - ~ 400 _ nVs 
0000 0000 to 1111 1111 , 


Digital Charge 
Injection 


AC Feedthrough uo . ET as 7 ~—s 4 oy - = , 7 si 70 - dB 
(Notes 4, 11) : 


T A= +25°C 


Harmonic Distortion. : THD 
Vin = 6Vems @ f = 1kHz 
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ELECTRICAL CHARACTERISTICS at V,,,. = +12V +5%, Vo_, = OV, V, = +2.5V and V,, = +15V 45%, V._- = OV, V, =+5V. 


REF REF 
T, = Full Temperature Range specified Hinder Absolute Maximum Ratings, inlese aihiemuise noted: Continued 
DAC-8228 
PARAMETER Sn 4 SYMBOL CONDITIONS MIN TYP MAX UNITS 
SWITCHING CHARACTERISTICS (Note 4) 
Chip Select to ' ea 
Write Set-Up Time - cs ne 
Chip Select to is - 
Write Hold Time CH 7 . Ps 
DAC Select to , , | ie | 
Write Set-Up Time AS , ne 
DAC Select to ' 40 
~ Write Hold Time AH . , oe 
Data Valid to | : 60 ~~ Fa = n 
Write Set-Up Time dS : : 
Data Valid to ' . P 10 = n 
Write Hold Time DH | | ae 
Write Pulse Width twr 4 50 = _ ns 
NOTES: ; 
1. Specifications apply to both DAC A and DAC B. 8. Vie, voltage range is OV to -10V; the absolute maximum baal value is: 
2. This is an endpoint linearity specification. — | Veer | = Vop ~4V- a 
3. All devices are guaranteed to be monotonic over the full operating temperature 9. Digital crosstalk is a measure of the amount of digital input pulse appearing at. 
range. | the analog output of the unselected DAC while applying it to the digital inputs 
4. These characteristics are for design guidance only and not subject to produc- of the other DAC. , 
tion test. — . 10. Resistance looking into the V> terminal.’ 
5. Input resistance. temperature coefficient = +300ppm/°C. . - 11. VocA, Vee pB= 20V,,. Sinewave @ f= 10kHz; VaeeA toVoy7A Or Vag B to 
6. Vin = Vin OF Vins Outputs unloaded. . VoutB: both DAC latches loaded with 0000 0000. 


re VaEF™ = +2.5V; to wnele = oulput settles to +1/2 LSB. 


BURN-IN CIRCUIT 


REV. A- DIGITAL-TO-ANALOG CONVERTERS 3-321 


ANALOG 


A DEVICES 


Dual 8-Bit CMOS 


D/A Converter with Voltage Output 


FEATURES 
Two 8-Bit DACs In A Single Chip 
Adjustment-Free internal CMOS Amplifiers 
_ Single or Dual Supply Operation 
TTL Compatible Over Full V, , Range 
5 Microsecond Settling Time 
Fast Interface Timing .............cccccssssssccssscsenssseees tw, = 50ns 
Improved Resistance to ESD 
Fits AD/PM-7528 And AD/PM-7628 Sockets 
Available In Small Outline Package 
~—40°C to +85°C for the Extended industrial Temperature 
Range 
Available In Die Form 


APPLICATIONS 

Automatic Test Equipment 

Process/Industrial Controls 

Energy Controls 

Programmable instrumentation 

Disk Drive Systems 

Multi-Channel Microprocessor-Controlled Systems 


GENERAL DESCRIPTION 

The DAC-8229 is a dual 8-bit, voltage output, multiplying CMOS 
D/A converter. Its reference input accepts a +2.5V signal, in- 
verts and delivers it to the output with an internal amplifier. Itcan 
also accept —10V at V,.,... with a corresponding +10V output (the 
maximum positive input signal that it can accept is +2.5V). 
The DAC-8229 was designed to operate with dual supplies; 
however, it can be operated with a single supply by connecting 


Continued 


FUNCTIONAL DIAGRAM Vop 


WRC 
TCH 
So —_| contro oe 


DAC A/DAC BO —— 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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ORDERING INFORMATION? 
PACKAGE: 20-PIN DIP/SOL 
EXTENDED" 
MILITARY* INDUSTRIAL 
RELATIVE GAIN TEMPERATURE TEMPERATURE 
ACCURACY _ ERROR -55°C to +125°C —40°C to +85°C 
+1/2LSB +2LSB DAC8229AR DAC8229ER 
+#1/2LSB +2LSB — DAC8229FP 
+1/2LSB +2LSB eas DAC8&229FS 


* For devices processed in total compliance to MIL-STD-883, add eee after pat 
number. Consult factory for 883 data sheet. 

t Allcommercial and industrial temperature range parts are available with burn- 
in. 

tt Cerdip and epoxy packaged devices available in the extended industrial tem- 
perature range. 


PIN CONNECTIONS 
AGND A [a] & : 
Vss (2) | 20-PIN 
VourA (3) 0.3"°CERDIP 
VaceA | 4] (R-Suffix) 
DGND [5] 
DAcApacB [oe] 20-PIN SOL | 
(MSB) DB, [7] (S-Suffix) 
0B Lo) 20-PIN EPOXY DIP 


ps, [a] |  (P-Suffix) 
DB, . . 


VacrA 
O 


OD Vour A 


~O AGND A 
O Ves 
O AGND B 


DAC B O Voy 8 


J 
Vaer8 


REV.A 


DAC8229 


ELECTRICAL CHARACTERISTICS at Vj p> = +11.4V or +15.75V; V,. = —5V +10%; Var = #2.5V; AGND = OV; T, = Full Tem- 
perature Range specified under Absolute Maximum Ratings, unless otherwise noted. Continued _ 


test. 
. Input resistance temperature coefficient = +300 ppm/°C. 
: VIN = VIN or ViNH outputs unloaded. 
7. Vae-= £2.5V; to where output settles to + 1/2 LSB. 


oo 


REF 


DAC-8229 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 
DIGITAL INPUTS 
Digital Input High ae 24 = uf 
Digital Input Low INL - _ 0.8 
input Current iN Vin = OV Or Vop - - +1 pA 
Input Capacitance 

(Note 4) Cn - 4 8 pF 

- POWER SUPPLIES 

Positive Supply Current 

(Note 6) lop 7 = . m 
Negative Supply Current 

(Note 6) Iss = = 5 mA 

DC Power Supply 

Rejection Ratio PSRR AVp p = #9% _ - 0.01 %/% 

(A Gain/AV, p) (Note 10) 
DYNAMIC PERFORMANCE 

T, = 25°C 

Slew Rate . 

(Note 4) our) SR | Vaer =—2-5V - 2.5 - Vius 

. . _, Digital Inputs = OV to +5V 
ling Ti 

pene mse : i Vaer =~2.5V 2 5 ys 

(Notes 4,7) Digital inputs = OV to +5V 
Channel-to-Channe! cc VaerB to Voy7A or Vee Ato VB _ 80 7 dB 

Isolation (Note 4) Vaer8 = VaerA= 20V,., @ f=10kHz . 

Digital Crosstalk a For Code Transition . ; 10 ae 
(Notes 4, 9) 0000 0000 to 11111111 
AC Feedthrough FE T, =25°C _ - -70 - 4B 

(Notes 4, 11) T T, = Full Temp. Range - _ -65 
SWITCHING CHARACTERISTICS (Note 4) | 
Chip Selectto 
60 - _ ns 
Write Set-Up Time ‘es 
Chip Select to 
1 - _ ns 
Write Hold Time ton : 
DAC Select to 
‘ Z ns 
Write Set-Up Time has 
DAC Select to 
10 - - ns 
Write Hold Time ‘aH 
Data Valid to 
60 - - ns 
Write Set-Up Time bs 
DataValidto 
10 ~ - ns 
Write Hold Time bn 
Write Pulse Width twa 50 - = ns 
NOTES: 8. Vier voltage range is +3V to —1 OV; the absolute maximum negative value is: 
1. Specifications apply to both DAC A and DAC B. Veer! =Vpp -4V: 
2. This is an endpoint linearity specification. . 9. Digital crosstalk is a measure of the amount of digital input pulse appearing at the 
3. Alldevices are guaranteed to be monotonic over the full operating temperature range. analog output of the unselected DAC while applying it to the digital inputs of the 
4. These characteristics are for design guidance only and are not subject to production other DAC. 


10. Vier 
tests). 


11. VoceA, Vee pB= 20V.5 Sinewave @ f = 10kHz; 
Var’ to V,._-8 or V.¢-B to Vae-A. 


= +2.5V,R = 20kQ (a pulldown resistor to V,,., is used for these 


PULLDOWN 


DIGITAL-TO-ANALOG CONVERTERS 3-323 


DAC8229 


GENERAL DESCRIPTION Continued 
_Vgg, AGND A, and AGND B to ground. Its operating character- 


istics will then be similar to that of the DAC-8228 (whose pin-out 


allows it to drop into the AD/PM- 7526 and AD/PM-7628 sock- : 


ets). 


. An internal regulator provides TTL isi écoinoailbiiy and fast 
microprocessor interface timing over the full Vpp range. Also, 


each DAC input latch is addressable for easy microprocessor | 
'. interfacing. 


The DAC-8229 dissipates less than 109mW in the space-saving 
20-pin 0.3" DIP or the 20-lead SO surface-mount package. Its 
compact size, low power, and economical cost per channel, 
make it attractive for applications requiring multiple D/A convert- 
ers without sacrificing circuit-board space. Reduced parts 
count also improves system reliability. 


PMI’s advanced oxide-isolated, silicon-gate CMOS process, 


coupled with PMI’s highly-stable thin-film R-2R resistor ladder, — 


offers superior matching and temperature tracking between 
DACs. 


The DAC-8229 offers cerdip or epoxy packaged devices in the 
extended industrial temperature range of —40°C to +85°C. 


ELECTRICAL CHARACTERISTICS at, = +11.4V or +15.75V: Vo. = SV 210%: V 


ABSOLUTE MAXIMUM RATINGS Tr, = +25°C, unless oth- 
erwise noted.) 


~ Vpp to AGND or DGND............... Mesa aehse thse anata: —0.3V,. +17 
VV, to AGND or DGND.......... srssevessesserenssessseensceeatene TW, Vp 
Vil Vee ee eee eee -0.3V, +24V 
AGND to BSGND ooscccccccscssssssesecsssesessssessseves peaeageaaases -0.3V, V,_ 
Digital Input Voltage to GND De Seg eceadatyeie cc renderers -0.3V, V5, 
Vere e TOAGIND | ces ssccasacedevenseshessturessevatniatesaasaseinantte ites —17V, +4V 
Vout to AGND (Note 1) ee eee en ee eR N RTS Vss° Yoo 
Operating Temperature Range - | 
DAC-8229AR Version ............::cssscccssssseeees —§5°C to +125°C 
DAC-8229ER/FP/FS Versions ................000 —40°C to +85°C 
Junction Temperature ...............csccsssecesscsssssessersseesenees +150°C 
Storage Temperature ................ PeUetestaieagaices —65°C to +150°C 
' Lead Temperature (Soldering, 60 Sec) ..............ccccc0e. +300°C 
PACKAGE TYPE @,, (NOTE 3) ®¢ UNITS 
20-Pin Hermetic DIP (R) 76 W °C/W 
20-Pin Plastic DIP (P) 69 27 °C/W 


20-Pin SOL (S) 88 - 25 °C/W 


iad at 

. Outputs may be shorted to any terminal provided the package power dissipa- 
tion is not exceeded. Typical output short-circuit current to AGND is 50mA. 

. Use proper antistatic handling procedures when handling these devices. 

. 8, is specified for worst case mounting conditions, i.e., @ ais specified for 
device in socket for CerDIP and P-DIP packages; @ , is specified for device | 
soldered to printed circuit board for SOL package. ; 


@ 


: Veg = ; Vacp = #2.5V; AGND = OV; T, = Full Tem- 


perature Range specified under Absolute Maximum Ratings, unless otherwise noted 


DAC-8229 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 
STATIC ACCURACY | _ 7 
(Note 1) - 7 
ea eer | a 
Resolution N | 8 . = Bits 
Relative Accuracy a 
IN - _ 1 LSB 
(Note 2,10) : mG mn 1 
Differential Nonlinearity DNL = _ +1 LSB 
(Note 3, 10) . 
Gain Error 
= - +2 LSB 
(Note 10) | Srse 
Gain Error 
Temperature Coefficient TCG. - +0.0008 +0.002 %/C 
(Note 4, 10) 
Zero Gain Error 4 | 
0 Gain, te ~ 10 mV 
(Note 10) V2sE | #100 } 
Zero Code Error | a 
Temperature Coefficient TOVi5 - . +5 -. pvc 
(Note 4, 10) : | | 
REFERENCE INPUT 
(Note 8) 
(Note 5) IN 
Input Resistance Match | AR 2 20.1 1 % 
VaerVner 9) Rin 
Input Capacitance as 9 20 F 
(Note 4) Cn . p 
REV. A 
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FEATURES 


* Two Matched 12-Bit DACs on One Chip 

* 12-Bit Resolution with an 8-Bit Data Bus 

Direct Interface with 8-Bit Microprocessors 
Double-Buffered Digital Inputs 

RESET to Zero Pin 

12-Bit Endpont Linearity (+1/2 LSB) Over Temperature 
+5V to +15V Single Supply Operation 

Latch-Up Resistant 

improved ESD Resistance | 
Packaged in a Narrow 0.3" 24-Pin DIP and 0.3" 24-Pin 
SOL package 

* Available in Die Form 


APPLICATIONS 

* Multi-Channel Microprocessor-Controlled Systems 

* Robotics/Process Control/Automation 

* Automatic Test Equipment 

* Programmabie Attenuator, Power Supplies, Window 
Comparators 

* instrumentation Equipment 

* Battery Operated Equipment 


GENERAL DESCRIPTION 


The DAC-8248 is a dual 12-bit, double-buffered, CMOS digital- 
to-analog converter. It has an 8-bit wide input data port that 


FUNCTIONAL DIAGRAM 


8-BIT 


INPUT 
En REGISTER 


= 
INPUT 


REGISTER 


RESET © 


HI-BYTE/LO-BYTE 
DAC SELECT 


This is an abridged data sheet. To obtain the most recent version or _ 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


REV. B 


—+ 


Dual 12-Bit (8-Bit Byte) 


Double-Buffered CMOS D/A Converter 


DAC8248 


interfaces directly with 8-bit microprocessors. It loads a 12-bit 
word in two bytes using a single control; it can accept either a 
least significant byte or most significant byte first. For designs 
with a 12-bit or 16-bit wide data path, choose the DAC-8222 or 
DAC-8221. 


The DAC-8248's double-buffered digital inputs allow both 
DAC’s analog output to be updated simultaneously. This is 
particularly useful in multiple DAC systems where a common 
LDAC signal updates all DACs at the same time. Asingle RESET 
pin resets both outputs to zero. 


ORDERING INFORMATION{ 


PACKAGE 


RELATIVE GAIN MILITARY* INDUSTRIAL COMMERCIAL 
ACCURACY ERROR TEMPERATURE TEMPERATURE TEMPERATURE 


(+5V or +15V) -§5°C to+125°C -40°C to +85°C 0°C to +70°C 
+1/2LSB +1LSB DAC8248AW DAC8248EW | ae 
+1/2LSB +2LSB me = DAC8248GP 

+1LSB +4LSB = DAC8248FW ~DAC8248HP 
+1LSB +4LSB i DAC8248FP § DAC8248HSTTt . 


* 


For devices processed in total compliance to MIL-STD-883, add /883 after part 
number. Consult factory for 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 
tt For availability and burn-in information on SO and PLCC packages, contact 
your local sales office. 


Vpp VREF A 
e () 


DAC-8248 


UJ e 
DGND_ Vaerp 
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The DAC-8248’'s monolithic construction offers excellent DAC- : 


to-DAC matching and tracking over the full operating temper- 
ature range. The DAC consists of two thin-film R-2R resistor 
ladder networks, two 12-bit, two 8-bit, and two 4-bit data 
registers, and control logic circuitry. Separate reference input 
and feedback resistors are provided for each DAC. The DAC- 
8248 operates on a single supply from +5V to +15V, and it 
dissipates less than 0.5mW at +5V (using zero or Vpp logic 
levels). The device is packaged in a space-saving 0.3”, aoe 
DIP. | 


The DAC-8248 is manufactured with PMI’s highly-stable thin- 
film resistors on an advanced oxide-isolated, silicon-gate, 
CMOS technology. PMI’s improved latch-up resistant design 
eliminates the need for external protective Schottky diodes. — 


PIN CONNECTIONS 


_ 24-PIN 
0.3” CERDIP 
(W-Suffix) 


24-PIN 


EPOXY DIP 
(P-Suffix) 


24-PIN SOL 
(S-Sutfix) 


-. ABSOLUTE MAXIMUM RATINGS 


(T, = +25°C, unless otherwise noted.) 


Visis CO PNIN DD acretiste ce sctc a cress cadetaass cassecisctessecorstasassenins OV, +17V 
Meri 10 GND aa sesessoic cence seesatsiisisisea se snouosganuedectauysss seen OV, +17V 
AGND to DGND 2.0.0.0... eceecscsecersessreesersenes -0.3V, V,,, +0.3V 
ee nee Voltage to DGND .................008 —0.3V, V,,)+0.3V 
‘ to AGND .............. eSiee caaanaseavceee’ —0.3V, V,,, +0.3V 
| yore pre g'0 AGND Hiei enna eo nea nie) 3) 
arpa Yr OGD ass cesceceececesel sion aeecesteeaatcctines +25V 
Operating ATED erature Range . a 
FAW NOESIONN sviecsasetisusecsactcedes soca ioaesteestetione -55°C to +125°C 
EW, FW, FP Versions..............cccccssssccccsceceees —40°C to +85°C 
GP, HP, HS Versions ................cssccsccssecensceees -0°C to +70°C 
Junction LU schoekonelaag cise ae Siddcadatens +150C 
Storage Temperature ................sscceee saeidasie  ~65°C to +150°C 
Lead Temperature (Soldering, 60 S@C) ...........-ecesces0e-e +300°C 
PACKAGE TYPE 6,, (Note 1) Gc UNITS 
24-Pin Hermetic DIP (W) 69 10 °C/W 
24-Pin Plastic DIP (P) 62 32 — °CIW 
24-PinSOL(S) 72 24 °C 
NOTE: oa 
Lf 8; A is specified for worst case mounting conditions, i.e., 8. i, is specified for . 


_ device in socket for CerDIP and P-DIP packages; eo, is specified for device 
soldered to printed circuit board for SOL package. 
CAUTION: rae 
1. Do no apply voltages ahi than V,)_ or less than GND potential on any termi- 
nal except V.-, and Rep 
. The digital control inputs are zener-protected: however, permanent damage 
may occur on unprotected units from high-energy electrostatic fields. Keep 
units in conductive foam at all times until ready to use. 
Do not insert this device into powered sockets; remove power before insertion 
orremoval. | | 
Use proper anti-static handling procedures. 
Devices can suffer permanent damage and/or reliability degradation if stressed 
above the limits listed under Absolute Maximum Ratings for extended periods. 
This is a stress rating only and functional operation at or above this specifica- 
tion is not implied. 


o rh 


aieng 


ELECTRICAL CHARACTERISTICS at yg = +5V or +15V; Veer a= Veer B= +10V; Vout a= Vout B= OV; AGND = DGND = OV; 
Ta = Full Temp Range specified in Absolute Maximum Ratings; unless otherwise noted. Specifications apply for DAC A and DAC B. 


. DAC-8248 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 
STATIC ACCURACY | | | 
Resolution N . 12 — _ Bits 
: “ DAC-8248A/E/G — _ _ +1/2 
Relative Accuracy INL | DAC-8248F/H | ‘ _ +4 LSB 
Differential Nonlinearity _ DNL. All Grades are Guaranteed Monotonic . _ _ +1 LSB 
| DAC-8248A/E nn = +4 
praia aaa Grse DAC-8248G ~ _ +2 LSB 
| DAC-8248F/H = = ae 
Gain Temperature Coefficient 
, _ +2 + ° 
(AGain/ATemperature) TCGrs (Notes 2, 6) 5 ppm/°C 
REV. B 
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ELECTRICAL CHARACTERISTICS at Vpp = +5V or +15V; Vrer a= Vrer p= +10V; Vout a= Vout B= OV; AGND = DGND = OV; 
Ta = Full Temp Range specified in Absolute Maximum Ratings; unless otherwise noted. Specifications apply for DAC A and DAC B. 


(Continued) 
SLR RAN AE RI EET SE ON NI I IES TITIES IT TS CIE I TI ET IE REE TEE TT IIE NS PI DE SOO TEE OEE NE OT TSE CE TE IEE TR ST SSD aT EIT OER TTS E Re ONT NIT IIT SEE TEES R TE 
: DAC-8248 
PARAMETER ‘SYMBOL CONDITIONS _ MIN TYP MAX UNITS 
Output Leakage Current A Digital Inputs 0s 
lour a (Pin 2), lour g (Pin 24) 'LxG TAS 228°0 2 =e sad nA 
easical ihciasiins T, = Full Temp. Range — _ +50 
Input Resistance (Vacr a pera) Rrer (Note 9) 8 11 15 ko 
input Resistance Match als —_ +0.2 +1 % 
REF 
DIGITAL INPUTS 
as : Vop =+5V 2.4 — —_ 
Digital Input High VINH Vop = + 18V 13.5 _ - Vv 
ae ts Vop = +5V _ _ 0.8 
tal Input L Vv 
Digital Input Low INL Vop = + 15V 15 V 
Input Current (Viq = OV Ta = +25°C _ +0.001 +1 ‘ 
or Vop and Vint or Vin) be T, = Full Temp. Range _ sis +10 . 
Input Capacitance Cc DB0-0B11 . ar = 10 F 
(Note 2) ms WR, LDAG, DAC A/DAC B, LSB/MSB, RESET — — 15 i 
POWER SUPPLY 
Digital Inputs = Vig. Or Vink _ _ 2 mA 
Supply Curren lbp Digital Inputs = OV or Vpp = 10 100 =o 


DC Power Supply 
Rejection Ratio PSRR AVpp = +5% — _ 0.002 %/% 
© (AGain/AVpp) . 


AC PERFORMANCE CHARACTERISTICS (Note 2) 


Propagation Delay (Notes 3, 4) tpp Ta = +25°C ie Za 350 ns 
Output Current Settling Time , 
t Ta = +25° = on 1 s 
(Notes 4, 5) s Aner’ 
Digital Inputs = all Os as _ a 
Output Capacitance Co SOUT aa a ao pF 
Digital Inputs = ali 1s = ae 120 
Couta Couts 
Vrer ato lout a Vrer a= 20Vp-p _ = -70 


AC Feedthrough at f = 100kHz; Ts = +25°C 


lout ar louts P Vrer 6 tO lout B: Vrer B= 20Vp-p ae = -70 
Tp f = 100kHz; Ta = +25°C 


dB 
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ELECTRICAL CHARACTERISTICS at V,. = +5V or +15V, Vacr at Vacre*+10V; Voyr 4 =Voure «OV; AGND = DGND =v; 


T, = Full Temp Range specified in Absolute Maximum ee unless otherwise noted. Spectiations apply for DACA and DAC B. 
7 Continued 


' PARAMETER: “SYMBOL CONDITIONS DAC-8248 | UNITS 
Voy = 05V Vop = +18V 
SWITCHING CHARACTERISTICS 
| 425°C 8 -40°C TO «85°C 9 -~55°CTO+125°C ALL TEMPS 
(Notes 2, 7) 
. (Note 8) | (Note 10) 
CSB/MSB Select to | 

Write Set-Up Time ‘cas 130 170 180 80 ns MIN 
LSB/MSB Select to : 

Write Hold Time ‘een o ) 0 o | ns MIN 
DAC Select to 

Write Set-Up Time as 180 210 220 80 ns MIN 
DAC Select to 

Write Hold Time AH 0 - 0 ) 0 ns MIN 
LDAC to 

Write Set-Up Time Ls | | 120 150 160 80 ns MIN 
LDAC to i ) | 

Write Hold Time ha | 0 0 0 0 ns MIN 
Data Valid to | . | 

Write Set-Up Time ns 160 210 220 70 ns MIN 
Data Valid to . 

Write Hold Time bn : : ° Ig oSMiN 
Write Pulse Width tos 130 150 170 90 ~~ nsMIN 
LDAC Pulse Width ae 400 110 130 60. nsMIN 
Reset Pulse Width tawp 80 90 90 60 ns MIN 
NOTES: < ==, 

1. Measured using internal Reg , and Rrg gp. Both DAC digital inputs = 6. Gain TC is measured from +25°C to Tin or from +25°C to Tax. 
41414 1191 1111. 7. See Timing Diagram. 
2. Guaranteed and not tested. 8. These limits apply for the commercial and industrial grade products. 
3. From 50% of digital input to 90% of final analog output current. Vrer a= 9. Absolute Temperature Coefficient is approximately +50 ppm/°C. 
Vrer B= +10V; OUT A, OUT B load = 1000, Cexz = 13pF. 10. These limits also apply as typical values for Vpp = +12V with +5V CMOS 
4. WR, LDAC = OV; DBO-DB7 = OV to Vp or Vpp to OV. | logic levels and Ta = +25°C. 


5. Settling time is measured from 50% of the digital input change to where 
the output settles within 1/2 LSB of fuil scale. 


BURN-IN CIRCUIT 


Vpp 
+15V+0.5V 


VREF 
+10V+40.5V 


DAC-8248 


NOTES: 

1. C1=C2 4.7uF TANTALUM, 50V DC; EVERY 10TH DEVICE. 
2. C3 = C4 0.01nF CERAMIC, 50V DC; EVERY 10TH DEVICE. 
3. ALL MATERIAL TO WITHSTAND 150°C. 
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FEATURES 

© Four DACs in a 28 Pin, 0.6 Inch Wide DIP or 28 Pin JEDEC 
Plastic Chip Carrier 

+1/4 LSB End-Point Linearity 
Guaranteed Monotonic 

DACs Matched to Within 1% 
Microprocessor Compatible 
Read/Write Capability (with Memory) 
TTL/CMOS Compatible 
Four-Quadrant Multiplication 
Single-Supply Operation (+5V) 

Low Power Consumption 

Latch-Up Resistant 

Available in Die Form 


APPLICATIONS 


Voltage Set Points in Automatic Test Equipment 
Systems Requiring Data Access for Self-Diagnostics 
Industrial Automation 

Multi-Channel Microprocessor-Controlled Systems 
Digitally Controlled Op Amp Offset Adjustment 
Process Control 

Digital Attenuators 


GENERAL DESCRIPTION | 
The DAC-8408 is a monolithic quad 8-bit multiplying digital-to- 
analog CMOS converter. Each DAC has its own reference input, 
feedback resistor, and on-board data latches that feature 
read/write capability. The readback function serves as memory 
for those systems requiring self-diagnostics. 


FUNCTIONAL DIAGRAM 


oe BUS —— DIRECTIONAL 
DRIVER 
(MSB) 76 
oe : as 
RW >! 


i 


DGND 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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LATCH 
(| GUE; on 


ee 
Maines a 
(a Bat roll 


LATCH 
ces Games 
. DS2 Oo” ——+ | 
(| THREE-STATE 
BUFFER 


Quad 8-Bit Multiplying CMOS 
D/A Converter with Memory 


A common 8-bit TTL/CMOS compatible input port is used to 
load data into any of the four DAC data-latches. Control lines 
DS1, DS2, and A/B determine which DAC will accept data. Data 
loading is similar to that of a RAM’s write cycle. Data can be 
read back onto the same data bus with control line R/W. The 
DAC-8408 is bus compatible with most 8-bit microprocessors, 
including the 6800, 8080, 8085, and Z80. The DAC-8408 
operates on a single +5 volt supply and dissipates less than 
20mW. The DAC-8408 is manufactured using PMI’s highly 
stable, thin-film resistors on an advanced oxide-isolated, 
silicon-gate, CMOS process. PMI’s improved latch-up resistant 
design eliminates the need for external protective Schottky 
diodes. 


ORDERING INFORMATION ' 
PACKAGE 
EXTENDED 
COMMERCIAL INDUSTRIAL MILITARY* 
TEMPERATURE TEMPERATURE TEMPERATURE 
INL ONL 0°C to +70°C —40°C to +85°C )3=—— 55°C to +125°C 
+1/4LSB +1/2LSB DAC8408GP DAC8408ET DAC8408AT 
+1/2LSB +1LSB “ DAC8408FT DAC8408BT 
+1/2LSB +1LSB ss DACs408FPCTt = 
+1/2LSB +1LSB ss ‘DACB8408FS i sts | 
+1/2LSB +1LSB pe DAC8408FP - 


* Fordevices processed in total compliance to MIL-STD-883, add /883 after part 
number. Consult factory for 883 data sheet. 

t Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 

tt For availability and burn-in information on SO and PLCC packages, contact 
your local sales office. 
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O lout 18 


THREE-STATE 
BUFFER 7 

O RreeB 

O ReaC 


25 
s © tout ic 
24 > 'out 2c/ 
Y lout 2D 

23 
O lout 1D 

e e 
Vrer® = VnerD 


DIGITAL-TO-ANALOG CONVERTERS 3-329 


pace4o8 


28-PIN 
HERMETIC DIP 
(T-Suffix) 


28-PIN| 
EPOXY DIP 
(P-Suffix) | 


28-PIN SOL . 
(S-Suftix) 


ABSOLUTE MAXIMUM RATINGS (T, = -+25°C, unless 
otherwise noted.) 


Vow 8 louy oar four 28 lout 2c four ap vvnsseserrereeeseerseee 0,+7V 
Von 12 DGND vissssanssencetercnsscsesesiscescstionsevesasedovssvavesceosenssds 0,+7V 
lout 1a’ ‘our 1B - 

bourse: out 1 to DGND ............ eer —-0.3V to V,, + 0.3V 
R.A, R-,B, R,,C, Pre? BO Ui escaseteadarsacstiadnntdenscrceseness +25V 

OUT 2A” ‘OUT 2B") 

lout 2c our 2p t© DGND ssidiaapcncuassncsaeeds —0.3V to V5, + 0.3V 
DBO through DB7'to DGND.............000 ebeeks 0. 3V to Vpp + 0.3V 
Control Logic | 

Input Voltage to DGND ................cscesceees -0.3V + V>_ + 0.3V 

Veer’ Vrer8. Vaer@ VaerD to 

out 20° lout 28° Your ace lout apressstsrsesstesseeeesesteneesees 25V 
Operating Temperature Range 

Commercial Grade (GP) ..............scccsscssssesseerees 0°C to +70°C 

‘Industrial Grade (ET, FT, FP, FPC, FS) ...... —40°C to +85°C 

Military Grade (AT, BT)...............ccccesssessees ~§5°C to +125°C 
JUNCTION Temperature .............sccecccccerssssssssrsesceseseesecses +150°C 


ELECTRICAL CHARACTERISTICS at V,,, = +5V; V.- 


’ PIN CONNECTIONS 


28-PIN.. 
~PLASTIC LEADED 
_ CHIP CARRIER © 
(PC-Suffix) 


DB7 (MSB) 


Storage Temperature......... setssssssssssssessesseeess 05°C tO +150°C 


Lead Temperature (Soldering, 10 sec)......... sssssesssseeese 300°C 
PACKAGE TYPE @,(Note1)  @, UNITS 
28-Pin Hermetic DIP (1) 55 10 °C/W 
28-Pin Plastic DIP (P) 53 27  8CAN 
28-PinSOL(S) = . 68 or < ee, ©) 
28-Contact PLCC (PC) ts | a 29 8 AN 
he - | . 

1. @, is specified for worst case mounting conditions, i.e., '@, is specified for 


vice in socket for CerDIP and P-DIP packages; ©. A is specified for device 
soldered to printed circuit board for SOL and PLCC packages. 
CAUTION: 
1. Do not apply voltages higher than Vop + 0.3V or less than-0.3V potential on 
any terminal except V__,. and Rp. 
2.. The digital control inputs are diode-protected; however, permanent damage 
may occur on unconnected inputs from high-energy electrostatic fields. Keep 
in conductive foam at all times until ready to use. ; 
. Use proper anti-static handling procedures. 
. Absolute Maximum Ratings apply to both packaged devices and DICE. 
Stresses above those listed under Absolute Maximum opel may cause 
permanent damage to the device. ; 


a @ 


¢ = t10V; Voy,A, B, ©, D = OV; T, = -55°C to +125°C apply for DAC- 


8408AT/BT, T, =—40°C to +85°C apply for DAC- “B408ET/F TA TEP IF PC/FS; v = 0°C to +70°C apply for DAC-8408GP, unless otherwise 


noted. Specifications apply for DAC A, B, C, & D. 


CONDITIONS 


PARAMETER SYMBOL 
STATIC ACCURACY 
Resolution N | 
Nonlinearity INL DAC-8408A/E/G 
(Notes 1, 2) DAC-8408B8/F/H 
Differential ONL DAC-8408A/E/G 
Nonlinearity ee DAC-8408B/F/H — 
Gain Error Groe _ (Using Interna! R.,) - 
"Gain Tempco (Notes 3, 6) TC gg 
Power Supply Rejection PSR 
(AVpp = + 10%) 
lout 1A,8,C,0 : ; | T, =+25°C 
- Leakage Current | Ike a 
T, = Full Temp. Range 
(Note 13) A me a 


3-330 DIGITAL-TO-ANALOG CONVERTERS 


DAC-8408 
MIN TYP MAX UNITS _ 

8 _ — Bits 
es ae +1/4 
we 2 +1/2 LSB 
= = +1/2 
= _ i LSB 
oe = +1 1s 
— +2 +40 ppm/°C 
_ — 0.001 %FSR/% 
— = +30 
ins —_ +100 nA 
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ELECTRICAL CHARACTERISTICS at Vop @ +5Vi Vice = £10V; Voy7A, B,C, D = OV; T, = -55°C to +125°C apply for DAC- 
8408AT/BT, T, =—40°C to +85°C apply for DAC-8408ET/F T/FP/FPCFFS; T, = 0°C to +70°C apply for DAC-8408GP, unless otherwise 
noted. Specifications apply for DAC A, B, C, & D. Continued | 
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DAC-8408 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 
REFERENCE INPUT 
Input Voltage Range — — +20 Vv 
Input Resistance Match - na | 3 
(Note 4) A. B,C, D = << a % 
Input Resistance Rin 6 10 14 kN 
DIGITAL INPUTS 
Digital Input Low Vit — — 0.8 V 
Digital Input High Vin 2.4 oes = Vv 
Input Current ' Ty = +25°C ra +0.01 +1.0 A 
(Note 5) iN T, = Full Temp. Range — —  +10.0 ‘ 
Input Capacitance 
(Note 6) Cin i - pF 
DATA BUS OUTPUTS 
Digital Output Low Voi 1.6mA Sink = = 04 v 
Digital Output High Vou 400A Source 4 — =< V 
Output Leakage ; Ty = +25°C — +0005 +10 n 
Current LKG T, = Full Temp. Range | — +0075 +100 - 
DAC OUTPUTS (Note 6) | 
Propagation Delay 
(Note 7) too. 150 180 ns 
Settling Time 
= 1 
(Notes 11, 12) 's oe by 
DAC Latches All “0's” = = 30 | 
i F 
Output Capacitance Cout DAC Latches All “1’s” _ = 50 Pp 
_ AC Feedthrough FT (20V,., @ F = 100kHz) 54 — — dB 
SWITCHING CHARACTERISTICS (Notes 6, 10) 
Write to tos; Or Ty = +25°C | 90 - — 
ns 
Data Strobe Time tose T, = Full Temp. Range 145 _ — 
Data Valid to t Ty = +25°C 150 = oe ae 
Strobe Set-Up Time OSU T, = Full Temp. Range | 175 =) = 
Data Valid to ton | 40 _ _ fie 
Strobe Hold Time 
DAC Select to tas ‘ 0 - as na 
Strobe Set-Up Time 
DAC Select to - » Ape 0 ae = ie 
Strobe Hold Time 
Write Select to . 
t 0 _ — ns 
Strobe Set-Up Time Wel 
Write Select to a 0 = = ns 
Strobe Hold Time 
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DAC8408 


ELECTRICAL CHARACTERISTICS at Vop = +5V; Vac = t10V; Voy,7A, B, C, D = OV; T, = -55°C to +125°C apply for DAC- 
-8408AT/BT,T, = —40°C to +85°C apply for DAC: “8408ET/FT/FP/FPC/FS; ie =0°C to +70°C apply for DAC- 8408GP, unless otherwise 
noted. Specifications apply for DAC A, B, C, & D. Continued 


ie Ma s ‘ ‘ : + - . ‘ _ 


| _ | DAC-8408 
PARAMETER SYMBOL CONDITIONS —_ . MIN TYP MAX UNITS 
Readto _~  « Tq t25°C | 220 = as 
Data Strobe Width RDS T, = Full Temp. Range | 350 we = . 
Data Strobe to aS : - + Ty = +25°C | - 320 — _ 
Output Valid Time co T, = Full Temp. Range 430 ot. es pe 
Output Data to 5 Ta = + 265°C 200 — _ 
; totp ns 
Deselect Time T, = Full Temp. Range : 270 = oe: 
Read Select to ; 0 
Strobe Set-Up Time | RSU ; = ~ ne 
Read Select to : 0 
Strobe Hold Time _ A . > ne 
POWER SUPPLY | 
Voltage Range . Vop ; 4.5 — 5.5 V 
Supply Current ; 
| — _ 50 
(Note 8) | DD pA 
Supply Current | Ta = +25°C . — —_— 1.0 
- Ipp mA 
(Note 9) T, = Full Temp. Range _ — 1.5 
NOTES: . _ 7. From Digital Input to 90% of final analog output current. 
1. This is an end-point linearity specification. 8. Ail Digital Inputs “O” or Vop. 
2. Guaranteed to be monotonic over the full operating temperature range. 9. All Digital Inputs V), or Vi. 
3. ppm/°C of FSR (FSR = Full Scale Range = Vp_er - 1 LSB.) 10. See Timing Diagram. 
4. Input Resistance Temperature Coefficient = +300ppm/°C. 11. Digital Inputs = OV to Vpp or Vpp to OV. 
5. Logic Inputs are MOS gates. Typical input current at +25°C is less than ~~ —-:12. Extrapolated: t, (1/2 LSB) = tpp + 6.27 where 7 = the measured first time 
_  10nA. . constant of the final RC decay. 
_6. Guaranteed by design. 13. All Digital Inputs = OV; Vaer = + 10V. 


BURN-IN CIRCUIT 


VrerA 
RepA 


C1 C2 C4 
: 0.01nF . lout 1A 0.01 uF 4.7yF 
lout 2alout 28 


lout 1D 
RreD 


VrerB VrerD 


(LSB) DBO 
DB1 DSi 
R/W 

A/B 

DB7 (MSB) 


DB6 


100k!) 


3-332 DIGITAL-TO-ANALOG CONVERTERS | REV. A 


ANALOG 
DEVICES 


Quad, 12-Bit DAC 
Voltage Output with Readback 


DAC8412/DAC8413 


FEATURES 

+5 to +15 Volt Operation 
Unipolar or Bipolar Operation 
True Voltage Output 
Double-Buffered Inputs 

Reset to Min or Center Scale 
Fast Bus Access Time 
Readback 


APPLICATIONS 

Automatic Test Equipment 
Digitally Controlled Calibration 
Servo Controls 

Process Control Equipment 


GENERAL DESCRIPTION 

The DAC-8412 and DAC-8413 are quad, 12-bit, voltage output 
DACs with readback capability. Built using a complementary 
BiCMOS process, these monolithic DACs offer the user very 
high package density. 


Output voltage swing is set by the two reference inputs Verrry 
and Vrrr,. By setting the Verry input to 0 volts and Vers to 
a positive voltage, the DAC will provide a unipolar positive out- 
put range. A similar configuration with Verrry at 0 volts and 
VreFL at a negative voltage will provide a unipolar negative out- 
put range. Bipolar outputs are configured by connecting both 
Verru and Vagryz to nonzero voltages. This method of setting 
output voltage range has advantages over other bipolar offsetting 
methods because it is not dependent on internal and external 
resistors with different temperature coefficients. 


Digital controls allow the user to load or read back data from 
any DAC, load any DAC and transfer data to all DACs at one 
time. 


An active low RESET loads all DAC output registers to mid- 
scale for the DAC-8412 and zero scale for the DAC-8413. 


The DAC-8412/DAC-8413 are available in 28-pin plastic DIP, 
cerdip, PLCC and LCC packages. They can be operated from a 


Vop = +15V 

Vg = -15V 

Vv REFH = +10V 

V rer = -10V_ 

Ty = 58°C, +25°C,4+125°C 


LINEARITY ERROR — LSB 


0 512 1024 1536 2048 2560 


DIGITAL INPUT CODE 


3072 3584 


INL VS. CODE OVER TEMPERATURE 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


REV. C 


FUNCTIONAL BLOCK DIAGRAM 


Vioaic 
{) 


Voo VreFH 
O 


INPUT 
in REG A i 


INPUT 
be REGB a 

INPUT 
hl REG C B 


INPUT 


OUTPUT 
REG D i REG D 


VrerL Vss 


wide variety of supply and reference voltages with supplies rang- 
ing from single +5 volt to +15 volts, and references from +2.5 
to +10 volts. Power dissipation is less than 330 mW with +15 
volt supplies and only 60 mW witha +5 volt supply. 


For MIL-STD-883 applications, contact your local ADI sales 
office for the DAC-8412/DAC-8413/883 data sheet which speci- 
fies operation over the —55°C to +125°C temperature range. All 
883 parts are also available as Standard Military Drawings 5962- 
91-76401MXA through -76404M3A. 


ORDERING INFORMATION? 
Extended 
Military” Industrial? 

INL | Temperature Temperature 
(LSB) | —55°C to +125°C | —40°C to +85°C | Package 

aa | | DAC8412FPC 

+1.5 | DAC8412BTC/883 

+0.5 DAC8412ET 

+0.75 | DAC8412AT/883 

+] DAC8412FT 

+1.5 |DAC8412BT/883 

+0.5 DAC8412EP 

se] DAC8412FP 

ot DAC8412GBC 

+] DAC8413FPC 

+1.5 | DAC8413BTC/883 

+0.5 DAC8413ET 

+0.75 | DAC8413AT/883 

+] DAC8413FT 

+1.5 | DAC8413BT/883 

+0.5 DAC8413EP 

+] DAC8413FP 

aa | DAC8413GBC 
NOTES 


1Burn-in is available on extended industrial temperature range parts in cerdip. 
7A complete /883 data sheet is available. For availability and burn-in informa- 
tion, contact your local sales office. 

3For outline information see Package Information section. 
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DAC8412/DAC8413— SPECIFICATIONS 


(@ Von = = +15.0V, Vs5 = — 15.0 V, Viogic = = +5.0 V, ecru = — +100, ie 100 v, 


ELECTRICAL CHARACTERISTICS — 40°C = als +85°C unless otherwise specified. See Note i. for Supply ices ie, 


Integral Linearity “E” . | 
Integral Linearity “F” 


Differential Linearity = | | Monotonic Over Temperature 
Min Scale Error wee? a TR, =2k0 
Full-Scale Error 


Min Scale Tempco 
Full-Scale Tempco 


MATCHING PERFORMANCE 
Linearity Matching . 

REFERENCE ; 
Positive Reference Input Range Veerrt + 2.5 
Negative Reference Input Range | ye —10 
Reference High Input Current | , | —2.75 


Reference Low Input Current 


AMPLIFIER CHARACTERISTICS 
Output Current ; 
Settling Time ~ . | to 0.01% 
Slew Rate _ 10% to 90% 


LOGIC CHARACTERISTICS 
Logic Input High Voltage 
Logic Input Low Voltage 
Logic Output High Voltage 
Logic Output Low Voltage 
Logic Input Current 
Input Capacitance 


Crosstalk | 
Large Signal Bandwidth _ | —3 dB, Vegrn = 0 to +10 V pp 
~LOGIC TIMING CHARACTERISTICS Note 3 
WRITE - 
Chip Select Write Pulse Width : twee | , 
Write Setup : tws | twos = 80 ns 
Write Hold tw twos = 80 ns 
Address Setup — | tas 
Address Hold tan 
Load Setup tis 
Load Hold — try 
Write Data Setup twps 
Write Data Hold | twpH 
Load Pulse Width | — 
Reset Pulse Width 7 trRESET 
READ 


Chip Select Read Pulse Width 
Read Data Hold | 

Read Data Setup 

Data to Hi Z 

Chip Select to Data 


SUPPLY CHARACTERISTICS 
Power Suppiy Sensitivity - 
Positive Supply Current 
Negative Supply Current. 

Power a ni 


em a4 m—mwey 4 2 


NOTES | 

All supplies can be varied +5%, and operation is guaranteéd. Device is tested with Sorina supplies. 

Operation is guaranteed over this reference range, but linearity is neither tested nor guaranteed. . 
°All input control signals are specified with tr = tf = 5 ns (10% to 90% of +5 V) and timed from a voltage level of 1.6 V. 


Specifications subject to change without notice. 
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DAC8412/DAC8413 


Vss = —5.0 V * 8%, i= = 0. QV, —40°C < <T, < +85°C ‘unless otherwise 


ELECTRICAL CHARACTERISTICS specified. See Note 1 for supply variations.) 
Parameter Min Typ Max Units 


Integral Linearity ““E” 
Integral Linearity “F” 


Integral Linearity “E” Vss = 0.0 V; Note 2 
Integral Linearity “F”’ Vss = 0.0 V; Note 2 
Differential Linearity Monotonic Over Temp 
Min Scale Error Vss = —5.0 V 
Full-Scale Error V Vss = —5.0 V 

Min Scale Error V Vss = 0.0 V 


Full-Scale Error 
Min Scale Tempco 
Full-Scale Tempco 


MATCHING PERFORMANCE 
Linearity Matching 


REFERENCE 
Positive Reference Input Range 
Negative Reference Input Range 
Negative Reference Input Range 
Reference High Input Current leer 


AMPLIFIER CHARACTERISTICS 
Output Current 
Settling Time . to 0.01% 
Slew Rate 10% to 90% 
LOGIC CHARACTERISTICS 
Logic Input High Voltage 


0 


255 
—1.0 


Code 000H 


T, = +25°C 


Logic Input Low Voltage Ta, = +25°C 
Logic Output High Voltage Ion = +0.4 mA 
Logic Output Low Voltage Io, = —1.6mA 


Logic Input Current 
Input Capacitance 


LOGIC TIMING CHARACTERISTICS 
WRITE - - 
Chip Select Write Pulse Width 
Write Setup 
‘Write Hold 
Address Setup 
Address Hold 
Load Setup 
Load Hold 
Write Data Setup 
Write Data Hold 
Load Pulse Width 
Reset Pulse Width 


READ 
Chip Select Read Pulse Width 


Read Data Hold trcs = 170 ns ns 
Read Data Setup trcs = 170 ns ns 
Data to Hi Z C, = 10 pF ns 
Chip Select to Data C,, = 100 pF ns 

SUPPLY CHARACTERISTICS 

_ Power Supply Sensitivity | PSS 100 ppm/V 

Positive Supply Current | Ipp 7 12 mA 
Negative Supply Current Ig mA 

NOTES | 


‘All supplies can be varied +5%, and operation is guaranteed. Device is tested with Vpp =. +4.75 V. 

For single supply operation only (Vgrry, = 0.0 V, Vss = 0.0 V): Due to internal offset errors, INL and DNL are measured béeitintng at code 2 (002,,). 
3Operation is guaranteed over this reference range, but linearity is neither tested nor guaranteed. 

‘All input control signals are specified with tr = tf = 5 ns (10% to 90% of +5 V) and timed from a voltage level of 1.6 V. 


Specifications subject to change without notice. 


REV.C DIGITAL-TO-ANALOG CONVERTERS 3-335 


DAC8412/DAC8413 


ABSOLUTE MAXIMUM RATINGS? - 


(T, = +25°C unless otherwise noted) 


VeetO2V pip) co a actie-o bon ee see ew ead . -0.3 V, +33.0 V 
Vss tO Vigogic «+++ ees he it Bue Reine eos .. -0.3 V, +33.0 V 
Viogic to DGND ...«..... ob ee Gah ... 70.3 V, +18.0 V 
Vise 10! Vari i ek eas eee s —0.3 V, +Vs5—2.0 V- 
West tO Vises: ftnaiavet sch aca e eae +2.0 V, +33.0 V 
Veeru tO VpgFL et ee ee +2.0 V,; Vss-Vpp 
Current into Any Pint ........... 00000 eee +15 mA 
Digital Input Voltage to DGND ....—0.3 V, Vrogic +0-3 V 
Digital Output Voltage to DGND ........ —0.3 V, +7.0 V 
Operating Temperature Range 

BL PEisbPy Pe Pe «wks eters oes —40°C to +85°C 

Alo Bly BiGYe sek 4486 oo eS 4S —55°C to +125°C 
Dice Junction Temperature ................2-- +150°C 
Storage Temperature ............... —65°C to +150°C 
Power Dissipation Package ........ Cig en sceages atk 1000 mW 
Lead Temperature (Soldering, 60 sec) ........... +300°C 


Thermal Resistance 
Package Type | 


28-Pin Hermetic DIP (T) 
28-Pin Plastic DIP (P) 
28-Lead Hermetic Leadless Chip Carrier (TC) | 70 
28-Lead Plastic Leaded Chip Carrier (PC) 
NOTE . 


‘O;, is specified for worst case mounting conditions, i.e., 6,4 is $ specified for 
device in socket. 


°C/W 


CAUTION 


TIMING DIAGRAMS 


cs —trcs | 
taps —>, tron 
R/W l 
tas —P tan 
TT 
_»! toz 
DATA 
OUT DATA VALID 
tesp 
Data Output (Read) Timing 
cs twes —p!) 
tws al twu 
R/W 
tas - —_—_— —> tn 
Agia iar 
| 
| two. 


me Cg 


DATA IN 


treset 


_ RESET \ } 


Data WRITE (Input and Output Registers) Timing 


1. Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to 
the device. This is a stress rating only and functional operation at or above this specification is not 


implied. Exposure to the above maximum rating conditions for extended periods may affect 


device reliability. 


units from high-energy electrostatic fields. Keep units in conductive foam or packaging at all 


WARNING! 
2. Digital inputs and outputs are protected, however, permanent damage may occur on unprotected Reyrr 48 we 


times until ready to use. Use proper antistatic handling procedures. 


3. Remove power before inserting or removing units from their sockets. 


ESD SENSITIVE DEVICE 


4. Analog outputs are protected from short circuit to ground or either supply. 


PIN CONFIGURATIONS 
DIP PLCC LCC 
| | » 6 6 8 & &  < @ 9 
vn oes FS S es 3i 838 
> > > > > > > 
ide EN ENE alleyen Welle) 


Vouta 


Vas DGND | 5, 
DGND RESET | 6 
aoaer DAC-8412 2 Twa eg ee 
DAC-8413 hue DAU-38412PC 
eae TOP VIEW pBo(LsB) | 8 es 
Not to Scal 
eure. rere pB1 | 9| (Not to Scale) 
B 
sia pB2 [10] 
DB2 
pes {11 
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aly DGND | 5 | 25] Vo, 

DD 

Peal esc RESET | 6 | 24] Vicaic 

ml ce LDAC Dac-sa412zTc ~3——s«*([28] cs 

DAC-8413TC 
22 | AO peo tae) 8) TOP VIEW z2| “0 
aa a DB1 9 | (Not to Scale) 21 Al 
aw DB2 | 10] 20} RAW 

al aes pB3 | 11] 119] DB11 (MSB) 
12 Hos fra ffs tlre] 17] 18] . 
825885 


REV.C 


ANALOG 
DEVICES 


Quad 12-Bit Serial 
Voltage-Output DAC 


DAC8420 


FEATURES 

Guaranteed Monotonic Over Temperature 
Excellent Matching Between DACs 
Unipolar or Bipolar Operation 

Buffered Voltage Outputs 

High Speed Serial Digital Interface 

Reset to Zero- or Center-Scale 

Wide Supply Range, +5 V-Only to +15 V 
Low Power Consumption (35 mW max) 
Available in 16-Pin DIP and SOL Packages 


APPLICATIONS 

Software Controlled Calibration 
Servo Controls 

Process Control and Automation 
ATE 


GENERAL DESCRIPTION 

The DAC-8420 is a quad, 12-bit voltage-output DAC with 
serial digital interface, in a 16-pin package: Utilizing BICMOS 
technology, this monolithic device features unusually high 
circuit density and low power consumption. The simple, 
easy-to-use serial digital input and fully buffered analog voltage 
outputs require no external components to achieve specified 
performance. 


The three-wire serial digital input is easily interfaced to micro- 
processors running at 10 MHz rates, with minimal additional 
circuitry. Each DAC is addressed individually by a 16-bit serial 
word consisting of a 12-bit data word and an address header. 
The user-programmable reset control CLR forces all four DAC 
outputs to either zero- or midscale, asynchronously overriding 
the current DAC register values. The output voltage range, 
determined by the inputs VREFHI and VREFLO, is set by the 
user for positive or negative unipolar or bipolar signal swings 
within the supplies allowing considerable design flexibility. 


REV. 0 


FUNCTIONAL BLOCK DIAGRAM 


VREFHI VoD 


VREFLO VSS 


GND CLSEL cLR 


The DAC-8420 is available in 16-pin epoxy DIP, cerdip, and 
wide-body SOL (small-outline surface mount) packages. Opera- 
tion is specified with supplies ranging from +5 V-only to 

+15 V, with references of +2.5 V to +10 V respectively. Power 
dissipation when operating from’ +15 V supplies is less than 
255 mW (max), and only 35 mW (max) with a +5 V supply. 


For applications requiring product meeting MIL-STD-883, con- 
tact your local sales office for the DAC-8420/883 data sheet, . 
which specifies operation over the —55°C to +125°C tempera- 
ture range. 
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DAC8420—SPECIFICATIONS antiga Be 
ELECTRICAL CHARACTERISTICS (at vyp = +50 5%, Vg = 00°, Yue = +25, Ymrnp = 00V, and 


Vos = —5. 0 V + 5%, Mneno = = -25 Vv, —40°C = AS = +85°C unless otherwise noted. See Note 1 for supply variations.) 


Peace Min Typ _Mar_——_—([Uni 


STATIC ACCURACY 
Integral Linearity “E” “i 
Integral Linearity “E” Note 2, Vs, = 0 V 
Integral Linearity “F” — 
Integral Linearity “F” - Note 2, Vss = 0 V 
Differential Linearity Monotonic Over Temperature 
Min-Scale Error | R, = 2 kO, Vss = -5 V 
Full-Scale Error | R, = 2k, Vs, = -5 V 
Min-Scale Error 4 Note 2, R; = 2 kN, Vss = 0 V 
Full-Scale Error a Note 2, Ry = 2kO, Vsg = 0 V 
Min-Scale Tempco | a | Note 3, Ry = 2 kO, Vgg = -5 V 
Full-Scale Tempco ie 3 Note 3, Ry, = 2 kO, Vss = —5 V 
MATCHING PERFORMANCE 
Linearity Matching : 
REFERENCE : 
Positive Reference Input Range Vvreru | Note 4 VvrEFLot 2-5 Vpp ~—2.5 
Negative Reference Input Range ‘| Vvrerro | Note 4 Vss VyreFrut ~2-5| V 
Negative Reference Input Range VvreF.o | Note 4, Vs, = 0 V 0 Vyrerut ~2-5| V 
Reference High Input Current - _ 1 Iyperpr | Codes 000,,, 555,, —0.75 +0.25 +0.75 
Reference Low Input Current IvrerLo | Codes 000,;, 555,,, Vsg = -5 V | —-1.0 
AMPLIFIER CHARACTERISTICS 
Output Current Vss = —5 V 
Settling Time to 0.01%, Note 5 
Slew Rate ; | 10% to 90%, Note 5 
LOGIC CHARACTERISTICS 


Logic Input High Voltage 
Logic Input Low Voltage 
Logic Input Current 
Input Capacitance 


LOGIC TIMING CHARACTERISTICS” © 
Data Setup Time 
Data Hold 
Clock Pulse Width HIGH 
Clock Pulse Width LOW 
Select Time 
Deselect Delay 
Load Disable Time 
Load Delay 
Load Pulse Width 
Clear Pulse Width 


SUPPLY CHARACTERISTICS 
Power Supply Sensitivity | 0.002 0.01 %/% 
Positive Supply Current 4 7 mA 
Negative Supply Current 3 mA 
Power Dissipation 20 35 mW 


NOTES 


1All supplies can be varied +5% and operation is guaranteed. Device is tested with Vp, = +4.75 V. 


For single-supply operation (Vyperio = 9 V; Vss = 0 V), due to internal offset errors INL and DNL are measured beginning at code 003,;. 
3Guaranteed but not tested. . 

“Operation i is guaranteed over this reference range, but linearity is neither tested nor guaranteed. 

*Vour swing between +2.5 V and —2.5 V with Vpp = 5.0 V. 

SAll input control signals are specified with tr = tf = 5 ns (10% to 90% of +5 V) and timed from a voltage level of 1.6 V. 


7Typical values indicate performance measured at + 25°C. 
Specifications subject to change without notice. 
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DAC8420 
ELECTRICAL CHARACTERISTICS (at v,, = +15.0 v + 5%, Veg = —15.0 V © 5%, Vnery = -+10.0 V, 


Wererto = —10.0 V, —40°C < T, < +85°C unless otherwise noted. See Note 1 for supply variations.) 


Param Symbol [Condon ———SSS*Mn Top Mar‘ 


STATIC ACCURACY 
Integral Linearity ‘“E” 
Integral Linearity “F” 
Differential Linearity 
Min-Scale Error 
Full-Scale Error 
Min-Scale Tempco 
Full-Scale Tempco 


MATCHING PERFORMANCE 
Linearity Matching 


REFERENCE 
Positive Reference Input Range 
Negative Reference Input Range 
Reference High Input Current 
Reference Low Input Current 


AMPLIFIER CHARACTERISTICS 
Output Current 


Monotonic Over Temperature 


+1.0 +2.0 
—2.0 


Settling Time ts to 0.01%, Note 4 13 JS 

Slew Rate SR 10% to 90%, Note 4 2 V/s 
DYNAMIC PERFORMANCE | 

Analog Crosstalk >64 dB 

Digital Feedthrough >72 dB 

Large Signal Bandwidth —3 dB, Vypern = 5 V + 10 Vp-p, 90 kHz 

VVREFLO = —10 V, Note 2 a 

Glitch Impulse Code Transition = 7FF,, to 800,,;, Note 2 64 nV-s 
LOGIC CHARACTERISTICS 

Logic Input High Voltage 


Logic Input Low Voltage 
Logic Input Current 
Input Capacitance | 


LOGIC TIMING CHARACTERISTICS” ° 
Data Setup Time | 
Data Hold | 

Clock Pulse Width HIGH 
Clock Pulse Width LOW 
Select Time 
Deselect Delay | 
Load Disable Time — 
Load Delay ae 
Load Pulse Width 
Clear Pulse Width 


SUPPLY CHARACTERISTICS 
Power Supply Sensitivity 
Positive Supply Current 
Negative Supply Current — 
Power Dissipation 


0.002 0.01 


NOTES 

1All supplies can be varied +5% and operation is guaranteed. 

2Guaranteed but not tested. 

3Operation is guaranteed over this reference range, but linearity is neither tested nor guaranteed. 

*Vour swing between +10 V and —10 V. | 
SAll input control signals are specified with tr = tf = 5 ns (10% to 90% of +5 V) and timed from a voltage level of 1.6 V.. 
Typical values indicate performance measured at +25°C. 


Specifications subject to change without notice. 
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DAC8420 


(at Vop = _— : +15.0 V, Vs5 = — ~15.0 V, ac = — +100 V, Veer, = — 100, i 


"WAFER TEST LIMITS tact cneruse nied 


Parameter 


Integral Linearity 
Differential Linearity 
Min-Scale Offset 
Max-Scale Offset 
Logic Input High Voltage 
Logic Input Low Voltage 
Logic Input Current 
Positive Supply Current . 
Negative Supply Current. 


NOTE: 


r 7 ras “DAC-8420G 
Symbol _ Conditions Limit | 
oe | 


+25°0,, 


LSB max | 
LSB max 
LSB max 
V min: 

“ - V max 
A max © 
mA max 
mA max 


Electrical tests are performed at wafer probe to the limits shown. Due to variations in sembly methods and. normal yield loss, yield after packaging i is not guar- 
anteed for standard: product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. i. 


ABSOLUTE MAXIMUM RATINGS | 


(T, = 25°C unless otherwise noted) — 


VDD t0:GND 4 sees Hb Ov ahe eee —0.3 V, +18.0 V 
VSS:10 GND 3.55.5 ob teeta +0.3 V, -18.0 V 
WSS 10 VDD! s:sccetuctia seca Sercia oY ..-0.3.V,+36.0V_. 
Nos tO Warns. ula ate oye eee . -0.3 V, Vg - 2.0 V- 
Vvrerut tO VyrEFLo +++ eee ...+2.0 V; Vpn - Vss 
VyrerubitOVpp. 6... eee ee eee .. +2.0 V, +33.0 V 
IvrefuHp IVREFLO +++ ee ee ee eee 10 mA 
Digital Input Voltage toGND ....... <0, 3 V, Vpp +0.3 V 
Output Short Circuit Duration .......... eer ee - Indefinite 
Operating Temperature Range : 

EP, PP.ES,:FS,.EQs. FO: 63.5634 585 6% —40°C to +85°C 
Dice Junction Temperature ........ See Gri Sie tle + 150°C 
Storage Temperature .............. 2. 765°C to +150°C 
Power Dissipation ........... 00.00 eee eens 1000 mW 
Lead Temperature (Soldering, 60 sec)............. 300°C 

Thermal Resistance 
Package Type «Oya — 8c Units 
16-Pin Plastic DIP (P) 70° 27 °C/W 
16-Pin Hermetic DIP (Q) 82} 9 °C/W 
16-Lead Small Outline 493 

Surface Mount (S) 867 22 °C/W 
NOTES 


‘0; is specified for worst case mounting a i.€., 85,4 is specified for 
device in socket. 
70,4 is specified for device on board. 


~ CAUTION SS eckt 

1. Stresses above those listed under “Absolute Maximum 

Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this 


Des nnwenn em ¢ha an 


or oe oe | 
specification is not implied. | BApoOsure to wie above maximum 


rating conditions for extended pened may affect device 


reliability. 

2. Digital inputs and outputs are protected, however, permanent 
damage may occur on unprotected units from high-energy 
electrostatic fields. Keep units in conductive foam or packag- 
ing at all times until ready to use. Use proper antistatic han- 
dling procedures. 


3-340 DIGITAL-TO-ANALOG CONVERTERS 


3..Remove power before inserting or removing units from their 
sockets. 

4. Analog Outputs are sieae from shore circuits to Ss arouad 6 or 
either supply. 


DICE CHARACTERISTICS 


(SUBSTRATE) 
VOUTD vpp CLSEL CLR... 
2 1 6 15. 


~~: 


~~ > ai 


- 
es 


t 
he: * 1. 
by: Su 
~ ‘ 
att 
Pian 
" 


VOUTC 3 


VREFLO 4 — 


< 
Py 
m 
an 
= 
ao 


nd 8 9 . 105. 
VOUTA VSS GND sDI 
-NC=NOCONNECT =... re 
Die Size 0. 119 x 0.283 inch, 33, 677 Sq. mils 
(3.023 X 7.188 mm, 21.73 sq. mm), oe ee 
Transistor Count 2, 207° | 


For additional DICE ordering cue unaeen: refer to : aitabeok: 
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DATA LOAD SEQUENCE 


ra tess 


cs 


DAC8420 


tesu pe 


so (at Kao Xx x _X orn X oro X 0 oe X Xo X02 K v2 X 01 00 ) 


CLK 


gs |e ee Pe 


DATA LOAD TIMING | tos Ti | 


+15V " EB . he 
rNaoor SH 100F SHOE = 
| 100 — | nc | 3 | 14 | 

pee r 10uF 7 O1pF | s DUT . 

a BkQ — | 
10V oe a a 
+ = 7 
4n4001 AA ez10uF = 0.1uF id = aa 

, 10k2 

102 

-15V ata 


10nF == 0.1yF 
1N4001 Fe 7-10n a NC = NOCONNECT | 


.Burn-In Diagram 
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CLEAR TIMING 


CLSEL X | 
>| toLaw ps 


ORDERING GUIDE 


Temperature INL -: | Package 
Range (+LSB) |. Description 


Package 
Option” 


- DAC8420EP —40°C to +85°C ‘Plastic DIP 
DAC8420EQ || —40°C to +85°C Cerdip Q-16 
~DAC8420ES —40°C to +85°C |. 0. SOIC SOL-16 
DAC8420FP —40°C to +85°C Plastic DIP | N-16 
DAC8420FQ | —40°C to +85°C Cerdip Q-16 
DAC8420FS —40°C to +85°C SOIC SOL-16 


DAC8420GBC | —40°C to +85°C | Dice? 


NOTES 
1A complete /883 data sheet is available. For availability and burn-in informa- 
tion, contact your local sales office. 
2PMI division letter designator. For outline ifocenanion see Package Informa- 
tion section. 

3Dice tested at 25°C only. 
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PIN CONFIGURATIONS 
DIP ns SOL 
von | 1] @ 16] CLSEL voo |1}@ 16] CLSEL 
vouTp | 2 | 15] CLA vouTp | 2 | 15] CLR 
voutc | 3 | 14 | “LD voutc | 3| 14] LD 
VREFLO | 4, DAC-2420 NC. | | | VREFLO [4] DAC-8420 1/13] nc 
voure | 6 a} cok vouts | 6, 1] cLK 
VOUTA 10] SDI VOUTA | 7 | 10} sot 
vss | 8) 19 | GND vss | 8 | 19 | GND 
NC = NO CONNECT | | NC = NO CONNECT 


Power Supplies 


PIN FUNCTION DESCRIPTION 


VDD: Positive Supply, +5 V to +15 V. 
VSS: Negative Supply, 0 V to —15 V. 


| _GND: Digital Ground. 


Clock 


Control Inputs 


Data Input 


Reference Inputs 


Analog Outputs 


CLK: System Serial Data Clock Input, TTL/CMOS levels. Data presented to the input SDI is shifted into 
the internal serial-parallel input register on the rising edge of clock. This input is logically ORed with CS. 


(All are CMOS/TTL compatible.) 


CLR: Asynchronous Clear, active low. Sets internal data registers A-D to zero or midscale, depending on current 
state of CLSEL. The data in the serial input shift register is unaffected by this control. 


CLSEL: Determines action of CLR. If HIGH, a Clear command will set the internal DAC registers A-Dt to 


 midscale (800,,). If LOW, the registers are set to zero (000,;). 
CS: Device Chip Select, active low. This input is logically ORed with the clock and disables the serial data 


register input when HIGH. When LOW, data input clocking i is enabled. See the Control Function Table. | 


LD: Asynchronous DAC Register Load Control, active low. The data currently contained in the serial input shift 
register is shifted out to the DAC data registers on the falling edge of LD, independent of CS. Input data must 
remain stable while LD is LOW. | | 


(All are CMOS/TTL compatible.) _ 


SDI: Serial Data Input. Data presented to this pin is loaded into the internal serial-parallel shift register, which 


shifts data in beginning with DAC address Bit Al. This input is ignored when CS is HIGH. 


The format of the 16-bit serial word is: 


(FIRST) | (LAST) 


BO BI B2 B3 |B4 BS B6 B7 BS B9 BIO Bil Bl2 Bi3 B14 BIS 


Al AO NC NC/Di1l Di0 D9 D8 D7 D6 DS D4 D3 D2 .DI DO 


—Address Word— — (MSB) —DAC Data Word— (LSB) 
NC = Don’t Care. 


VREFHI: Upper DAC ladder reference voltage input. Allowable range is (Vpp 2.5 V) to (Vygerio +2.5 V). 


VREFLO: Lower DAC ladder reference voltage input, equal to zero scale output. Allowable range is Vg to 


| (Vvreru ~2- 5 V). 


VOUTA through VOUTD: Four buffered DAC voltage outputs. 


3-342 DIGITAL-TO-ANALOG CONVERTERS _ , | _REV.0 


DAC8420 


Table I. Control Function Logic Table 


CLSEL Serial Input Shift Register _ 


(2) 
= 
y=) 


DAC Registers A-D 


NC H L No Change Loads Midscale Value (800,,) 
NC H L No Change Loads Zero-Scale Value (000,,) 
NC H t No Change Latches Value 

‘) H H Shifts Register One Bit. No Change 

LE H H Shifts Register One Bit. No Change 

H | H No Change Loads the Serial Data Word? 
H L H No Change Transparent? 

NC H H No Change No Change 


NC = Don’t Care. 


NOTES 
CS and CLK are interchangeable. 


Returning CS HIGH while CLK is HIGH avoids an additional “false clock” of serial input data. See Note 1. 


3Do not clock in serial data while LD is LOW. 


OPERATION 

Introduction 

The DAC-8420 is a quad, voltage-output 12-bit DAC with serial 
digital input, capable of operating from a single +5 V supply. 
The straightforward serial interface can be connected directly to 
most popular microprocessors and microcontrollers, and can 
accept data at a 10 MHz clock rate when operating from +15 V 
supplies. A unique voltage reference structure assures maximum 
utilization of DAC output resolution by allowing the user to set 
the zero- and full-scale output levels within the supply rails. The 
analog voltage outputs are fully buffered, and are capable of 
driving a 2 kO load. Output glitch impulse during major code 
transitions is a very low 64 nV-s (typ). 


Digital Interface Operation 

The serial input of the DAC-8420, consisting of CS, SDI, and LD, 
is easily interfaced to a wide variety of microprocessor serial ports. 
As shown in Table I and the Timing Diagram, while CS is LOW 
the data presented to the input SDI is shifted into the internal 
serial/parallel shift register on the rising edge of the clock, with the 
address MSB first, data LSB last. The data format, shown above, 
is two bits of DAC address and two “don’t care” fill bits, followed 
by the 12-bit DAC data word. Once all 16 bits of the serial data 
word have been input, the load control LD is strobed and the word 
is parallel-shifted out onto the internal data bus. The two address 
bits are decoded and used to route the 12-bit data word to the 
appropriate DAC data register. See the Applications Information. 


Correct Operation of CS and CLK 

As mentioned in Table I, the control pins CLK and CS require 
some attention during a data load cycle. Since these two inputs 
are fed to the same logical “OR” gate, their operation is in fact 
identical. The user must take care to operate them accordingly 
in order to avoid clocking in false data bits. As shown in the 
Timing Diagram, CLK must be either halted HIGH, or CS 
brought HIGH during the last HIGH portion of the CLK fol- 
lowing the rising edge which latched in the last data bit. Other- 
wise, an additional rising edge is generated by CS rising while 
CLK is LOW, causing CS to act as the clock and allowing a 
false data bit into the serial input register. The same issue must 
be considered in the beginning of the data load sequence also. 


Using CLR and CLSEL 
'The CLEAR (CLR) control allows the user to perform an asyn- 
chronous reset function. Asserting CLR loads all four DAC data 
word registers, forcing the DAC outputs to either zero-scale 
(000,;) or midscale (800,,), depending on the state of CLSEL as 
shown in the Digital Function Table. The CLEAR function is 
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asynchronous and is totally independent of CS. When CLR 
returns HIGH, the DAC outputs remain latched at the reset 
value until LD is strobed, reloading the individual DAC data 
word registers with either the data held in the serial input register 
prior to the reset, or new data loaded through the serial interface. 


Table II. DAC Address Word Decode Table 


DAC Addressed 


Programming the Analog Outputs 

The unique differential reference structure of the DAC-8420 
allows the user to tailor the output voltage range precisely to the 
needs of the application. Instead of spending DAC resolution on 
an unused region near the positive or negative rail, the DAC- 
8420 allows the user to determine both the upper and lower lim- 
its of the analog output voltage range. Thus, as shown in Table 
III and Figure 1, the outputs of DACs A through D range 
between VREFHI and VREFLO, within the limits specified in 
the Electrical Characteristics tables. Note also that VREFHI 
must be greater than VREFLO. 


Vpp 


VVREFHI 


2.5V MIN 
- =10V MIN 


Figure 1. Output Voltage Range Programming 


DIGITAL-TO-ANALOG CONVERTERS 3-343 


DAC8420 
Table III. Analps —_ Code 


. DAC Data Word (HEX) Note _ 


"(VREFHI-VREFLO} 


FFF VREFLO + x 4095 | Full-Scale Output 


4096 


WREFHI_VREFLO) 
4096 


oar -_ (VREFHI-VREFLO == 
800 | VREFLO + SSE x 2048 | Midscale 


) | od VREFHI-VREFL - | 
7FF | : VREFLO | ee x 2047 | Midscale — 1 


000 VREFLO. .+ ee 


rn -|:\VREFLO + x 2049'| Midscale + 1 


~1| Zero-Scale 


Typical Performance Characteristics 


0.3 —e ay 
0.2 Vop = +15V, Vg = -15V. 


VWrerLo = ~10V 


oD = +5V, Vss5 = OV 4 
=0V 


DNL - LSB 
So 

DNL —LSB > 

INL-LSB 


Ha 
STIVERS 


0.3 
6 4-2 0 2° 4 6 8 10 12 14 


Wrira-V Bs espe Sse 2 ¢ — Wreem~ ¥ 


Nien = ~10V 


6 4-250 2 4 6 8 10 12 14° 
pe eS Wrerni~ ¥ 


Figure 2. ‘Differential Linearity vs. | | 


Figure 4. INL vs. VREFHI (£15 V) 
VREFH! (15 V). Oe no 


_. Figure 3. Differential fineariiy-v vs. 
2 ire (+5 V) 


Voo = +5V, Vss = ov 


INL - LSB 


ZERO-SCALE ERROR WITHR, =2kQ2-LSB 


FULL-SCALE ERROR WITH R, =2k2-LSB ™ 


“0 200 400 600 800 1000 | “0 200 400 600 800 1000 


Vwrerni~ Vo 


Figure 5. INL vs. VREFHI (+5 V) 


T = HOURS OF OPERATION AT +125°C._ 
CURVES NOT NORMALIZED 


Figure. 6. Full-Scale Error vs. Time 
_ Accelerated by Burn-in __ 
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_ T=HOURS OF OPERATION AT +125°C 
' CURVES NOT NORMALIZED | 


Figure 7. Zero-Scale Error vs. 
_ Time Accelerated by Burn-in — 
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y T= e 
Vop = +15V, Veg =-15V Vop = +15V, Veg = -15V ate ted oo 
Vvrerui = +10V Vyrer = +10V Von = +15V, Veg = -15V 
a no Vwrerni = +10V | 
n 1 VvrerLo = —10V 
rv 
oe) re} 4 
3 = a 
Ww w : 
4 ar P 
< < « 
oO Oo cc 
o Q WwW -0.3 
a id 
c 4 


E ; AS) 
-75 -50 -25° 0 25 50 75 100° 125 0 500 1000 1500 2000 2500 3000 3500 4000 4500 
TEMPERATURE -°C TEMPERATURE - °C DIGITAL INPUT CODE 
Figure 8. Full-Scale Error vs. Figure 9. Zero-Scale Error vs. Figure 10. Channel-to- Channel 
Temperature | Temperature Matching +15/+10 
13 +0.8 
Ty=425°C & q 40.7 Ty = +25, -55, 125°C 
Vop = +5V, Vsg = OV V2 hs re Vpp = +15V, Vgg =-15V 
Vreru = +2.5V ney +05 Vwrern = +10V 
Vynerio =v LENT | 
a VREFLO = 
§ 10 +0.4 
ac « (HUIN EL 9 3| 
« { i} . , 
i al a AS 
° iz TTT) 
2 8 | zs 
PPT mall CLL 
LLL LEN 02 fe i 
LULL LLL ENT oaf—p—- ola + fd 4 
‘5 i 5 (A Lea Se RE a 
3 PLE ETN Re a ae i 
0 500 1000 1500 2000 2500 3000 3500 4000 4500 ‘7 -§ -3 -101 5 7 9 11 «13 ‘0 500 1000 1500 2000 2500 3000 3500 4000 4500 
~ DIGITAL INPUT CODE ; Yoaua¥ DIGITAL INPUT CODE 
Figure 11. Channel-to-Channel Figure 12. Ipp VS. Vyrerny All Figure 13. INL vs. Code +15/+10 
Matching +5/+2.5 DACs HIGH 
41.5 -250uV 
LO 
+1.0 
F ae ; VWwrRerHi = +2. 5V 
rs +05 } +4 "s bi, At 1.22mV ss 
t : 1LSB { 
z if Omv 
ui . 
5 ORT m : 
: hz 125°C ae Ta = +25" c 3 
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DIGITAL INPUT CODE tecrr ~ 818 | 
Figure 14. lvrerm VS. Code Figure 15. Settling Time (+)(+5 V) Figure 16. Settling Time (—)(+5 V) 
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—4-}- Vpp = +15V, Vgg = -15V" 


ie = +10V | 


Hey fp 
Gra Cpe ie De 
opt 


Warerni = +10V, Vyrerio = ~10V 
33.68 20us/DIV 166.4us 
Vv Vv 


Figure 20. Slew Rate (+15 V) 


Warerni = +10V 


Wrervo = ~10V. 
ALL DACS HIGH (FULL SCALE 


POWER SUPPLY CURRENT — mA 


o. 75 
TEMPERATURE -°C 

Figure 23. Power Supply Current 

vs. Temperature 


~ 10mA/DIV 


tsenr- ~ ,13us 


Figure 18. Settling Time (-)(+15 V) 


10 
ee HCCC CE a 
To HET UN 

< 20 

-30 
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Figure 21. Small-Signal Response 


' VOUTA THROUGH VOUTD 7 
CT, = 425°C 3 ped % 
- * Vop = = +15V 

i f Vgs = -15V 

 Wneen) = +10V 


» Wrerco =710V 
"DATA = 800, 
' 


 sviDIV 


Figure 24. DAC > Output Current vs. 
VOUTX 
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+10u39/DIV +90.2us 


+5V 


Wee = +2.5V 


an VREFLO= 


-47.6us 20us/DIV. 152.4us 
Vv. Vv 
SRaise = 1.65 mr) SReaut = 1.17 rs 


Figure 19. Slew Rate (+5 V) 


UT : 
CHEE HE } 
oe HINES 


= ae 
-— 


P10 - 100: 1k 10k 100k ah 
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| Figure 22. PSRR vs. Frequency 


Ty 2 425°C > 
“Vpp = +15V | 
Vsg = -15V 
VvyrerHi =+10V 
VvREFLo =~10V 
DATA = FFF, OR 000, 


0 : —t. , 
10  ~» 100 -. | 1k “10k 
LOAD RESISTANCE - Q 


Figure 25. Output Swing vs. — 
Load Resistance 
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VREFHI Input Requirements 

The DAC-8420 utilizes a unique, patented DAC switch driver 
circuit which compensates for different supply, reference volt- 
‘age, and digital code inputs. This ensures that all DAC ladder 
switches are always biased equally, ensuring excellent linearity 
under all conditions. Thus, as indicated in the specifications, the 
VREFHI input of the DAC-8420 will require both sourcing and 
sinking current capability from the reference voltage source. 
Many positive voltage references are intended as current sources 
only, and offer little sinking capability. The user should con- 
sider references such as the ADS84, AD586, ADS587, AD588, 
AD780, and REF-43 in this application. 


APPLICATIONS 


Power Supply Bypassing and Grounding 
In any circuit where accuracy is important, careful consideration 


of the power supply and ground return layout helps to ensure 
the rated performance. The DAC-8420 has a single ground pin 
that is internally connected to the digital section as the logic ref- 
erence level. The first thought may be to connect this pin to the 
digital ground; however, in large systems the digital ground is 
often noisy because of the switching currents of other digital 
circuitry. Any noise that is introduced at the ground pin could 
couple into the analog output. Thus, to avoid error causing digi- 
tal noise in the sensitive analog circuitry, the ground pin should 
be connected to the system analog ground. The ground path 
(circuit board trace) should be as wide as possible to reduce any 
effects of parasitic inductance and ohmic drops. A ground plane 
is recommended if possible. The noise immunity of the 
on-board digital circuitry, typically in the hundreds of millivolts, 
is well able to reject the common-mode noise typically seen 
between system analog and digital grounds. Finally, the analog 
and digital ground should be connected together at a single 
point in the system to provide a common reference. This is pref- 
erably done at the power supply. 


Good grounding practice is essential to maintaining analog per- . 


‘formance in the surrounding analog support circuitry as well. 
With two reference inputs, and four analog outputs capable of 
moderate bandwidth and output current, there is a significant 
potential for ground loops. Again, a ground plane is recom- 
‘mended as the most effective solution to minimizing errors due 
to noise and ground offsets. 


10uF = TANTALUM 
0.14.F = CERAMIC 


Figure 26. Recommended Supply Bypassing Scheme 
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The DAC-8420 should have ample supply bypassing, located as 
close to the package as possible. Figure 26 shows the recom- 
mended capacitor values of 10 wF in parallel with 0.1 pF. The 
0.1 wF cap should have low “Effective Series Resistance” (ESR) 
and “Effective Series Inductance” (ESI), such as the common 
ceramic types, which provide a low impedance path to ground at 
high frequencies to handle transient currents due to internal logic 
switching. In order to preserve the specified analog performance 
of the device, the supply should be as noise free as possible. In 
the case of 5 V only systems it is desirable to use the same 5 V 
supply for both the analog circuitry and the digital portion of the 
circuit. Unfortunately, the typical 5 V supply is extremely noisy 
due to the fast edge rates of the popular CMOS logic families 
which induce large inductive voltage spikes, and busy microcon- 
troller or microprocessor busses which commonly have large cur- 
rent spikes during bus activity. However, by properly filtering the 
supply as shown in Figure 27, the digital 5 V supply can be used. 
The inductors and capacitors generate a filter that not only rejects 
noise due to the digital circuitry, but also filters out the lower 
frequency noise of switch mode power supplies. The analog sup- 
ply should be connected as close as possible to the origin of the 
digital supply to minimize noise pick-up from the digital section. 
FERRITE BEADS: 


2 TURNS, FAIR-RITE tee 2 
#2677006301 , +5V 


TTL/CMOS ~ 
LOGIC 
CIRCUITS 


+5V 
RETURN 


+5V 
’ POWER SUPPLY 


Figure 27. Single-Supply Analog Supply Filter 


Analog Outputs 

The DAC-8420 features buffered analog voltage outputs capable 
of sourcing and sinking up to 5 mA when operating from +15 V 
supplies, eliminating the need for external buffer amplifiers in 
most applications while maintaining specified accuracy over the 
rated operating conditions. The buffered outputs are simply an 
op amp connected as a voltage follower, and thus have output 
characteristics very similar to the typical operational amplifier. 
These amplifiers are short-circuit protected. The designer 
should verify that the output load meets the capabilities of the 
device, in terms of both output current and load capacitance. 
The DAC-8420 is stable with capacitive loads up to 2 nF typi- 
cal. However, any capacitive load will increase the settling time, 
and should be minimized if speed is a concern. | 


The output stage includes a p-channel MOSFET to pull the out- 
put voltage down to the negative supply. This is very important in 
single supply systems, where VREFLO usually has the same 
potential as the negative supply. With no load, the zero-scale out- 
put voltage in these applications will be less than 500 pV typically, 
or less than 1 LSB when Vyperpr = 2.5 V. However, when sink- 
ing current this voltage does increase because of the finite imped- 
ance of the output stage. The effective value of the pull-down 
resistor in the output stage is typically 320 Q. With a 100 kQO 
resistor connected to +5 V, the resulting zero-scale output voltage 
is 16 mV. Thus, the best single supply operation is obtained 
with the output load connected to ground, so the output stage 
does not have to sink current. 
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Like all amplifiers, the DAC-8420 output buffers do generate 
voltage noise, 52 nV/\/Hz typically. This is easily reduced’ by | 
adding a simple RC low-pass ee on each dasa | 


Reference Configuration 

The two reference inputs of the DAC: 8420 allow a ‘great deal, of 
flexibility i in circuit design. The user must take care, however, 
to observe the minimum voltage input levels on VREFHI and 
VREFLO to maintain the accuracy shown i in the data sheet. | 
These input voltages can be set anywhere across a wide range 
within the supplies, but must be a minimum of 2.5 V apart in 
any case. See Figure 1. A wide output voltage range can be — 
obtained with +5 V references, which can be provided by the 
AD588 as shown, in Figure 28. Many applications utilize the 
DACs to synthesize. symmetric bipolar wave forms, which | 


ipF: 


— v >—d-O. 
Pet 


requires an accurate, low drift bipolar ‘reference. The ‘ADS88 


provides both voltages and needs no external components. na 


tionally, the part is ‘trimmed in production for 12-bit ; accuracy — 
over the ‘full temperature range without user calibration. Per- 
forming a Clear with the reset select CLSEL HIGH allows the 
user to easily reset the DAC outputs to midscale, or zero volts | 
in these applications. | 


When. driving the seiietice inputs VREFHI and VREFLO, it is. 

important to note that VREFHI both sinks and sources current, | 
and that the input currents of both are code dependent. Many | 
voltage reference products have limited current. sinking, capabil- . 
ity and must be buffered with an amplifier to drive VREFHI, in 

order to maintain overall system accuracy. The input VREF LO, | 
however, has no such requirement. 


-+15V SUPPLY 
ili. 


+5V- a eee 
VREFHI Our 


 DAC-8420 _ 


+5V | DAC A> P. (7-0 VOUTA 
1 | ADS8S | Atay: tte T. | _ 
= <> P>-O-ovu 
& T r | ne | 
(2) +15V me Gy ee 
SUPPLY ~ DIGITAL a 
| CONTROL Rinne Aes 
°* 0.1uF : 
)VOUTD 
0.1nF ae 
oo Do as ed ee O—@+ 
“SUPPLY Verto 1 the 


| Figure 28. + 10V Bipolar Reference Configuration:Using the AD588 
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For a single 5 V supply, Vyperry 1S limited to at most 2.5 V, 
and must always be at least 2.5 V less than the positive supply 
to ensure linearity of the device. For these applications, the 
REF-43 is an excellent low drift 2.5 V reference that consumes 
only 450 A (max). It works well with the DAC-8420 in a single 
5 V system as shown in Figure 29. 


+5V SUPPLY 


+5V SUPPLY 
0.1F 


vy (4) GND vout (6) 


DAC-8420 O VOUTA. 


O VOUTB 


O VOUTC 


DIGITAL 
CONTROL 


O VOUTD 


DIGITAL INPUTS 


Figure 29. +5 V Single Supply Operation Using REF-43 


Isolated Digital Interface | 

Because the DAC-8420 is ideal for generating accurate voltages 
in process control and industrial applications, due to noise, 
safety requirements, or distance, it may be necessary to isolate it 
from the central controller. This can be easily achieved by using 
opto-isolators, which are commonly used to provide electrical 
isolation in excess of 3 kV. Figure 30 shows a simple 3-wire 
interface scheme to control the clock, data, and load pulse. For 
normal operation, CS is tied permanently LOW so that the 
DAC-8420 is always selected. The resistor and capacitor on the 
CLR pin provide a power-on reset with 10 ms time constant. 
The three opto-isolators are used for the SDI, CLK, and LD 
lines. . : ~s 
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One opto-isolated line (LD) can be eliminated from this circuit 
by adding an inexpensive 4-bit TTL Counter to generate the 
Load pulse for the DAC-8420 after 16 clock cycles. The counter 
is used to count of the number of clock cycles loading serial data 
to the DAC-8420. After all 16 bits have been clocked into the 
converter, the counter resets, and a load pulse is generated on 
clock 17. In either circuit, the DAC-8420’s serial interface pro- 
vides a simple, low cost method of isolating the digital control. 
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Figure 30. Opto-lsolated 3-Wire Interface | 


Dual Window Comparator 

Often a comparator is needed to signal an out-of-range warning. 
Combining the DAC-8420 with a quad’comparator such as the 
CMP-04 provides a simple dual window comparator with adjust- 
able trip points as shown in Figure 31. This circuit can be oper- 
ated with either a dual or a single supply. For the A input 
channel, DAC B sets the low trip point and DAC A sets the 
upper trip point. The CMP-04 has open-collector outputs that 
are connected together in ““Wired-OR” configuration to generate 
an out-of-range signal. For example, when: VINA goes below the 
trip point set by DAC B, comparator C2 pulls the output down, 
turning the red LED on. The output can.also be used as a logic 
signal for further processing. . 
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Figure 31. Dual Programmable Window Comparator 


MC68HCI11 Microcontroller Interfacing 

Figure 32 shows a serial interface between the DAC-8420 and 
the MC68HC11 8-bit microcontroller. The SCK output of the 
68HC11 drives the CLK input of the DAC, and the MOSI port 
outputs the serial data to load into the SDI input of the DAC. 

_ The port lines PD5, PCO, PC1, and PC2 provide the controls to _ 
the DAC as shown. 


MC68HC11* 


(PDS) SS 


* ADDITIONAL PINS OMITTED FOR CLARITY 


Figure 32, MC68HC11 Microcontroller Interface 
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For correct operation, the 68HC11 should be configured such 
that its CPOL bit and CPHA bit are both set to 1. In this con- 
figuration, serial data on MOSI of the 68HC11 is valid on the 
rising edge of the clock, which is the required timing for the 
DAC-8420. Data is transmitted in 8-bit bytes (MSB first), with 
only eight rising clock edges occurring in the transmit cycle. To» 
load data to the DAC-8420’s input register, PCO is taken low 
and held low during the entire loading cycle. The first 8 bits are 
shifted in address first, immediately followed by another 8 bits — 
in the second least-significant byte to load the complete 16-bit ~ 
word. At the end of the second byte load, PCO is then taken 
high. To prevent an additional advancing of the internal shift 
register, SCK must already be asserted before PCO is taken 
high. To transfer the contents of the input shift register to the 
DAC register, PD5 is then taken low, asserting the LD input of 
the DAC and completing the loading process. PDS should | 
return high before the next load cycle begins. The DAC-8420’s 
CLR input, controlled by the output PC1, provides an asyn- 
chronous clear function. | 
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DAC-8420 to M68HC11 Interface Assembly Program 


* M68HC11 Register Definitions | 


PORTC EQU $1003 Port C control register 
* “0,0,0,0;0,CLSEL,CLR,CS” 
DDRC EQU $1007 Port C data direction 
PORTD EQU $1008 Port D data register 

* “0,0,LD,SCLK;SDI,0,0,0" 
DDRD EQU $1009 Port D data direction 
SPCR EQU $1028 SPI control register 


* “SPIE,SPE,DWOM,MSTR;CPOL,CPHA,SPR1,SPRO” 
SPSR EQU $1029 SPI status register 
* “SPIF,WCOL,0,MODF;0,0,0,0” 


SPDR EQU $102A SPI data register; Read-Buffer; Write-Shifter 
* 


* SDI RAM variables: SDI1 is encoded from 0 (Hex) to CF (Hex) 
* To select: DAC A — Set SDI1 to $0X 


* DAC B — Set SDI1 to $4X | 

if DAC C — Set SDII to $8X 

= DAC D -— Set SDI1 to $CX 

* SDI2 is encoded from 00 (Hex) to FF (Hex) 

x DAC requires two 8-bit loads — Address + 12 bits 


SDI] EQU $00 SDI packed byte 1 “A1,A0,0,0;MSB,DB10,DB9,DB8” 
SDI2 EQU $01 SDI packed byte 2 
“DB7,DB6,DB5,DB4;DB3,DB2,DB1,DBO0” 


* Main Program 


ORG $C000 Start of user’s RAM in EVB 
INIT LDS #$CFFF Top of C page RAM 
* Initialize Port C Outputs 

LDAA #$07 0,0,0,0;0,1,1,1 


* CLSEL-Hi, CLR-Hi, CS-Hi 
. To reset DAC to ZERO-SCALE, set CLSEL-Lo ($03) 
* To reset DAC to MID-SCALE, set CLSEL-Hi ($07) 


STAA PORTC Initialize Port C Outputs 

LDAA #$07 0,0,0,0;0,1,1,1 

STAA DDRC CLSEL, CLR, and CS are now enabled as outputs 
* Initialize Port D Outputs 

LDAA #$30 0,0,1,1;0,0,0,0 
* LD-Hi,SCLK-Hi,SDI-Lo 

STAA PORTD Initialize Port D Outputs 

LDAA #$38 0,0,1,1;1,0,0,0 

STAA DDRD LD,SCLK, and SDI are now enabled as outputs 
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* Initialize SPI Interface 
LDAA #$5F 
STAA SPCR SPI is Master,CPHA=1,CPOL=1,Clk rate=E/32 
* Call update subroutine 
BSR UPDATE Xfer 2 8-bit words to DAC-8420 
JMP $E000 Restart BUFFALO 
* Subroutine UPDATE 
UPDATE PSHX Save registers X, Y, and A 
PSHY 
PSHA 
* Enter Contents of SDI1 Data Register (DAC# and 4 MSBs) 
LDAA #$80 1,0,0,0;0,0,0,0 
STAA SDI1 SDI] is set to 80 (Hex) 
* Enter Contents of SDI2 Data Register 
LDAA #$00 0,0,0,0;0,0,0,0 
STAA SDI2 SDI2 is set to 00 (Hex) 
LDX #SDI1 Stack pointer at Ist byte to send via SDI 
LDY #$1000 Stack pointer at on-chip registers 
* Clear DAC output to zero 
BCLR PORTC,Y $02 Assert CLR 
BSET PORTC,Y $02 Deassert CLR 
* Get DAC ready for data input 
BCLR PORTC,Y $01 Assert CS 
TFRLP LDAA 0,X__— Get a byte to transfer via SPI 
STAA SPDR Write SDI data reg to start xfer 
WAIT LDAA SPSR Loop to wait for SPIF 
BPL WAIT SPIF is the MSB of SPSR 
* (when SPIF is set, SPSR is negated) 
INX Increment counter to next byte for xfer 
CPX #SDI2+1 Are we done yet ? 
BNE TFRLP If not, xfer the second byte 
* Update DAC output with contents of DAC register 
BCLR PORTD.Y $20 Assert LD 
BSET PORTD.,Y $20 Latch DAC register 
BSET PORTC,Y $01 De-assert CS 
PULA When done, restore registers X, Y & A 
PULY 
PULX 
RTS ** Return to Main Program ** 
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1ANALOG —_ Quad 8-Bit Voltage Out CMOS DAC 
DEVICES — _Complete with internal 10V Reference 


— DAC8426 


FEATURES rr | | The DAC-8426 contains four 8-bit Seen CMOS D/A 


e No Adjustments Required, Total Error: 1LSB Max - ——-_—s converters on a single chip. A 10V output bandgap reference 
Over Temperature . *. gets the output full-scale voltage. The circuit also’ includes four 
Four Voltage-Output DACs ona Single Chip input latches and interface control logic. . 

Internal 10V bandgap Reference One of the four latches, selected by the address inputs, is loaded 

ere oa te te aie Aer seratiires from the 8-bit data bus input when the write strobe is active low. 
All digital inputs are TTL/CMOS (5V tible. The on-board. 

Pin-for-Pin Replacement for PM-7226 and AD7226, eam ably ov) comes er tee poe 


amplifiers can drive up to 10mA from either a single or dual 
supply. The on- -board reference that is always connected to the 
| | ? internal DACs has 5mA available to drive external devices. 
APPLICATIONS |. “ Continued 
e Process Controls | 


e Multi-Channel Microprocessor Controlled: he : | ORDERING INFORMATION? 
— System Calibration | = : : 


Eliminates External Reference 


- Op Amp Offset and Gain Adjust ie iiaca | ar ae oe 
~ Level and pee Setting © ERROR MIL TEMP - XINDTEMP 
ee (LSB) -55°C to +125°C 40°C to +85°C 
- +1 DAC8426AR DAC8426ER ~ 

GENERAL DESCRIPTION | = DAC8426EP 
The DAC-8426 is acomplete quad voltage sitar D/A converter +2 DAC8426BR _DAC8426FR: 
with internal reference. This product fits directly into any exist- +2 = _ -DAC8426FP 
ing 7226 socket where the user currently has a 10V external +2 = DAC8426FsTt 
reference. The external reference is no longer necessary. The * For devices processed in total compliance to MIL-STD-883, add /883 after 
internal reference of the DAC-8426 is laser-trimmed to +0.4% part number. Consult factory for 883 data sheet. 
offering a 25ppm LC temperature coefficient and 5mA of exter- + Burn-in is available on commercial and industrial temperature range parts in 


CerDIP, plastic DIP, and TO-can packages. 


tt For availability and burn-in information on SO and PLCC packages, contact 
your local sales office. 


nal load driving caper, 


SIMPLIFIED SCHEMATIC > 


VrReFOUT +10V Vop 
e 


DAC-8426 


10V 
REFERENCE 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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GENERAL DESCRIPTION Continued 


Its compact size, low power, and economical cost-per-channel, 


make the DAC-8426 attractive for applications requiring mul- 
tiple D/A converters without sacrificing circuit-board space. 
System reliability is also increased due to reduced parts count. 


PMI's advanced oxide-based, silicon-gate, CMOS process al- 
lows the DAC-8426's analog and digital circuitry to be manufac- 
tured on the same chip. This, coupled with PMI's highly stable 
thin-film R-2R resistor ladder, aids in matching and temperature 
tracking between DACs. 


PIN CONNECTIONS 


20-PIN CERDIP 
(R-Suffix) 


20-PIN EPOXY DIP 


(P-Suffix) 


20-PIN SOL 
(S-Su ffix) 


BURN-IN CIRCUIT 


VoutB 
Vss 


VaeFOUT 
AGND 
DGND 
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ABSOLUTE MAXIMUM RATINGS 


Vop to AGND of DGND sssssossesssssscstensssnssenee -0.3V, 417V 
Veg to AGND or DGND ....... qeoedsueaseneescseareondies —7V, Vop 
Me tO a, ect hc ant eel ss ate -0.3V, +24V 
AGND t0 DGND wvccsssccossssscsssstinesessinesvnesensseeee -0.3V, +5V 


Digital Input Voltage to DGND oo... eeeeseeeeeeeees 
VagpOUT to AGND (Note 1) ue eeeceseeeeeeeee cee 
Visgig 10 AGND (Note 1) si2esocstscscssssasesotincsanasssnsosenonsvens 
Operating Temperature 
Military AR/BR ..........cccecccssceessseetesssseees 
Extended Industrial ER/EP/FR/FP/FS 
Maximum Junction Temperature ..............:0:scsseseecseeeeeee 


Storage TOMpPerature .......... cee ccsssseeeesseeeeees 
Lead Temperature (Soldering, 60 Sec) ............. ce eeeeeee 
THERMAL RESISTANCE 
PACKAGE TYPE 8), (Note 2) 8. UNITS 
20-PinCerDIP(R) = 70 +7 °CW 
20-PinPlasticDIP(P) 61 24 °CWW 
20-Pin SOL (S) 80 22 °C/W 


NOTES: 

1. Outputs may be shorted to any terminal provided the package power dissipa- 
tion is not exceeded. Typical output short-circuit current to AGND is 50mA. 

2. @., is specified for worst case mounting conditions, i.e., 8. ais specified for 
device in socket for CerDIP and P-DIP packages; @., is specified for device 
soldered to printed circuit board for SOL package. 

CAUTION: . 

1. Do not apply voltages higher than Vpp OF less than V.. potential on any 
terminal. 

2. The digital control inputs are zener-protected; however, permanent damage 
may occur on unprotected units from high-energy electrostatic fields. Keep 
units in conductive foam at all times until ready to use. 

3. Do not insert this device into powered sockets. Remove power before inser- 
tion or removal. | a 

4. Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to device. aad 
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ELECTRICAL CHARACTERISTICS: VV, = +15V +1 0%, AGND = DGND = OV, Veg = OV, T, = -55°C to +125°C applies for 
DAC-8426AR/BR, T, = —40°C to +85°C applies for DAC-8426ER/EP/FR/FP/FS, unless otherwise noted. : 


DAC-8426 


PARAMETER SYMBOL CONDITIONS _ MIN Typ® MAX UNITS 
STATIC PERFORMANCE | 7 . 
Resolution N | | | 8 a az Bits 
Total Unadjusted Error TUE Includes Reference A,E _— — . +1 
(Note 1) ; | LSB 
BF — — +2 
Relative Accuracy . INL. . AE am i +4/2 “ea 
Differential Nonlinearity | 7 | | : 
(Note 2) ONL | : _ = +1 LSB 
‘Full-Scale Temperature r 
Coefficient | TCGeg includes Reference _ 25 a ppm/°C 
Zero Scale Error Vase a = = 20 mV 
Zero Scale Error | : 
_ Temperature Coefficient TCV2¢ Dual Supply Vg = ~5V | _ 10 — pVv/eC 
REFERENCE OUTPUT 
: | | AE 9.96 ai 10.04 
Output Voltage VagFOUT No Load BF 9.92 a 10.08 V 
Temperature Coefficient TCV, ,OUT | | | —_ 20 _ ppm/°C 
Load Regulation LDpec | Al_=5mA | | — 0.02 0.1 %/MA 
Line Regulation LNacg — AVpp £10% _- 0.008 0.04 %N 
Output Noise | 
(Note 3) —— Onras f =0.1 to 10Hz —_ 3 10 | LVR» 
Output Current IpefOUT AV pe. OUT < 40mV 5 7 ae mA 
DIGITAL INPUTS 
Logic Input “0” Vine - . | — — 0.8 V 
Logic Input "1" ViNH 2.4 _ _ V 
Input Current NN Vin® OV or Vo, _ 0.1 10 pA 
Input Capacitance 
— 4 8 F 
(Note 3) Cin e 
POWER SUPPLIES 
~ Positive Supply Current 
as 6 14 A 
(Note 4) lop m 
Negative Supply Current 3 
: =~-5V _ 4 10 mA 
(Note 4) lsg Dual Supply Ves 
Power Dissipation 7 | 
; — 90 210 mw 
(Note 5) Poiss | 
Power Supply Sensitivity Pgs AVop = £5% _ 0.0002 0.01 %l% 


3-354 DIGITAL-TO-ANALOG CONVERTERS a : REV. C 


DAC8426 


TYPICAL PERFORMANCE CHARACTERISTICS 


CHANNEL-TO-CHANNEL RELATIVE ACCURACY vs CODE 


MATCHING (DACs A, B, C, AT Ta = -55°C, 425°C, +125°C ZERO CODE ERROR 
D, SUPERIMPOSED) (ALL SUPERIMPOSED) vs TEMPERATURE 
| (SR SAE OSEAN ERE SAMAR 
we Ta = +25°C at ae a ee 
a Vop = +15V = oS” a CA GS EE 
= Vss = -5V G 3.0 
eq Vrer = +10V = > : 
re) > E 
c ro} x 2.5 
~~ rs 2 20 
a c 20r TN 
F 3 i 4.8 
_] a ho 
3 S Ss. Yo a 
= = & 0.5 et] DAC C 
E = | ee a 
is “08 eer a ae ee 
"0 32 64 96 128 160 192 224 256 0 32 64 96 128 160 192 224 256 1055 -50 -25 0 25 50 75 100 125 150 
DIGITAL INPUT CODE (DECIMAL) DIGITAL INPUT CODE (DECIMAL) TEMPERATURE (°C) 
LONG TERM DRIFT Vour NOISE DENSITY | BROADBAND NOISE 
ACCELERATED BY BURN-IN vs FREQUENCY _ _ (DC TO 200kHz) 
20 : 100 peers geeneenee geese penne regents —— 
NTE te | Seti | 
= yo UTM vee = “sv = 
be — Pht tite tt DIGITAL IN =0 (a) 
ue s f Att CrerOUT = 10nF ff = 
a) 3 eee Re) aes! SOE ei = 
ra WW SSS2. SESH SSH SSE SSSEEH: cd 
: y | * 
S MON ec: esi: ast eset SEH mistbene ditches hieddeyiet tevddssarbert 
= GE Ole) ESI! aR eeA . 't) i a a BB 5 ‘ x : : : i : i 
> READING ED TOt= 5 Seats memati smmeniiiceeaei momeal Ess ao eae ake iy Ro 
Sapp nore siseeoomy | oor MLM UU ST TINE (ims 
oP EAAUE Sesisiti eeseeili messi aeeee te) Seeeiss 
A = RANGE OF READINGS 7 S Oita dt So ST 
ahaa 0d A 
0 100 200 300 400 500 600 nae 10 100 1k 10k 100k 
t ~ HOURS OF OPERATION AT 150°C FREQUENCY (Hz) 
POWER SUPPLY CURRENT : a 7 | 
vs TEMPERATURE 2 ' PSRR vs FREQUENCY 
12 100 


0 A 
ge UAT Sage 
0 0 NE ms 
CHE TINCT INT 
mi i 


soho TV = +15 
a SS a i a aa 
Pn, AER aE GO BK 
Ss 


o 
PSRR(+) = -20 LOG (For) 


Vpp = +15V t1Vp, Vss = OV 


tt 

== ooh LUMCTTITTE TTT sane evo (You 

i= COMICTIMNC TIMING TATUM Seeestev voce avn 
CT 


POWER SUPPLY CURRENT (mA) 
POWER SUPPLY REJECTION (dB) 


4 20 
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ANALOG 
DEVICES 


$5 V, Serial Input 
~ Complete 12-Bit DAC 


-DAC8512 


FEATURES - 

Space Saving SO-8 or Mini- DIP puckeses 
Complete, Voltage Output with Internal Reference 
1 mV/Bit with 4.095.V Full Scale 

Single +5 Volt Operation 

No External Components 


3-Wire Serial Data Interface, 20 MHz Data Loading Rate _ logs 


Low Power: 2.5 mw 


: APPLICATIONS 

Portable Instrumentation 
Digitally Controlled Calibration 
- Servo Controls 

Process Control Equipment 
PC Peripherals 


GENERAL DESCRIPTION 
The DAC-8512 is a complete serial input, 12-bit, voltage output 
digital-to-analog converter designed to operate from a single 

+5 V supply. It contains the DAC, input shift register and 
latches, reference and a rail-to-rail output amplifier. Built using 
a CBCMOS process, these monolithic DACs offer the user low 
cost, and ease of use in +5 V only systems. 


Coding for the DAC- 85 12.1 is natural binary with the MSB 
loaded first. The output op amp can swing to either rail and is — 
"set.to a range of 0 V to. +4.095 V—for a one-millivolt-per-bit 
_resolition.. It-is capable of sinking and sourcing 5 mA. An 
-on-chip reference is laser trimmed to provide an accurate full 
scale output voltage: of 4. 095° V. 


LINEARITY ERROR — LSB 


ae Se 1024 
DIGITAL INPUT CODE - Decimal 


FUNCTIONAL BLOCK DIAGRAM 


Serial interface is high speed, three-wire, DSP compatible with 
data in (SDI), clock (CLK) and load strobe (LD). There is also 
a chip-select pin for connecting multiple DACs. 


A CLR input sets the output to zero scale at power on or upon 


user demand. 


sis ds The DAC-8512 is specified over the extended industrial (—40°C 


to +85°C) temperature range. DAC-8512s are available i in n plastic 


_ DIPs and SO-8 surface mount packages. 


2048 3072 4096 


Linearity Error vs. Digital Input Code 
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SPECIFICATIONS DAC8512 
ELECTRICAL CHARACTERISTICS (@ Vop = +5.0 V + 5%, —40°C =< T, = +85°C, unless otherwise noted) 


Paramic [Symbot [ Gondiion ——SSSS*~*~*~*~dCU Ta Ma | Cl 


STATIC PERFORMANCE 

Resolution Note 2 

Relative Accuracy E Grade 
F Grade 

Differential Nonlinearity No Missing Codes 

Zero-Scale Error Data = 000,, 

Full-Scale Voltage Data = FFF,,’ E Grade 
F Grade 


Full-Scale Tempco Notes 3, 4 


ANALOG OUTPUT 
Output Current lour Data = 800,, 
Load Regulation at Full Scale | Lrg R,, = 402 2 to ~, Data = 800,, 
Capacitive Load C; No Oscillation* 
LOGIC INPUTS 
Logic Input Low Voltage Vin 
Logic Input High Voltage Vinx 
Input Leakage Current In 
Input Capacitance Ci 
INTERFACE TIMING SPECIFICATIONS”: * 
Clock Width High ton 
Clock Width Low to. 
Load Pulse Width trpw 
Data Setup tps 
Data Hold ton 
Clear Pulse Width tc_Rw 
Load Setup trp 
Load Hold » trp2 
Select tess 
Deselect tesH 
_ AC CHARACTERISTICS‘ 
Voltage Output Settling Time | t, To +1 LSB of Final Value* ps 
‘DAC Glitch © nV s 
Digital Feedthrough nV s 
SUPPLY CHARACTERISTICS 
Positive Supply Current Ipp Vin = 2.4 V, Viz, = 0.8 V, No Load mA 
| Vpp = 5 V; Vir. = 0 V, No Load mA 
Power Dissipation Poiss | Vinx = 2.4 V; Viz, = 0.8 V, No Load mW 
Vpp = 5 V; Viz, = 0 V;, No Load mW 
Power Supply Sensitivity PSS AVpp = +5% %/% 
NOTES 


1All input control signals are specified with t, = t; = 5 ns (10% to 90% of +5 V) and timed from a voltage level of 1.6 V. 

21 LSB = 1 mV for 0 V to +4.095 V output range. 

3Includes internal voltage reference error. 

“These parameters are guaranteed by design and not subject to production testing. 

The settling time specification does not apply for negative going transitions within the last 6 LSBs of ground. Some devices exhibit double the typical settling 
time in this 6 LSB region. 


Specifications subject to change without notice. 
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WAFER TEST LIMITS (@ Voo = = +5, OV £ 5%, T, = “+25°C, applies to part number pacest2¢ee pre inal otherwise nated) 


Parameter oe | _'| Symbol Min Typ Max _| Units . 
STATIC PERFORMANCE | | | _a 
Relative Accuracy | LSB 
Differential Nonlinearity | No Missing Codes LSB 
Zero-Scale Error | | Data = 000,, | | ss . — LSB 
Full-Scale Voltage 8s Data= FFF, = © 4.085 4.095 Vv 
LOGIC INPUTS e 
Logic Input Low Voltage V 
Logic Input High Voltage Vv 
Input Leakage Current ~ pA 
SUPPLY CHARACTERISTICS : 
Positive Supply Current Ving = 2.4 V, Vy = 0.8 V, No Load mA 
Gee Vpp = 5 V; Viz, = 0 V; No Load mA 
Power Dissipation _ | Vig = 2.4 V, Viz. = 0.8 V, No Load mW 
. Vpp = 5 V; Viz, = 0 V; No Load mW 
Power Supply Sensitivity | AVpp = +5% %/% 
NOTE. 


Electrical tests are pettonied at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guar- 
anteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualifications through sample lot assembly and testing. 


ABSOLUTE MAXIMUM RATINGS Operating Temperature Range........... —40°C to +85°C 
Vop toGND ....... a ee are re ee ee —-0.3 V, +10 V Storage Temperature Range ........... —65°C to + 150°C 
Logic Inputs toGND ............ —0.3 V, Vpp + 0.3 V Lead Temperature (Soldering, 10 secs) ............ +300°C 
Vour toGND .........-.. eS -0.3 V, Vpp + 0.3: V *Stresses above those listed under “Absolute Maximum Ratings” may cause 
Iour Short Circuit to GN D i 50 mA permanent damage to the device. This is a stress rating only and functional 
Package Power Dissipation ........... (T; max — Ta)/Oya operation of the device at these or any other conditions above those indicated 
Thermal Resistance 0,4 : in the operational sections of this specification is not implied. Exposure to 
‘ ; | 3 absolute maximum rating sondauens for extended periods may affect device 
8-Pin Plastic DIP Package (P) .............. 103°C/W reliability. 
8-Lead SOIC Package (S) .............000-% 158°C/W . 
Maximum Juncrion Deriperature (T; mux) ee ere +150°C 
CAUTION 


ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or SHUTS: The protective foam 
should be discharged to the destination socket before devices are inserted. 


_ ORDERING GUIDE 


INL (LSB) | Temperature Range | Package Description 


DAC8512EP | —40°C to +85°C 8-Pin P-DIP 
DAC8512FP | —40°C to +85°C 8-Pin P-DIP 
DAC8512FS —40°C to +85°C 8-Lead SOIC 


DAC8512GBC 


me 


*For outline information see Package Information section. 
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WARNING! 


TY 


ESD SENSITIVE DEVICE 


Package Option* 


N-8 
N-8 
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Figure 1. Timing Diagram 


K ESD PROTECTION DIODES TO V_, AND GND 


Figure 2. Equivalent Clock Input Logic 


Table I. Control-Logic Truth Table 


CS? fw tw Ee Serial Shift Register Function DAC Register Function 


H X H H. No Effect Latched | 

L L H H | No Effect ‘Latched 

L H H ’H No Effect | Latched 

L t+ H H Shift-Register-Data Advanced One Bit Latched 

t+ L H H Shift-Register-Data Advanced One Bit | Latched 

H X H L- No Effect Updated with Current Shift Register Contents 
H X H L No Effect . é Transparent. 

H X L ».4 No Effect | Loaded with All Zeros 
H ‘| X —. ~ HO No Effect | Latched All Zeros 
NOTES m3 fy” Rate SRG 

: t+ positive logic (ransiton: 4 — negative logic transition; X = Don’t Care. 

7CS and CLK are interchangeable. 


3Returning CS HIGH avoids an additional “false clock” of serial data input. 
“Do not clock in serial data while LD is LOW. 
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PIN CONFIGURATION 


—$0-8— ‘ P-DIP-8 


Vop fi] @ 


TOP VIEW 


(Not to Scale) > —— 
4 [S}LD (Not to Scale) 


_ SDI 


PIN DESCRIPTIONS 


Pin Name Description 


1 Vpp _s— Positive Supply. Nominal valise +5 V,+ 5%. 

2 CS Chip Select. Active low input. 

3 CLK Clock input for the internal serial input shift 
register. 

4 SDI Serial Data Input. Data on this pin is ‘clocked into 
the internal serial register on positive clock edges... 
of the CLK pin. The Most Shae Bit (MSB) 
is loaded first. 

5 LD Active low input which writes the eeaat register 
data into the DAC register. Asynchronous input. 

6 CLR Active low digital input that clears the DAC 
register to zero, setting the DAC to minimum 
scale. Asynchronous input. 

7 GND _ Analog ground for the DAC. This also serves as" 
the digital logic ground reference voltage. : 

8 Vour Voltage output from the DAC. Fixed output 


voltage range of 0 V to 4.095 V with 1 mV/LSB. An 
internal temperature stabilized reference maintains 
a fixed full-scale voltage independent of time, 
temperature and power supply variations. 


DICE CHARACTERISTICS - 


Vpp Vout 


GND 
GND 


CLR | 


cS 


CLK 


| spl LD 
SUBSTRATE IS COMMON WITH Vpp. 


NUMBER OF TRANSISTORS: 642 | 
DIE SIZE: 0.055 inch x 0.106 inch; 5830 sq mils 
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OPERATION 


The DAC-8512 is a complete ready to use 12-bit digital-to- 


analog converter. It contains a voltage-switched, 12-bit, laser- 


trimmed DAC, a curvature-corrected bandgap reference, a rail- 


_to-rail output op amp, a DAC register, and a serial data input 


register. The serial data interface consists of a CLK, serial data 
in (SDI), and a load strobe (LD). This basic 3-wire interface 
offers maximum flexibility for interface to the widest variety of 


_ serial data input loading requirements. In addition a CS select is 


provided for multiple packaging loading and a power on reset 


CLR pin to simplify start or Penge s resets. 


D/A CONVERTER SECTION sO 
The DAC is a 12-bit voltage mode device with an output that 


~ swings from GND potential to the 2.5 volt internal bandgap 


voltage. It uses a laser trimmed R-2R ladder which is switched 
by N channel MOSFETs. The output voltage of the DAC has a 
constant resistance independent of digital input code. The DAC 


‘ output is internally connected to the rail-to-rail output op amp. 


AMPLIFIER SECTION 


The DAC’s output is buffered by a low power consumption pre- 


cision amplifier. This amplifier contains a differential PNP pair 
input stage which provides low offset voltage and low noise, as 


.. ~.well as the ability: to amplify the zero-scale DAC output volt- 


ages. The rail-to-rail amplifier is configured in a gain of 1.6384 
(= 4.095 V/2.5 V) in order to set the 4.095 volt full-scale output 
(1 mV/LSB). See Figure 3 for an equivalent circuit schematic of 
the analog section. 


VOLTAGE SWITCHED 12-BIT 


R-2R D/A CONVERTER RAIL-TO-RAIL 


~ BANDGAP 
REFERENCE AMPLIFIER 


AV = 4.095/2.5 
= 1.638V/V 


SPDT 
N-CH FET 
SWITCHES 


Figure 3. Equivalent DAC-8512 Schematic of Analog 
Portion 


The op amp tae a 16 WS 3 typical settling time to 0.01%. There 


on eee 


are slight differences i in settling time for negative slewing signals 


vs. positive. See the oscilloscope photos it in bad Gas perio 
mances section of this data sheet. | 


REV. A 


OUTPUT SECTION 

The rail-to-rail output stage of this amplifier has been designed 
to provide precision performance while operating near either 
power supply. 


Figure 4. Equivalent Analog Output Circuit 


Figure 4 shows an equivalent output schematic of the rail-to-rail 
amplifier with its N channel pull down FETs that will pull an 
output load directly to GND. The output sourcing current is 
provided by a P channel pull up device that can supply GND 
terminated loads, especially at the low supply tolerance values of 
4.75 volts. Figures 5 and 6 provide information on output swing 
performance near ground and full-scale as a function of load. In 
addition to resistive load driving capability the amplifier has also 
been carefully designed and characterized for up to 500 pF 
capacitive load caving capabinty: 


POWER SUPPLY | | 

The very low power consumption of the DAC-8512 is a direct 

~ result of a circuit design optimizing use of the CBCMOS pro- 
cess. By using the low power characteristics of the CMOS for 
the logic, and the low noise, tight matching of the complemen-_ 
tary bipolar transistors good analog accuracy is achieved. 


For power consumption sensitive applications it is important to 
note that the interhal power consumption of the DAC-8512 is 
strongly dependent on the actual logic input voltage levels 
present on the SDI, CS, LD, and CLR pins. Since these inputs 
are standard CMOS logic structures they contribute static power 
dissipation dependent on the actual driving logic Voy and Vo, 
voltage levels. The graph in Figure 9 shows the effect on total 
DAC-8512’supply current as a function of the actual value of 
input logic voltage. Consequently use of CMOS logic vs. TTL 
minimizes power dissipation in the static state. A Vy, = 0 V on 
the SDI, cs and.CLR pins provides the lowest standby power 
acacia of 2. 5 mW cn x5 ee | 
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As with any analog system, it is recommended that the DAC- 
8512 power supply be bypassed on the same PC card that con- 
tains the chip. Figure 10 shows the power supply rejection 
versus frequency performance. This should be taken into 
account when using higher frequency switched mode power sup- 
plies with ripple frequencies of 100 kHz and higher. 


One advantage of the rail-to-rail output amplifier used in the 
DAC-8512 is the wide range of usable supply voltage. The part 
is fully specified and tested over temperature for operation from 
+4.75 V to +5.25 V. If reduced linearity and source current 
capability near full scale can be tolerated, operation of the DAC- 
8512.is possible down to +4.3 volts. The minimum operating 
supply voltage versus load current plot, in Figure 11, provides 
information for operation below Vppy = +4.75 V. 


TIMING AND CONTROL 

The DAC-8512 has a separate serial input register from the 
12-bit DAC register that allows preloading of a new data value 
into the serial register without disturbing the present DAC out- 
put voltage. After the new value is fully loaded in the serial 
input register it can be asynchronously transferred to the DAC 
register by strobing the LD pin. The DAC register uses a level 
sensitive LD strobe that should be returned high before any 
new data is loaded into the serial input register. At any time the 
contents of the DAC register can be reset to zero by strobing 
the CLR pin which causes the DAC output voltage to go to zero 
volts. All of the timing requirements are detaileg in Figure 1 
along with the Table I Control-Logic Truth Ta le. 
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en Performance Characteristics 
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Ta = +25°C 
4 3 
LR, TIED TO AGND 
NI DATA = FFFH 
3 
2 


OUTPUT VOLTAGE - Volts 


R, TIED TO +5V 
DATA = 00H 


0 . , 
10 = 100 10k 100k 


‘LOAD RESISTANCE -Q 


Figure 5. Output Swing vs. Load 
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TIME = 2mse/DIV 


Figure 8. Broadband Noise 
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Figure 6. Pull-Down Voltage vs. 
- Qutput Sink Current Capability 


LOGIC VOLTAGE VALUE - Volts. 


Figure 9. Supply Coy vs. Logie 
Input Voltage 
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“Figure 10. Power Supply Rejection 
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PROPER OPERATION 
WHEN Vpp SUPPLY 
VOLTAGE ABOVE 


4.0 
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OUTPUT LOAD CURRENT - mA 
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Figure 13. Large Signal Settling 


Figure 12. Midscale DAC Glitch ! 
_ Time 


Performance 


Figure 11. Minimum Supply 
Voltage vs. Load 
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OUTPUT VOLTAGE 
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Figure 14. Rise Time Detail 
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Figure 17. Total Unadjusted Error 
Histogram 


OUTPUT NOISE DENSITY —- pV/VHz 
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Figure 20. Output Voltage Noise 
“vs. Frequency 
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-  FULL-SCALE OUTPUT - Voits 


OUTPUT VOLTAGE CHANGE - mV 


OUTPUT VOLTAGE 
imvV/DIV 


TIME — 10,8/DIV 


Figure 15. Fall Time Detail 
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Figure 18. Full-Scale Voltage vs. 
Temperature 
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Figure 21. Long Term Drift Acceler- | 


ated by Burn-in 


seas 
oe FH ee 
Fa 9 Wr a Fe be 


DAC8512 


LINEARITY ERROR - LSB 
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Figure 16. Linearity Error vs. 
Digital Code 
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Figure 19, Zero-Scale Voltage vs. 
Temperature — 


SUPPLY CURRENT - mA 


25 50 
TEMPERATURE - °C 


75 100 125 


Figure 22. Supply Current vs. 
= _ Temperature 
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APPLICATIONS SECTION 


Power Supplies, Bypassing, and Grounding 

All precision converter products require careful application of 
good grounding practices to maintain full rated performance. 
Because the DAC-8512 has been designed for +5 V applica- 
tions, it is ideal for those applications under microprocessor or 
microcomputer. control. In these applications, digital noise is 
prevalent; therefore, special care must be taken to assure that its 
- inherent precision is maintained. This means that particularly 
good engineering judgment should be exercised when addressing 
the power supply, grounding, and bypassing issues using the 
DAC-8512. 


The power supply used for the DAC-8512 should be well fil- 
tered and regulated. The device has been completely character- 
ized for a +5 V supply with a tolerance of +5%. Since a +5 V 
logic supply is almost universally available, it is not recom- 
mended to connect the DAC directly to an unfiltered logic sup- 
ply without careful filtering. Because it is convenient, a designer 
might be inclined to tap a logic circuit’s supply for the DAC’s 
supply. Unfortunately, this is not wise because fast logic with 
nanosecond transition edges induce high current pulses. The 
high transient current pulses can generate glitches hundreds of 
millivolts in amplitude due to wiring resistances and. induc- 
tances. This high frequency noise will corrupt the analog cir- ~ 
cuits internal to the DAC and cause errors. Even though their 
spike noise is lower in amplitude, directly tapping the output of 


a +5 V system supply can cause errors because these supplies. 


are of the switching regulator type that can and do generate a 


great deal of high frequency noise. Therefore, the DAC and any | 


associated analog circuitry should be powered directly from the 
system power supply outputs using appropriate filtering. Figure 
23 illustrates how a clean, analog-grade supply can be generated 


from a +5 V logic supply using a differential LC filter with sep- ° 


arate power supply and return lines. With the values shown, _ 
this filter can easily handle 100 mA of load current without satu- 
rating the ferrite cores. Higher current capacity can be achieved 
with larger ferrite cores. For lowest noise, all electrolytic capaci- 
tors should be low ESR (Equivalent Series Resistance) type. 


FERRITE BEADS: 
2 TURNS, FAIR-RITE ee . 
#2677006301 +5V 


TTLICMOS | 
_ Logic 
CIRCUITS 


45 
" POWER SUPPLY 


Figure 23. Properly Filtering a +5 V yieole Supply Can | 
Yield A High Quality Analog Supply 


In order to fit the DAC-8512 in an 8-pin package, it was neces- | 


sary to use only one ground connection to the device. The | 
ground connection of the DAC serves as the return path for 
supply currents as well as the reference point for the digital 
input thresholds. The ground connection also serves as the sup- 
ply rail for the internal voltage reference and the output ampli- 


fier. Therefore, to minimize any errors, it is recommended that: 
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in satin sina 


the ground connection of the DAC-8512 be connected to a high 


quality analog ground, such as the one described above. Gener- 
ous bypassing of the DAC’s supply goes a long way in reducing 
supply line-induced errors. Local supply bypassing consisting of 


a 10 pF tantalum electrolytic in parallel with a 0.1 »F ceramic 


is recommended. The decoupling capacitors should be con- 
nected between the DAC’s supply pin (Pin 1) and the analog 
ground (Pin 7). Figure 24 shows how the ground and a 


; connections should be made to the nee 85 12. 


+5V 
e 


O Vour 


TO ANALOG GROUND 


Figure 24, Récommended ane and Bypassing 
Scheme for the DAC-8512 


Unipolar Output Operation | . 
This is the basic mode of operation for the DAC-8512. As 
shown in Figure 24, the DAC-8512 has been designed to drive © 
loads as low as 2 kQ in parallel with 500 pF. The code table for : 
this le is shown in Table ae 


+5V 


Figure 25. Unipolar Output Operation 
Table II. Unipolar. Code Table 


Analog Output 
Voltage (V) 


Decimal Number 
in DAC Register 2 


Hexadecimal Number 
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Operating the DAC-8512 on +12 V or +15 V Supplies Only 
Although the DAC-8512 has been specified to operate on a sin- 
gle, +5 V supply, a single +5 V supply may not be available in 
many applications. Since the DAC-8512 consumes no more than 
2.5 mA, maximum, then an integrated voltage reference, such as 
the REF-02, can be used as the DAC-8512 +5 V supply. The 
configuration of the circuit is shown in Figure 26. Notice that 
the reference’s output voltage requires no trimming because of 
the REF-02’s excellent load regulation and tight initial output 
voltage tolerance. Although the maximum supply current of the 
DAC-8512 is 2.5 mA, local bypassing of the REF-02’s output 
with at least 0.1 jzF at the DAC’s voltage supply pin is recom-- 
mended to prevent the DAC’s internal digital circuits from 
affecting the DAC’s internal voltage reference. 


+12V OR +15V 


Figure 26. Operating the DAC-8512 on +12 Vor +15 V 
Supplies Using a REF-02 Voltage Reference 


Measuring Offset Error . | 
One of the most commonly specified end-point errors associated 
with real world nonideal DACs is offset error. 


In most DAC testing, the offset error is measured by applying © 
the zero-scale code and measuring the output. deviation from 0. 
volt. There are some DACs where offset errors may be present 
but not observable at the zero scale because of other circuit limi- 
tations (for example, zero coinciding with single-supply ground). 
In these DACs, nonzero output at zero code cannot be read as 
the offset error. In the DAC-8512, for example, the zero-scale 
error is specified to be +3 LSBs. Since zero scale coincides with 
zero volt, it is not possible to measure negative offset error. 


SET CODE = 000,, AND MEASURE Vout 


Figure 27. Measuring Zero-Scale or Offset Error 
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By adding a pull-down resistor from the output of the DAC- 
8512 to a negative supply as shown in Figure 27, offset errors 
can now be read at zero code. This configuration forces the out- 
put p-channel MOSFET to source current to the negative sup- 
ply thereby allowing the designer to determine in which 
direction the offset error appears. The value of the resistor 
should be such that, at zero code, current through the resistor is 
200 »A, maximum. 


Bipolar Output Operation 

Although the DAC-8512 has been designed for single-supply 
operation, bipolar operation is achievable using the circuit illus- 
trated in Figure 28. The circuit uses a single-supply, rail-to-rail 
OP-295 op amp and the REF-03 to generate the —2.5 V refer- 
ence required to level-shift the DAC output voltage. Note that 
the —2.5 V reference was generated without the use of precision 
resistors. The circuit has been configured to provide an output 
voltage in the range —5 V S Voyr = +5 V and is coded in 


-complementary offset binary. Although each DAC LSB corre- 
‘sponds to 1 mV, each output LSB has been scaled to 2.44 mV. 


Table ITI provides the relationship between the digital codes and 
output voltage. 


The transfer function of the circuit is given by: 


Vo = —1 mV xX Digital Cod os pee 
o= m gital Code Ri + 2. R 
and, for the circuit values shown, becomes: | 


Vo = —2.44mV x Digital Code +5 V 


FULL SCALE 
= ADJUST 


P2 | 


10k2 “= ZERO SCALE 
, ADJUST 


-2.5V O 


A1, A2 = 1/2 OP-295 _ 


Figure 28. Bipolar Output Operation 
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Table _ Bipolar Code ‘Table _ 


Hexadecimal Number. 
in DAC Register 


..Decimal Number 
in DAC Register 


“Ansioa Output 
Voltage (V) . 


To maintain monotonicity and accuracy, Rl, R2, and R4 should . 


be selected to match within 0.01% and must all be of the same 
(preferably metal foil) type to assure temperature coefficient — 
matching. Mismatching between R1 and ‘R2 causes offset. and 

gain errors while an R4t to R1 and Re sr Saas gain 
errors. 


For applications that do not require high accuracy, the circuit — 
illustrated in Figure 29 can also be used to generate a bipolar 
output voltage. In this circuit, only one op amp is used and no 
potentiometers are ‘used for offset and gain trim. The output 
voltage is coded in offset sad and is given by: 


R4 R2 
Vo = 1 mV x Digital Code x (atm a) * (1 + mi) 
R2 
Ri 


— 2.5 x 


A1 = 1/2 OP-295 — 


[VourRANae[Ai[Ra[Ra[ re | 
[—agv trae rolome ax ae 
[___25V___ [10k] 20k] 10k | 


Figure 29. Bipolar Output Operation without Trim. 


For the +2.5 Vv output range and the circuit values shown in 
the table, the transfer equation becomes: : 


Vo = 1.22 mV X Digital Code’ - 2.5 V 


Similarly, for the #3'V output range, the transfer equation 
becomes: 


V, = 2.44 mV x Digital Code - 5V 
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Gécesuting a ‘Negative Supply Voltage = a ee 
Some applications may require bipolar output ‘onfiguratiqn but 


only have a single power supply rail available. This is very com- 


mon in data acquisition systems using microprocessor-based_ SyS-. 
tems. In these systems, +12'V, +15 V, and/or +5 V are only 
available. Shown in Figure 30 is a method of generating a nega- 
tive supply voltage using one CD4049, a CMOS hex inverter, 
operating on +12 V or: +15 V. The circuit is essentiallya 
charge pump where two of the six’ are used as an oscillator. For 
the values shown, the frequency of oscillation is approximately 
3.5 kHz and is fairly ins€nsitive to supply voltage because R1 > 
x R2. The remaining four inverters are wired in parallel for — 
higher output current. The square wave output is level trans- 
lated by C2 to a negative-going signal, rectified using a pair of © 
1N4001s, and then filtered by C3. With the values shown, the 
charge pump will provide an output voltage of —5 V for current 
loadings in the range 0.5 mA = Ipyy = 10 mA with a +15 V 
supply and 0.5 mA = Ioyy = 7 mA with a +12 V supply. 


Figure 30. Generating: a-5V eal When Only +12 V or 
+15 V Is Available 


A High-Compliance, Digitally Controlled Precision — 
Source a 
The circuit in Figure 31 shee the DAC-8512 controlling a a 
high-compliance precision current source using an AMP-05 
instrumentation amplifier. The AMP-05’s reference pin becomes 
the input, and the “old” inputs now monitor the voltage across a 
precision current sense resistor, Res. Voltage gain is set to one 
sO the pineal function is given by the following equanon: 

| | Tour = 7 | 

| Res 

If Res equals 100 Q, the output current is limited to. 7 10 mA. 
with a 1 V input. Therefore, each DAC LSB corresponds. to, 
2.4 pA. If a bipolar output current is required, then the circuit 
in Figure 28 can be modified to drive the AMP-05’s reference 
pin with a +1 V input signal. 


Potentiometer P1 trims the output current to zero with the 
input at 0 V. Fine gain adjustment can be accomplished by 
adjusting R1 or R2. 
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OMA <Igyy < 10MA 
2.4uA/ BIT 


R3 
3k 


Figure 31. A High-Compliance, Digitally Controlled Preci- 
sion Current Source 


A Single-Supply, Programmable Current Source 

The circuit in Figure 32 shows how the DAC-8512 can be used 
with an OP-295 single-supply, rail-to-rail output op amp to pro- 
vide a digitally programmable current sink from Vsource that 
consumes less than 3.8 mA, maximum. The DAC’s output volt- 
age is applied across R1 by placing the 2N2222 transistor in the 
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OP-295’s feedback loop. For the circuit values shown, the. full- 
scale output current is 1 mA which is given by the following 
equation: 

DW x 4.095 V 

| Rl 

where DW = DAC-8512’s binary digital input code. 


Iour = 


Figure 32. A Single-Supply, Programmable Current Source 


The usable output voltage range of the current sink is +5 V to 
+60 V. The low limit of the range is controlled by transistor 
saturation, and the high limit is controlled by the collector-base 
breakdown voltage of the 2N2222. 


A Digitally Programmable Window Detector 

A digitally programmable, upper/lower limit detector using two 
DAC-8512s is shown in Figure 33. The required upper and 
lower limits for the test are loaded into each DAC individually 
by controlling HDAC/LDAC. If a signal at the test input is not 
within the programmed limits, the output will indicate a logic 


_ zero which will turn the red LED on. 


sv 0.1pF 
: Aut 
1kQ cS 
By DAC-8512 
LA @) 
2 


CLR 
wscimeet tle 


LD O 


Ec - 
SCLK © (3) 
ae ss 


ao =a €) Mm &©Y 
4 —_ ba aa oe LED 


C1, C2 = 1/4 CMP-404 


Figure 33. A Digitally Programmable Window Detector 
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~ DAC’s CLR pin sets a turn-on time constant of 10 ms to reset 
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Opto-Isolated Interfaces for Process Control Environments — 
In many: process control type applications, it is necessary to pro- 
- vide an isolation barrier between the controller and the unit 
being controlled. Opto-isolators can provide isolation in excess 
of 3 kV. The serial loading structure of the DAC-8512 makes it 
ideal for optoisolated interfaces as the mulmbee of interface lines 
is kept to a minimum. 


Illustrated in Figure 34 is an opto-isolated interface using the 
DAC-8512. In this circuit, the CS line is always LOW to enable 
the DAC, and the 10 k{)/1 F combination connected to the 


the DAC upon application of power. Three opto-couplers are. 
then used for the SDI, SCLK, and LD lines. 


Oftentimes reducing the number of interface fines to two ince is 
required i in many control environments. The circuit illustrated 
in Figure 35 shows how to convert a two-line interface into the 
three control lines required to control the DAC-8512 without 
using one shots. This technique uses a counter to keep track of 
the clock cycles and, when all the data has been input to the 
DAC, the external logic generates the LD pulse. 


Figure 34. An Opto-lsolated DAC Interface 


Ke HIGHVOLTAGE . «= 
ISOLATION 


Figure 35. A Two-Wire, Opto-lsolated DAC Interface | 
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Figure 36. Opto-lsolated Two-Wire Serial Interface Timing Diagram 


The timing diagram of Figure 36 can be used to understand the 
operation of the circuit. Only two opto-couplers are used in the 
circuit; one for SCLK and one for SDI. The 74HC161 counter 
in incremented on every rising edge of the clock. Additionally, 
the data is loaded into the DAC-8512 on the falling edge of the 
clock by inverting the serial clock using gate “Y.” The timing 
diagram shows that after the twelfth bit has been clocked the 
output of the counter is binary 1011. On the very next rising 
clock edge, the output of the counter changes to binary 1100 
upon which the output of gate “X”’ goes LOW to generate the 
LD pulse. The LD signal is connected to both the DAC’s LD 
and the counter’s LOAD pins to prevent the thirteenth rising 
clock edge from advancing the DAC’s internal shift register. 
This prevents false loading of data into the DAC-8512. Inverting 
the DAC’s serial clock allows sufficient time from the CLK edge 
to the LD edge, and from the LD edge to the next clock pulse 
all of which satisfies the timing requirements for spacing the 
DAC-8512. 


After loading one address of the DAC, thee entire process can 
repeated to load another address. If the loading is complete, 
then the clock must stop after the thirteenth pulse of the final 
load. The DAC’s clock input will be pulled high and the 
counter reset to zero. As was shown in Figure 35, both the 
74HC161’s and the DAC-8512’s CLR pins are connected to a 
simple R-C timing circuit that resets both ICs when the power 
in turned on. The circuit’s time constant should be set longer 
than the power supply turn-on time and, in this circuit, is set to 
10 ms, which should be adequate for most systems. This same 
two-wire interface can be used for other three-wire serial input 
DACs. 


Decoding Multiple DAC-8512s 

The CS function of the DAC-8512 can be used in applications to 
decode a number of DACs. In this application, all DACs receive 
the same input data; however, only one of the DAC’s CS input 
is asserted to transfer its serial input register contents into the 
destination DAC register. In this circuit, shown in Figure 37, 
the CS timing is generated by a 74HC139 decoder and should 
follow the DAC-8512’s standard timing requirements. To pre 
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vent timing errors, the 74HC139 should not be activated by its 
ENABLE input while the coded address inputs are changing. A 
simple timing circuit, Rl and Cl, connected to the DACs’ CLR 
pins resets all DAC outputs to zero during power-up. 


74HC139 © 


ENABLE © 


2 
copep ) ° 
ADDRESS ) _ 3 


15 


ib. DAC-8512 
He: * @% 


+5V 0 
. 1kQ 14 


iD. pee 
ae | as 


(2) 


Figure 37. Decoding Multiple DAC-8512s Using the 
CS Pin 
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A Digitally Controlled, Ultralow Noise VCA 

The circuit in Figure 38 illustrates how the DAC-8512 can be 
used to control ‘an ultralow noise VCA, using the AD600/ 
AD602. The AD600/AD602 is a dual, low noise, wideband, 
variable gain amplifier based on the X-AMP topology.* Both 
channels of the AD600 are wired in parallel to achieve a wide- 
band VCA which exhibits an RTI (Referred To Input) noise 
voltage spectral density of approximately 1 nV/\/Hz. The out- 
put of the VCA requires an AD844 configured in a gain of 4 to 
account for signal loss due to input and output 50-2 termina- 
tions. As configured, the total gain in the circuit is 40 dB. 


Since the output of the DAC-8512 is single quadrant, it was 
necessary to offset the AD600’s gain control voltage so that the 
gain of the circuit is 0 dB for zero scale and 40 dB at full scale. 
This was achieved by setting C1LO and C2LO to + 625 mV 
using R1 and R2. Next, the output of the DAC-8512 was scaled 
so that the gain of the AD600 equalled 20 dB when the digital 
input code equaled 800,;. The frequency response of the VCA 
as a function of digital code is shown in Figure 39. 


*For more details regarding the AD600 or AD602, please consult the AD600/ 
AD602 data: sheet. : 


3-370 DIGITAL-TO-ANALOG CONVERTERS 


: ) Vour 
Xe’ 0.01dB/BIT 


SUPPLY DECOUPLING NETWORK 


+5V 
! + Ou 
; V+ | , . 
ms FB = FAIR RITE 
#2743001111 
0.<Vg = 1.25V ve , a, — 
R7 e 
1kQ . 10yF 
ra 
; -  =6V 


70 


_ SYSTEM GAIN - dB 


~30 


Figure 38. A Digitally Controlled, Ultralow Noise VCA | 
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Figure 39. VCA Frequency Response vs. Digital Code 


REV. A 


A Serial DAC, Audio Volume Control 

The DAC-8512 is well suited to control digitally the gain or 
attenuation of a voltage controlled amplifier. In professional 
audio mixing consoles, music synthesizers, and other audio pro- 
cessors, VCAs, such as the SSM-2018, adjust audio channel gain 
and attenuation from front panel potentiometers. The VCA pro- 
vides a clean gain transition control of the audio level when the 
slew rate of the analog input control voltage, V.., is properly 
chosen. The circuit in Figure 40 illustrates a volume control 
application using the DAC-8512 to control the attenuation of the 
SSM-2018. 


+15V 
P1 10MQ 
100kQ SYMMETRY 
sal P2 TRIM 470kQ 
su 10pF 
~15V 
18kQ 
[| > Your 
li jo 16 | 
+15V © af oad 
Ee 
wE[ [a 
= oO 
Gan. SSM-2018 oem ieee 
Vu O— Wr} Bh | 
. = =f 
7 10] O -15V 
+15V 
; 8 | | 9 | 0.1uF 
cad 47pF L 


cd 


~ C 5V | 
+. 
REF-02 (© mad 


(4) (1) 
= cs e (2) 
CLR O (6) on OV s Vo s +2.24V 
et DAC-8512 (San — co 
Lp O—(5) “ 
R7 
SCLK O—(3) 1k2Q* tT 
Soi 6 (4) | = = 


* — PRECISION RESISTOR PT146 
= 1kQ COMPENSATOR 


Figure 40. A Serial DAC, Audio Volume Control 


Since the supply voltage available in these systems is typically 
+15. V or +18 V, a REF-02 is used to supply the +5 V 
required to power the DAC. No trimming of the reference is 
required because of the reference’s tight initial tolerance and low 
supply current consumption of the DAC-8512. The SSM-2018 is 
configured as a unity-gain buffer when its control voltage equals 
0 volt. This corresponds to a 000;; code from the DAC-8512. 
Since the SSM-2018 exhibits a gain constant of —28 mV/dB 
(typical), the DAC’s full-scale output voltage has to be scaled 
down by R6 and R7 to provide 80 dB of attenuation when the 
digital code equals FFF,,. Therefore, every DAC LSB corre- 
sponds to 0.02 dB of attenuation. Table IV illustrates the atten- 
uation vs. digital code of the volume control circuit. 


REV. A 


DAC8512 


Table IV. SSM-2018 VCA Attenuation vs. 
DAC-8512 Input Code 


Control 
| Voltage (V) 


Hexadecimal Number 
in DAC Register 


VCA 
Attenuation (dB) 


To compensate for the SSM-2018’s gain constant temperature 
coefficient of —3300 ppm/°C, a 1 kO, temperature-sensitive 
resistor (R7) manufactured by the Precision Resistor Company 
with a temperature coefficient of +3500 ppm/°C is used. A 
Coon Of 1 F provides a control transition time of 1 ms which 
yields a click-free change in the audio channel attenuation. Sym- 
metry and offset trimming details of the VCA can be found in 
the SSM-2018 data sheet. 


Information regarding the PT 146 1 kQ “Compensator” can be 
obtained by contacting: 


Precision Resistor Company, Incorporated 
10601 75th Street North 

Largo, Fl 34647 

(813) 541-5771 


An Isolated, Programmable, 4-20 mA Process Controller 

In many process control system, applications, two-wire current 
transmitters are used to transmit analog signals through noisy 
environments. These current transmitters use a “‘zero-scale”’ sig- 
nal current of 4 mA that can be used to power the transmitter’s 
signal conditioning circuitry. The “full-scale” output signal in 
these transmitters is 20 mA. The converse approach to process 
control can also be used; a low-power, programmable current 
source can be used to control remotely located sensors or devices 
in the loop. | 


A circuit that performs this function is illustrated in Figure 41. 
Using the DAC-8512 as the controller, the circuit provides a 
programmable output current of 4 mA to 20 mA, proportional 
to the DAC’s digital code. Biasing for the controller is provided 
by the REF-02 and requires no external trim for two reasons: 


(1) the REF-02’s tight initial output voltage tolerance and (2) 
the low supply current consumption of both the OP-90 and the 
DAC-8512. The entire circuit, including opto-couplers, con- 
sumes less than 3 mA from the total budget of 4 mA. The 
OP-90 regulates the output current to satisfy the current sum- | 
mation at the noninverting node of the OP-90. The KCL equa- 
tion at Pin 3 is given by: 7 


Tour = RB * 


1 1 mV xX Digital Code x R3 
Rl + ~R2 


Veer X =) | 
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Figure 41. An Isolated, Programmable, 4-20mA Process Controller 


For the values shown in Figure 41, 


Iour = 3.9 pA X Digital Code +.4 mA - 


giving’a full-scale output current of 20 mA when the DAC- 
8512’s digital code equals FFF,,. Offset trim at 4 mA is pro- 
vided by P2, and P1 provides the ‘circuit’s gain trim at 20 mA. 
These two trims do not interact because the noninverting input 
of the OP-90 is at virtual ground. The Schottky diode, D1, is 
required in this circuit to prevent loop supply power-on tran- 
sients from pulling the noninverting input of the OP-90 more — 
than 300 mV below its inverting input. Without this diode, such 
transients could cause phase reversal of the OP-90 and possible 
latchup of the controller. The loop supply voltage compliance of 
the circuit is limited by the maximum applied input vOleiee to 
the REF-02 and is is: +12 . to +40 V. | a Sa 5 


MICROPROCESSOR. INTERFACING = 


DAC-8512—MC68HC11 Interface 

The circuit illustrated i in Figure 42 shows a ‘serial Gatenkace: 
between the DAC-8512 and the MC68HC11 8- -bit microcontrol- 
ler. SCK of the 68HC11 drives SCLK of the DAC-8512, while 
the MOSI output drives the serial data line, SDI, of the DAC- 
8512. The DAC’s CLR, LD, and CS signals are derived from 
port lines PC1, PDS, and PCO, respectively, as shown. | 


For correct operation of the serial interface, the 68HC11 should 
be configured such that its CPOL bit is set to 1 and its CPHA. 
bit is also set to 1. When the serial data is to be transmitted to 
the DAC, PCO is taken low, asserting the DAC’s CS input. 
When the 68HC11 is configured in this manner, serial data on 
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| _ *ADDITIONAL PINS OMITTED FOR CLARITY | 
Figuré 42. DAC-8512-MC68HC11 Interface 


MOST is valid on the rising edge of SCLK. The 68HC11 trans- 
mits its serial data in 8-bit’ bytes (MSB first), with only eight 
rising clock edges occurring in the transmit cycle. To load data 
to the DAC-8512’s input serial register, PCO 1s left low after the 
first eight bits are transferred, and a second byte of data is then 
transferred serially to the DAC-8512. During the second. byte 
load, the first four most significant bits of the first-byte are —_ 
pushed out of the DAC’s input shift register. At the end of the ¢ 
second byte load, PCO is then taken high. To prevent an acci- 
dental advancing of the internal shift register, SCLK must. 
already be asserted before PCO i is taken high. To transfer the 
contents of the input shift register t to the DAC register, PDS PDS is : 
taken low, asserting the DAC’s LD input. The DAC’s CLR : 
input, controlled by the 68HC11’ s PCl port, provides an. asyn-— 
chronous clear function, setting the DAC output to, zero. 
Included in this section is the source code. for operating the 


a Se ee ~ 


DAC- 8512— -M68HC11 interface. | 
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* 


PORTC 
* 


DDRC 
PORTD 
* 
DDRD 
SPCR 


* 


SPSR 
x 


SPDR 
* 


* SDI RAM variables: 


* 


UPDATE 


EQU 


EQU 
EQU 


EQU 
EQU 


EQU 


EQU 


EQU 
EQU 


ORG 
LDS 


LDAA 


STAA 
LDAA 
STAA 


LDAA 


STAA 
LDAA 
STAA 


LDAA 
STAA 


BSR 
JMP 


PSHX 
PSHY 
PSHA 


LDAA 
STAA 


-LDAA 


STAA 


LDX 
LDY 


BCLR 
BSET 


BCLR 


DAC8512 


DAC-8512-M68HC11 Interface Program Source Code. 


$1003 


$1007 
$1008 |. 


$1009 
$1028 


$1029 


$102A 


$00 
$01 


$C000 
#$CFFF 


#$03 
PORTC 
#$03 
DDRC 
#$30 
PORTD 
#$38 
DDRD 


#$5F 
SPCR 


UPDATE 
$E000 


#$0A 
SDI1 


#$AA 
SDI2 


#SDI1 
#$1000 


PORTC,Y 
PORTC,Y 


PORTC,Y 


Port C control register 
*0,0,0,0;0,0,CLR/,CS/” 

Port C data direction 

Port D data register 
“0,0,LD/,SCLK;SDI,0,0,0 

Port D data direction 

SPI control register 
“SPIE,SPE,DWOM,MSTR;CPOL,CPHA,SPR1,SPRO” 
SPI status register 
“SPIF,WCOL,0,MODF;0,0,0,0” 

SPI data register; Read-Buffer; Write-Shifter 


SDI] is encoded from 0 (Hex) to F (Hex) 

SDI2 is encoded from 00 (Hex) to FF (Hex) . 
DAC requires two 8-bit loads; upper 4 bits of SDI1 
are ignored. 


SDI packed byte 1 “0,0,0,0;MSB,DB10,DB9,DB8” 
SDI packed byte 2 “DB7,DB6,DB5,DB4;DB3,DB2,DB1,DBO0” 


Start of user’s RAM in EVB 
Top of C page RAM 


0,0,0,0;0,0,1,1 

CLR/-Hi, CS/-Hi 

Initialize Port C Outputs 

0,0,0,0;0,0,1,1 

CLR/ and CS/ are now enabled as outputs 


0,0,1,1;0,0,0,0 

LD/-Hi,SCLK-Hi,SDI-Lo 

Initialize Port D Outputs 

0,0,1,1;1,0,0,0 

LD/,SCLK, and SDI are now enabled as outputs 


SPI is Master, CPHA=1,CPOL=1,Clk rate=E/32 


Xfer 2 8-bit words to DAC-8512 
Restart BUFFALO 


Save registers X, Y, and A 


0,0,0,0;1,0,1,0 
SDI] is set to 0A (Hex) 


1,0,1,0;1,0,1,0 
SDI2 is set to AA (Hex) 


Stack pointer at Ist byte to send via SDI 
Stack pointer at on-chip registers 


$02 Assert CLR/ 
$02 De-assert CLR/ 


$01 Assert CS/ 
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TFRLP LDAA 0,X 


STAA SPDR 
* 
WAIT — LDAA_ SPSR 
. - BPL)sSWAIT. 
* 
| INX 
‘CPX = #SDI2+1 
BNE  TFRLP 


BCLR PORTD,Y 
BSET PORTD,Y 


BSET PORTC,Y 


| Get a byte to transfer via SPI 


Write SDI data reg to start xfer — 


Loop to wait for SPIF 

SPIF is the MSB of SPSR 

(when SPIF is set, SPSR is negated) 
Increment counter to next byte for xfer 
Are we done yet ? | 

If not, xfer the second byte 


*Update DAC output with contents of DAC register 
* 5 


$20 Assert LD/ 
$20 Latch DAC register 


$01 . De-assert CS/ 


PULA When done, restore registers X, Y & A 


PULY 
PULX 
RTS 
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** Return to Main Program ** 
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ANALOG 
DEVICES 


+9 Volt, Parallel Input 
Complete 12-Bit DAC 


DAC8562 


FEATURES 

Complete 12-Bit DAC 

No External Components 

Single +5 Volt Operation 

1 mV/Bit with 4.095 V Full Scale 
True Voltage Output, +5 mA Drive 
Very Low Power —3 mW 


APPLICATIONS 

Digitally Controlled Calibration 
Servo Controls 

Process Control Equipment 

PC Peripherals 


GENERAL DESCRIPTION | 
The DAC-8562 is a complete, parallel input, 12-bit, voltage out- 
put DAC designed to operate from a single +5 volt supply. 
Built using a CBCMOS process, these monolithic DACs offer 
the user low cost, and ease-of-use in +5 volt only systems. 


Included on the chip, in addition to the DAC, is a rail-to-rail 
amplifier, latch and reference. The reference (REFOUT) is 
trimmed to 2.5 volts, and the on-chip amplifier gains up the 
DAC output to 4.095 volts full scale. The user needs only sup- 
ply a +5 volt supply. 


The DAC-8562 is coded straight binary. The op amp output 
swings from 0 to +4.095 volts for a one millivolt per bit resolu- 
tion, and is capable of driving +5 mA. Built using low tempera- 
ture-coefficient silicon-chrome thin-film resistors, excellent 


LINEARITY ERROR — LSB 


0 1024 
DIGITAL INPUT CODE — Decimal 


FUNCTIONAL BLOCK DIAGRAM 


REFOUT Voo 


e @ 
DAC-8562 
-BIT 
mH a 
DAC REGISTER 
one 
O) @ @ 


DGND CE DATA CLR 


() AGND 


linearity error over temperature has been achieved as shown 
below in the linearity error versus digital input code plot. 


Digital interface is parallel and high speed to interface to the 
fastest processors without wait states. The interface is very sim- 
ple requiring only a single CE signal. An asynchronous CLR 
input sets the output to zero scale. _ . 


The DAC-8562 is available in two different 20-pin packages, 
plastic DIP and SOL-20. Each part is fully specified for opera- 
tion over —40°C to +85°C, and the full +5 V + 5% power 
supply range. © : 


For MIL-STD-883 applications, contact your local ADI sales 
office for the DAC-8562/883 data sheet which specifies operation 
over the —55°C to +125°C temperature range. 


2048 3072 4096 


Figure 1. Linearity Error vs. Digital Input Code Plot 
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DAC8562— SPECI -ICATIONS 5 Be 
caduivated CHARACTERISTICS (@ Vpp = +5.0 V + 5%, R, =No Load, —40°C =hs < +85°C, unless otherwise noted.) 


Output Source Current 
Line Rejection 
Load Regulation 


LOGIC INPUTS 
Logic Input Low Voltage 
Logic Input High Voltage . 
Input Leakage Current’ 
Input Capacitance- 


INTERFACE TIMING SPECIFICATIONS" : 


Chip Enable Pulse Width | 
Data Setup. : 
Data Hold | 

Clear Pulse Width 


AC CHARACTERISTICS* 


Voltage Output Settling Time® ‘ 


Digital Feedthrough — 


SUPPLY CHARACTERISTICS 
Positive Supply Current 


Power Dissipation 


Power Supply Sensitivity 


NOTES 


Note 5 


lazy = 0to5 mA 


To +1 LSB of Final Value 


; Vin = 2.4 V, Vin = 0.8 Vv 


Vin = 2.4V, Vy, = 0.8-V. 


Vn. = 0V; /, Vow = =+5V 


| STATIC PERFORMANCE 
Resolution Note 2 
Relative Accuracy .. _” E Grade 
F Grade 
Differential Nonlinearity No Missing Codes 
Zero-Scale Error _ Data = 000,, 
Full-Scale Voltage Data = FFF,,° 
E Grade 
ae F Grade 
Full-Scale Tempco. Notes 3, 4 
ANALOG OUTPUT 
Output Current. os Data = 800,, 
Load Regulation at Half Scale R, = 402 0 to x, Data = 800,, 
Capacitive Load | No Oscillation* 
REFERENCE OUTPUT 
Output Voltage 


nV sec 


mA 
mA 
mW 
mW 
%/% 


1AIl input control signals are specified with t, = t; = 51 ns s (10% to 90% of. 45 V) iad timed from a uyoltage level of 1.6 V. 


21 LSB=1 mV for 0 to +4.095 V output range. 

Includes internal voltage reference error. 

‘These parameters are guaranteed by design and not subject to production testing. 

*Very little sink current is available at the REFOUT pin. Use external buffer if setting up a virtual ground. 

°The settling time specification does not apply for negative going transitions within the last 6 LSBs of ground. Some devices exhibit double the typical settling - 
time in this 6 LSB region. 


- Snecifications subiect to change without notice. 


Se pe wee ee. ae Ve yee ee 
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, (@ Von = +5.0 V + 5%, R, = No Load, T, = +25°C, applies to part number DAC8562GBC only, 
WAFER TEST LIMITS net athe noted.) | 


Parameter Condition Units 
STATIC PERFORMANCE | 
Relative Accuracy =} + 3/4 LSB 
Differential Nonlinearity No Missing Codes —] + 3/4 LSB 
Zero-Scale Error Data = 000,, a | ae LSB 
Full-Scale Voltage Data = FFF,, 4.085 4.095 : V 
Reference Output Voltage 2.490 2.500 ; V 
LOGIC INPUTS 
Logic Input Low Voltage V 
Logic Input High Voltage © V 
Input Leakage Current A 
SUPPLY CHARACTERISTICS . | 
Positive Supply Current =2.4V,Vi, =0.8V | mA 
. SO =0V,Vpp = +5 V j | mA 
Power Dissipation =24V,V), =0.8V mW 
se mW 
Power Supply Sensitivity %/% 


NOTE 
‘Electrical tests are performed at wafer probe to ike limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed | for standard product dice. Consult factory to negotiate specifications based on dice lot qualifications through sample lot assembly and testing. 


ABSOLUTE MAXIMUM RATINGS* 


Vpp to DGND and AGND ....... Settee -0.3 V, +10 V 
Logic Inputs to DGND ........... -0.3.V, Vpp + 0.3. V 
Vour to AGND .........5..205. —0.3 V, Vpp + 0.3 V 
Vrerour to AGND ...... era —0. 3.V, Vpp + 0.3 V 
AGND to DGND .............. ie pugs —0. 3 V, Vpp 
lour Short CircuittoGND ............... ....50mA 
Package Power Dissipation ............. ely max-T ,)/Oy, 
Thermal Resistance 6), | | 
20-Pin Plastic DIP Package (P)) ....:......... 74°C/W 

_20-Lead SOIC Package (S) .............-2-4. 89°C/W 
Maximum Junction Temperature (Tj max).......... 150°C 
Operating Temperature Range.......:...—40°C to +85°C A ee ae : 
Storage Temperature Range ........-:. —65°C to +150°C Fi igur e 2. Timing Diagram 
Lead Temperature (Soldering, 10 secs) ........... + 300°C ee | 


*Stresses above those listed under “Absolute Maximum Ratings”? may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. © 


CAUTION 


ESD (electrostatic discharge) sensitive device. The aise control inputs are diode eae: 
however, permanent damage may occur on unconnected devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 
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Table I. Control Logic Truth Table 


- 4 DAC Register Function 


—’. Latched 

_ Transparent 

-Latched with New Data 
Loaded with All Zeros 
 Latched: All Zeros 


* + Positive Logic Transition; X Don’t Care. 


ae WARNING! 


ESD SENSITIVE DEVICE 
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PIN CONFIGURATIONS _ 
20-Pin P-DIP | SOL-20 
(N-20) (R-20) 
DB3 |1/¢@ | 120] Vop 
DB4 | 2. 19] DB2 
pes | 3. 18] Det 
DBE 4 | DBO DAC-8562 
DAC-8562 CE TOP VIEW 
ade El TOP VIEW - a8 aa (Not to Scale) 
pes | 6| (ot to Scale) 15 | cir 


DBS |14| REFOUT 
DB10 | 8 | 113] Vour 
0B11 9 | 112] AGND 
DGND |10| 14] NC 

NC = NO CONNECT 


ORDERING GUIDE 


Option * 


N-20 
N-20 


—40°C to +85°C 
—40°C to +85°C 
—40°C to +85°C 
+25°C 


DAC8562EP . 
DAC8562FP 
DAC8562FS 
DAC8562GBC 


*For outline information see Package Information section. 


‘DICE CHARACTERISTICS | 
AGND DGND _ DBi1 

DB10 

Vo i. 
UT Spe 

REFOUT 

DBS 
ng 

CLR DBS 
| om 
lig 

es | DB7 
CE. GNI ig ‘Seed 
ihe | Eee j Le 
a Here joer dq 

DBO el DBG6 
a eet ile aie: 


[= 


DB1 DB5 


ee Foo = 


i er 

ipl tte 

O 

ig ls) 

HiT 
CMB: = 


- DB2 Vpp DB3 DB4 


SUBSTRATE IS COMMON WITH Vpp- 


TRANSISTOR COUNT: 524 | 
DIE SIZE: 0.070 INCH x 0.105 INCH; 7350 SQ MILS | 
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Table Il. Nominal Output Voltage vs. Input Code _ 


[ae | Dena 


Output (V) 
0000 0000 0000 


0.000 Zero Scale 
0000 0000 0001 0.001 
0000 0000 0010 0.002 
0000 0000 1111 0.015 
0000 0001 0000 0.016 
0000 1111 1111 0.255 
0001 0000 0000 0.256 
0001 1111 1111 0.511 
0010 0000 0000 0.512 
0011 1111 1111 1.023. 
0100 0000 0000 ~ 1.024 
0111 1111 1111 2.047 
1000 0000 0000 2.048 Half Scale 
1100 0000 0000 3.072 


1111 1111 1111 4.095 Full Scale 


Positive supply. Nominal value +5 volts, 

+5%, | 
Twelve Binary Data Bit inputs. DB11 i is the 
MSB and DBO ‘is the LSB. 


Chip Enable. Active low input. 


— |Active low digital input that clears the DAC 
register to zero, setting the DAC to minimum 
scale. 


Digital ground for input logic. 


Analog Ground. Ground reference for the 
internal bandgap reference voltage, the DAC, 
and the output buffer. 


Voltage output from the DAC. Fixed output 
voltage range of 0 V to 4.095 V with | 
1 mV/LSB. An internal temperature stabilized 
reference maintains a fixed full-scale voltage 
independent of time, temperature and power 
supply variations. 


Nominal 2.5 V reference output voltage. This 
node must be buffered if esuired. to drive 
external loads. 


No Connection. Leave pin floating. 
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OPERATION 

The DAC-8562 is a complete ready to use 12-bit digital-to- 
analog converter. Only one +5 V power supply is necessary for 
operation. It contains a voltage-switched, 12-bit, laser-trimmed 
digital-to-analog converter, a curvature-corrected bandgap refer- 
ence, a rail-to-rail output op amp, and a DAC register. The par- 
allel data interface consists of 12 data bits, DBO-DB11, and a 
active low CE strobe. In addition, an asynchronous CLR pin 
will set all DAC register bits to zero causing the Voy7 to 
become zero volts. This function is useful for power on reset or 
system failure recovery to a known state. 


D/A CONVERTER SECTION 

The internal DAC is a 12-bit voltage-mode device with an out- 
put that swings from AGND potential to the 2.5 volt internal 
bandgap voltage. It uses a laser trimmed R-2R ladder which is 
switched by N channel MOSFETs. The output voltage of the 
DAC has a constant resistance independent of digital input 
code. The DAC output (not available to the user) is internally 
connected to the rail-to-rail output op amp. 


AMPLIFIER SECTION , 
The internal DAC’s output is buffered by a low power con- 
sumption precision amplifier. This low power amplifier contains 
a differential PNP pair input stage which provides low offset 
voltage and low noise, as well as the ability to amplify the zero- 
scale DAC output voltages. The rail-to-rail amplifier is config- 
ured in a gain of 1.6384 (= 4.095 V/2.5 V) in order to set the 
4.095 volt full-scale output (1 mV/LSB). See Figure 3 for an 
equivalent circuit schematic of the analog section. 

REFOUT 


2.5V VOLTAGE SWITCHED 12-BIT 
R-2R D/A CONVERTER 


RAIL-TO-RAIL 


BANDGAP UTPUT 
AMPLIFIER 


REFERENCE 


AV = 4.095/2.5 
= 1.636V/V 


e 
e 
SPDT 4 = 


N-CH FET 
SWITCHES 2R 


Figure 3. Equivalent DAC-8562 Schematic of 
Analog Portion 


The op amp has a 16 us typical settling time to 0.01%. There 
are slight differences in settling time for negative slewing signals 
versus positive. See the oscilloscope photos in the Typical Per- 
formances section of this data sheet. — , 


OUTPUT SECTION 

The rail-to-rail output stage of this amplifier has been designed 
to provide precision performance while operating near either 
power supply. Figure 4 shows an equivalent output schematic of 
the rail-to-rail amplifier with its N channel pull down FETs that 
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will pull an output load directly to GND. The output sourcing 
current is provided by a P channel pull-up device that can sup- 
ply GND terminated loads, especially important at the —5% 
supply tolerance value of 4.75 volts. 


Figure 4. Equivalent Analog Output Circuit — 


Figures 5 and 6 in the typical performance characteristics sec- 
tion provide information on output swing performance near 
ground and full scale as a function of load. In addition to resis- 
tive load driving capability, the amplifier has also been carefully 
designed and characterized for up to 500 pF capacitive load 
driving capability. 


REFERENCE SECTION 

The internal 2.5 V curvature-corrected bandgap voltage refer- 
ence is laser trimmed for both initial accuracy and low tempera- 
ture coefficient. The voltage generated by the reference is 
available at the REFOUT pin. Since REFOUT is not intended 
to drive external loads, it must be buffered—refer to the appli- 
cations section for more information. The equivalent emitter 
follower output circuit of the REFOUT pin is shown in 

Figure 3. 


Bypassing the REFOUT pin is not required for proper opera- 
tion. Figure 7 shows broadband noise performance. 


POWER SUPPLY 

The very low power consumption of the DAC-8562 1s a direct 
result of a circuit design optimizing use of the CBCMOS pro- 
cess. By using the low power characteristics of the CMOS for 
the logic, and the low noise, tight matching of the complemen- 
tary bipolar transistors, good analog accuracy is achieved. 


For power-consumption sensitive applications it is important to 
note that the internal power consumption of the DAC-8562 is 
strongly dependent on the actual logic-input voltage-levels 
present on the DBO-DB11, CE and CLR pins. Since these 
inputs are standard CMOS logic structures, they contribute | 


‘static power dissipation dependent on the actual driving logic 


Vox and Voz voltage levels. The graph in Figure 9 shows the 
effect on total DAC-8562 supply current as a function of the. 
actual value of input logic voltage. Consequently for optimum 
dissipation use of CMOS logic versus TTL provides minimal 
dissipation in the static state. A Vj, = 0 V on the DBO-DB11 
pins provides the lowest standby dissipation of 600 pA with a 
+5 V power supply. 
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As with any analog system, it is recommended that: the DAC- | 
8562 power supply be. bypassed on the same PC card:that con-:.. 
tains the chip. Figure 10 shows the power. supply rejection 7 
versus frequency performance. This should:be taken into 
account when using higher frequency switched-mode power sup- 
plies with ripple frequencies’ of 100 kHz and’ higher. 


One advantage of the rail-to-rail output amplifier used in the 
DAC-8562 is the wide range of usable-supply voltage. The part 
is fully specified and tested over temperature for operation from 
+4.75 V to +5.25 V. If reduced linearity and source current 
capability near full scale can be tolerated, operation of the DAC- 
8562 is possible down to +4, 3 volts.. The minimum operating 
supply voltage versus load current plot, in Figuré 11, provides 
information for operation below Vpp = +4.75 V: 


Typical Performance : Characteristics 
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Figure 5. Output Swing vs. Load 
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Figure 8. Broadband Noise 
. Input Voltage 
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oureut SINK CURRENT — uA 


Figure 6. Pull-Down Voltage vs. 
. Output Sink Current Capability — 


LOGIC VOLTAGE VALUE-Volts 


Figure 9.- Supply Current vs. Logic 


TIMING AND CONTROL 


The DAC-8562 has a 12-bit DAC:register that sitnplifies qnter-. 


face:to a 12-bit (or wider) data bus. The latch is controlled a : 


the Chip Enable (CE) input: If the application does not involve | 
a data bus, wiring CE low allows direct operation of the DAC... 


The data latch is level triggered and. nd acquires ‘data from the data 
bus during the time period when CE i is low. When CE goes — 
high, the data is latched into the register and held until CE 
returns low. The minimum time required for the data to'be 
present on the bus before CE returns high is called the data 
setup time (tps) as seen in Figure 2. The data hold time’(tp;;) is 
the amount of time that the data has to remain on the bus after 
CE goes high. The high speed timing offered by the DAC-8562 — 
provides for direct interface with no wait states i in all but the 
fastest microprocessors.. | : 


OUTPUT CURRENT -mA 


OUTPUT VOLTAGE - Volts _ 


Figure 7. lour vs. Vour 
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Figure 10. Power Supply Rejection 
vs. Frequency 
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Figure 11. Minimum Supply 
Voltage vs. Load 
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Figure 17. Total Unadjusted Error 
Histogram 
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Figure 12. Midscale Transition 
Performance 


Te ales le 
mewse | | |_| 
a rai 


TIME — 10..s/DIV 


Figure 15. Output Voltage Fall 
Time Detail 
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Figure 18. Full-Scale Voltage 
vs. Temperature 
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Figure 13. Large Signal Settling 
Time 
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Figure 16. Linearity Error vs. 
Digital Code 
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Figure 19. Zero-Scale Voltage vs. 
Temperature 
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_ DAC8562— Typical Performance Characteristics 
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Figure 20. Output Voltage Noise 
Density vs. Frequency 
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Figure 21. Long-Term Drift Acceler- 
ated by Burn-in 
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Figure 22. Supply Current vs. 
Temperature 
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Figure 25. Reference Error vs. 
Temperature 


Figure 24. Digital Feedthrough vs. 
Time 


Figure 23. Reference Startup vs. 
Time 
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Figure 26. Reference Load Regula- 
tion vs. Temperature 


Figure 27. Reference Line Regula- 
tion vs. Temperature 
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APPLICATIONS SECTION 

Power Supplies, Bypassing, and Grounding 

All precision converter products require careful application of 
good grounding practices to maintain full-rated performance. 
Because the DAC-8562 has been designed for +5 V applica- 
tions, it is ideal for those applications under microprocessor or 
microcomputer control. In these applications, digital noise is 
prevalent; therefore, special care must be taken to assure that its 
_ inherent precision is maintained. This means that particularly 

- good engineering judgment should be exercised when addressing 


the power supply, grounding, and bypassing issues using the 
DAC-8562. 


The power supply used for the DAC-8562 should be well fil- 
tered and regulated. The device has been completely character- 
ized for a +5 V supply with a tolerance of +5 %. Since a +5 V 
logic supply is almost universally available, it is not recom- 
mended to connect the DAC directly to an unfiltered logic sup- 
ply without careful filtering. Because it is convenient, a designer 
might be inclined to tap a logic circuit’s supply for the DAC’s 
supply. Unfortunately, this is not wise because fast logic with 
nanosecond transition edges induces high current pulses. The 
high transient current pulses can generate glitches hundreds of 
millivolts in amplitude due to wiring resistances and induc- 
tances. This high frequency noise will corrupt the analog cir- 
cuits internal to the DAC and cause errors. Even though their 
spike noise is lower in amplitude, directly tapping the output of 
a +5 V system supplies can cause errors because these supplies 
are of the switching regulator type that can and do generate a 
great deal of high frequency noise. Therefore, the DAC and any 
associated analog circuitry should be powered directly from the 
system power supply outputs using appropriate filtering. Figure 
28 illustrates how a clean, analog-grade supply can be generated 
from a +5 V logic supply using a differential LC filter with sep- 
arate power supply and return lines. With the values shown, 
this filter can easily handle 100 mA of load current without satu- 
rating the ferrite cores. Higher current capacity can be achieved 
with larger ferrite cores. For lowest noise, all electrolytic capaci- 
tors should be low ESR (Equivalent Series Resistance) type. 


FERRITE BEADS: 
2 TURNS, FAIR-RITE 
#2677006301 +5V 


TTL/CMOS 
LOGIC 
CIRCUITS 


+5V 
RETURN 


+5V 
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Figure 28. Properly Filtering a +5 V Logic Supply 
Can Yield a High Quality Analog Supply 
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The DAC-8562 includes two ground connections in order to 
minimize system accuracy degradation arising from grounding 
errors. The two ground pins are designated DGND (Pin 10) and 
AGND (Pin 12). The DGND pin is the return for the digital 
circuit sections of the DAC and serves as their input threshold 
reference point. Thus DGND should be connected to the same 
ground as the circuitry that drives the digital inputs. 


Pin 12, AGND, serves as the supply rail for the internal voltage 
reference and the output amplifier. This pin should also serve as 
the reference point for all analog circuitry associated with the 
DAC-8562. Therefore, to minimize any errors, it is recom- 
mended that the AGND connection of the DAC-8562 be con- 
nected to a high quality analog ground. If the system contains 
any analog signal path carrying a significant amount of current, 
then that path should have its own return connection to Pin 12. 


It is often advisable to maintain separate analog and digital 
grounds throughout a complete system, tying them common to 
one place only. If the common tie point is remote and an acci- 
dental disconnection of that one common tie point were to occur 
due to card removal with power on, a large differential voltage 
between the two commons could develop. To protect devices 
that interface to both digital and analog parts of the system, 
such as the DAC-8562, it is recommended that the common 
ground tie points be provided at each such device. If only one 
system ground can be connected directly to the DAC-8562, it 
recommended that the analog common be used. If the system’s 
AGND has suitably low impedance, then the digital signal cur- 
rents flowing in it should not seriously affect the ground noise. 
The amount of digital noise introduced by connecting the two 
grounds together at the device will not adversely affect system 
performance due to loss of digital noise immunity. 


Generous bypassing of the DAC’s supply goes a long way in 
reducing supply line-induced errors. Local supply bypassing 
consisting of a 10 wF tantalum electrolytic in parallel with a 

0.1 F ceramic is recommended. The decoupling capacitors 
should be connected between the DAC’s supply pin (Pin 20) 
and the analog ground (Pin 12). Figure 29 shows how the 
DGND, AGND, and bypass connections should be made to the 
DAC-8562. | 
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Figure 29. Recommended Grounding and Bypassing 
Scheme for the DAC-8562 
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Unipolar Output Operation — : 

This is the basic mode of operation for the DAC- 8562. As. 
shown i in Figure 30, the DAC-8562 has been designed to drive 
loads as low as 820 (2 in parallel with 500 pF. The code table 
for this Operstion is shown i in Table Ill. 


~ +5V 


Figure 30. Unipolar Output Operation — 


£ able Il. Unipolar Code Table 


| ” Analog: Onna 
}. Voltage Oe 


Hexadecimal Number | 
in DAC Register 


Operating the DAC-8562 on +12 V or +15 V Supplies Only 
Although the DAC-8562 has been specified to operate on a sin- | 
gle, ey supply, a single +5 V supply may not be available j in 
many applications. Since the DAC-8562 consumes no more than 
6 mA, maximum, then an integrated voltage reference, such as 
the REF-02, can be used as the DAC-8562 +5 V supply. The 
configuration of the circuit is shown in Figure 31. Notice that 
the reference’s output voltage requires no trimming because of 
the REF-02’s excellent load regulation and tight initial output 
voltage tolerance. Although the maximum supply current of the 
DAC-8562 is 6 mA, local bypassing of the REF-02’s output with 
at least 0.1 iF at the DAC’s voltage supply pin is recommended 
to prevent the DAC’s internal digital circuits from affecting the 
DAC’s internal voltage reference. 
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+12V > +15V 


- DAC-8562 
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Figure 31. Operating the DAC-8562 on +12 Vor +15 V | 
‘Supplies Using a REF-02 Voltage Reference . 
Measuring Offset Error 


One of the most commonly specified: Snapeiit errors. associated 
with real-world nonideal DACs is offset error. | as 


In most DAC testing, the offset error is measured by applying _ 
the zero-scale code and measuring the output deviation from 0 
volt. There are some DACs where offset errors may be’ present | 
but not observable at the zero scale because of other circuit limi- 
tations (for example, zero coinciding with single supply, ground). 
In these DACs, nonzero output at zero code cannot be read : as 
the offset error. In the DAC-8562, for example, the zero-scale “ 
error is specified to be +3 LSBs. Since zero scale coincides with 
zero volt, it is not possible to measure negative offset error. 


By adding a pull-down resistor from the output of the DAC- | 
8562 to a negative supply as shown in Figure 32, offset errors . 
can now be read at zero code. This configuration forces the out- 
put P-channel MOSFET to source current to the negative sup- 
ply thereby allowing the designer to determine in which 
direction the offset error appears. The value of the. resistor 
should be such that, at zero code, current through the resistor is 


~ 200 wA maximum. 


+5V 
e 


Figure 32. Measuring Zero-Scale or Offset Error 
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Figure 33. Bipolar Output Operation | 


Bipolar Output Operation 

Although the DAC-8562 has been designed for bogie supply 
operation, bipolar operation is achievable using the circuit illus- 
trated in Figure 33. The circuit uses a single supply, rail-to-rail 
OP-295 op amp and the DAC’s internal +2.5 V reference to 
generate the —2.5 V reference required to level-shift the DAC 
output voltage. The circuit has been configured to provide an 
output voltage in the range —5 V = Voyr = +5 V and is coded 
in complementary offset binary. Although each DAC LSB corre- 
sponds to 1 mV, each output LSB has been scaled to 2.44 mV. 
Table IV provides the relationship between ihe ee codes and 
output voltage. 


The transfer function of the circuit is given By: 


Vo = —l mV X Digital Code x (R4 2.5 x 
o= ae igital Coae Ril + R2 


and, for the circuit values shown, becomes: 


Vo = —2.44mV x Digital Code + 5V 


Table IV. Bipolar Code Table 


Decimal Number 
in DAC Register 


Analog Output 
Voltage (V) 


Hexadecimal Number 
in DAC Register 


To1 maintain monotonicity and accuracy, Rl, R2, R4, RS, and 
R6 should be selected to match within 0.01% and must all be of 
the same (preferably metal foil).type to assure temperature coef- 
ficient matching. Mismatching between R1 and R2 causes offset 
and gain errors wails an R4 to Rl and R2 mismatch yields gain 
errors. ; 


For applications that do not require high accuracy, the circuit | 
illustrated in Figure 34 can also be used to generate a bipolar © 
output voltage. In this circuit, only one op amp is used and no - 
potentiometers are used for offset and gain trim. The output 
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voltage is coded in offset binary and is given by: 


Vo = 1 mV xX Digital Code x oie x (1 se 
o= lm igital Code R34 R4 + Ry 


—REFOUT x oh 
Rl 


For the +2.5 V output range and the circuit values shown in 
the table, the transfer equation becomes: 
| Vo = 1.22 mV x Digital Code — 2.5 V 
Similarly, for the +5V output range, the iansier equation 
becomes: | | 
Vo= = 2.44 mV x Digital Code —-5V 


Note that, for +5 Vv output voltage operation, R5 is required 

as a pull-down for REFOUT. Or, REFOUT can be buffered by 
an op amp configured as a follower that can source and sink 
current. 


15.4k + 274 
43.2k +499 


Figure 34. Bipolar Output peetaron Without 
Trim Version 1 


Alternatively, the output voltage can be coded in complementary 
offset binary using the circuit in Figure 35. This configuration 


eliminates the need for a pull-down resistor or an op amp for 
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REFOUT. The transfer equation of the circuit is given by: 


; R2 
Vo = ~1mV x Digital Code x (aa) + REFOUT 


. (4). (,.® 
R3 + R4 * RI) | 


and, for the values aa becomes: 


Vo = —2.44 mV x Digital Code + 5 V 


Figure 35. Bipolar Output Operation Without Trim 
Version 2 


Generating a Negative Supply Voltage 

Some applications may require bipolar output configuration, but 
only have a single power supply rail available. This is very com- 
mon in data acquisition systems using microprocessor-based sys- 
tems. In these systems, only +12 V,:+15 V, and/or +5 V are 
available. Shown in Figure 36 is a method of generating a nega- 
tive supply voltage using one CD4049, a CMOS hex inverter, 
operating on +12 V or +15 V. The circuit is essentially a 
charge pump where two of the six are used as an oscillator. For 
_ the values shown, the frequency of oscillation is approximately 
3.5 kHz and is fairly insensitive to supply voltage because 

Rl > 2 X R2. The remaining four inverters are wired in paral- 
lel for higher output current. The square-wave output is level 
translated by C2 to a negative-going signal, rectified using a pair 
of 1N4001s, and then filtered by C3. With the values shown, 
the charge pump will provide an output voltage of —-5 V for cur- 
rent loading in the range 0.5 mA =Igy7 <= 10 mA with a +15 V 
supply and 0.5 mA = Ioy7 = 7 mA with a +12 V supply. 


D2 R3 
1N4001 = 470 


Figure 36. ‘Generating a-5V Supply When Only +12 V or 
+15 V Are Available 


Audio Volume Control 

The DAC-8562 is well suited to control digitally the gain or 

" attenuation of a voltage controlled amplifiers. In professional 

- audio mixing consoles, music synthesizers, and other audio pro- 


cessors, VCAs, such as the SSM-2018, adjust audio channel gain | 
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and attenuation from front panel potentiometers. The VCA pro- 
vides a clean gain transition control of the audio level when the 
slew rate of the analog input control voltage, V., is properly 
chosen. The circuit in Figure 37 illustrates a volume control 
application using the DAC-8562 to control the attenuation of the 
SSM-2018. 
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Figure 37. Audio Volume Control 


Since the supply voltage available in these systems is typically 
+15 V or +18 V, a REF-02 is used to supply the +5 V 
required to power the DAC. No trimming of the reference is 
required because of the reference’s tight initial tolerance and low 
supply current consumption of the DAC-8562. The SSM-2018 is 
configured as a unity-gain buffer when its control voltage equals 
0 volt. This corresponds to a 000,, code from the DAC-8562. 
Since the SSM-2018 exhibits a gain constant of —28 mV/dB 
(typical), the DAC’s full-scale output voltage has to be scaled 
down by R6 and R7 to provide 80 dB of attenuation when the 
digital code equals FFF,,. Therefore, every DAC LSB corre- 
sponds to 0.02 dB of attenuation. Table V illustrates the attenu- 
ation versus digital code of the volume control circuit. 


Table V. SSM-2018 VCA Attenuation | vs. 
DAC-8562 


Hexadecimal Number | Control Voltage | VCA Attenuation 
in DAC Register (V) , : . 


Input Code 
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To compensate for the SSM-2018’s gain constant temperature lower limits for the test are loaded into each DAC individually 
coefficient of -3300 ppm/°C, a 1 kQ, temperature-sensitive resis- by controlling HDAC/LDAC. If a signal at the test input is not 
tor (R7) manufactured by the Precision Resistor Company with within the programmed limits, the output will indicate a logic 


a temperature coefficient of +3500 ppm/°C is used. A Ceon of 1 zero which will turn tie red LED on. 
uF provides a control transition time of 1 ms which yields a | 

click-free change in the audio channel attenuation. Symmetry 
and offset trimming details of the VCA can be found in the 
SSM-2018 data sheet. 


Information regarding the PT 146 1 kQ “Compensator”’ can be 
obtained by contacting: 


Precision Resistor Company, Incorporated 
10601 75th Street North 

Largo, Fl 34647 

(813) 541-5771 


A High-Compliance, Digitally Controlled Precision Current 
Source 

The circuit in Figure 38 shows the DAC-8562 controlling a 
high-compliance, precision current source using an AMP-05 
instrumentation amplifier. The AMP-05’s reference pin becomes 
the input, and the “old” inputs now monitor the voltage across 
a precision current sense resistor, Rcs. Voltage gain is set to +15VQ  0.14F 
unity, so the transfer function is given by the following 


equation: (2) y . | 
| . | = = | neroa G 3 : F 
Tour = Re. alae 
cs (a) 


If Res equals 100 Q, the output current is limited to +10 mA | 7 
with a 1 V input. Therefore, each DAC LSB corresponds to 

2.4 wA. If a bipolar output current is required, then the circuit 

in Figure 33 can be modified to drive the AMP-05’s reference 

pin with a +1 V input signal. | - 


R1 
100k 
OmA s lout s 10mA 
2.4uA/ LSB 


Potentiometer P| trims the output current to zero with the ~ 
input at 0 V. Fine gain adjustment can be accomplished by = VV 


adjuseng ROU: Figure 38. A High-Compliance, Digitally Controlled 


A Digitally Programmable Window Detector Precision Current Source 
A digitally programmable, upper/lower limit detector using two ? 
DAC-8562s is shown in Figure 39. The required upper and 


1/6 
‘74HCOS 


C1, C2 = 1/4 CMP-404 


Figure 39. A Digitally Programmable Window Detector 
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Decoding Multiple DAC-8562s | ¥ ge a 

The CE function of the DAC-8562 can be used in applications 
to decode a number of DACs. In this application, all DACs 
receive the same input data; however, only one of the DACs’ 
CE input is asserted to transfer its parallel input register con- 
tents into the DAC. In this circuit, shown in Figure 40, the 
CE timing is generated by a 74HC139 decoder and should. fol- 
low the DAC-8562’s standard timing requirements. To prevent 
timing errors, the 74HC139 should not be activated by its 

' ENABLE input while the coded address inputs are changing. 


- A simple timing circuit, Rl and Cl, connected to the DACs’ 


CLR pins resets all DAC outputs to zero during power-up. 


MICROPROCESSOR INTERFACING 
DAC-8562-MC68HCI1 Interface 

The circuit illustrated in Figure 41 shows a parallel interface 
between the DAC-8562 and a popular 8-bit microcontroller, the 
M68HC11, which is configured in a single-chip operating ‘mode. 
The interface circuit consists of a pair of 74ACT11373 transpar- 
ent latches and an inverter. The data is loaded into the latches 
in two 8-bit bytes; the first byte contains the four most signifi- 
cant bits, and the lower 8 bits are in the second byte. Data is 
taken from the microcontroller’s port B output lines, and three 
interface control lines, CLR, CE, and MSB/LSB, are controlled 
by the M68HC11’s PC2, PC1, and PCO output lines, respec- 
tively. To transfer data into the DAC, PCO is set, enabling U1’s 
outputs. The first data byte is loaded into U1 where the four 
least significant bits of the byte are connected to MSB-DB8. 
PCO is then cleared; this latches U1’s inputs and enables U2’s 


outputs. U2s outputs now become DB7—DBO0. The DAC output | 


is updated with the contents of Ul and U2 when PCI is 


*M6BHC11 


pce 


cleared. The DAC’s CLR input, controlled by the M68HC11’s 
PC2 output.line, provides an asynchronous clear function that » 
sets the DAC’s output to zero. Included in this section is the 
source code for operating the DAC-8562—M68HC11 interface. 


5 As) | Your | 
—le Sees 


#1 


Om 
> 

(6) DAC-8 
rt pace 562 


2 
copep ) ~ 
ADDRESS } _ 3 

15 

1k2 44 


+5V 0 


Figure 40. Decoding Multiple DAC-8562s Using the CE Pin 


74ACT11373 


DAC-8562* 


*ADDITIONAL PINS OMITTED FOR CLARITY 


Figure 41. DAC-8562 to MC68HC11 Interface 
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DAC-8562 — M68HC11 Interface Program Source Code 


* 


* DAC-8562 to M68HC11 Interface Assembly Program 


* Adolfo A. Garcia 
* September 14, 1992 


* 


* M68HC11 Register definitions 


x 


PORTB EQU_ $1004 
PORTC EQU = $1003 
x 


DDRC EQU_ $1007 


* F 
* RAM variables: 
x 

x 


* 


MSBS EQU_ $00 
LSBS EQU_ $01 


x 


* Main Program 
* 

ORG  $C000 
INIT LDS #$CFFF 


* 


* Initialize Port C Outputs 
* 
LDAA #$07 
STAA DDRC 


LDAA #$06 


STAA PORTC 


* 


* Call update subroutine 

‘ 

BSR ‘UPDATE 
JMP $E000 


x 


* Subroutine UPDATE 

* Ss oe 

UPDATE PSHX 
PSHY 
PSHA 


* 


Port C control register 
“0,0,0,0;0,CLR/,CE/,MSB-LSB/”’ 
Port C data direction 


MSBS are encoded from 0 (Hex). to F (Hex) 


LSBS are encoded from 00 (Hex) to FF (Hex) 


DAC requires two 8-bit loads 


Hi-byte: “0,0,0.0;MSB,DB10,DB9,DB8” 


-Lo-byte: “DB7,DB6,DB5,DB4;DB3,DB2, 
‘*DB1,DBO" 


Start of user’s RAM in EVB 
Top of C page RAM 


0,0,0,0;0,1,1,1 
CLR/ ,CE/, and MSB-LSB/ are now enabled 
as outputs 


~ 0,0,0,0;0,1,1,0 


CLRV/-Hi, CE/-Hi, MSB-LSB/-Lo 
Initialize Port C Outputs 


- Xfer 2 8-bit words to DAC-8562 


Restart BUFFALO ~ 


Save registers X, Y, and A 


* Enter contents of the Hi-byte input register 


* 


LDAA #$0A 
STAA MSBS 


* 


* 


LDAA #$AA 
STAA LSBS 


LDX #MSBS_ 
LDY #$1000 
. De 


* Clear DAC output to zero 
x 


BCLR PORTC,Y $04 
BSET PORTC,Y $04 


x 


* Loading input buffer latches 
* 5 


BSET PORTC,Y $01 


TFRLP LDAA 0,X 


STAA PORTB 
INX 

CPX #LSBS+1 
BEQ DUMP 


BCLR PORTC,Y $01 Latch hi-byte register and set lo-byte register load 


BRA TFRLP 


-REV.A 


0,0,0,0;1,0,1,0 
MSBS are set to 0A (Hex) 


* Enter Contents of Lo-byte input register 


1,0,1,0;1,0,1,0 
LSBS are set'to AA (Hex) 


Stack pointer at lst byte to send via Port B 
Stack pointer at on-chip registers 


Assert CLR/ 
De-assert CLR/ 


Set hi-byte register load 

Get a byte to transfer via Port B 

Write data to input register 

Increment counter to next byte for transfer 
Are we done yet ? 

If yes, update DAC output 


~ DAC8562 


DAC-8562-M68HCI11 Interface Program Source Code (Continued) 


* Update DAC output with contents of input registers 
* 
DUMP  BCLR PORTC,Y $02 Assert CE/ 

BSET PORTC,Y $02 Latch DAC register 


* 


PULA When done, restore registers X, Y & A 
PULY - : 
PULX 


RTS ** Return to Main Program ** 
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w ANALOG a Octal 8-Bit CMOS 
DEVICES ____D/AConverter 


DAC8800 


FEATURES _ GENERAL DESCRIPTION 


° +1/2 LSB Total Unadjusted Error The DAC-8800 TrimDAC'™ is designed to be a general purpose 
* 2us Settling Time a : | | — digitally controlled voltage adjustment device. The output 
* Serial Data Input | | voltage range can be independently set for each set of four D/A — 
* +Full-Scale Output Set by V,_.H and V.__-L converters. In addition, both unipolar and bipolar output voltage 
* Unipolar and Bipolar Operation ranges are easy to establish by external reference input high and 
* TTL Input Compatible low terminals. The digitally-programmed output voltages are 
* 20-Pin DIP or SOL Package ideal for op amp trimming, voltage-controlled amplifier gain 
* LowCost — — | setting and any general purpose trimming tasks. 
| | A three-wire serial digital interface loads the contents of eight — 
T internal DAC registers which establish the output voltage levels. 
pee ion? An asynchronous Clear (CLR) input places all DACs in a zero 
* Voltage Set Point Control code output condition, very handy for system power-up. An 
* Digital Offset & Gain Adjustment _ internal regulator provides TTL input compatibility over a wide 
* Microprocessor Controlled Calibration range of V,,, supply voltages. Single supply operation is 
* General Purpose Trimming Adjustments available by connecting V., to GND. 
FUNCTIONAL DIAGRAM | : ORDERING INFORMATION : 
| eae OPERATING 
CERDIP _ PLASTIC | so TEMPERATURE 
20-PIN _ 20-PIN 20-PIN _ RANGE © 
DAC8800BR* - - -55°C to +125°C 
DAC8800FR — DAC8800FP DAC8B800FSt*  -40°C to +85°C 


* For devices processed in total compliance to MIL-STD-883, add /883 after part 
number. Consult factory for 883 data sheet. : ; 

t Burn-in is available on commercial and industrial temperature range parts in 
CerDIP and plastic DIP packages. ae = 

tt For availability and burn-in information on SO package, contact your local sales 
office. i Az a 


PIN CONNECTIONS 


20-PIN CERDIP 
(R-Suffix) 


20-PIN SOL 
(S-Suffix) 


20-PIN EPOXY DIP 
(P-Suffix) 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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DAC8800 


ELECTRICAL CHARACTERISTICS: (Note 1) Unless otherwise noted, SINGLE SUPPLY: Von = +12V, Vag = OV, vee cH = +5V, 


Vaert = OV; or DUAL SUPPLY: V,,, = +12V, Vo, =-5V, Vae-H = +2.5V, Vac =-2.5V; F GRADE: -40°C <= T, = +85°C; B GRADE: 
-55°C <T, = +125°C. | 
. DAC-8800 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 
STATIC ACCURACY All specifications apply for DACs A, B,C, D, E, F, G, H 
Resolution N | 8 2 2 Bits 


Total Unadjusted Error 
- TUE - = 
(Note 2) +1/2 LSB 


Differential Nonlinearity 


(Note 3) ile _ _- «1 LSB 
Full Scale Error | Gece | | | - = #1/2 LSB 
Zero Code Error Vase | - - +1/2 LSB 
DAC Output Resistance Rour 8 12 16 kQ 
DAC Output Resistance Match ARoy Rout - 0.5 ~ % 


REFERENCE INPUT 


VaeeH Pins 2 &19 Vaert = (Vop ~ 4) 
REF REF 
Voltage Range (Note 5) : = V 
can Vacrl Pins 1-& 20 Vss - VeerH 
input Resistance VaerH ' Digital Inputs = 55,, 2 3 = kQ 
Input Resistance Match ARgerH/RpeeH Digital inputs = 55,, - 0.5 . ~ % 
Reference Input Cc Digital Inputs All Zeros - 50 75 E 
Capacitance (Note 4) REF Digital Inputs All Ones ~ 7h 100 id 
DIGITAL INPUTS 
Logic High INH 2.4 - - Vv 
Logic Low . Vine ~ - 0.8 Vv 
Input Current | hi | Viy = OV or +5V ~ - +1 pA 
Input Capacitance (Note 4) Cin - ne 8 pF 
Input Coding — ; BINARY 
POWER SUPPLIES (Note 6) 
TTL - 1 | 
Positive Supply Current lop Dual Supply CMOS : 0.2 0 : mA 
Negative Supply Current Ig Dual Supply = 0.01 0.2 mA 
ener Single Supply Operation - 12 24 
Power prempauon . Poiss Dual Supply Operation - 12 25 me 
OC Power Supply . 
PSRR AV, ,, =25% - 0.001 0.01 %/% 
Rejection Ratio : pp ~* | 
DYNAMIC PERFORMANCE (Note 4) 
Vout Settling Time | ty +1/2 LSB Error Band - 0.8 2 us 
chamehio nenie. CT Measured Between Adjacent DAC Outputs - 80 - avs 3 


Crosstalk (Note 7) 
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DAC8800 


. ELECTRICAL CHARACTERISTICS: (Note 1) Unless otherwise noted, SINGLE SUPPLY: Vp 


p = +12V, Veg = OV, Vac pH = +5V, 


V REF _L = OV; or DUAL SUPPLY: Vop =t12V, Veg =- —5V, Vac = +2. 5V, Var =—2.5V; F.GRADE: —40°C < T, < +85°C; B GRADE: 
-55°C <T, $+125°C. Continued | foe BS ee = 4, 


DAC-8800 


EON 


which are tested in DUAL SUPPLY mode. 

Includes Full Scale Error, Relative Accuracy, and Zero Code Error. 

All devices guaranteed monotonic over the full operating temperature range. 
Guaranteed by design and not subject to production test. 


Vop ~ 4 volts is the maximum reference voltage for the above specifications. 


Also V.--H2 V.-cl. 


REF REF 


DETAILED DAC-8800 BLOCK DIAGRAM 


+8V FOR INTERNAL LOGIC 


Ag Ay Ag Dz Dg Dg Dy Dg Dy Dg Dy 
11-BiT SERIAL INPUT 


NEGATIVE 
SUPPLY 


GND Ves 
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aad SYMBOL CONDITIONS MIN ss TYP MAX  .. UNITS 

SWITCHING CHARACTERISTICS (Notes 4,8) | ; sae 

Input Clock Pulse Width tea toy ‘Clock Level High or Low 60 - ~ ns 
| Data Setup Time tos ar 30 - - ns 
ne Data Hold Time _ | ar 30 - - ns 

DAC Register Load Pulse Width tp 50 ~ ~ ns 

Clear Pulse Width torn 50 - - ns 

Clock Edge to Load Time toxin 50 - - ns 

asa a Next Clock bce 50 oe os hoes 

NOTES: | a 

1. Testing performed in SINGLE SUPPLY mode, except lyp: Igg and PSRR - Digital Input voltages V,,, = Vy, OF Vi), for FTL condition; V,,, = OV or +5V for 


CMOS condition. DAC outputs unloaded. Poisg 8 calculated from (1,5 * Vp p) 


+ (Iss x Vs s) 
, Measured 2 at Vo UT pin where an adjacent V_,,,, pin is making a full-scale volt- 


age change. 


; See timing diagram for location of measured values. 


VrerH, Vaceh: VrerHe Vrerle 


REGISTER 


oan (CLEAR) 
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ANALOG | «8 Bit, Octal, 4-Quadrant 
DEVICES Multiplying, CMOS TrimDAC 
DAC8840 


FEATURES FUNCTIONAL BLOCK DIAGRAM 


Replaces 8 Potentiometers 

1 MHz 4-Quadrant Multiplying Bandwidth 
No Signal inversion 

Low Zero Output Error 

Eight Individual Channels Von Y 
3-Wire Serial Input 
500 kHz Update Data Loading Rate LOAD & 
+3 Volt Output Swing 
Midscale Preset, Zero Volts Out 


APPLICATIONS 

Automatic Adjustment 

Trimmer Replacement 

Dynamic Level Adjustment 

Special Waveform Generation and Modulation 


DECODED 
ADDRESS 


A SERIAL 
f REGISTER | 
0 
O O O 


J 
GND Vsg SDO PRESET 


GENERAL DESCRIPTION 

The DAC-8840 provides eight general purpose digitally con- 
trolled voltage adjustment devices. The TrimDAC® capability 
allows replacement of the mechanical trimmer function in new 
designs. The DAC-8840 is ideal for ac or de gain control of up The DAC-8840 is available in 24-pin plastic DIP, cerdip, and 
to 1 MHz bandwidth signals. The 4-quadrant multiplying capa- SOIC-24 packages. . 

bility is useful for signal inversion and modulation often found 

in video convergence circuitry. 


Internally the DAC-8840 contains eight voltage output CMOS 
digital-to-analog converters, each with separate reference inputs. 
_ Each DAC has its own DAC register which holds its output 
state. These DAC registers are updated from an internal serial- 
to-parallel shift register which is loaded from a standard 3-wire 
serial input digital interface. Twelve data bits make up the data 
word clocked into the serial input register. This data word is 
decoded where the first 4 bits determine the address of the DAC 
register to be loaded with the last 8 bits of data. A serial data 
output pin at the opposite end of the serial register allows sim- 
ple daisy-chaining in multiple DAC applications without addi- 
tional external decoding logic. | 


The DAC-8840 consumes only 190 mW from +5 V power sup- 
plies. For single 5 V supply applications consult the DAC-8841. 


TrimDAC is a registered trademark of Analog Devices, Inc. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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DAC8840—SPECIFIGATIONS {iciu'sov chug "M7 A" “A 


Parameter’ 7 2 | Symbol | Consicines 
STATIC "ACCURACY | | BR 
-. Resolution i : 
_ Integral Nonliigariey | - 
Differential Nonlinearity All Devices Monotonic 
Output Offset a i‘: . | PR = 0; Sets D = 80," 
Output Offset Drift.. == © |»TE€Vgz | PR = 0, Sets D = 80, 
REFERENCE INPUTS Applies to All Inputs V,,X 
Voltage Range na | IVR’ | Note'l | 
Input Resistance ae .. | D = 2B,, Code Dependent 
Input Capacitance = > ' | D = FF,,, Code Dependent 
DAC OUTPUTS |: — _.. | Applies to All Outputs VoyrX 
Voltage Range ewe OVR: | R, =,10.k0 
~ Output Current — _ wed, AVou'r <1 LSB 
Capacitive Load . | .Ce | No Oscillation 
DYNAMIC PERFORMANCE a ot . ~~ Applies to All DACs 
Multiplying Gain Bandwidth ¥' | VinX = 100 mV p-p 
Slew Rate 3 : me Meanuited 10% to 90% 
Positive ie * - | + AVoy X= +6 V 
Negative == cei » |. AVoyrX = -6V : 
Total Harmonic Distortion | THD. VinX = 4V p-p, D = FFy, 
f= 1 kHz, fp = 80 kHz 
Spot Noise Voltage f= 1kHz © 
Output Settling Time — Lote... | +1 LSB.Error Band, D = 0 to FF, 
Channel-to-Channel Crosstalk - |, Cy +. 3} Measured Between Adjacent Channels, 
| ci | f= 100kKHz 
Digital Feedthrough QU Vinx = 0V,D= 0 to 255.0. 
POWER SUPPLIES | | 
Power Supply Current | PR=0V 
Negative Supply Current I PR=0V 
Power Dissipation | ee 
DC Power Supply Rejection Ratio PR = 0 V, AVpp = 5% 
Power Supply Range | Vop; Vel 
DIGITAL INPUTS 
Logic High 
Logic Low 
Input Current — _ oe. Og ‘ pS 
Input Capacitance | | | — ee 
Input Coding - | | Offset Binary 
DIGITAL OUTPUT | oon 
Logic High Vou 
Logic Low VoL 
NOTE 


1Maximum input voltage is always 2 V less than Vpp. | 
Specifications subject to change without notice. 


(Von = +5 V, Veg = —5V, All VX = +3 V, T, = —40°C 


TIMING SPECIFICATIONS to +85°C apply for DAC-B840F, unless otherwise noted) — 


Parameter 


Input Clock Pulse Width ton ter 

Data Setup Time tps ns 
Data Hold Time toy ns 
CLK to SDO Propagation Delay . tpp: ns 
DAC Register Load Pulse Width tLp ns. 
Preset Pulse Width _ tpr ns 
Clock Edge to Load Time tcxLp 


Load Edge to Next Clock Edge 


thpck 
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PIN DESCRIPTION 


DAC C Output 

DAC B Output 

DAC A Output 

DAC B Reference Input 

DAC A Reference Input 

Ground 

Preset Input, Active Low, 

All DAC Registers = 80,, 

DAC E Reference Input 

DAC F Reference Input 

DAC E Output 

DAC F Output 

DAC G Output 

DAC H Output 

DAC G Reference Input 

DAC H Reference Input 

Load DAC Register Strobe, Active High Input 
That Transfers the Data Bits from the 
Serial Input Register into the Decoded 
DAC Register. See Table I. 

Serial Clock Input, Positive Edge Triggered 
Serial Data Output, Active Totem Pole Output 
Negative 5 V Power Supply 

Serial Data Input 

Positive 5 V Power Supply 

DAC D Reference Input 

DAC C Reference Input 

DAC D Output 


ABSOLUTE MAXIMUM RATINGS 


(T, = +25°C, unless otherwise noted) 


Vis t0 GND iis See WOR HA be ew aed —0.3, +7 V 
Veet0. GND 6.0 bcictee oon ew we Rede eee es +0.3, -7 V 
Vinee OKGIN D8 oie ek a 8 Soa 34 oped Sale es Vpp> Vss 
VourX tOGND ...... 0... cc ec ee eee Vop> Vss 
Short Circuit Iny7X toGND............... Continuous 
Digital Input & Output Voltage toGND ........ Vpp> Vss 
Operating Temperature Range 
Extended Industrial: DAC8840F ........ —40°C to +85°C 
_ Maximum Junction Temperature (T; max) ........ + 150°C 
Storage Temperature ................ —65°C to +150°C 
Lead Temperature (Soldering, 10sec) ........... +300°C 


Package Power Dissipation 
Thermal Resistance 6; 


rr (T; Max —T,)/0y, 


COTO id st wiccattn en ear Bs We ee ae ee 64°C/W 

BaP eee ek a a ee ROO otek 57°C/W 

BOC 28 bik ee oi Sela Gate a anaes oer eee & % 70°C/W 
ORDERING GUIDE 


Package 
Option* 


Package 
Description 


Temperature 
Range 


DAC8840FP —40°C to +85°C | Plastic DIP 
DAC8840FW —40°C to +85°C | Cerdip Q-24 
DAC8840FS ~40°C to +85°C | SOL-24 R-24 


DAC8840GBC | 25°C DICE 


*For outline information see Package Information section. 


CAUTION 


ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam HTT 
should be discharged to the destination socket before devices are inserted. E 
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PIN CONFIGURATION 


TOP VIEW 
(Not to Scale) 


DICE CHARACTERISTICS 

DIE SIZE 0.117 x 0.185 inch, 21,645 sq. mils 
(2.9718 X 4.699 mm, 13.964 sq. mm) 

The die backside is electrically common to Vpp. 
The DAC8840 contains 3236 transistors. 


Vin8 


=: 
VinA ie 


v, «' 


u aa ye! 
sd PLS Wn earned 
PRE Re ee 


GND*. 


TO er et er Sa Da DP 


— & 
o0U> 
> 


*BOTH GND PADS (6a, 6b) ARE 
BONDED TO PIN 6 OF PACKAGE. 


WARNING! 
wea 


SD SENSITIVE DEVICE 


DAC8840 


VinD 


Voo 


SDI 


Vss 


SDO 


CLK 


LD 
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Selection Tree — V/F and F/V Converters 


V/F AND F/V CONVERTERS 


AD537_ (50 kHz) 
AD654 (500 kHz) 
AD650 (1 MHz) 


Synchronous 


AD652 (2 MHz) 


E-b SYALYAANOO A/4 GNV AA 


Selection Guides—V/F and F/V Converters 


Voltage-to-Frequency Converters 


Model 
AD652 


AD650 


AD654 
ADS537 


Full-Scale 
Frequency 


Linearity 
% 
max 


0.005-—0.05 


0.005—-0.1 


0.1-0.4 
0.07-0.25 


Model 


451 
453 


FS 
Calib 
Error 


-Frequency-to-Voltage Converters 


Linearity 
Input Range 


0 to 10 
0 to 100 


AD650_ 0 to 1000 


Output 
Format 


Pulse Train 
Pulse Train 


Square Wave 
Square Wave 


Response Time 
% 

max 
0.03—0.008 


0.03-—0.008 
0.005-0.1 


Input 
Range 
Vv 


0 to 10, +5 

0 to —10 

0 to 10, +5 

0 to —10 

0 to (Vs) 

—V, to (+Vs -4) 


ms_ Package 
typ Options’ 
4 Module 


0.8 Module 
- D, N, P 


Package Temp 
Options' Ranges” Page> § Comments 
E, P, Q C, I, M/ 4-10 Synchronous, Multiple Input Ranges, 
Low Linearity, Single Supply 
D, N, P C,I,M 4-7 Low Nonlinearity, Multiple Input Ranges 
N,R C 4-14 Single Supply, Low Cost 
D, H C, M/ 45 Single Supply, Military Grade 
Temp 
Ranges? Page> Comments 
I D Complete, No External Components 
I D Complete, No External Components 
C,I, M/ 4-14 ~~ Low Nonlinearity 


"Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; J = J-Leaded Ceramic Package; 

M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline “SOIC” Package; RS = SSOP—Shrink Small Outline Package; S = Plastic 
Quad Flatpack; ST = Thin Quad Flatpack; T = TO-92; U = TSOP—Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In-Line “SIP” Package; Z = Ceramic Leaded Chip Carrier. © 
Temperature Ranges: C = Commercial, 0°C to +70°C; I = Industrial, —40°C to +85°C (Some older products —25°C to +85°C); M = Military, —55°C to +125°C. If a device has military grade offerings, the M 


temperature designator will be followed by: / to indicate 883B, , for JAN, , for SMD, and g for space level. 


3D = Data Sheet. All other entries refer to this volume. 
Boldface Type: Data sheet information in this volume. 
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ANALOG 
DEVICES 


Integrated Circuit 


Voltage-to-Frequency Converter 


ADS37* 


FEATURES 
Low Cost A-D Conversion 
Versatile Input Amplifier 
Positive or Negative Voltage Modes 
Negative Current Mode 
High Input Impedance, Low Drift 
Single Supply, 5 to 36 Volts 
Linearity: +0.05% FS 
Low Power: 1.2mA Quiescent Current 
Full Scale Frequency up to 100kHz 
1.00 Volt Reference 
Thermometer Output (1mV/K) 
F-V Applications 
F-V Applications 
MIL-STD-883 Compliant Versions Available 


PRODUCT DESCRIPTION 

The AD5 37 is a monolithic V-F converter consisting of an in- 
put amplifier, a precision oscillator system, an accurate inter- 

* nal reference generator and a high current output stage. Only 
a single external RC network is required to set up any full 
scale (F.S.) frequency up to 100kHz and any F-S. input vol- 
tage up to +30V. Linearity error is as low as 0.05% for 10kHz 
F.S., and operation is guaranteed over an 80dB dynamic range. 
_ The overall temperature coefficient (excluding the effects of 
external components) is typically +30ppm/°C. The AD537 
operates from a single supply of 5 to 36V and consumes only 
1.2mA quiescent current. 


A temperature-proportional output, scaled to 1.00mV/K, 
enables the circuit to be used as a reliable temperature-to- 
frequency converter; in combination with the fixed reference 
output of 1.00V, offset scales such as 0°C or 0° F can be 
generated. 


The low drift (1uV/°C typ) input amplifier allows operation 
directly from small signals (e.g., thermocouples or strain gages) 
while offering a high (250MQ2) input resistance. Unlike most 
V-F converters, the AD537 provides a square-wave output, and 
can drive up to 12 TTL loads, LEDs, very long cables, etc. 


The excellent temperature characteristics and long-term stabil- 
ity of the AD537 are guaranteed by the primary band-gap 
reference generator and the low T.C. silicon chromium thin 
film resistors used throughout. 


The device is available in either a TO-116 ceramic DIP or a 
TO-100 metal can; both are hermetically sealed packages. 


*Protected by Patent Nos. 3,887,963 and RE 30,586. 


This is an abridged data sheet. To obtain the most recent version or 
' complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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PIN CONFIGURATIONS 
““H”’ Package — TO-100 


“D” Package — TO-116 


+Viy Cre 


CURR.— 
hed 


\ Ce ee | ese. 
Na REFERENCE 


Vrewp (3) 


Veer (4) 


Vs 
: (CONNECTED TO CASE) 


The ADS537 is available in three performance/temperature 
grades; the J and K grades are specified for operation over the 
0 to +70°C range while the AD537S is specified for sie 
over the extended temperature range, -55 °C to +125°C 


PRODUCT HIGHLIGHTS 

1. The AD5 37 is a complete V-F converter requiring only an 
external RC timing network to set the desired full scale 
frequency and a selectable pull-up resistor for the open- 
collector output stage. Any full-scale input voltage range 
from 100mV to 10 volts (or greater, depending on +Vs) can 
be accommodated by proper selection of timing resistor. 
The full scale frequency is then set by the timing capacitor 
from the simple relationship, f = V/10RC. 


2. The power supply requirements are minimal, only 1.2mA 
quiescent current is drawn from a single positive supply 
from 4.5 to 36 volts. In this mode, positive inputs can vary 
from 0 volts (ground) to (+Vs - 4) volts. Negative inputs can 
easily be connected for below ground operation. 


3. F-V converters with excellent characteristic are also easy to 
build by connecting the AD537 in a phase-locked loop. Ap- 
plication particulars are shown in Figure 6. 


4. The versatile open-collector NPN output stage can sink up 
to 20mA with a saturation voltage less than 0.4 volts, The 
Logic Common terminal can be connected to any level be- 
tween ground (or -Vg) and 4 volts below +Vs. This allows 
easy direct interface to any logic family with either positive 
or negative logic levels. 


5. The AD537 is available in versions compliant with MIL- STD- 
883. Refer to the Analog Devices Military Product Databook 
or current AD537/883B data sheet for detailed specifications. 
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AD537 — -SPECIF ICATIONS . (typical @ +25°C with V, (total) = 5 to 36V, umes aierwse noted.) - 


ADS37KD ©. ~apss7e0! 
AD537JD AD537KH_ _. {___ADS537SH? | 


MODEL - a be aS ae : 
CURRENT-T0-FREQUENGY CONVERTER 


' Frequency Range 0 to 150kHz eT a es eee 
Nonlinearity’ | | 
fmax = 10kHz _ 0.15% max (0.1% typ) * 0.07% max “s 
—fmax = 100kHz2 08 25% max(0.15% typ) = * “0.1% max - ae ge 
Full Scale Calibration Error pe 
C=0.01uF, Ipy = 1.000mA £10% max +7% max +5% max ved 
vs. Supply (fmax <100kHz) £0.1%/V max (0.01% typ) . * nf TREY: 8 is 
vs. Temp. (Trin tO Tmax) wml C max (SOppm typ) * 50ppm/°C max (30ppm typ)? 250ppm/°C:_ max 


ANALOG INPUT AMPLIFIER 
(Voltage-to-Current Converter) 
Voltage Input Range : ne 
Single Supply | 0 to (+Vg - 4) Volts (min) : ? a | nk 


- Dual Supply 5 =Vg to (+Vg - 4) Volts (min) . ‘ oe os 
Input Bias Current : 3 a _ 
(Either Input) 100nA . . = ; é te es 
Input Resistance (Non-Inverting) | 250M22 . . - ees 7 
Input Offset Voltage ne - 
(Trimmable in “D" Package Only) © | 5mV max 7 _ 2mV max dl 
vs. Supply | 200nV/V max 100KV/V max =: 100ux'V/V max a oes 
vs. Temp. (Tin to Tmax) suv/°C : wvPrc * --10NV/°C max 
Safe Input Voltage? Vs . i _* 
REFERENCE OUTPUTS | 
Voltage Reference a ee 
Absolute Value ae 1.00 Volt £5% max . : . 
vs. Temp. (Tmin to Tmax) —- SOppm/c ne 100ppm/°C max Bae 
vs. Supply ‘ _ +0.03%/V max " a See : 
Output Resistance* ~ s * 3802 . + | . . 
Absolute Temperature Reference® | 
Nominal Output Level ~ *  1,00mV/K = : a . 
Initial Calibration @ +25°C | _ 298mvV (+5mvV) .  298mV (+5mV max) ath 
Slope Error from 1.00mV/K +0.02mV/K ¥ ade pS ff -_ % © 
Slope Nonlinearity & xfs +0.1K ‘J ar a oe es ; ? 
Output Resistances = 5 9002 : | Sit dees 
OUTPUT INTERFACE (Open Collector Output) 
(Symmetrical Square Wave) | 
Output Sink Current in Logic ‘‘O” _ : | ea 
Vout = 0:4V max, Trin tO Tmax) .  - 20mMA min 20mA min 20mA min ~~ 10mA min 
Output Leakage Current in Logic “1” = . aere - Pefeey “he & es 
a» . AB ney: tO Tanase) 200nA max | ae .. 2  2MA max 
~ Logic Common Level Range | -Vs to (V5 - - 4) Volts = . _ | 
Rise/Fall Times (Cy = 0. O1MF) _ 
‘dn = 1mA 8 0.2us : eg aoe Se ee 
Twn = 1nA ; - AUS. 55-,, Ge * bi . 
POWER SUPPLY 
Voltage, Rated Performance ee a ee 
Single Supply = ~ + -*4.5V 00 36V 72: : | ‘ . 
Dual Supply : oo. £5 to £18V © “8 - - . . ae 
Quiescent Current * . vo 1.2mA (2.5mA max) Ae os se ee 
TEMPERATURE RANGE a een hee Tig ; an fone \ 
Rated Performance — Oto +#70°C eee as eae © : » 255°C to +125°C 
Storage - : ~65°C to +150°C . sd . 
PACKAGE OPTIONS®’ : PAs ae Sy 
TO-116 Ceramic DIP (D-14) . . AD537JD AD537KD AD537SD 
TO-100 Header (H-10A) ae ADS37JH eee. . AD537KH AD537SH 
NOTES Bt ad a eee 
*Specifications same as ADS37JH. es ae a > Maximum voltage input level is equal to the supply on either 
** Specifications samie as ADS37K. a a ae input terminal, However, large negative voltage levels. can be 
Specifications subject to change wi daa notice. applied to the negative terminal if the input is scaled to a nominal 
ae imA full scale through an appropriate value resistor (see Figure 2). 
‘ Nonlinearity is specified for a current input level (Inn) to the nd Loading the 1.0 volt or imV/K outputs can cause a significant change 
converter from 0.1 to 1000uA. Converter has 100% overrange in overall circuit performance, as indicated in the applications section. 
capability up to Ij = 2000,A with slightly reduced linearity. To maintain normal operation, these outputs should be operated 
Nonlinearity is defined as deviation from a straight line from into the external buffer or an external amplifi ier. 
zero to full scale, expressed as a percentage of full scale. 5 Temperature reference output performance is specified from 0 to +70°C 
7 Guaranteed not tested. for “J” and “‘K"’ devices, -55°C to +125°C for “S” model. 


* D = Ceramic DIP; H = Hermetic Metal Can. For outline information 
see Package Information section. 
"For AD5S37/883B specifications, refer to Analog Devices Military 
Products Databook. 


w 
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ANALOG 
DEVICES 


Voltage-to-Frequency and 


Frequency-to-Voltage Converter 


AD650 


PIN CONFIGURATION 


FEATURES 
V/F Conversion to 1MHz 
Reliable Monolithic Construction 
Very Low Nonlinearity 

0.002% typ at 10kHz 

0.005% typ at 100kHz 

0.07% typ at 1MHz 
Input Offset Trimmable to Zero 
CMOS or TTL Compatible 
Unipolar, Bipolar, or Differential V/F 
V/F or F/V Conversion 
Available in Surface Mount 
MIL-STD-883-Compliant Versions Available 


PRODUCT DESCRIPTION 

The AD650 V/F/V (voltage-to-frequency or frequency-to-voltage 
converter) provides a combination of high frequency operation 
and low nonlinearity previously unavailable in monolithic form. 
The inherent monotonicity of the V/F transfer function makes 
the AD650 useful as a high-resolution analog-to-digital converter. 
A flexible input configuration allows a wide variety of input 
voltage and current formats to be used, and an open-collector 
output with separate digital ground allows simple interfacing to 
either standard logic families or opto-couplers. 


The linearity error of the AD650 is typically 20ppm (0.002% of 
full scale) and 5Oppm (0.005%) maximum at 10kHz full scale. 
This corresponds to approximately 14-bit linearity in an analog-to- 
- digital converter circuit. Higher full-scale frequencies or longer 
count intervals can be used for higher resolution conversions. 
The AD650 has a useful dynamic range of six decades allowing 
extremely high resolution measurements. Even at 1MHz full 
scale, linearity is guaranteed less than 1000ppm (0.1%) on the 
AD650KN, KP, BD and SD grades. 


In addition to analog-to-digital conversion, the AD650 can be 
used in isolated analog signal transmission applications, phased- 
locked-loop circuits, and precision stepper motor speed controllers. 
In the F/V mode, the AD650 can be used in precision tachometer 
and FM demodulator circuits. 


The input signal range and full-scale output frequency are user- 
programmable with two external capacitors and one resistor. 
Input offset voltage can be trimmed to zero with an external 
potentiometer. 


The AD650JN and AD650KN are offered in a plastic 14-pin 
DIP package. The AD650JP and AD650KP are available in a 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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BIPOLAR 
OFFSET (4) 1) ANALOS 
CURRENT GN 
DIGITAL 
“vs G) Oy: 
riba COMPARATOR 
SHOT meni 
CAPACITOR 


NC 


20-pin plastic leaded chip carrier (PLCC). Both plastic packaged 
versions of the AD650 are specified for the commerical (0 to 
+70°C) temperature range. For industrial temperature range 

(— 25°C to +85°C) applications, the AD650AD and AD650BD 
are offered in a ceramic package. The AD650SD is specified for 
the full —55°C to + 125°C extended temperature range. 


PRODUCT HIGHLIGHTS . 

1. In addition to very high linearity, the AD650 can operate at 
full scale output frequency up to 1MHz. The combination of » 
these two features makes the AD650 an inexpensive solution 
for applications requiring high resoluuon monotonic A/D 
conversion. 


2. The AD650 has a very versatile architecture that can be 
configured to accommodate bipolar, unipolar, or differential 
input voltages, or unipolar input currents. 


3. TTL or CMOS compatibility is achieved using an open collector 
frequency output. The pullup resistor can be connected to 
voltages up to + 30V, or + 15V or +5V for conventional 
CMOS or TTL logic levels. 


4. The same components used for V/F conversion can also be 
used for F/V conversion by adding a simple logic biasing 
network and reconfiguring the AD650. 


5. The AD650 provides separate analog and digital grounds. 
This feature allows prevention of ground loops in real-world 
applications. 

6. The AD650 is available in versions compliant with MIL-STD- 


883. Refer to the Analog Devices Military Products Databook 
or current AD650/883B data sheet for detailed specifications. 
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AD630— SPECIFICATIONS @ +25°C with V. = +15V unless otherwise noted) 


: "AD650J/AD6SOA._ 
- Min 


Model 


DYNAMIC PERFORMANCE 
Full Scale Frequency Range 
Nonlinearity! fax = 10kHz 
~ *  * 100kHz 
500kHz 
1MHz . 
Full Scale Calibration Error”, 100kHz 
1MHz 


Typ 3: 


vs. Supply? 
vs. Temperature 
A, B, and S Grades 
at 1OkHz 
at 100kHz 
J and K Grades 
at 10kHz 
at 100kHz 


BIPOLAR OFFSET CURRENT 
Activated by 1.24k0 between pins 4 and 5 


DYNAMIC RESPONSE 
Maximum Settling Time for Full Scale 
Step Input 
Overload Recovery Time 
Step Input 


ANALOG INPUT AMPLIFIER (V/F Conversion) 
Current Input Range (Figure 1) 0 
Voltage Input Range (Figure 5) . 710, 
Differential Impedance . 
Common Mode Impedance 
Input Bias Current 

Noninverting Input ~ 
Inverting Input 
Input Offset Voltage 
(Trimmable to Zero) 
vs. Temperature (Tmin tO Tmax) 
Safe Input Voltage 


COMPARATOR (F/V Conversion) ae: . 
Logic “0” Level 5. te ; . ee | 
Logic “1” Level 0 +Vs 
Pulse Width Range* (0.3 x tos) 
Input Impedance 


OPEN COLLECTOR OUTPUT (V/F Conversién) 
Output Voltage in Logic “0” 
Isivk = 8MA, Tmnin tO Tmax 
Output Leakage Current in Logic “ 
Voltage Range? 


AMPLIFIER OUTPUT (F/V Conversion) 
Voltage Range (15002 min load resistance) 
Source Current (750Q max load resistance) . 
Capacitive Load (Without Oscillation) 


POWER SUPPLY 
Voltage, Rated Performance - 
Quiescent Current 


TEMPERATURE RANGE 
Rated Performance — N Package 
. D Package 
—N Package 
D Package 


1 Pulse of New Frequency Plus 11s 


1 Pulse of New Frequency Plus lps 


2MQ|10pF 
1000MQ||10pF 


Storage 


PACKAGE OPTIONS® 
PLCC (P-20A) 
Plastic DIP (N-14) - 
Ceramic DIP (D-14) 


* AD6S0JP 
-. AD6S0JN-.. 
AD650AD 


NOTES 


_ADESOK/AD650B 


1 Pulse of New Frequency Plus lus 


1 Pulse of New Frequency Plus ls 


2MQ||10pF 
1000MQ)\|10pF 


+ Vs 


(0.3 X tos) |! 


AD650KP 
AD650KN 
AD650BD 


| Unis 


MHz © 

% 

% 

'% 

% 

% 

% 

% of FSR/V 


ppm/°C 
> ppm/°C 


ppm/’C | 


2 - 


1 Pulse of New Frequency Plus lps | 


1 Pulse of New Frequency Plus lps 


0 
-10 -2 
2MQ\|10pF 

1000MQI|10pF |. 


+ Vs 
(0.3 x tos) : 


AD650SD 


‘Nonlinearity is defined as deviation from a straight line from zero 
to full scale, expressed as a fraction of full scale. 

?Full scale calibration error adjustable to zero. 

3Measured at full scale output frequency of 100kHz. . 

‘Refer to F/V conversion section of the text. 

>Referred to digital ground. 

6D = Ceramic DIP; N = Plastic DIP; P = Plastic Leaded Chip Cardies 
For outline information see Package Information section. 


Specifications subject to change without notice. 


Specifications shown in boldface are tested on all production units at final electri- 

cal test. Results from those tests are used to calculate outgoing quality levels. All 
min and max specifications are guaranteed, although only those shown in 
boldface are tested on all production units. 
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Unipolar Operation 


ABSOLUTE MAXIMUM RATINGS 


Total Supply Voltage +Vsto -Vs .........05. 36V 
Storage Temperature Ceramic ........ — 55°C to + 165°C 
ae °* GPIASUCs 4: 3.4% a awe oa — 25°C to + 125°C 
Differential Input Voltage (Pins 2 & 3) ......... +10V 
Maximum Input Voltage ................. +Vs5 
Open Collector Output Voltage Above Digital GND .. 36V 
COIent. <6 hg4n ane area a 50mA 

Amplifier Short Ckt to Ground ........... Indefinite 
Comparator Input Voltage (Pin 9). ............ +V5 


-IN(3) +Vs 
BIPOLAR 
OFFSET (1) ANALOG 
CURRENT GND 
DIGITAL 
vs (5) OF 
enor COMPARATOR 
CAPACITOR INPUT 


. NC 


FoutpuT 


_ AD650 Pin Configuration 


CIRCUIT OPERATION 


UNIPOLAR CONFIGURATION -_ 

The AD650 is a charge balance voltage-to-frequency converter. 
In the connection diagram shown in Figure 1, or the block 
diagram of Figure 2a, the input signal is converted into an 
equivalent current by the input resistance Ry. This current is 
exactly balanced by: an internal feedback current delivered in 
short, timed bursts from the switched ImA internal current 
source. These bursts of current may be thought of as precisely 
defined packets of charge. The required number of charge packets, 
each producing one pulse of the output transistor, depends 
upon the amplitude of the input signal. Since the number of 
charge packets delivered per unit time is dependent on the 
input signal amplitude, a linear voltage-to-frequency transforma- 
tion will be accomplished. The frequency output is furnished 
via an open collector transistor. _ _ 


REV. A 


AD650 


ORDERING GUIDE 


Specified 
Temperature 
Range °C 


Oto +70 
Oto +70. 
Oto +70 
Oto +70 


AD650JN 
AD650KN 
AD650JP 

AD650KP 


Plastic DIP 
Plastic DIP 
PLCC 
PLCC 


0.1% typ 
0.1% max 
0.1% typ 
0.1% max 


AD650AD 0.1%typ | —25to +85 Ceramic 
AD650BD 0.1% max | —25to +85 Ceramic 
AD650SD 0.1% max | —55to +125 | Ceramic 


NOTE 

1For details on grade and package offerings screened in accordance with 
MIL-STD-883, refer to the Analog Devices Military Products Databook or | 
current AD650/883B data sheet. . 


0 +15V 


ANALOG 
\/ GROUND 


DIGITAL 


GROUND R2 


0 four 


Figure 1. Connection Diagram for V/F Conversion, Positive 
Input Voltage : ‘. 
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ANALOG 
DEVICES 


Monolithic Synchronous 
Voltage-to-Frequency Converter 


FEATURES 

Full-Scale Frequency (Up to 2MHz) Set by External 
System Clock 

Extremely Low Linearity Error (0.005% max at 1MHz 
FS, 0.02% max at 2MHz FS) 

No Critical External Components Required — 

Accurate 5V Reference Voltage 

Low Drift (25ppm/°C max) 

Dual or Single Supply Operation 

Voltage or Current Input 

MIL-STD-883 Compliant Versions Available 


PRODUCT DESCRIPTION 

The AD652 Synchronous Voltage-to-Frequency Converter (SVFC) 
is a powerful building block for precision analog-to-digital con- 
version, offering typical nonlinearity of 0.002% (0.005% 
maximum) at a 100kHz output frequency. The inherent 
monotonicity of the transfer function and wide range of clock 
frequencies allows the conversion time and resolution to be 
optimized for specific applications. 


The AD652 uses a variation of the popular charge-balancing 
technique to perform the conversion function. The AD652 uses 
an external clock to define the full-scale output frequency, rather 
than relying on the stability of an external capacitor. The result 
is a more stable, more linear transfer function, with significant 
application benefits in both single- and multi-channel systems. 


Gain drift is minimized using a precision low-drift reference and 
low-TC on-chip thin-film scaling resistors. Furthermore, the 
initial gain error is reduced to less than 0.5% by the use of 
laser-wafer-trimming. 


The analog and digital sections of the AD652 have been designed 
to allow operation from a single-ended power source, simplifying 
its use with isolated power supplies. 


The AD652 is available in five performance grades. The 20-pin. 
PLCC packaged JP and KP grades are specified for operation 
over the 0 to + 70°C commercial temperature range. The 16-pin 
cerdip-packaged AQ and BQ grades are specified for operation 
over the — 40°C to + 85°C industrial temperature range, and the 
AD652SQ is available for operation over the full —55°C to 

+ 125°C extended temperature range. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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CLOCK 
Cin IN 


PRODUCT HIGHLIGHTS 

1. The use of an external clock to set the full-scale frequency 
allows the AD652 to achieve linearity and stability far superior 
to other monolithic VFCs. By using the same clock to drive 
the AD652 and (through a suitable divider) also set the counting 
period, conversion accuracy is maintained independent of 
variations in clock frequency. 


2. The AD652 Synchronous VFC requires only a single external 
component (a noncritical integrator capacitor) for operation. 


3. The AD652 includes a buffered, accurate 5V reference which. 
is available to the user. | 


4. The clock input of the AD652 is TTL and CMOS compatible. 
and can also be driven by sources referred to the negative 
power supply. The flexible open-collector output stage provides 
sufficient current sinking capability for TTL and CMOS 
logic, as well as for optical couplers:and pulse transformers. 

A capacitor-programmable one-shot is provided for selection 
of optimum output pulse width for power reduction. 


5. The AD652 can also be configured for use as a synchronous 
F/V converter for isolated analog signal transmission. 


6. The AD652 is available in versions compliant with MIL-STD- 
883. Refer to the Analog Devices Military Products Databook 
or current AD652/883B data sheet for detailed specifications. | 
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SPECIFICATIONS (typical @ T, = +25°C, V, = +15V, unless otherwise noted) | AD652 


AD652JP/AQ/SQ AD652KP/BQ 
Parameter Min Typ Max i Typ 


VOLTAGE-TO-FREQUENCY MODE 
Gain Error 
fctock = 200kHz 
forock = 1MHz 
fcLock = 4MHz 
Gain Temperature Coefficient 
fctock = 200kHz 
foLock = 1MHz 


foLocK = 4MHz 
Power Supply Rejection Ratio 
Linearity Error 

forocx = 200kHz 

fotock = 1MHz 

fcLock = 2MHz 

forock =4MHz 
Offset (Transfer Function, RTI) 
Offset Temperature Coefficient 
Response Time 


FREQUENCY-TO-VOLTAGE MODE 
Gain Error 
fin = 100kHz FS 
Linearity Error 
fin = 100kHz FS 


INPUT RESISTORS 
Cerdip (Figure la.)(0 to + 10V FS Range) 
PLCC (Figure 1b.) 
Pin 8 to Pin7 
Pin 7 to Pin 5 (Oto +5V FS Range) 
Pin 8 to Pin 5 (Oto + 10V FS Range) 
Pin 9 to Pin 5 (Oto + 8V FS Range) 
Pin 10 to Pin 5 (Auxiliary Input) 
Temperature Coefficient (All) 


INTEGRATOR OP AMP 
Input Bias Current 
Inverting Input (Pin 5) 
Noninverting Input (Pin 6) 
Input Offset Current 
Input Offset Current Drift 
Input Offset Voltage 
Input Offset Voltage Drift 
Open Loop Gain 
Common-Mode Input Range 
CMRR 
Bandwidth 
Output Voltage Range 
(Referred to Pin 6, R;> = 5k) 


COMPARATOR | 
Input Bias Current 
Common-Mode Voltage 


CLOCK INPUT 

Maximum Frequency 

Threshold Voltage (Referred to Pin 12) 
T min! max | 

Input Current 

(—Vs<Veci_k< + Vs) 
Voltage Range 
Rise Time 
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AD652 


AD652JP/AQ/SQ 


Parameter wie ok 4 ‘Min Typ 


OUTPUT STAGE 
Vor Cour = 10mA) 
loi 
Vo_L<0.8V 
VoL <0.4V, Tinin- Tmax 
lox (Off Leakage) 
Delay Time, Positive Clock Edge to 
Output Pulse 
Fall Time (Load = 500pF and Isiv¢x = Sma) 
Output Capacitance 


OUTPUT ONE-SHOT 
Pulse Width 
Cos = 300pF 
Cos = = 1000pF 


REFERENCE OUTPUT 
Voltage 
Drift 
Output Current 
Source 
Sink 
Power Supply Rejection 
(Supply Range = + 12.5Vto +17. 5V) 
Output Impedance (Sourcing Current) 


POWER SUPPLY 
Rated Voltage 
Operating Range 
Dual Supplies 
Single Supply (— Vs =0)_ 
Quiescent Current — 
Digital Common 
Analog Common 


TEMPERATURE RANGE 
Specified Performance 
JP, KP Grade 
AQ, BQ Grade 
SQ Grade 


NOTES 
‘Referred to internal Vpgr. In PLCC package, tested on-10V input range only. 


AD652KP/BQ 
Max Min Typ 


Specifications in boldface are 100% tested at final test and are used to measure outgoing quality levels. 


Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS 


Total Supply Voltage +Vs to —Vs .......... -.. 36V 
Maximum Input Voltage (Figure 6) ............ 36V 
Maximum Output Current (Open Collector Output) 50mA 
Amplifier Short Circuit to Ground’... ... ... Indefinite 


Storage Temperature Range: Cerdip — 


-PLCC - . —65°C to + 150°C 
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. —65°C to + 150°C 


DEFINITIONS OF SPECIFICATIONS 

GAIN ERROR - The gain of a voltage-to-frequency converter | 
is that scale factor setting that provides the nominal conversion 
relationship, e.g. 1MHz full scale. The “gain error” is the dif- 

ference in slope between the actual and ideal transfer functions 
for the V-F converter. Oo 


LINEARITY ERROR — The ‘linearity error” of a V-F is the 
deviation of the actual transfer function from a straight line 
passing through the endpoints of the transfer function. 


GAIN TEMPERATURE COEFFICIENT - The gain cannamiire 
coefficient is the rate of change in full-scale os asa function 
of the temperature from + 25°C to Tmin 0 or T Tmax | 


REV. A 


_iReNe Seine , 


Specified 
Temperature 
Range °C 


0 to +70 


Part Package 


Options? 
PLCC (P-20A) 


Linearity % 
0.02 max 


AD652JP 


AD652KP 0.005 max |0to +70 | PLCC (P-20A) 
AD652AQ 0.02 max —40 to +85 | Cerdip (Q-16) 
AD652BQ 0.005 max |—40to +85 | Cerdip (Q-16) 
AD652SQ —55 to +125 | Cerdip (Q-16) 


0.02 max 


NOTES — ; 
For details on grade and sacbare offerings screened i in 1 accordance with 
MIL-STD-883, refer to the Analog Devices Military Products Databook or 
current AD652/883 data sheet. 

2P = Plastic Leaded Chip Carrier; Q = Cerdip..For outline information see 
Package Information section. 


THEORY OF OPERATION 

A synchronous -VFC is similar to other soinigerspeqienay: 
converters in that an integrator is used to perform a charge-balance 
of the input signal with an internal. reference current. However, 
rather than using a one-shot, as the primary timing element 
which requires a high quality and low drift capacitor, a synchronous 
voltage-to-frequency converter (SVFC) uses an external clock; 
this allows the designer to determine the system stability and 
drift based upon the external clock selected. A crystal oscillator 
may also be used if desired. 


The SVFC architecture proces other system: sears) besides 
low drift. If the output frequency is measured by counting 
pulses gated to a signal which is derived from the clock, the 
clock stability is unimportant and the device simply performs as 
a voltage controlled frequency divider, producing a high resolution 
A/D. Ifa large number of inputs must be monitored simultaneously 
in a system, the controlled timing relationship between the 
frequency output pulses and the user supplied clock greatly 
simplifies this signal acquisition. Also, if the clock signal is 
provided by a VFC, then the output frequency of the SVFC 

will be proportional to the product of the two input voltages. 
Hence, multiplication and A-to-D conversion on two 0 signals are 
performed simultanéously. ; a Ss 


The pinouts of the AD652 SVFC are shown in Figure 1. 


REV. A 


D652 
PIN CONFIGURATIONS 


ed 
+Vs5 NC 
TRIM +Vs 
TRIM. NC 
OP AMP OUT OP AMP OUT 
OP AMP“ —” OP AMP” —” 
OP AMP” +” OP AMP “ + 
10 VOLT INPUT 5 VOLTINPUT 
-~Vs 10 VOLT INPUT 
CLOCK INPUT OPTIONAL 10V INPUT 
FREQ OUT ~Vs. 
DIGITAL GND Cos 
ANALOG GND CLOCK INPUT 
COMP.” —” _ FREQOUT | 
COMP +” DIGITAL GROUND 
COMP REF ANALOG GND 
COMP” —” 
COMP” + 
NC 
COMP REF 


on ont WN = 


D652 
“Verses = 7% 
: TAGE-TO. 
FREQUENCY 16 POMBEF 
* CONVERTER - 


SV INPUT DIGITAL GND 


10V INPUT FREQ OUT 


8V OPTIONAL -Vs Cos CLOCK 
INPUT 10V INPUT 
INPUT 


” Figure 1b. AD652 PLCC Pin Configuration 
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SANALOG ~ : Low Cost Monolithic 
DEVICES | Voltage-to-Frequency Converter 


FEATURES | 
Low Cost 
Single or Dual Supply, 5 to 36 Volts, +5V to +18V 
Full Scale Frequency Up to 500kHz 
Minimum Number of External comporents Needed 
Versatile Input Amplifier 
Positive or Negative Voltage Modes 
Negative Current Mode 
High Input Impedance, Low Drift 
Low Power: 2.0mA Quiescent Current 
Low Offset: 1mV 


Four LOGIC Rr + Vin 

COMMON 
PRODUCT DESCRIPTION | a | PRODUCT HIGHLIGHTS 
The AD654 is a monolithic V/F converter consisting of an input 1. Packaged in both an 8-pin mini-DIP and an Neate SOIC 
amplifier, a precision oscillator system, and a high current output package, the AD654 is a complete V/F converter requiring 
stage. A single RC network is all that is required to setup any = =~— only an RC timing network to set the desired full scale frequency 
full scale (F.S.) frequency up to 500kHz and any F-.S. input and a selectable pull-up resistor for the open-collector output 
voltage up to + 30V. Linearity error is only 0.03% for a 250kHz stage. Any full scale input voltage range from 100mV to 10 
F.S., and operation is guaranteed over an 80dB dynamic range. volts (or greater, depending on + Vs) can be accommodated 
‘The overall temperature coefficient (excluding the effects of by proper selection of the timing resistor. The full scale 
external components) is typically + 50ppm/°C. The AD654 frequency is then set by the timing capacitor from the simple 
operates from a single supply of 5 to ) 36V and consumes only Telationship, f = V/10RC. pies 
2.0mA quiescent current. | | 2. A minimum number of low cost external components are 
The low drift. (4pV/°C typ) input amplifier allows operation necessary. A single RC network is all that is required to set 
directly from small signals such as thermocouples or strain - up any full scale frequency up to 500kHz and ay full scale 
gauges while offering a high (250M) input resistance. Unlike input voltage up to +30V. 


most V/F converters, the AD654 provides a square-wave output, 3 
and can drive up to 12 TTL loads, opto-couples, long cables, 
or similar loads. 


. Plastic packaging allows low cost implementation of the” 
standard VFC applications: A/D conversion, isolated signal 
transmission, F/V conversion, phase-locked loops, and tuning 
switched-capacitor filters. 


4. Power supply requirements ¢ are minimal; only 2. mA of 
quiescent current is drawn from the single positive supply 
from 4.5 to 36 volts. In this mode, positive inputs can vary 
from 0 volts (ground) to (+Vs —4) volts. Negative inputs 
can easily be connected for below ground operation. 


5. The versatile open-collector output stage can sink more than 
10mA with a saturation voltage less than 0.4 volts. The Logic 
Common terminal can be connected to any level between 
ground (or — Vs) and 4 volts below + Vs. This allows easy © 
direct interface to any logic family with either positive or 
negative logic levels. 


This i is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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SPECIFICATIONS SiacZtst ty °° 9mm tr me A654 


AD654JN/JR 
Model Min Typ Max Units 
CURRENT-TO-FREQUENCY CONVERTER 
Frequency Range | kHz 
Nonlinearity! 
fmax = 250kHz % 
fax = 500kHz % 
Full Scale Calibration Error 
C= 390pF, In = 1.000mA % 
vs. Supply (fmax = 250kHz) 
Vs = +4.7Sto +5.25V W/V 
Vs = +5.25to + 16.5V %/V 
vs. Temp (0 to 70°C) ppm/°C 
ANALOG INPUT AMPLIFIER 
(Voltage-to-Current Converter) 
Voltage Input Range 
Single Supply 0 (+ Vs —4) V 
Dual Supply —Vs (+ Vs —4) Vv 
Input Bias Current 
(Either Input) . 30 50 nA 
Input Offset Current 5 nA 
Input Resistance (Non-Inverting) 250 MQ 
Input Offset Voltage 0.5 1.0 mV 
vs. Supply | 
Vs = +4.75to +5.25V 0.1 0.25 mvV/V | 
Vs = +5.25to + 16.5V 0.03 0.1 mV/V 


vs. Temp (0 to 70°C) 


OUTPUT INTERFACE (Open Collector Output) 
(Symmetrical Square Wave) 
Output Sink Current in Logic “0”? 
Vour = 0.4V max, 25°C 
Vout = 0.4V max, 0 to 70°C 
Output Leakage Current in Logic “‘1” 
0 to 70°C 
~ Logic Common Level Range 
Rise/Fall Times (Cy = 0.01,.F) 
Inn = 1pA 
POWER SUPPLY 
Voltage, Rated Performance 
Voltage, Operating Range 
Single Supply 
Dual Supply 
Quiescent Current 
Vs (Total) = 5V 
Vs (Total) = 30V 
TEMPERATURE RANGE 
Operating Range 
PACKAGE OPTIONS? 
SOIC (R-8) AD654JR 
Plastic DIP (N-8) 7 AD654JN 


NOTES. 
'At fnax = 250KHz; Rr = 1k, Cy = 390pF, Ipy = 0-1mA. 

Fis = 500kHz; Rr = 1kQ, Cr = 200pF, Iw = 0-ImA. 
The sink current is the amount of current that can flow into Pin 1 of the AD654 while maintaining a maximum voltage of 0.4V between Pin 1 and Logic Common. 
3N = Plastic DIP; R = SOIC. For outline information see Package Information section. 
Specifications shown in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. 
All min and max specifications are guaranteed, although only those shown in boldface are tested on all production units. 


Specifications subject to change without notice. 
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AD654 


ABSOLUTE MAXIMUM RATINGS | : 
Total Supply Voltage +Vs to -Vs ....... ee . 36V 


Maximum Input Voltage... woh 
(Pins 3,4)to -Vs ......6.226. —300mV to +Vs 
CIRCUIT OPERATION 


The AD654’s block diagram appears in Figure 1. A versatile 
operational amplifier serves as the input stage; its purpose is to 
convert and scale the input voltage signal to a drive currert in 

_ the NPN follower. Optimum performance is achieved when, at 


ce . , the full scale input voltage, a 1mA drive current is delivered to 
- the current-to-frequency converter (an astable multivibrator). 
The drive current provides both the bias levels and the charging _ 


current to the externally connected timing capacitor. This ‘‘adap- 
tive” bias scheme allows the oscillator to provide low nonlinearity 
over the entire current input range of 100nA to 2mA. The square 
wave oscillator output goes to the output driver which provides 
a floating base drive to the NPN power transistor. This floating 
drive allows the logic interface to be referenced to a level other 
than — —Vs. 


+Vs 
(+5V TO -Vs +30) 


+ Vioaic 
e 


(OPTIONAL) 


Reomp 


pie Vin 
out (IOV) (RT + R2) C, © 


e 
~Vs 
(OV TO —15V) 


Figure 1. Standard V-F Connection for Positive Input 
Voltages 


V/F CONNECTION FOR POSITIVE INPUT VOLTAGES 


In the connection scheme of Figure 1, the input amplifier presents © 


a very high (250MQ) impedance to the input voltage, which is 
converted into the proper drive current by the scaling resistors 
at pin 3. Resistors Rl and R2 are selected to provide a 1mA full 
scale current with enough trim range to accommodate the AD654’s 
10% FS error and the components’ tolerances. Full scale currents 
other than 1mA can be chosen, but linearity will be reduced; 
2mA is the maximum allowable drive. The AD654’s positive 
input voltage range spans from — Vs (ground in single supply 
Operation) to four volts below the positive supply. Power supply 


*Teflon is a trademark of E. I. Du Pont de Nemours & Co. 
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_ Maximum Output Current 


Instantaneous ........-2. 000 ee eee eee 50mA 
Sustained: c64:/5. 5s. sess Gk at as ee a oR 25mA: 
“Logic Common to -Vg .... .. .-» —500mV, to (+ Vs —4) 
Storage Temperature Range : _ a a Ale 5°C to. + 150°C 


rejection siemeaiee as the input exceeds (+ Vs — 3. -75V) and at 


—(+Vs — 3.5V) the output frequency goes to zero." 
As indicated by the scaling relationship i in Figure 1, a 0. OlpF 


timing capacitor will give a 10kHz full scale frequency, and 
0.001yF will give 100kHz with a lmA drive current. Good V/F 
linearity requires the use of a capacitor with low dielectric ab- 
sorption (DA), while the most stable operation over temperature : 
calls for a component having a small tempco. Polystyrene, poly- 
propylene, or Teflon* capacitors are preferred for tempco and 
dielectric absorption; other types will degrade linearity. The 
capacitor should be wired very close to the AD654. In Figure 1, 
Schottky diode CR1 (MBD101) prevents logic common from 
dropping more than 500mV below — Vs. This diode is not _ 
required if — Vs is equal to logic common. | 


V/F CONNECTIONS FOR NEGATIVE. INPUT VOLTAGE 
OR CURRENT 

The AD654 can accommodate a wide range Sat negative input 
voltages with proper selection of the scaling resistor, as indicated © 
in Figure 2. This connection, unlike the buffered positive con- 
nection, is not high impedance because the signal: source must 


“supply the ImA F.S. drive current. However, large negative 


voltages beyond the supply can be handled easily by modifying | 
the scaling resistors appropriately. If the input is a true. current 
source, R1 and R2 are not used. Again, diode CRI prevents 


~ Jatch-up by insuring Logic Common does not drop more than 


500mV below —Vs. The clamp diode (MBD101). Eee the 
AD654 input from “below — Vs” pnt 


+Vs5 
(+5V TO -Vs +30) . 
J 


+Viocic_ 
ah e a 


lovto *45V) 


Figure 2. V-F Connections for Negative Input Voltages or 
Current 
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Selection Tree — Data Acquisition Subsystems 


DATA ACQUISITION 
SUBSYSTEMS 
: CONDITIONER 
AD7824 
AD7828 | AD1B60 (4 Channel 
AD8401 Thermocouple 
or RTD) 


Pretec, | INPUT/OUTPUT 
AD7776 | _ PORT 


peels AD7868 (12-Bit, 83 kSPS) 
AD7869 (14-Bit, 100 kSPS) 


12-BIT 


AD7890 
AD7891 


| 16-BIT 


AD1382 
AD1385 (Autocalibration Mode) 


HIGH RESOLUTION | 
SIGMA-DELTA | _ 


AD7715 (16-Bit) 
AD7716 (4 Channel, 20-Bit) 


Selection Guide—Data Acquisition Subsystems 
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Throughput 
Resolution Rate No. Bus Package Temp 
Model Bits kHz Channels Interface Options? Ranges? Comments Page? 
AD7716 22 0.30 4 Serial P,S I Quad 22-Bit Sigma-Delta ADC, Low Power 5-40 
AD1382 16 500 1 8, pP D C High Speed Sampling ADC 5-20 
AD1385 16 500 1 8, pP D C,M Autocalibrated, Wide Temp Sampling ADC 5-24 
AD7715 16 20-200 Hz 1 Serial, uP N,R I Sigma-Delta ADC, PGA Gain 1-128, 3 V or 5 V Supply 5-28 
ADI1B60 ‘16 100 Hz 4 Serial, uP J, $ I Complete Sensor-to-Digital Conditioning and Conversion 5-5 
AD7869 14 83 1 Serial, wP N, Q,R C,I Complete Analog I/O with DAC 5-72 
AD7891 12 600 8 8/12, Serial, »P P,S I 5 V Supply, CMOS, High Speed 5-92 
AD1341 12 150 16/8 16 Z C, M/ Complete, Programmable DAS with Fast Bus Interface CII 7-5 
AD7890 12 100 8 Serial N,Q, R I,M 5 V Supply, CMOS, Sampling ADC 5-76 
AD7868 12 83 1 Serial, pP N,Q, R I Complete Analog I/O with DAC 5-68 
AD363R —s:12 25 16/8 12 D C,M 16-Channel 12-Bit DAS CII 7-5 
AD364R_~—:12 20 16/8 12 D C,M High Speed 16-Channel 12-Bit DAS CII 7-5 
AD7850 12 10 1 Serial N,P C Small Signal DAS with Instrumentation D 
Amplifiers and Reference 
AD7776 10 400 1 10, pP R I Single Supply, CMOS, Offset Reference 5-54 
AD7777 10 400 4 10, pP N, R I Single Supply, CMOS, Dual Sampling 5—54 
AD7778 10 400 8 10, pP S I Single Supply, CMOS, Dual Sampling 5—54 
AD8401 8 500 4 8, pP R I 5 V Complete I/O Subsystem with DAC 5-102 
AD7824 8 400 4 8, pP N, Q, R C,I,M CMOS, 4-Channel Sampling ADC 5-64 
AD7828 8 400 8 8, pP E,N,P,Q C,I,M CMOS, 8-Channel Sampling ADC 5-64 


‘Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; J = J-Leaded Ceramic Package; 

M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline “SOIC” Package; RS = SSOP—Shrink Small Outline Package; S = Plastic 
Quad Flatpack; ST = Thin Quad Flatpack; T = TO-92; U = TSOP—Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In-Line “SIP” Package; Z = Ceramic Leaded Chip Carrier. 
Temperature Ranges: C = Commercial, 0°C to +70°C; I = Industrial, —40°C to +85°C (Some older products —25°C to +85°C); M = Military, —55°C to +125°C. If a device has military grade offerings, the M 
temperature designator will be followed by: / to indicate 883B, ; for JAN, » for SMD, and , for space level. 

3CII = Data Converter Reference Manual, Volume II; D = Data Sheet. All other entries refer to this volume. 

Boldface Type: Data sheet information in this volume. 
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ANALOG 
DEVICES 


Intelligent Digitizing 
Signal Conditioner 


AD1B60 


FUNCTIONAL BLOCK DIAGRAM 


= EXCITATIONS i +5VANA ~5VANA AGND- +5VDIG DGND 
A 


FEATURES 

@ Complete Sensor-to-Digital Signal Conditioning and 
Data Conversion 

@ Multiple Input Ranges 
Thermocouples: J, K, T, E, R, S, and B 
RTDs: 100 © Platinum (a = 385 and 392) 
Voltage: Ten Ranges from +10 mV to +10 V 
Two Custom Ranges (User Defined) 

@ High Resolution: +0.15°C (Typical, Temperature 
Input) or +0.0015% (Typical, Voltage Input) 

e@ High Accuracy: +0.2°C (Typical, RTD Input) o 
+0.005% (Typical, Voltage Input) 

© Cold Junction Compensation for Thermocouples 

@ Open Thermocouple Detection 

@ RTD Excitation 

@ Lead Resistance Compensation for RTDs 

e Autozeroing, Data Scaling, and Linearization 

@ Data Output in Engineering Units ° 

@ 2-Wire Asynchronous Communication I/O Port 

@ High Speed Synchronous Data Output Port 

@ Eight Integration Times: 2 ms to 200 ms 

@ Internal EEPROM Stores Calibration and 
Configuration Parameters 


APPLICATIONS 

Industrial Temperature Measurement Systems 
Process Control Systems 

Multichannel Thermocouple/RTD Systems 
Analytical Instruments 


GENERAL DESCRIPTION 

The AD1B60 is an intelligent, microcontroller-based device 

that performs signal conditioning, excitation, compensation, lin- 
earization, and analog-to-digital conversion for a variety of low 
bandwidth industrial and analytical signals. Due to its highly 
integrated, mixed-signal design, the AD1B60 is small and inex- 
pensive, offering designers increased flexibility and performance. 


The AD1B60 is suited primarily for use with thermocouples 
and resistance temperature detectors (RTDs), but also accepts a 
broad range of low and high level voltage inputs. The AD1B60 
converts sensor inputs to compensated, linearized, scaled, and 
autozeroed outputs represented in engineering units: degrees 
Celsius or volts. 
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MICROPROCESSOR 


— a TTENUATOR " 


[snows 
TEMP. SENSOR 


AD1B60 


XTAL CH/BR 
- INOUT 01 


Four modes of cold junction compensation (CJC) are supported 


for thermocouple applications. The AD1B60 also provides lead 
resistance compensation for 3-wire or 4-wire RTD connections. 


Data is transmitted serially to simplify use of external optical 
and/or magnetic isolation devices. The AD1B60 has a bidirec- 
tional asynchronous communications port for control and for 
data output. Data is also available via a high-speed synchronous 
data output port. 


Configuration parameters such as the input range and integra- 
tion time of the AD1B60 can be programmed, both prior to 
installation and in the application. The AD1B60 incorporates 
EEPROM to store default and user-specified configuration and 
calibration values. No battery backups, potentiometers, or user- 
developed calibration software routines are required and no reca- 
libration is necessary when the input range is changed. 
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AD1 B60 i SPEC F F ATION a = — 25°C to +85°C and power aia of +5 V+ oe ues eee | 
= a) - ADIB6OBS, AD1B60BJ | | . a ae oe 
Parameter : . | Min Typ Max Unit Notes 


ACCURACY (ERROR) 
Range 0 (+10 mV). 
Range 1 (+20 mV) 
Range 2 (+50 mV) 
Range 3 (+100 mV) 
Range 4 (+200 mV) 
Range 5 (+500 mV) 
Range 6 (+1 V) 
Range 7 (+2 V) 
Range 8 (+5 V) 
Range 9 (+10 V) 
Range A (Type J, 0°C to 760°C) 
Range B (Type K, 0°C to 1000°C) 

Range C (Type T, —100°C to +400°C) 
Range D (Type E, 0°C to 1000°C) © 

’ Range E (Type R, 500°C to 1750°C) 
Range F (Type S, 500°C to 1750°C) 
Range 10 (Type B, 500°C to 1800°C) 
Range 11 (Pt 385, —200°C to 800°C) 
Range 12 (Pt 392, —200°C to 800°C) 


Notes 1 and 2 (All Ranges); at +25°C 


Note 3 (Temperature Ranges) 


ACCURACY (ERROR) DRIFT 
Range 0 (+10 mV) 
Range 1 (+20 mV) 
Range 2 (+50 mV) 
Range 3 (+100 mV) 
Range 4 (+200 mV) 
Range 5 (+500 mV) 
Range 6 (+1 V) 
Range 7 (+2 V) 
Range 8 (+5 V) 
Range 9 (+10 V) 
Range A (Type J, 0°C to 760°C) 
Range B (Type K, 0°C to 1000°C) | 
Range C (Type T, — 100°C to +400°C) 
Range D (Type E, 0°C to 1000°C) 
Range E (Type R, 500°C to 1750°C) . 
Range F (Type S, 500°C to 1750°C) 
Range 10 (Type B, 500°C to 1800°C) 


- Notes 4 and. 5 (All Ranges) . 


Range 11 (Pt 385, —200°C to 800°C) Note 6 (RTD Ranges) 

Range 12 (Pt 392, —200°C to 800°C) oe 
RESOLUTION : 

Range 0 (+10 mV). | +0.035 | | Notes 2 and 5 (All Ranges) 

Range 1 (+20 mV) : +0.02 

Range 2(+50 mV) | .  +0.01 

Range 3 (+100 mV) | | | +0.004 

Range 4 (+200 mV) , —_ | +0.002 

Range 5 (+500 mV) . +0.0015 

Range 6 (+1 V) | +0.0015 

Range 7 (+2 V) +0.0015 

Range 8(+5V) +0.0015 

Range 9 (+10 V) ~ +0.0015 

Range A (Type J, 0°C to 760°C) +0.15 

Range B (Type K, 0°C to 1000°C) +0.2 

Range C (Type T, —100°C to +400°C) +0.15 

Range D (Type E, 0°C to 1000°C) +0.1 

Range E (Type R, 500°C to 1750°C) +0.55 

Range F (Type S, 500°C to 1750°C) +0.6 

Range 10 (Type B, 500°C to 1800°C) +0.7 

Range 11 (Pt 385, —200°C to +800°C) +0.15 

Range 12 (Pt 392, —200°C to +800°C) +0.15 
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AD1B60 


ADIB60BS, ADIB60BJ 
Parameter Min Typ | Max Unit Notes 


INPUT CHARACTERISTICS 


Normal Mode Rejection (@ 50 Hz or 60 Hz) 


Input Bias Current 


Input Impedance 
Channel 0-3 
Attenuator Input 


RTD & THERMOCOUPLE CHANNELS 
RTD Excitation Current Output (EXCIT) 
vs. Temperature 


Open Thermocouple Detection Current (EXCIT) 


CJC Excitation Current Output (CJC) 


REFERENCE 
Internal Reference Output Voltage 
vs. Temperature 
Internal Reference Voltage Noise 
Ref In Current 


TIMING 


At Integration Time = 100 ms 
Note 2 

At T, = +25°C 

At —25°C s T, S +85°C 


Note 7; at Ty, = +25°C 
Note 6 


Note 8; at T, = +25°C 


Conversion Throughput Rate Note 9 
Integration Time (User Configurable) See Table IV 
Integration Capacitor 22 Note 10 
Oscillator Frequency: 11.0592 Notes 10 and 11 
Integration Latency See Figure 2B 
CLK-to-DATA Delay, Synchronous Port 30 See Figure 4 
Minimum CS High Time See Figure 4 
Reset Input Pulse Width (RESETI) 
DIGITAL LEVELS At +25°C 

Inputs 

Logic 0' Voltage 

Logic 1 Voltage (Except RESETI) 2.0 

Logic 1 Voltage (RESETI) 0.7* (+5VDIG) + 0.1 
Outputs 

Logic 0 Voltage (Isiwx = 1.6 mA) 

Logic 1 Voltage source = —60 pA) 
Input Current (CC, RXD, CH/BRO- i, ACM, PMODE) 

Logic 0 At Vy, = 0.45 V 

Logic 1-to-0 Transition At Vin = 2.0 V 


Input Current (R/ADD0-4, CLK, CS) 
Input Pulldown Resistor (RESETI) 


POWER REQUIREMENTS 
+V Analog (+5VANA) 
~V Analog (-SVANA) 
+V Digital (+5VDIG) 


Power Supply Rejection Ratio 


BROWNOUT DETECTOR 
+V Analog Threshold 
+V Digital Threshold 
TEMPERATURE RANGE 
‘Rated Performance - 
Operating . 
‘Storage 
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At 0.45 = V,, = +5VDIG 


At +25°C © 
At +5VANA = 5.0 V 
At —5VANA = —5.0V 


Note 12 
At +5VDIG = 5.0 V 


AD1B60— SPECIFICATIONS — 


NOTES 

1Accuracy specifications include factory calibration errors but do not include reference noise. Also, accuracy specifications for thermocouple ranges do not 
include CJC calculation errors, which depend on the calculation method chosen. To calculate total measurement error, add reference noise expressed as a per- 
centage of the reference voltage to the specified accuracy error. Because reference noise results in a gain error, its effect is a percentage of reading. For exam- 
ple, a measurement made using the +1 V input range and a reference with +0.01% maximum noise would have a maximum error of +0.007% FSR + 0.01% 
of reading. FSR = Full-Scale Range, i.e., span of input values. For thermocouple ranges, also add to the measurement error the values in Table A corre- 
sponding to the selected CJC type. For example, a measurement made with a Type J thermocouple, downloaded CJC temperature, and a reference with 
+0.01% maximum noise would have a maximum error of +0.456 °C + 0.01 % of reading. 

2At integration time = 33.3 ms and equal to an integral number of power-line cycles. 

3Temperature ranges use the International Practical Temperature Scale of 1968 (IPTS-68). Thermocouple accuracy specifies conformance to NIST Monograph 
125. RTD accuracy specifies conformance to JIS C 1604, DIN 43760, and IEC 751. 

‘Errors expressed as ppm (parts per million) of reading. 

>Excluding reference noise and drift. 
*RTD measurement drift is digitally compensated to 25 ppm/°C of reading (maximum), including effects of reference, excitation current, and gain drift. 

7RTD measurement accuracy is digitally compensated to values shown on first page of specification table. 

8CJC excitation current is enabled only when the “Thermistor” CJC mode is selected; see Table V. 

°Minimum throughput occurs at T,,;;-= 200 ms for any range selection. Maximum throughput occurs at T,;,; = 2 ms for voltage ranges mes 0 amos 9) 
only; see Table IV. 

. 1°User-supplied.. 

Specified performance obtained with frequency of 11.0592 MHz + 0.1%. 

129.2 V < (+5VANA — +5VDIG) < 0.5 V for specified performance. 

13Typical values are not tested or guaranteed. Operation which is specified without explicit reference to variation in operating conditions may differ as these con- 
ditions are altered. 


Table A. Maximum Thermocouple CJC Calculation Error 


CJC Calculation . 1 mV/K Downloaded Disabled 
ee oe a 
Thermocouple Ambient ee of ADIB60 | | 
Type =25°C to +85°C ~25°C to +85°C 25°C to +85°C | —25°C to +85°C 
J ——— 0.006°C | 0c 
K 0.012°C | 0°c 
Aa 0.028°C ——— 0°C 
—E 0.024°C — 0°C 
R 0.007°C 0°C 
S 0.007°C 0°C 
B 0.250°C 0°C 


ABSOLUTE MAXIMUM RATINGS* 


(T, = +25°C unless otherwise stated) 


+OVDIG TO DGND? 3:55 24 6ee She Beek —-0.3 Vto +6 V 
+OVANA tOAGND: 645 644-3 ou ee we eaves -0.3 Vto +6 V 
—5VANA to AGND ....... dab ch lade a te —6 Vto +0.3 V 
+5VDIG to +5VANA 66:65 oe eae Wee es -—6 Vto +0.3 V 
+OVANA 10: =SVANAY 3.5 Seed eee Sees 0Vto12V 
AGND to:DGND” g954 one bad aa wetaake eae 203 'V 
Analog Inputs to AGND (Exc. ATTEN) .. “ESVANA +0.3V 
ATTEN Input to AGND ..............2.008- +15 V 
REFOUT, EXCIT to AGND .. —0.3 V to +5VANA + 0.3 V 
Digital Inputs to DGND ...... —0.3 V to +5VDIG + 0.3 V 
Digital Outputs to DGND ..... -0.3 V to +5VDIG + 0.3 V 
Storage Temperature Range ...........—65°C to +150°C 
Lead Temperature (Soldering, 10 sec) ............. 300°C 
Power Dissipation to 75°C ..........02 0000s 1,000 mW 

Derate Above +75°C by ............2008- 10 mW/°C 
CAUTION 


ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. Although 
the AD1B60 features proprietary ESD protection circuitry, permanent damage may occur on 
devices subjected to high energy electrostatic discharges. Therefore, proper ESD precautions are 
recommended to avoid performance degradation or loss of functionality. 


*Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure. to absolute 
maximum rating conditions for extended periods may affect device reliability. 
Absolute Maximum Ratings apply individually only, not in combination. 


ORDERING GUIDE 


| Temperature Range 


—40°C to +85°C 
—40°C to +85°C 
—40°C to +85°C 


Package Option* 
S-64 
J-44 
Printed Circuit Board 


AD1B60BS 
AD1B60BJ 
AD1B60/EB 


NOTES 

*S = Plastic Quad Flat Pack (PQFP), J = J-leaded Ceramic Chip Carrier, . 
/EB = Evaluation Board with ADIB60BJ & Software. Consult factory for 
availability. For outline information see Package Information section. 


WARNING! 


RAI 


ESD SENSITIVE DEVICE | 
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Table I. Pin Functions 


BS # By # #|Name Connection BS # BJ #|Name | Connection 


4 18 |RESETI Reset input; active high. Initializes 39 1 |XTLOUT External crystal (11.0592 MHz). 
the AD1B60 to the pin-strapped and 40 , XTLIN External 1 (11.0592 MH 
EEPROM default values. Connect to a ie | xternal crystal (11. MHz) or 
RESETO. external logic-level clock input. 


5 eee | Receive data input for asynchronous 41 Be +5VANA_ [+5 V, + 5% analog power supply. 


port. 45, 46 |4, 5 |CH/BRO-1 /Channel select inputs when PMODE 
is low at reset. Baud rate select 
: Racine EL tor inputs when PMODE is high at 
Sabie [ss 


7 21. |CC Continuous Conversion input. 6 
integration or continuous conversion. 
While low, the AD1B60 waits in 53-57 a Mba 0 |Range select inputs if PMODE is low 
“idle mode.” When CC goes high, | at reset. Address select inputs if 
the AD1B60 starts converting. While PMODE and ACM are high at reset. 
held high, the AD1B60 continuously External pull-ups are required. 


converts input data. 


— 58 12. {+5VDIG_ {+5 V, + 5% digital power supply; 
8 22 -|DGND Digital ground. i nina connect also to other +5 VDIG pins. 


12 +5VANA_ [+5 V, + 5% analog power supply. 59 STATUS Computation status output. If Status 
13 24 |REFOUT Output from internal reference | is high, results from the previous 
(+2.5 V) signal integration are being 
: . computed; if STATUS is low, results 
14 REFIN Reference input; may be connected are available. 
directly to REFOUT. 60 PMODE Mode select input for CH/BR and 
15 —-5VANA_ |-5 V, + 5% analog power supply. R/ADDR pins; high or low state 
sensed at power-up and reset. 
16 27_|AGND Analog ground. Specifies whether input range, input 
17 28 |ATTEN 5:1 attenuator input for +5 V and 
+10 V input voltages. rate are ‘determined by external pins 
or by values in EEPROM. 


channel, device address, and baud 
21 C2 External integration capacitor 
(nominally 2.2 nF). — 61 ee Addressed Communication Mode 
RDY 


: : t. When A high, 
22. * — Cl External integration capacitor. eae sa jai Hens BETES 
23 INC [Make no connection (factory test). 62 Ready (integration status) output. If 
24 a a External CJC sensor input. Also RDY is high, the AD1B60 is 
outputs 20 pA excitation current in integrating the signal; if RDY is low, 
. thermistor CJC mode. | the AD1B60 is integrating a 


200 wA excitation if an RTD range is 
selected. 


26 GNDSNS _|Sense input for ground potential. 
Connect to AGND (typical). 
27 Channel 3 signal input. 
28 36 |CH2 Channel 2 signal input. 
29 Channel | signal input. 
; AD1B60BS 
30 3g |CHO Channel 0 signal input. TOP VIEW 


(Not to Scale) 


background input. 
25 33. |EXCIT eeuciaein Output: provides 10 nA 
for open thermocouple detection if a 63 a7 |NC Make no connection (factory test). 
thermocouple range is selected, or 


31 Bo NC Make no connection (factory test). 
34 RESETO  |Output from the power-on _. 
reset/brownout detect/watchdog timer 
circuit; active high. Connect to 
RESETI. een eer og EET 
35 +5VDIG |+5 V, + 5% digital power supply; NC = NO CONNECT Reese Sb259% 
connect also to other +5 VDIG pins. en g 8 shes <& 
36 Chip select input (low to select). PINS WITHOUT LABELS ARE NOT | INTERNALLY CONNECTED. 
Connect to DGND if not used. 
37 43 ICLK Synchronous serial shift clock input. RIB ODEI mes guns 
Connect to DGND if not used. 


38 DATA Synchronous serial data output. 
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+5VANA -5SVANA 


| TEMP. SENSOR 


SAGne 


+5VDIG DGND NC (TEST) 


BROWNOUT/ |. 
WATCHDOG 


_ MICROPROCESSOR 


Figure 1. Functional Block Diagram - 


FUNCTIONAL DESCRIPTION 

The AD1B60 is a complete data acquisition subsystem in a sin- 
gle package which interfaces directly to a sensor and a host pro- 
cessor (see Figure 1). The sensor is applied to one or more of 
the multiplexer inputs and amplified by the programmable gain 
amplifier. Excitation currents for RTDs, open thermocouple 
input detection, and cold junction compensavion sensors are 
provided. _ 


The AD1B60 has an input multiplexer with four channels for 
low level input signals and one channel with an attenuator for 
high level inputs. There are also reference and zero inputs, a 
cold junction compensation channel, and an internal tempera- 
ture sense channel on the multiplexer. Voltage input ranges are 
+10 mV full scale to +10 V full scale. 


The multiplexer feeds a programmable gain amplifier (PGA), 
which has a gain range of 1 to 128. The output of the PGA is 
applied to an integrating voltage-to-frequency converter, which 
is resolved by the microprocessor. The microprocessor controls 
the input multiplexer and PGA alternately selecting an input 
channel, voltage reference, ground, or other signal channel nec- 
essary for an accurate measurement. | 


For a voltage measurement, the AD1B60 will measure the input 
voltage, measurement ground and reference voltage, and will 
calculate the value of the input voltage ratiometrically to the ref- 
erence and then generate an output value in volts. 


For thermocouple measurements, the AD1B60 will also read a 
cold junction sensor, calculate the required CJC correction volt- 
age, apply it to the voltage reading of the thermocouple, and 
generate an output in degrees Celsius. 


For RTD measurements, the AD1B60 will perform 3- or 4-wire 
lead resistance compensation, compensate for internal excitation 
and gain drifts and generate an output in degrees Celsius. 


The AD1B60’s standard input ranges include the seven NIST 
thermocouple standards, two platinum RTD ranges, and ten 
voltage ranges. 
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In addition, the AD1B60 can use two ranges stored in internal 
EEPROM. These “custom” ranges are easily created by the user 
through use of the AD1B60 Custom Range Generation Software 
included with every Evaluation Board. Several example files, 
such as a Type N thermocouple range, are also included with 
the software. 


With each conversion, the AD1B60 reports status information, 
input channel, and an overflow flag. The AD1B60 communi- 
cates via one or both of its serial ports: a 2-wire asynchronous 
I/O port up to 19. 2 kbaud, and a 3-wire synchronous data out- 
put port up to 5 Mbps. | 


The AD1B60 contains a brownout detector and watchdog moni- 
tor circuit. If any of the power supplies falls below a threshold, 
or if the internal microprocessor fails to trigger the watchdog 
timer, this circuit will generate a reset output. 


CONFIGURABLE PARAMETERS 
You can set the following parariierst of the AD1B60: 


@ Device Address 

@ Baud Rate | 

@ Channel Selection 

@ Input Range 

© Integration Time 

@ Cold Junction Compensation Mode 
@ RTD Connection Mode 


Depending on the parameter, you can change values in the fol- 
lowing ways: 


@ Execute AD1B60 commands to change values in EEPROM. 
@ Set specified pins on the AD1B60. 
@ Execute AD1B60 commands to change values in RAM. 
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The factory-programmed default values of the configurable 
parameters are listed in Table II. 


If the default values for the device address and baud rate do not 
match those in your application, you must reset the AD1B60 
with the PMODE pin high and the desired device address and 
baud rate set by AD1B60 pins. Using AD1B60 commands, you 
can change the EEPROM-based defaults, and then power up the 
AD1B60 with PMODE low to use the new default values from 
EEPROM. 


The following section describes the configurable parameters. 
The COMMAND SET section describes the commands used to 
change parameter settings. 


Table II. Configurable Parameters and their Default Values 


Configurable Factory Default For Details, 
Parameter Value See 


Device Address 0 Table I 
Baud Rate 9600 Table VII 
Channel Selection 0 | Figure 5 
Input Range Type J Thermocouple | Table III 
Integration Time 100 ms Table IV 
Cold Junction Com- Direct Connection _ Table V 


of a Thermistor 
3-Wire 


pensation Mode 
RTD Connection Mode 


Figure 6 


CONFIGURATION PARAMETER DESCRIPTIONS 


Device Address 

In Addressed Communication Mode (ACM pin high), you can 
connect a cluster of up to 32 AD1B60s to a single communica- 
tion port. Each AD1B60 in a cluster must have a unique address 
from 0 to 31 (0 to 1F hex). 


When the AD1B60 is reset with PMODE high, the address is 
read from R/ADD 4-0 pins. Refer to Table I for more informa- 
tion on using the pins of the AD1B60. 


When the AD1B60 is reset with PMODE low, the address is 
read from EEPROM. You can change the default address stored 
in EEPROM by executing the WR-EPM_PARS command. 


Baud Rate 
You can set one of the following baud rates for the AD1B60: 
2400, 4800, 9600 (the factory default), or 19200. 


When the AD1B60 is reset with PMODE low, the baud 

rate is read from EEPROM. You can change the default baud 
rate stored in EEPROM by executing the WR_ EPM- PARS 
command. 


When the AD1B60 is reset with PMODE high, the baud rate is 
read from the CH/BR 0-1 pins. 


Channel Selection 

Although the AD1B60 is optimized for single-channel applica- 
tions, you can use up to five input channels on one device. The 
AD1B60 checks the input channel selection before each conver- 
sion. Note that selecting an RTD or high voltage input range 
also determines the channel(s). 


If the AD1B60 i is powered up with PMODE high, Channel 0 is 
selected. For thermocouple and low level voltage ranges, you - 


can select an input channel using the SEL_CH command. Check . 


the channel address in the ADSTAT byte returned with the © 
data to ensure that the data represents the correct channel. Also 
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check ADSTAT?’s Valid Data flag after changing channels. You 
may have to wait up to two integration times for valid data 
when changing channels on the same input range. Refer to the 
COMMAND SET section for more information on SEL_CH. 


If the AD1B60 is reset with PMODE low, the input channel i 1S 
determined by the CH/BR 0-1 pins. 


Input Ranges 
The AD1B60 supports the input ranges listed in Table III. 


If the standard input ranges (numbered 00 through 12 hex) do 
not meet the requirements of your application, you can down- 
load up to two additional user defined custom input ranges into 
the AD1B60. Custom ranges are generated by the user with the 
Custom Range Generation Software. Refer to the following sub- 
section for more information on downloading input ranges. 


The input range is determined by the R/ADD 4-0 pins when 
the AD1B60 is reset with PMODE low. 


Table III. Input Ranges 


Range Code 
Input Range (In Hex) 
+10 mV 00 
+20 mV 01 
+50 mV | 02 
+100 mV | 03 
+200 mV 04 
+500 mV 05 
ane Me's 06 
+2V 07 
+5 V (ATTEN Input) 08 
+10 V (ATTEN Input) 09 
Type J Thermocouple, 0°C to 760°C* 0A* 
Type K Thermocouple, 0°C to 1000°C OB 
Type T Thermocouple, —100°C to +400°C 0C 
Type E Thermocouple, 0°C to 1000°C 0D 
Type R Thermocouple, 500°C to 1750°C OE 
Type S Thermocouple, 500°C to 1750°C OF 
Type B Thermocouple, 500°C to 1800°C 10 
Platinum RTD, 100 0, a = 0.00385, 11 
—200°C to +800°C 
Platinum RTD, 100 0, a = 0.00392, 12 
—200°C to +800°C 
Not Used 13 to 1D 
User Range 1 1E 
User Range 2 1F 


NOTE 

*Default Configuration 

The input range is read from EEPROM when the AD1B60 

is reset with PMODE high. To change the input range stored in 
EEPROM, execute the WR.EPM_PARS command. You can 
also change the input range by using the WR-.RAM_PARS 
command. This command changes the range immediately and 
does not affect values in EEPROM. You can issue the 
RD_RAM_PARS command to read the current configuration. 


You can use only one input range at a time. When you change 
the input range, you may have to wait, up to 13 integration 
times to ensure that the output data is valid, as indicated by — 
the Valid Data flag in the ADSTAT byte. Therefore, you 
should only change the input range in applications having very 
low bandwidth. 


DATA ACQUISITION SUBSYSTEMS 5-11 


AD1B60 


Downloading User Input Ranges 

You can choose up to:two additional user defined snp ranges 
to download into the AD1B60’s EEPROM at any time. A range 
is typically generated by a user in order to accept a sensor or 
input signal not supported by the standard AD1B60 internal 
ranges or to provide a range that optimizes the output data for 
easier calculations or other considerations. 


Ranges can be simply made by using the IBM PC compatible, 
Windows version “AD1B60 Custom Range Generation Soft- 
ware.” All AD1B60 software is included free of charge with 
each Evaluation Board. 


To download an input range to EEPROM, execute the 
LOAD_RNG command. You must execute LOAD_RNG eight 
times to download the entire input range to EEPROM. Refer to 
the COMMAND SET section for more information on this 
command. 


Reading User-Downloaded apat Ranges 

To verify a user-downloaded input range, execute the GET_RNG 
command. You must execute GET_RNG eight times to read the 
entire input range from EEPROM. 


Integration Time 

You can set the integration time used by the AD1B60’s A/D 
converter. The integration time and the input range affect the 
overall conversion rate. Table IV shows available integration 
times and the range of corresponding conversion rates, as well as 
line frequencies that have high normal mode rejection (NMR). 
Voltage ranges have the fastest conversion rates. Because of the 
extensive calculation required for linearization and compensa- 
tion, the conversion rate for Type K thermocouples is the slow- 
est of the AD1B60’s standard ranges. | 


Setting the integration time equal in duration to an ‘integral | 
number of power line cycles will cause high normal mode rejec- 
tion at the line frequency. The fastest available integration times 
for 50 Hz and 60 Hz are 40 ms and 33.3 ms, respectively; each 
time is equal to two power line cycles. The default integration — 
time, 100 ms, is an integral multiple of both power line periods. 


You can change the default integration time stored in EEPROM 
by executing the WR_EPM_PARS command. You can change the 
integration time without changing valuesin EEPROM by executing 


the WR_RAM_PARS command. You can use the RD_RAM- 
.~PARS command to read back the current configuration. 


| Cold Junction Compensation Mode 


The AD1B60 provides four different CJC Tiodes for thermocou- 
ple ranges, described in Table V. _ 


You can change the default CJC mode stored in EEPROM by 
executing the WR. EPM_ _PARS command. 


You can change the CJC mode without changing the EEPROM 
default by executing the WR.RAM_PARS command. To read 
the current CJC mode from RAM, execute the RD_RAM_PARS 
command. To read the current value of the CJC temperature — 
from RAM, execute the RD_CJC command. | 


RTD Connection Mode 

The AD1B60 supports 3-wire and 4-wire RTD connection 
modes (see Figures 10, 11, and 12); 3-wire is the default 
configuration. 


You can change the default RTD connection mode stored in 
EEPROM by executing the WR_EPM_PARS command. 


You can change the RTD connection mode without changing 
the EEPROM default by executing the WR-RAM_PARS com- 
mand. To read back the current configuration stored in RAM, 
execute. the RD.RAM_PARS command. : 


Table IV. Integration Times 


AUX Byte 


Integration | Conversion High NMR 
i Rate. Frequency | Bits B2-B0 


2.5 per second 50 or 60 Hz | 
100* 50 or 60 001* 
60 010 
50 011 
40 100 
33.3 6-101 
5 444 to 87.5 


48+ to 1004 


NOTES 

*Default Configuration 

+Type K thermocouple with thermistor CJC (mode 00) 
Voltage range with CJC disabled (Mode 11) 


Table V. Cold Junction Compensation Modes 


CJC 
Sensor CJC Mode 
Type Description 


Thermistor*} Direct connection of a 10OK3A1 thermistor made by Betatherm (Shrewsbury, 


CJC _s|_ Cold Junction AUX Byte 
Excitation | Temperature Code, 


| Current Range | Bits B6-B5 — 
| Enabled | —25°C to +70°C | 00* | 


| Massachusetts, and Galway, Ireland). At +25°C, this thermistor’s R = 10 kQ, 


| alpha = —4.4%/°C, and beta = 3892. 


1 mV/K 


A 1 mV/K external sensor.is connected at the input. This mode allows the use 


Disabled | —25°C to +85°C | 01 


| of silicon sensors, such as the Analog Devices AD592 with a 1 k( resistor 


| (see Figure 9). 


Downloaded} A user-defined value of an externally derived cold junction temperature is 
an downloaded over the aenceroncue communication port using the WR CJC . 


command. : 
CJC —-—*+| No CJC calculations are performed by the AD1B60. An analog CJC, such as 
Calculation | the Analog Devices AC1226, is connected at the input. This type of sensor 
Disabled must be externally configured for the specific thermocouple type. 
NOTE s | —— 


*Default Configuration — 
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-25°C to +85°C 10 


Disabled 


User-defined; 111 
| must bein —25°C 
to +85°C range 


Disabled 
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CONVERSION TIMING AND CONTROL 

In normal operation, the Continuous Conversion (CC) Pin is 
high, and the AD1B60 performs continuous conversions, alter- 
nating between signal conversions and background conversions, 
such as autozero or cold junction compensation (see Figure 2a). 


The RDY pin and the Ready flag in the ADSTAT byte are high 
while the AD1B60 integrates the input signal. The STATUS pin 
and Status flag in the ADSTAT byte are high while the 
AD1B60 computes the result of the signal integration. When 
STATUS goes low, the data is available at the Asynchronous 
Communication Port. When RDY goes high again for the next 
signal integration, the data from the prior conversion is available 
at the Synchronous Data Output Port. 


When CC is low, signal conversions are suspended. After CC 
goes high, a signal conversion will start. This allows synchroniz- 
ing the conversions to external events, or synchronizing multiple 
AD1B60s (see Figure 2b). If you communicate with the 
AD1B60 using the Asynchronous Communications Port, the 
time spent in communications service may increase the latency 
between the trigger and the signal conversion. 


CONVERSIONS 
OCCUR CONVERSIONS 
4 CONTINUOUSLY ARE SUSPENDED 


WHILE CC IS HIGH WHILE CC IS LOW 


TATION 


RDY | 
| READY TO BEGIN 
) INTEGRATION 
WHEN CC GOES 
GRATION : hes 
SIGNAL Leng 
STATUS COMPU- | 
| 
| 


\¢———— DATA AVAILABLE AT 
| SYNC PORT WHEN 
RDY GOES HIGH 


DATA AVAILABLE AT | 
ASYNC PORT WHEN | 
STATUS GOES LOW eas a 


Figure 2a. Continuous Conversion 


SIGNAL 

CONVERSIONS 
SUSPENDED 

cc UNTIL CC 
GOES HIGH 


DATA 


— P| <i 
RDY INTEGRATION AVAILABLE 
LATENCY! |<<»! AT SYNC 
SIGNA | PORT 
INTEGRATIO 
STATUS GOES | DATA 
HIGH BEFORE j AVAILABLE 
STATUS RDY IS LOW AT ASYNC 


| PORT 


SIGNAL 
COMPUTATION 


Figure 2b. Synchronizing Conversion 


‘SERIAL COMMUNICATION PORTS 

Asynchronous Communication Port 

The asynchronous communication port is a two-wire, half- 
duplex, input/output port. You can connect the asynchronous 
port to host systems either at +5 V logic levels or by using 
external level translation to communication standards such as 
RS-232 and RS-422. The AD1B60 responds to the commands 
listed in the COMMAND SET section. 
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The asynchronous port operates at 2400, 4800, 9600, or 19200 
baud using eight data bits, no parity, and one stop bit. Bytes are 
transmitted least significant bit first. 


In Addressed Communications Mode (ACM), the asynchronous 
port supports device addressing and CRC error checking. 
Device addressing enables clusters of up to 32 AD1B60s to 
share a single communication line (see Figure 3). Cyclic Redun- 
dancy Codes (CRC) improve communication reliability in noisy 
environments. The AD1B60 uses CRC-16 (x!® + x?° + x? + 1 
as a generator polynomial. 


ACM is active when the ACM pin is high. When ACM is active, 
the address and CRC are required to accompany commands to 
the AD1B60, which will include address and CRC in its 
response. See the COMMAND PARAMETERS section for 
details on the format of address and CRC. The address and 
baud rate are read from either EEPROM or external pins at 
reset, depending on the state of the PMODE pin. 


When the PMODE pin is low at reset, device address and async 
port baud rate are read from EEPROM, and input range and 
channel are read from R/ADD and CH/BR pins at reset. When 
PMODE is high at reset, address and baud rate are read from 
these pins, input range is read from EEPROM, and input chan- 
nel is set to 0. 


FROM PROCESSOR 


AD1B60 


TO PROCESSOR 


AD1B60 


AD1B60 


Figure 3. Connecting a Cluster of AD1B60s to a Communi- 
cation Port 


If you intend to use the AD1B60 with a device address or baud 
rate different from the values in EEPROM, reset the device 
with PMODE high and the desired address and baud rate 
selected through the R/ADD and CH/BR pins. You may then 
load the desired values of device address and baud rate into 
EEPROM to free these pins for selecting input range and 
channel. | 


If a message with an invalid address, command code, or CRC is 
received by an AD1B60, it will not respond to that message. 
The host may use a time-out to detect an AD1B60 that does not 
respond. If the host detects an error from an AD1B60, whether 
by invalid response or lack of response, it may issue a Break and 
retry the command. 


The AD1B60 will detect Breaks to allow recovery from commu- 
nications errors. The AD1B60 recognizes a Break when it 
receives a character with a zero (space) where the stop bit 
should be. The AD1B60 then resets its communications pro- 
cesses, and is ready to receive the next command. All AD1B60s 
on a line will recognize a Break. 
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Asynchronous communications with the AD1B60 are half- 
duplex. If a character is sent to an AD1B60 while it is transmit- 
ting, it ignores the character and continues transmitting. After 
its transmission is complete, the AD1B60 is ready to receive the 
next character. | 


Synchronous Data Output Port 

The synchronous port is a 3-wite data output port. It is inde- 
pendent of the asynchronous port, and both can be accessed 
simultaneously, if desired. 


Using the CS (chip select), CLK (clock input), and DATA (data 
output) pins of the AD1B60, you can read data at speeds up to 
5 Mbps (see Figure 4). When RDY goes high at the beginning 
of a conversion cycle, the MSB of the previous data word 
appears at the DATA output (see Figures 2a and 2b). Bringing 
CS low freezes the data in the synchronous port buffer. Results 
of other conversions won’t be transferred to the synchronous 
port buffer while CS is low. 15 CLK pulses will read out the 
remaining bits of the word in the synchronous port buffer. Fur- 
ther CLK pulses will continue to read out the same data bits 
from this circular buffer. 


After all 16 bits are read, CS must be breuaik high and then 
low again to read the next word. CS must stay high for a mini- 
mum of 400 ys to allow the data buffer to be updated. 


The synchronous port sends integer data only, in 16-bit twos 
complement or offset binary format, depending on the input 
range (see Table VI). | 


If you don’t use the synchronous output port, ground the CS 
and CLK pins to minimize digital noise. 


| — : 
| 
i MIN CS 
cs | , HIGH TIME 
ee cae Se | 


| 15 CLOCK PULSES 
| aiecaenre 
| i 
CLK | ! 
| —>| — CLK-TO- 
[| _ DATA DELAY 
BIT BIT ait ol col ou BIT et 
(MSB ‘(LSB ‘SAME NEXT 
FIRST) LAST) WORD WORD 


Figure 4. Reading Data from the Synchronous Port 


- Table VI. Integer Data Output Formats 


Temperature Ranges | 
(Offset Binary, in Hex) 


Voltage Ranges 
(Twos Complement, in Hex) 
+Full Scale 
Zero 


Zero —1 LSB 
— Full Scale 


Top of Span 


Bottom of Span — 
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COMMAND PARAMETERS 


This section describes the parameters of the AD1B60 com- 
mands, which are described in the next section. All values in 
<angle brackets> and [square brackets] are 8-bit bytes; values 
in [square brackets] are used only when ACM is active. Num- 
bers followed by H are expressed in hexadecimal (hex) notation. 


[Addr] represents the address of the AD1B60. It is required in 
the command and generated in the response only if-ACM is 
active. Values for [addr] range from 00H to 1FH (0 to 31 deci- 


mal). The factory default value is 00H. 


<ADSTAT>, shown in Figure 5, represents the status of the 


AD1B60. Values of ADSTAT range from 00H to FFH. 


ADSTAT’s Valid Data flag and Input Channel should Pe | 


checked on every measurement reading. 


<Aux>, shown in Figure 6, represents the RTD connection 
mode, CJC mode, and integration time of the AD1B60. Values 
of <aux> range from 00H to FFH and may be read via the 


RD_RAM_PARS command. 


Mitte 


TC OR LOW-LEVEL 


a VOLTAGE INPUT CHANNEL 


11 = CHANNEL 3 
L. USED 10 = CHANNEL 2 
01 = CHANNEL 1 
00 = CHANNEL 0 


— VALID DATA FLAG 
1 = CONVERSION DATA VALID 
0 = DATA INVALID 


STATUS FLAG 
1 = COMPUTATION IN PROGRESS 
0 = COMPUTATION RESULT AVAILABLE. 


READY FLAG 
1 = SIGNAL INTEGRATION IN PROGRESS 
0 = BACKGROUND INTEGRATION IN PROGRESS 


CALIBRATION FLAG 
1 = CALIBRATION IN PROGRESS 
0 = NO CALIBRATION 


OVERFLOW FLAG . 
1 = OVERFLOW 
0 = NO OVERFLOW 


Figure 5. The ADSTAT Byte 


Ed ad ad Sg 
SS 


111=2MS 
110=5 MS 
101 = 33.3 MS 
100 = 40 MS 
011=50 MS 
010 = 60 MS 
- 001 = 100 MS 
000 = 200 MS 


NOT USED 


CJC MODE 

41 = CJC DISABLED 

10 = USER-DOWNLOADED VALUE 
01 = 1 MV/K SENSOR 

00 = THERMISTOR 


RTD eanee MODE 
1 = 4-WIRE 
O= > WIRE 


Figure 6. The Aux Byte 


INTEGRATION TIME 
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Table VII. Baud Rate Codes 
Baud Rate 


Baud Code (in Hex) 


NOTE 
*Default Configuration 


<Baud> represents the baud rate code of the AD1B60. Table 
VII lists the codes associated the available baud rates. 


<C0> through <C3> are four bytes that represent the CJC 
temperature, in ANSI/IEEE 754-single-precision floating-point 
format, and in degrees C. Values ranges from —25°C to +85°C. 
For example, in this format, a 25°C is expressed as 41 C8 00 00 
(hexadecimal). <C0O> contains the least significant byte of the 
mantissa, or 00H in this example; <C3> contains the sign bit 
and the 7 most significant bits of the exponent, or 41H in this 
example. 


[CRC1] and [CRC2] represent the CRC-16 error checking value. 
These arguments are required in the command and generated in 
the response only if ACM is active. [CRC1] is the LSB; [CRC2] 
is the MSB. 


<Device_addr> represents the new default address for the 
AD1B60. Values for <device_addr> range from 00H to 1FH (0 
to 31 decimal). 


<D0> through <D7> comprise an 8-byte segment of the user- 
selected input range in EEPROM. <D0> is the low order byte; 
<D7> is the high order byte. 


<F0> through <F3> are four bytes that represent the floating- 
point data, in IEEE 754 standard format. See the description of 
<C0> through <C3>, above, for information on this format. 


<INT_LO> and <INT_HI> represent the lower and upper 
eight bits, respectively, of the 16-bit integer representation of 
the data. Values range from 00H to FFH; see Table VI for data 
formats. 


<Range> represents the input range code. Refer to Table III 
for a list of the available input range codes. The current range 
may be read via the RDLRAM_PARS command. 


<Range_addr> represents the address of the 8-byte segment of 
the 64-byte input range in EEPROM. Range addresses 00H to 
07H correspond to the eight, 8-byte segments of User Range 1 
(code 1EH); range addresses 08H to OFH correspond to the 
eight, 8-byte segments of User Range 2 (code 1FH). 
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COMMAND SET 

The AD1B60 commands allow you to configure the AD1B60, 
read converted data and status information, and calibrate input 
ranges over the asynchronous port. This section describes the 
commands in detail. 


Configuration Commands 

The AD1B60 Command Set provides the configuration com- 
mands listed below. Note that the data written into RAM by 
WR_RAM_PARS, WR_CJC, and SEL_CH will be cleared at 
power-up and reset. 


@e RD_RAM_PARS 
Reads back the current value of the configuration parameters 
from RAM. 


Command Syntax 
faddr] <02H> [CRC1] [CRC2] 


Response Syntax 
{addr] <0O2H> <range> <aux> [CRC1] [CRC2] 


@ WR_RAM_PARS 

Writes new values of the configuration parameters in RAM. 
These values take effect immediately and do not change the 
default values in EEPROM. 


Command Syntax 
[addr] <04H> <range> <aux> [CRC1] [CRC2] 


Response Syntax 
[addr] <04H> [CRC1] [CRCZ2] 


@ WR_EPM_PARS , 

Writes new values of the configuration parameters in EEPROM. 
The new values do not change currently selected values in RAM. 
and only take effect when the AD1B60.is powered up or reset. 


Command Syntax 
[addr] <OSH> <range> <aux> <device-addr> Zeer 
[CRC]] [CRC2] , 


Response Syntax 
[addr] <OSH> [CRC]] [CRC2] 


e GET_RNG 
Reads an 8-byte segment of a downloadable input range from 
EEPROM. See LOAD_RNG, below. 


Command Syntax 
[addr] <0O7H> <range- addr> [CRC1] [CRC2] 


Response Syntax 
[addr] <O7H> <DO> <D1> <D2> <D3> <D4> <D5> 
<D6> <D7> [CRC]1] [CRC2] 


e LOAD_RNG 

Writes an 8-byte segment of a downloadable input range into 
EEPROM. LOAD_RNG and GET_RNG must be executed 8 
times to write or read an entire 64-byte range. Each successive 
time, <range-addr> must increment by 1 to address the next 
segment. 


Command Syntax 
faddr] <O8H> <range-addr> <DO> <D1> <D2> <D3> 
<D4> <D5> <D6> <D7> [CRC1] [CRC2] | 


Response Syntax 
[addr] <08H> [CRC1] [CRC2] 
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@® RD_CJC 

Reads the current value of the CJC temperature in RAM, in °C. 
This value may have been measured by a thermistor or mV/K 
sensor, or loaded via a WR_CJC command. © 


Command Syntax 
[addr] <03H> [CRC1] [CRC2] 


Response Syntax | 
[addr] <03H> <CO> <C1> <C2> <C3> [CRC1] [CRC2] 


e WRCjC 
Downloads to RAM a CJC temperature in °C, obtained from an 
external source. Only used in Downloaded cje mode (mode 10). 


Command Syntax — 
[addr] <06H> <C0> <Cl1> <C2> <C3> [CRC]1] [CRC2] 


Response Syntax 
[addr] <06H> [CRC1] [CRC2] 


e SEL_CH 

Selects an input channel on the AD1B60 and stores the channel 
address in RAM. This command is not meaningful if the 
PMODE pin is low, or if the input range is RTD or attenuator; 
for these ranges, the channel is selected automatically. 


Command Syntax 
[addr] <OAH> <chan> [CRI] {CRC2] 


Response Syntax 
[addr] <OAH> <chan> [CRC1] [CRC2] 


Read Data Commands 

The AD1B60 Command Set includes the following read data 
commands: 

e RD_INTDATA 

Reads converted data, in 16-bit integer format oa Table VD, 
and the conversion status. | 


Command Syntax 
faddr] <00OH> [CRC1] [CRC2]. 


Response Syntax 
[addr] <OOH> <INT_LO> <INT_HI> <ADSTAT> {CRC1]] 
[CRC2] 


e RD _FPDATA 
Reads converted data, in IEEE 754 floating point format and 
engineering units, and the conversion status. 


Command Syntax 
[addr] <01H> [CRC1] [CRC2] 


Response Syntax 
[addr] <0IH> <FO> <F1> <F2> <F3> <ADSTAT> 
[CRC1] [CRC2] 


Calibration Command 


e CAL 
Performs a calibration cycle for parameters related to the config- 
ured input range. See the Calibration section below. 


Command Syntax 
[addr] <0O9H> <09H> [CRC]1] [CRC2] 


Response Syntax 
[addr] <09H> <09H> [CRCI] [CRC] 
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CALIBRATION 

The AD1B60 is calibrated with its internal reference at the fac- 
tory prior to shipment. You can also calibrate the AD1B60 in 
your application, if desired. You should calibrate the AD1B60 if 
you use an external reference. 


Calibrating the AD1B60 requires a precision reference excitation 
source for different input ranges. The accuracy of the AD1B60 
depends on the accuracy of the calibration source. For best per- 
formance, calibrate the AD1B60 using the maximum integration 
time of 200 ms. 


Note that calibrating certain input ranges, such as thermocouple 
ranges, depends on the prior calibration of one or more voltage 
ranges. Therefore, to properly calibrate all the input ranges and 
channels of the AD1B60, perform the following procedure for 
each step of the calibration sequence: 


1. Using the WR-RAM_PARS command, configure the 
AD1B60 for the appropriate range listed in Table VIII. For 
example, in the first step of the calibration sequence, set the 
input range to +2 V. 


2. Apply the reference excitation specified for the input range, 
listed in Table VIII. For example, in the first step of the cal-. 
' ibration sequence, apply a +2.00000 V excitation to channel 0. 


3. Issue RD_FPDATA or RDINTDATA commands and 
observe the readings. Allow the excitation source to stabilize, 
and check that the Valid Data flag in the ADSTAT byte is 
high. 


4. Execute the CAL command. 
5. Wait until the CAL flag in ADSTAT goes low. 


6. Repeat operations 1 through 5 above, using the input ranges 
and reference excitations, listed in Table VIII, for the next 
step of the calibration sequence. 


Note that you must complete Steps 1 through 8 in Table VIII. 
However, if your application does not require the attenuator 
input, you can skip Step 9. If your application does not require 
thermocouples, you can skip Step 10. If your application does 
not require RTDs, you can skip Step 11. 


RESETTING THE AD1B60 | 

The AD1B60 generates a reset signal (RESETO) at power-up, 
on detecting a low supply voltage (brown-out), or on missing an 
internal watchdog pulse. In normal operation, RESETO is tied 
to the reset input (RESETI). An external active-high reset signal 
may be used instead of, or in addition to, RESETO. Figure 7 | 
shows how to OR internal and external signals to control 
RESETI. 


AD1B60 


RESETO RESETI 


EXTERNAL 
RESET 


Figure 7. Resetting the AD1B60 
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Table VIII. Input Ranges and Reference Excitations for Each Iteration of the Calibration Sequence 


Channel to Which Reference 
Input Range Range Code Reference Excitation Excitation Is Applied 


Step 

1 +2V +2.00000 V_ CHO to Analog Gnd 

2 +1V +1.00000 V CHO to Analog Gnd 

3 +500 mV +0.50000 V ; CHO to Analog Gnd 

4 +200 mV +0.20000 V | CHO to Analog Gnd 

5 +100 mV +0.10000 V CHO to Analog Gnd 

6 +50 mV +50.000 mV: CHO to Analog Gnd 

7 +20 mV +20.000 mV CHO to Analog Gnd 

8 +10 mV +10.000 mV CHO to Analog Gnd 

9 +10 V +10.00000 V Attenuator Input to Analog Gnd 

10 Type J Thermocouple 100.000 kQ CJC Input to Analog Gnd | 

11 100 Pt. RTD, 250.000 250 ( Reference Resistor Substituted 
a = 0.00385 for 4-Wire RTD (See Figure 10) 

TYPICAL INPUT CONNECTIONS Using the CJC Pin as a Digital Output 

Thermocouple Input Connections The CJC pin is normally used as an analog input for cold- 

Figure 8 shows the AD1B60 connections required for a typical, junction compensation of thermocouples. When thermistor CJC 

single thermocouple input. In this example, a thermistor CJC mode is selected, this pin also outputs an excitation current 

sensor is used; the AD1B60 provides the CJC sensor excitation (nominally 20 A) for the CJC sensor. In other CJC modes, this 

current. The EXCIT output can be used to source current, output is switched off. 

nominally 10 nA, for open-circuit detection. If thermocouples are not being used, the CJC pin may serve as a 

Figure 9 shows how four thermocouples may be connected, digital output. This may be especially useful if the AD1B60 is 

using a 1 mV/K CJC sensor. All thermocouple inputs must isolated, since providing an isolated control line by other means 

share a common ground. | would be costly. 


By placing a 330 kO resistor to AGND from this pin, a logic 
voltage can be generated (see Figure 11). The level can be 
switched from high (about +4 V) to low (AGND) by changing 
the CJC mode from thermistor (00) to any other, using He 
WR_RAM_PARS command. 


RTD Input Connections 

Typical 3-wire and 4-wire RTD input connections are shown i in 
Figure 10. The EXCIT output supplies 200 wA excitation to the 
RTD. To maintain high accuracy, lead resistances must match 


THERMOCOUPLE 
" AD1B60 


Teie seleon and be less than 20 (0 for 3-wire RTDs, and must be less than 
40 Q for 4-wire RTDs. The 10 kO resistor in series with the 
excitation current source is not required, but will reduce power 

/ dissipation and self-heating errors in the AD1B60. 

Figure 8. Typical Single-Channel Thermocouple Two RTDs can be multiplexed using the CJC pin as a control 

Connection (with Thermistor CJC) line to select between them, as described in the previous subsec- 
tion. Figures 11 and 12 show multiplexed 3-wire and 4-wire — 
RTDs. 

FORCE + 
EXCIT 
G0) cHo 
THERMOCOUPLES 9) cH1 
CH2 
| AD1B60 | — G8) CH2 
ev H3 | 
ANALOG (27) CH3 
® | ADS92 cic | | AD1B60 


GNDSNS GNDSNS 


—— ae 


AGND LR = LEAD RESISTANCE 


Figure 9. Typical Four-Channel Thermocouple Figure 10. Typical Single-Channel RTD Connection 
Connection (with AD592 CJC) | 
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+5VANA © 
C) A 


Figure 13. Typical Multiple-Channel Low Level Voltage 
Input | 


Figure 14. Typical High Level Voltage Input Connection 


pin has an internal 40 kOQ resistor, and does not require an 
external resistor; however, clamp diodes may be required. Gen- — 
erally, the CJC, AGND, and other pins are connected only 
locally and don’t require protection. 


Any mismatch in input resistance between an input channel and 
GNDSNS will be multiplied by the input bias current (3 nA 
max) and create an apparent input offset voltage. For example, 
50 kQ, 1 % resistors may mismatch by as much as 1 kQ, result- 
ing in a 3 wV input offset. The resistor used to protect the 
EXCIT pin may be much larger, since the thermocouple open- 
circuit detection current is only 10 nA. A 1 MQ resistor will 
cause a drop of 10 mV. a 


LR = LEAD RESISTANCE @ 
Figure 12. Typical Multiplexed 4-Wire RTD Connection 


Low Level Voltage Input Connections | 

Single channel input connections for low level voltages of up to 
+2 V are similar to those of thermocouple input connections, 
except that no CJC sensor is required. When connecting — 
multiple-channel, low level voltage inputs, all four inputs must 
share a common ground, as shown in Figure 13. For fastest 
response when switching between channels, all inputs must 
share the same input range. | | a : 


High Level Voltage Input Connections | 
High level voltages must be connected to the Attenuator pin. An 
internal 5:1 attenuator scales down high level voltage inputs of 
+5 V or +10 V to levels compatible with the AD1B60’s front- 
end circuitry. Figure 14 shows a typical connection for a high 
level voltage input. | 


Input Protection ak: a , 
Inputs that are subject to large transient voltages require protec- 
tion. For example, inputs should be protected if they connect to 
sensors through several hundred feet of wiring that may pick up 
electrical noise or if they may be connected accidentally to 
power lines. Such inputs should use series resistors to limit 
input currents and diodes to clamp transient voltages (see 
Figure 15). : 


The EXCIT, CH0-CH3, and GNDSNS pins may be subject to 
large transients and hence may require protection. The ATTEN 


THERMOCOUPLE 


Figure 15. Typical Input Protection Circuitry — 
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The AD1B60 side of the resistors must be clamped to suitable 
voltages, such as the supply rails (see the Absolute Maximum 
Ratings). Use low leakage, low capacitance diodes, such as 
diode-connected J201 JFETs. Note that the diodes’ leakage cur- 
rent will flow through the protection resistors and create an off- 
set voltage. 


The resistors must be able to withstand the worst-case expected 
fault voltage, the clamp diodes must be able to pass the worst- 
case fault current, and the clamp voltages (e.g., the power sup- 
plies) must be able to absorb the fault current. 

For a fully protected system, you must isolate the AD1B60 from 
ground. You may do so by using optoisolators on the communi- 
cations port (RXD and TXD pins) and a dc-to-de converter for 
the power supplies. 


GENERAL CIRCUIT CONSIDERATIONS 
In any system including logic and low level analog signals, care 


+5VANA -5VANA 


EXCIT 
EXCITATIONS 


AGND 


AD1B60 


TYPE J 
THERMOCOUPLE 


CJC THERMISTOR 
E.G., BETATHERM 10K3A1 


TEMP. 
SENSOR 


2.2nF 
X7R DIELECTRIC 


+5VDIG 


ia 


© OS OOS 
th 


AD1B60 


must be taken in the layout and bypassing of the components. 
Bypass the analog and digital supplies close to the package pins, 
with a 1:0 wF or 4.7 wF tantalum capacitor in parallel with a 

0.1 wF ceramic capacitor. Keep analog and digital grounds sepa- 
rate except at a single common point. Minimize stray capaci- 
tance between digital signals and any analog signal, including 
analog common. All analog grounds should be connected in a 
star pattern to a single point. 


The integrating capacitor, Cy, should be ceramic and of good 
quality (X7R dielectric or better). If the synchronous output 
port is not used, connect CS and CLK to DGND to minimize 
digital noise. 


Figure 16 shows a typical hookup for the default configuration 
parameters: Type J thermocouple with thermistor CJC and 
device address 0. The AD232 translates between the TTL levels 
of the AD1B60 and RS-232 levels for the asynchronous I/O 
port. 


O +5V 
+ DIGITAL 
= GROUND 
D E 10yF 
DGN NC (TEST) Nea 
+ 
10uF 
(s)-(2)) 16v - 
F= 
= 4.7uF 
(3) 10V.. 
>)-+o | 8 
po ] 
Parr 
He ok 
5a 
za 
> 
” 
q 
DATA 
XTL CH/BR i R/ADD —— Pema 
IN OUT 0 1 0123 4 DB-25 
* azuF 
20V 


BAUD RATE ADDRESS 
92 MHz 00 


E.G., SARONIX NYMPH NMP111 . 
Figure 16. Typical Input and Output Connections for Thermocouple Application 


EVALUATION BOARD 

The AD1B60/EB evaluation board contains an AD1B60 and 
support circuitry which allows you to evaluate its functionality 
and performance using an IBM PC via an asynchronous RS-232 
communications port (COM1 or COM2 only). 


Included with the evaluation board is an AD1B60BJ device, 
Evaluation Board User’s Manual, 3.5” diskette with the AD1B60 
Demonstration Program for PC-DOS and a free copy of the 
AD1B60 Custom Range Generation Software for Windows. 
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The menu-driven Demonstration Program allows you to config- 
ure and read data from the AD1B60. The Custom Range Gener- 
ation Software allows generation of user defined ranges specific 
to your application without additional assistance required from 
Analog Devices. These range files may be downloaded into the 
EEPROM of the AD1B60 as required to optimize its perfor- 
mance in your specific application. 
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PRODUCT FEATURES 

Single Package 

16-Bit Resolution | 

500 kHz Sampling Rate 

SNR 90 dB @ 100 kHz (min) 
THD —88 dB @ 100 kHz (min) 
0.0015% FSR INL (typ) 

+5, +10 V Bipolar Input 
Zero Offset Autocalibration 


APPLICATIONS — 
Medical Imaging 
CAT 
Magnetic Resonance 
Vibration Analysis 
Parametric Measurement Unit (ATE) 
Waveform/Transient Recorders 
Analytical Instruments | 
Sonar 
Radar 


PRODUCT DESCRIPTION 

The AD1382 is a complete 500 kHz, 16-bit, sampling analog- 
to-digital converter contained in a single package. This high res- 
olution, high speed converter offers outstanding noise and dis- 
tortion performance along with excellent INL and DNL 
performance, all in a single dual-in-line package. 7 


The AD1382 guarantees outstanding noise and distortion perfor- 
mance for both +5 V and +10 V input ranges. The AD1382 
architecture includes a low noise and low distortion track/hold | 
with a three-pass digitally corrected subranging ADC. Precision 
thin film resistors and a new proprietary DAC provide for out- 
standing dynamic and static performance. Output data is multi- 
plexed over an eight-bit CMOS/TTL compatible data bus. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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~ 16-Bit 500 kHz 


FUNCTIONAL BLOCK DIAGRAM 


CLOCK & CONTROL 
SIGNALS 
—_—, 


OOOO 


REFoyt REFin 


IN| OUT VinA VinB 


The AD1382 uses four power supplies, +5 V and +15 V, and 
an external 10 MHz clock. Power dissipation is nominally 


2.8 W. Two user selectable bipolar input ranges, +5 V and 


+10 V are provided. Careful attention to grounding and a single 
package make it easy to design PCBs to achieve specified 


_ performance. 
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SPECIFICATIONS tics. CC AD1382 


AD1382KD 
Parameter Min Typ Max Units 
RESOLUTION Bits 
ANALOG INPUT 
Input Ranges V 
Input Impedance kQ 
TRANSFER CHARACTERISTICS 
(Combined ADC/Track/Hold) 
Integral Nonlinearity’ +0.0015 % FSR? 
Differential Nonlinearity’ +0.0006 +0.0015 % FSR 
Missing Codes None 
Gain Error? +0.07 +0.15 % FSR 
Bipolar Zero” +0.03 +0.10 % FSR 
PSRR +0.006 +0.10 % FSR/V 
Noise* 55 wV RMS fe 
DYNAMIC CHARACTERISTICS 
+5 V FSR, V,, = —0.4 dB 
Sample Rate kHz 
Signal-to-Noise Ratio” 
f= 5 kHz dB 
f = 100 kHz dB 
f = 200 kHz dB 
Peak Distortion 
f = 5 kHz dB 
f = 100 kHz dB 
f = 200 kHz dB 
Total Harmonic Distortion® 
f = 5 kHz dB 
f = 100 kHz dB 
f = 200 kHz dB 
DYNAMIC CHARACTERISTICS 
+10 V FSR, Vin, = —0.4 dB 
Sample Rate | kHz 
Signal-to-Noise Ratio? 
f = 5 kHz dB 
f = 100 kHz dB 
f = 200 kHz dB 
Peak Distortion 
f = 5 kHz dB 
f = 100 kHz dB 
f = 200 kHz dB 
Total Harmonic Distortion® 
f = 5 kHz dB 
f = 100 kHz dB 
f = 200 kHz dB 
DIGITAL INPUTS” 
Input Voltage 
Vir V 
Vin ae 
Input Current pA 
Input Capacitance pF 
Start Command | 
Setup Time, tgcs ns 
Hold Time, tgcy ns 
Autozero 
Setup Time, tazs ns 
Hold Time, tazy ns 
Clock 
Frequency MHz 
Duty Cycle % 
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Parameter . , Min Typ | Max Units 


DIGITAL INPUTS (Consnned) | | 
ns 


_ Aperture Delay’ 
DIGITAL OUTPUTS® ? 
Output Voltage | 
Vor @ Ior = 3.2 mA V 
Von @ low = —3-2 mA “Vv 
Output Capacitance pF 
Leakage, Outputs Disabled pA — 
Data Valid 
— Setup Time, tpys ns 
Hold Time, toyz ns 
-Hold Command Time, t,; ns 
Hold Command Delay, t,;p ns_ 
Data Strobe Pulse Width, tps “ns 
Data Strobe Delay, tpsp ns 
OUTPUT CODING 
PERFORMANCE OVER TEMPERATURE® !° 
Operating Temperature Range . Oe 
Specified Temperature Range eC 1 
Missing Codes : 
Gain Drift ppm/°C 
Offset Drift ppm/°C 
Differential Linearity ppm/°C 
INTERNAL REFERENCE 
Voltage V 
Current mA 
POWER REQUIREMENTS | 
Operating Range ees 
tVz VS 
+Vpp : We, 
—Vss pe 
Current Drains = = 
+V5 mA 
-Vs mA. 
+Vpp mA 
—Vss mA 
Power Dissipation Watts 


NOTES 

‘Integral linearity is inferred from FFT. Differential linearity i is derived from histogram. 

2FSR, full-scale range. 

3 Adjustable to zero. 

“Noise based on small signal FFT excluding quantization noise. 

>SNR fundamental to noise minus harmonics 2-9. 

°THD includes harmonics 2-9 of the fundamental. 

7Aperture delay is the time from the rising edge on the Hold Command Input to the opening of the switch in the Track/Hold. 

SGuaranteed but not 100% production tested. | 

°Timing based on 10 MHz clock. Refer to Figures 13 and 14. 

10Case to ambient temperature is assumed to be 30°C. The AD1382 case temperature will stabilize about 30°C above ambient while operating in free air without 
_ aheat sink. Factory calibration is done in this condition. See the application section for further information. 


Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS 


NV NO AGND? 245.05 ood oie Bt By See cs SS 18 V 
Ve tO AGND Sih 04 yo, sa eee Pe eee ee eS -18 V 
Vi5p 0 PGND 204iusces er re oar eke taw eas 7V 
Vest PGND. (vit Bade ceeie ween e eae eee -7V 
AGND to PGND <¢ 6 4.456 so R54 25-34 CSA RAS eS +0.3V 
Analog Inputs): 2 2.4 sede ti ai awe oe eee pr Bl Be tVy 
Digital Inputs ....... pacer eae sak —0.3 V to Vpp + 0.3 V 
Output Short Circuit Duration 

Reference Output ........... 02.02 ee wees Indefinite 

Track/Hold Output ............. 0020s 1 sec 

Digital Outputs ............ 1 sec for Any One Output 
Ambient Temperature (Operating) .......... 0°C to +70°C 
Storage Temperature ................ —65°C to + 150°C 


*Stresses greater than those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above those 
indicated in the operational section of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 


CAUTION _ 


ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are removed. 
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AD1382 PIN CONNECTIONS 
The AD1382 is housed in a 48-pin bottom-brazed ceramic bath- 
tub package. The pinout is as follows: 


fruncrion | pin | Function 
43 


|BvB9MSB | 46 | Voss (“5 VPOWER) 
feaeio | 45 | AUTOZERO 
pe 44 | Bi SELECT 
(papi2_ «| 43 | POWERGROUND 
7 |p5ei3_ sd 42 =| POWERGROUND _| 
jpepia at | Nc 
(.p7/B1s | 40 | GAIN ADJUST 
|Be/BieisB | 39_ | +10 V REFERENCE OUT | 
[Voor (+5V SIGNAL) | 38 | -Ve(-15V) 


Ves: (—5 V SIGNAL) 
SIGNAL GROUND 


+Vg, (+15 V) 
SIGNAL GROUND 
DATA STROBE |DNCCsCsidzC 


36 
35 
34 | 
| HLOBYTESELECT | 33 | DNC 
17_| OEDATAENABLE | 32_| +10 REFERENCE IN _| 
30 
[29 | 
28 | 


HOLD COMMAND OUT 


< 


SIGNAL GROUND OFFSET ADJUST 
+Vg2 (+15 V) pDNC, 
HOLD COMMAND IN ‘TRACK/HOLD OUTPUT | 


=Vs2 (-15 V) | 26 | SIGNALGROUND 


POWER GROUND | 25 | TRACK/HOLD INPUT 


DNC = DO NOT CONNECT 


WARNING! 
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ESD SENSITIVE DEVICE 


ORDERING GUIDE 


Range 


AD1382KD 


Temperature 


10°C to 40°C Ambient 
(40°C to 70°C Case) 


Package 
Option* 


DH-48A 


*DH-48A = Hermetic Ceramic DIP. For outline information see Package 


Information section. 
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ANALOG 
DEVICES 


16- Bit 500 kHz 


__ Wide Temperature Range Sampling ADC 


PRODUCT FEATURES 
16-Bit Resolution 
500 kHz Sampling Rate _ 
Differential Linearity Autocalibration 
Specified over —55°C to +125°C Range 
-SNR 90 dB @ 100 kHz (min) 
THD —88 dB'@ 100 kHz (min) 
0.0006% FSR DNL (typ) 
0.0015% FSR INL (typ) 
No Missing Codes | 
+5, +10 V Bipolar Input Ranges 
Zero Offset Autocalibration 


| APPLICATIONS 
Medical Imaging 
CAT . 
Magnetic Resonance 
Radar 
Vibration Analysis . 3 
Parametric Measurement Unit (ATE) 
Digital Storage Oscilloscopes 
Waveform Recorders 
Analytical Instruments | 


PRODUCT DESCRIPTION 

The AD1385 is a complete 500 kHz, 16-bit, ae anes 
digital converter contained in a single package. Its differential 
linearity autocalibration feature allows this high resolution, high 
speed converter to offer outstanding noise and distortion perfor- 
mance, as well as excellent INL and DNL specifications, over: 
the full military temperature range. Autocalibration menecuvely 
eliminates DNL drift over temperature. 


The AD1385 architecture includes a low noise, low distortion’: 
track/hold, a three pass digitally corrected subranging ADC, and 
linearity calibration circuitry. A. complete linearity calibration — 
requires only 15 ms. Precision thin-film resistors and a propri- _ 
etary DAC contribute to the part’s outstanding dynamic and 
static performance. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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AD1385 


OUT Vina Vine 


The AD1385 uses four power supplies, +5 V and +15 V, and 
an external 10 MHz clock. Power dissipation is nominally 

2.76 W. Two user selectable bipolar input ranges, +5 V and 
+10 V, are provided. Careful attention to grounding and a sin- 
gle package make it easy to design PCBs to achieve specified 
performance. 


The AD1385’s pinout is nearly identical to that of the AD1382, 
a factory calibrated 16-bit, 500 kHz SADC. Just two additional 
connections, to enable and monitor autocalibration, are | | 


required. This commonality provides an easy upgrade path to 


extend system performance and operating temperature range. | 


REV. 0 


SPECIFICATIONS ie Tem 


Parameter 
RESOLUTION 


ANALOG INPUT 
Input Ranges 
Input Impedance 


TRANSFER CHARACTERISTICS 
(Combined ADC/Track/Hold) 
Integral Nonlinearity’ 7, Ty to Tyax 
Differential Nonlinearity! 

Drift, Tain to Tyax 
Missing Codes, Tun to Tyax 
Gain Error* 

Drift, TmIn to Tmax 
Bipolar Zero* 

Drift, Tain to Tmax 
PSRR 
Noise 


DYNAMIC CHARACTERISTICS? 
+5 V FSR, Vin = —0.4 dB, Tym to Tmax 
Sample Rate 
Signal-to-Noise Ratio° 

f = 5 kHz 
f = 100 kHz 
f = 200 kHz 
Peak Distortion 
= 5 kHz 
f = 100 kHz 
f = 200 kHz 
Total Harmonic Distortion® 
f = 5 kHz 
f = 100 kHz 
f = 200 kHz 


DYNAMIC CHARACTERISTICS? 


+10 V FSR, Vix = —0.4 dB, Turn to Tuax 


Sample Rate 
Signal-to-Noise Ratio” 
f = 5 kHz 
f = 100 kHz 
f = 200 kHz 
Peak Distortion 
f = 5 kHz 
f = 100 kHz 
f = 200 kHz 
Total Harmonic Distortion® 
f = 5 kHz 
f = 100 kHz 
f = 200 kHz 


DIGITAL INPUTS 
Input Voltage 
Vin 
Vin 
Input Current 
Input Capacitance 
Clock 
Frequency 
Duty Cycle 
Aperture Delay’ 
‘DIGITAL OUTPUTS 
Output Voltage 
VoL @ lot = 3.2mA 
Vou @ Ion = —3.2 mA 
Output Capacitance 
Leakage, Outputs Disabled 


REV. 0 


Bits 


AD1385 


AD1385KD AD1385TD 
ee Typ Units 


+0.0015 % FSR? 
+0.0006 % FSR 
0.3 ppm/°C 


+0.05 : % FSR 
8 ppm/°C 
+0.05 % FSR 
5 ppm/°C 
+0.006 : % FSR/V 


DATA ACQUISITION SUBSYSTEMS 


uV RMS 


5-25 


AD1385 B®? 2 * +a; aot 


| AD1385KD__. |  AD1385TD | 
Parameter 3 Min Typ Max. | Min Typ Max Units 
OUTPUT CODING 2. Complementary Offset Binary or Complementary Twos Complement a 
INTERNAL REFERENCE | | | | . 
Voltage 


Current 
Drift 


TEMPERATURE RANGE, CASE 
Specified 
Storage 


POWER REQUIREMENTS 
Specified Operating Range 


Power Dissipation 


NOTES 

‘Integral linearity is inferred from FFTs. Differential linearity is derived from histograms. 

?Performance over temperature is specified at the temperature at which the last calibration was performed. 

3FSR = Full-Scale Range. 

*Adjustable to zero. . 

°SNR excludes harmonics 2-9 of the fundamental. 

°THD includes harmonics 2-9 of the fundamental. © 

7Aperture delay is the time from the rising edge on the Hold Command Input to the opening of the switch in the Track/Hold. 


Specifications subject to change without notice. 


TIMING SPECIFICATIONS": 2 c, = —ssee tw +1250 v; = £15 ¥, Vp = 450, e = 50 


START COMMAND | 

tscs . 10 Setup Time 

'scu 10 Hold Time ' 
AUTOZERO : : 

tazs 10 Setup Time 

tazn | — 20 - Hold Time 
DATA VALID | : 

tive 1.5 CP? Setup Time 

tov | 0.5 CP? Hold Time 
HOLD COMMAND | . oe 

try 13 CP? Hold Time 

tp 7 ns. Delay Time 
DATA STROBE 

tie 2 CP? Pulse Width 

tpsp 16.5 CP? Delay 
CALIBRATION STATUS [——S~d~SS (| ms | Daan 


NOTE 

Refer to Figures 17, 18 and 24. 

2Design minimums are derived from worst case design analysis and/or simulation results. Typical values are based on 
characterization data. These specifications are not guaranteed or tested. 

3The time duration for this parameter varies in direct proportion to the width of the Clock Pulse (CP). 
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ABSOLUTE MAXIMUM RATINGS* © 


eV LOCAGN Dy 2g ig ltc oo where Shope WG hia) Se ey ales ed Sete 18 V 
=VotO. AGND? fx.aas. tossed 6 i ore eg BGs ede se -18V 
Vip PGND 6.6545. idee bak oe Oe DS wee ea 7V 
VectO PGND: 2.356 oy obo Seb 5-34o Wee ane eae od -7V 
AGND to: PGND) sce ceive Sains babe? aoe aly ees +0.3 V 
Analog TA pUts ceo gat ot ator oseg F oe etear wa aed +V<, 
Reference input \2:..6ce 060k RA ee ewe eg 0OVto+l11V 


Digital Inputs ................ —0.3 V to Vpp + 0.3: V 
Output Short Circuit Duration 


Reference Output... 2 o.6 S62 % eke ene BS oes Indefinite 
Track/Hold Output ................00000004 1 sec 
Digital Outputs ............ 1 sec for Any One Output 
Case Temperature (Operating) .......... —55°C to +125°C 
Storage Temperature ................ —65°C to +150°C 


*Stresses greater than those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above those 
indicated in the operational section of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 


ORDERING GUIDE 


Temperature 
Range (Case) 
0°C to +70°C 
—55°C to +125°C 
—55°C to +125°C 


Package Option* 


DH-48A 
DH-48A 


AD1385KD 
AD1385TD 
AD1385TD/883B 


*DH-48A = Bottom Brazed Ceramic DIP. For outline information see 
Package Information section. 


CAUTION 


ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are removed. 


REV. 0 


AD1385 


AD1385 PIN CONNECTIONS 
The AD 1385 is housed in a 48-pin bottom-brazed ceramic bath- 
tub package. The pinout is as follows: 


1 |CLOCK IN Vpp2 (+5 V POWER) 
2 | POWER GROUND POWER GROUND 
3 | B1/B9 (MSB) Vss7 (~5 V POWER) 
4 | B2/B10 AUTOZERO 
5 | B3/B11 Bl SELECT 
6 | B4/B12 POWER GROUND 
7 | BS/B13 POWER GROUND 
8 | B6/B14 CAL 
9 | B7/B15 GAIN ADJUST 
10 | B8/B16 (LSB) +10 V REFERENCE OUT 
11 | Vpp, (+5 V SIGNAL) —Vs5, (15 V) 
12 | POWER GROUND SIGNAL GROUND 
13 | Vss; (—5 V SIGNAL) +Vo5, (+15 V) 
14 | SIGNAL GROUND SIGNAL GROUND 
15 | DATA STROBE DNC 
16 | HI/LO BYTE SELECT DNC 
17 |OE DATA ENABLE +10 V REFERENCE IN 
18 | START CONVERT Vin B 
19 | HOLD COMMAND OUT Vin A 
20 | SIGNAL GROUND OFFSET ADJUST 
21 | +V., (+15 V) CAL STATUS 
22 |HOLD COMMAND IN TRACK/HOLD OUTPUT 
23 | —Vs (-15 V) SIGNAL GROUND 
24 | POWER GROUND TRACK/HOLD INPUT 


DNC = DO NOT CONNECT 


WARNING! 
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ANALOG 
DEVICES 


3 V/5 V, Low Cost, Low Power. 
16-Bit, Sigma-Delta ADC 
AD7715* 


FEATURES 
Charge-Balancing ADC | 
16 Bits No Missing Codes 
0.0015% Nonlinearity 
Programmable Gain Front End 
Gains of 1, 2, 32 and 128 
Differential Input Capability 
Three-Wire Serial Interface 
Ability to Buffer the Analog Input 
3 V or 5 V Single Supply Operation 
Low Supply Current: 500 pA max @ 3 V Supplies 
Low-Pass Filter with Programmable Output Update 
16-Pin SOIC/DIP 


GENERAL DESCRIPTION | 
The AD7715 is a complete analog front end for low frequency 
measurement applications. The part can accept low level input 
signals directly from a transducer and outputs a serial digi 
word. It employs a sigma-delta conversion technique to, 
up to 16 bits of no missing codes performance. The inpx 
is applied to a proprietary programmable gain front end: 
around an analog modulator. The modulator output is pro- 


signal 


cessed by an on-chip digital filter. The first notch of this digital . 


filter can be programmed via the on-chip control register allow- 
ing adjustment of the filter cutoff and output update rate. 


The AD7715 features a differential analog input as well as a dif- 
ferential reference input. It operates from a single supply (+3 V 
or +5 V). It can handle unipolar input signal ranges of 0 mV to 
+20 mV, 0 mV to +80 mV, 0 V to +1.25 V and 0 V to +2.5 V. 
It can also handle bipolar input signal ranges of +20 mV, 

+80 mV, +1.25 V and +2.5 V. These bipolar ranges are refer- 
enced to the negative input of the differential analog input. The 
AD7715 thus performs all signal conditioning and conversion 
for a single-channel system. 


The AD7715 is ideal for use in smart, microcontroller or DSP 
based systems. It features a serial interface which can be config- 
ured for three-wire operation. Gain settings, signal polarity and 
update rate selection can be configured in software using the in- 
put serial port. The part contains self-calibration and system 
calibration options to eliminate gain and offset errors on the 
part itself or in the system. 


CMOS construction ensures very low power dissipation and the 
power-down mode reduces the standby power consumption to 
50 uW typ. The part is available in a 16-pin, 0.3 inch-wide, 
plastic and hermetic dual-in-line package (DIP) as well as a 16- 
lead small outline (SOIC) package. 


*Protected by U.S. Patent No. 5,134,401. 


This is a preliminary data sheet. To obtain the most recent version or 
. complete data sheet, call our fax retrieval system at 1-800-446-6212. 


*baseds* © 


FUNCTIONAL BLOCK DIAGRAM 


REFIN REF IN 
(--) (+) AVon = Vp 
O O 


CHARGING BALANCING AD | 
CONVERTER 


a ES a 
acen ao 


©) MLCLK IN 
C) MCLK OUT 
RESET 


) SCLK 
= 

DIN 
DOUT 
eer 


AD7715_ 


xes less than 500 WA in total supply cur- 
and 1 MHz master clock, making i it ideal 


2. The programmable gain input allows the AD7715 to accept 
input signals directly from a strain gage or transducer remov- 
ing a considerable amount of signal conditioning. 


3. The AD7715 is ideal for microcontroller or DSP processor 
applications with a three-wire serial interface reducing the © 
number of interconnect lines and reducing the number of 
opto-couplers required in isolated systems. The part con-. 
tains an on-chip registers which allow software control over 
output update rate, input gain, signal polarity and calibration 
modes. 


4. The part features excellent static performance specifications 
with 16-bit No Missing Codes, +0.0015% accuracy and low 
rms noise (<450 nV). Endpoint errors and the effects of 
temperature drift are eliminated by on-chip self-calibration, 
which removes zero-scale and full-scale errors. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7715 
AD?71 h- 5_-SPEC FICATI ONS (AVop = +5 V, DVpp = +3 V or +5 V, REF IN(+) = = +2. 9 V; REF IN(—) = sig 


foux in = 2.4576 MHz unless otherwise noted. All specifications Tyiy to Tax unless otherwise noted.) 


Parameter Conditions/Comments 


STATIC PERFORMANCE 


No Missing Codes AEG Bits min Guaranteed by Design, for Filter Notches of 50, 60 Hz 
Output Noise See Tables III & IV Depends on Filter Cutoffs and Selected Gain 

Integral Nonlinearity +0.0015 % of FSR max Filter Notches < 60 Hz 

Unipolar Offset Error” See Note 3 


Unipolar Offset Drift’ 2.5/GAIN wV/°C typ For Gains of 1 and 2 
0.3 uV/°C typ For Gains of 32 and 128 

Bipolar Zero Error” See Note 3 | 

Bipolar Zero Drift’ 2.5/GAIN uV/°C typ For Gains of 1 and 2 
0.3 uV/°C typ For Gains of 32 and 128 

Positive Full-Scale Error?*> See Note 3 a. 


Full-Scale Drift* ° : 3/GAIN wV/°C typ For Gains of 1 and 2 
0.35 - pV/°C typ For Gains of 32 and 128 

Gain Error’ See Note 3 | 

Gain Drift* ® 2 ppm of FSR/°C typ 

Bipolar Negative Full-Scale Error’ +0.0015 % of FSR max Typically +0.0004% 


Bipolar Negative Full-Scale Drift* 4/GAIN uV/°C typ For Gains of 1 and 2 
0.5 | For Gains of 32 and 128 


ANALOG INPUTS/REFERENCE INPUTS 


Common-Mode Rejection (CMR) 100 

Absolute/Common-Mode Range’ AGND to AVpp 

Absolute/Common-Mode Range’ AGND + 50 mV to og Inputs with BUF Bit of mere cea = 1 
AVpp- 1.5 V ay 

Normal-Mode 50 Hz Rejection’? 100 Bi otch = 50 Hz (or 25 Hz sath fog In = 1 MHz) 

Normal-Mode 60 Hz Rejection!° | 100 ter Notch = 60 Hz (or 20 Hz with for yw = 1 MHz) 

Common-Mode 50 Hz Rejection!® 150 1 ter Notch = 50 Hz (or 25 Hz with forx iw = 1 MHz) 


Common-Mode 60 Hz Rejection!® 150 if Filter Notch = 60 Hz (or 20 Hz with forx ww = 1 MHz) 
Input Current!° | : BUF Bit of Setup Register = 1 
DC Input Leakage Current!® UF Bit of Setup Register = 0 

@ +25°C 

Tm to Téax 
Sampling Capacitance!? 
Analog Inputs?! 


Input Voltage Range!” 0 to +Vapr/GAIN? Unipolar Input Range (B/U Bit of Setup Register = 1) 
+Vrrr/GAIN Bipolar Input Range (B/U Bit of Setup Register = 0) 
Input Sampling Rate, fs GAIN ferx m/128 For Gains of 1 and 2 


fork w/16 _For Gains of 32 and 128 
Reference Inputs 
REF IN(+) - REF IN(-) Voitage. +2.5 +5% for Specified Performance. Part Functions with 
on Lower Vrgr Voltages 
Input Surplide Rate, fg fork 1n/128 


LOGIC INPUTS 

Input Current 

All Inputs Except MCLK IN 
Vin_; Input Low Voltage 
Vinu, Input High Voltage 

MCLK IN Only 
Vint» Input Low Voltage 
Vint; Input Low Voltage 
Vin» Input High Voltage © 
Vinu; Input High Voltage 


LOGIC OUTPUTS 
VoL, Output Low Voltage 
Von, Output High Voltage 
Vox, Output High Voltage 
Floating State Leakage Current 
Floating State Output Capacitance! 


DVpp = +5 V 
DVpp = +3 V 
DVpp = +5 V 
DVpp = +3 V 


Isinx = 800 HA 
Isource = 200 HA. DVpp = +5 V 
Isource = 200 HA. DVpp = +3 V 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7715 
AD7715- 3—SPECIF ICATIONS (AVgp = +3 V, DVpp = +3 V, REF IN(+) = +1.25 V; REF INC) = ABD; 


fouxin = 2.4576 MHz pal otherwise noted. All a Twin tO Tax unless otherwise noted.) 


Parameter_ | Conditions/Comments 


STATIC PERFORMANCE af 
No Missing Codes 16 Bits min Guaranteed by Design for Filter Notches of 50, 60 Hz 
Output Noise _| See Tables V & VI an Depends on Filter Cutoffs and Selected Gain 
Integral Nonlinearity +0.003 % of FSR max Filter Notches < 60 Hz 
Unipolar Offset Error? See Note 3 , 


Unipolar Offset Drift* 2.5/GAIN wV/°C typ For Gains of 1 and 2 
7 0.3- . wV/°C typ For Gains of 32 and 128 
Bipolar Zero Error’ See Note 3 


Bipolar Zero Drift* 2.5/GAIN uV/°C typ For Gains of 1 and 2 
0.3 wV/°C typ For Gains of 32 and 128 


Positive Full-Scale Error”? See Note 3 For System Calibration @ All Gains and Self-Calibration 
@ Gains of 1 and 2 
Positive Full-Scale Error” ° | +0:01 % of FSR max For Self-Calibration @ Gains of 32 and 128 


Full-Scale Drift* ° 3/GAIN uVv/°C typ For Gains of 1 and 2 
0.35 uV/°C typ For Gains of 32 and 128 

Gain Error” See Note 3 2 ae 

Gain oe : » |i ppm of FSR/°C typ . 

Bipolar Negative Full-Scale Error’ ; % of FSR max Typically +0.0004% 


Bipolar Negative Full-Scale Drift* wV/°C typ For Gains of 1 and 2 
uVv/°C typ For Gains of 32:and 128 


ANALOG INPUTS/REFERENCE INPUTS 


Common-Mode Rejection (CMR) dB min a 
Absolute/Common-Mode Range® : AGND to AVpp V min to V max .. ‘- 
Absolute/Common-Mode Range® AGND + 50 mV to a uts,with BUF Bit of Setup Register = 1 

» AVpp - 1.5 V V min te,V | : 
Normal-Mode 50 Hz Rejection’ i 100 |: Fil : 50 Hz (or 25 Hz with forx mn = 1 MHz) 
Normal-Mode 60 Hz Rejection’ 100 / Notches = 60 Hz (or 20 Hz. with for, iw = 1 MHz) 
Common-Mode 50 Hz Rejection’ 150 | if iter Notches = 50 Hz (or 25. Hz with forx m = 1 MHz) 


Common-Mode 60 Hz Rejection’ 150 ll ilter Notches = 60 Hz (or 2 20 Hz with for, IN= 1 MHz) 


Input Current’ . Sear 
DC Input Leakage Current’ 
@ +25°C 10 
Twin to Tmax ] 
Sampling Capacitance’ 10 
Analog Inputs® - : 
Input Voltage Range? 0 to +Vpgp/GAIN!® | Unipolar Input Range (B/U Bit of Setup Register = 1) 
| +Verr/GAIN Bipolar Input Range (B/U Bit of Setup Register = 0) - 
Input Sampling Rate, fs . GAIN X ferx p/128 For Gains of 1 and 2 


forx w/16 For Gains of 32 and 128 
Reference Inputs . a 
REF IN(+) —- REF IN(-) Voltage +1.25 +5% for Specified Performance. Part Functions with | 
| Lower VREF Voltages vi 
Input Sampling Rate, fs fork 1n/128 
LOGIC INPUTS | 
Input Current 
All Inputs Except MCLK IN 
Vint» Input Low Voltage 
Vinx» Input High Voltage 
MCLEK IN Only 
Vin.» Input Low Voltage 
Vinu> Input High Voltage 


LOGIC OUTPUTS 
Vor; Output Low Voltage 
Vou; Output High Voltage 
Floating State Leakage Current 
Floating State Output Capacitance’! 


Isinx = 800 HA 
Isource = 200 pA 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 


5-30 DATA ACQUISITION SUBSYSTEMS | - REV. 0 


SPEC | FI CATE ONS (AVpp = +3 V to +5 V, DVpp = +3 V to +5 V, REF IN(+) = +1.25 V (AD7715-3) or ADT71 J 


+2.5 V (AD7715-5); REF IN(—) = AGND; MCLK IN =1 MHz to 2.4576 MHz unless otherwise noted. 
All specifications Tyiy to Tway unless otherwise noted.) 


SYSTEM CALIBRATION 
Positive Full-Scale Calibration Limit!> 
Negative Full-Scale Calibration Limit!> 
Offset Calibration Limit!® 
Input Span!® 


GAIN Is the Selected PGA Gain (Between 1, 2, 32 or 128) 
GAIN Is the Selected PGA Gain (Between 1, 2, 32 or 128) 
GAIN Is the Selected PGA Gain (Between 1, 2, 32 or 128) 
GAIN Is the Selected PGA Gain (Between 1, 2, 32 or 128) 
GAIN Is the Selected PGA Gain (Between 1, 2, 32 or 128) 


(1.05 X Vrgr)/GAIN 
—(1.05 X Vrgr)/GAIN 


POWER REQUIREMENTS 
Power Supply Voltages 
AVpp Voltage (AD77 15-3) +2.7 to +3.6 For Specified Performance 
AVpp Voltage (AD77 15-5) +5 +5% for Specified Performance 
DVpp Voltage +2.7 to +5.25 For Specified Performance. AVpp must be 2 DVpp 


Power Supply Currents 
AVpp Current AVpp = 3 V or 5 V. Gain = 1 to 128 (ferxin = 1 MHz) or Gain = 1 


or 2 (fcLKIN = 2.4576 MHz) 


0.3 Typically 0.2 mA. BUF Bit of Setup Register = 0 
0.6 Typically 0.4 mA. BUF Bit of Setup Register = 1 
AVpp =3Vor5 V. Gain = 32 or 128 (foLKIN = 2.4576 MHz)!” 
0.5 Typically 0.3 mA. BUF Bit of Setup Register = 0 
1 “BUF Bit of Setup Register = 1 
DVpp Current Jor DVpp 
0.2 
0.4 
0.5 
1 
Power Supply Rejection '* (AVpp) See Note 19 
Normal Mode Power Dissipation 
1.5 
2.4 
3 . i . Gain = 32 or 128 @ foLKIN = 2.4576 MHz 
4.5 Bit = 1. Gain = 32 or 128 @ fern = 2.4576 MHz 
Normal Mode Power Dissipation AVpp = DVpp = +5 V. Digital I/Ps = 0 V or DVpp 
3.5 BUF Bit = 0. All Gains 1 MHz Clock, Gain 1 and 2 @ 2.4576 MHz 
5 BUF Bit = 1. All Gains 1 MHz Clock, Gain 1 and 2 @ 2.4576 MHz 
7.5 BUF Bit = 0. Gain = 32 or 128 @ farxin = 2.4576 MHz 
10 BUF Bit = 1. Gain = 32 or 128 @ {CLKIN = 2.4576 MHz 
Standby (Power-Down) Dissipation 100 Typically 50 uwW. STBY Bit of Setup Register = 1 


NOTES 
‘Temperature ranges are as follows: A Version, -40°C to +85°C. 
Applies after calibration at the temperature of interest. 
These errors will be of the order of the output noise of the part as shown in Tables III to VI. 
‘Recalibration at any temperature will remove these drift errors. 
Positive Full-Scale Error includes Zero-Scale Errors (Unipolar Offset Error or Bipolar Zero Error) and applies to both unipolar and bipolar input ranges. 
°Full-Scale Drift includes Zero-Scale Drift (Unipolar Offset Drift or Bipolar Zero Drift) and applies to both unipolar and bipolar input ranges. 
*Gain Error does not include Zero-Scale Errors. It is calculated as Full-Scale Error—Unipolar Offset Error for unipolar ranges and Full Scale Error—Bipolar Zero Error for 
bipolar ranges. , 
8Gain Drift does not include Unipolar Offset Drift/Bipolar Zero Drift. It is effectively the drift of the part if zero scale calibrations only were performed. 
°This common-mode voltage range is allowed provided that the input voltage on AIN(+) or AIN(-) does not go more positive than AVpp + 30 mV or go more negative than 
AGND -30 mV. 
0These numbers are guaranteed by design and/or characterization. 
'lThe analog inputs present a very high impedance dynamic load which varies with clock frequency and input sample rate. The maximum recommended source resistance de- 
pends on the selected gain. 
The analog input voltage range on AIN(+) is given here with respect to the voltage on AIN(-). The absolute voltage on the analog inputs should go more positive than go more 
positive than AVpp + 30 mV or go more negative than AGND —~ 30 mV. 
13V per = REFIN(+) — REFIN(-). 
14Sample tested at +25°C to ensure compliance. 
After calibration, if the analog input exceeds positive full scale, the converter will output all 1s. If the analog input is less than negative full scale then the device will output 
all Os. 
16These calibration and span limits apply provided the absolute voltage on the analog inputs does not exceed AVpp + 30 mV or go more negative than AGND - 30 mV. The off- 
set calibration limit applies to both the unipolar zero point and the bipolar zero point. 
'7 Assumes CLK: bit of Setup Register is set to correct status corresponding to the master clock frequency. 
18Measured at dc and applies in the selected passband. PSRR at 50 Hz will exceed 120 dB with filter notches of 5, 10, 25 or 50 Hz. PSRR at 60 Hz will exceed 120 dB with filter 
notches of 6, 10, 30 or 60 Hz. 
19PSRR depends on gain: Gain of 1: 70 dB typ; Gain of 2: 75 dB typ; Gains of 32 and 128: 85 dB typ. 


Specifications subject to change without notice. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 


Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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ADT719 Poles be eee ee ee 
(DVpp = +3 V to +5V4 5%; AVop = +3 V or +5 V+ 5%; AGND = - DGND = Vein = 


TIMING CHARACTERISTICS' 20 2. 4576 MHz; aan sii 0=0V, Logic 1 = be unless otherwise noted) 


Limit at Tain Tmax 7 


Parameter (A Version), Conditions/Comments | 
forxin” * 400 ~ kHz min Master Clock Frequency: Crystal Oscillator or Externally Supplied 
2.5 MHz max. | for Specified Performance _ 

tcLK IN LO 0.4 X terK IN nsmin . Master Clock Input Low Time. tcrx in = Vfcux m IN 
tCLK IN HI 0.4 X teLk IN ns min — Master Clock Input High Time 
tp 50 ns max _ Digital Output Rise Time. Typically 20 ns 
te 50 ns max Digital Output Fall Time. Typically 20 ns 
ty 500 X teLK IN ns nom DRDY DRDY High Time 
to 1000 : ns min. RESET Pulse Width 
Read Operation a a - 
t3 ns min 'DRDY to CS Setup Time 
ty ns min. CS Falling Edge to SCLK Falling Edge Setup Time 
t.° ns min SCLK Falling Edge to Data Valid Delay 

ns max DVpp = +5 V | 

ns max ~DVpp = +3 V 
te ns min SCLK High Pulse Width 
ty ns min SCLK Low Pulse Width 
tg ns min 
ti. nsmin | 

ns max 

. ns max 

tho 


Write Pen 
th 
the 

C13 

ty4 

ts 

tie 


NOTES 

‘Sample tested at +25°C to ensure onmenee All input signals are specified with. tr = tf = 5 ns (10% to 90% of DV pp) and timed from a voltage level of 1.6 V. 

*See Figures 2 and 3. 

3CLKIN Duty Cycle fanuen is 45% to 55%. CLKIN must be supplied whenever the AD77 15 is not in Standby mode. If no clock is present in this case, the device 
can draw higher current than specified and possibly become uncalibrated. wa 

‘The AD7715 is production tested with fo. xn at 2.4576 MHz (1 MHz for some Ipp tests). It is guaranteed by characterization to operate at Suen kHz. 

Specified using 10% and 90% points on waveform of interest. 

°These numbers are measured with the load circuit of Figure 1 and defined as the time required for the output to cross ie V or Or Vox limits. 

"These numbers are derived from the measured time taken by the data output to change 0.5 V when loaded with the circuit of Figure 1. The measured number is 
then extrapolated back to remove effects of charging or discharging the 100 pF capacitor. This means that the times quoted in the timing characteristics are the true 
bus relinquish times of the part and as such are independent of external bus loading capacitances. 

SDRDY returns high after the first read from the device after an output update. The same data can be read again, if required, while DRDY is high although care 
should be taken that subsequent reads do not occur close to the next output update. ; 


CS Rising Edge to SCLK Rising Edge Hold antes 


ORDERING GUIDE 


Package 
Option* 


Temperature — 
Range _ 


+1.6V AD7715AN-5 40°C to +85°C N-16 
AD7715AR-5 40°C to +85°C «=| «2R-16— 
-AD7715AN-3. -40°C to +85°C =| «N-16 | 


AD7715AR-3 —40°C to +85°C. 


-*N = Plastic DIP; R = SOIC. For outline information see Package Information 
: section. eg 
Figure 1. Load Circuit for Access Time and Bus Relinquish 


This information applies to a product under development. Its characteristics and. specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing: 


5-32 DATA ACQUISITION SUBSYSTEMS | REV. 0 


ABSOLUTE MAXIMUM RATINGS* 


(T, = +25°C unless otherwise noted) 


AVop tO AGND e452 Se ee pee Baeeneea -0.3 Vto+7V 
AVpp to DGND ............. 0000000562. 0.3 V to #7 V 
DVpwitO AGND. 5 cdas-on te eee ares daaee ab 0.3 Vto +7 V 
DV pp 10: DGND.o-je0 sta eawd he eewtaeewes —0.3Vto+7V 
Analog Input Voltage to AGND ..... -0.3 V to AVpp + 0.3 V 
Reference Input Voltage to AGND ...-0.3 Vto AVpp+ 0.3 V 


Digital Input Voltage to DGND .....-0.3 Vto DVpp + 0.3 V 
Digital Output Voltage to DGND ....-0.3 V to DVpp + 0.3 V 
Operating Temperature Range 

Commercial (A Version) 


Storage Temperature Range ............. —65°C to +150°C 
Junction Temperature ....... 0.0002 ceeseccu cas +150°C 
CAUTION 


ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although these devices feature proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality 


TERMINOLOGY 

INTEGRAL NONLINEARITY 
This is the maximum deviation of any code from a straight lin 
passing through the endpoints of the transfer function. The - 
endpoints of the transfer function are zero scale ( : 
fused with bipolar zero), a point 0.5 LSB bel 
transition (000... 000 to 000... 001) an 
0.5 LSB above the last code transition (111. .° 
111). The error is expressed as a percentage of full scal 


POSITIVE FULL-SCALE ERROR 
Positive full-scale error is the deviation of the last code transi- 
tion (111 ...110to 111...111) from the ideal AIN(+) volt- 
age (AIN(—) + Vpgr/GAIN - 3/2 LSBs). It applies to both 
unipolar and bipolar analog input ranges. 


UNIPOLAR OFFSET ERROR 

Unipolar offset error is the deviation of the first code transition 
from the ideal AIN(+) voltage (AIN(—) + 0.5 LSB) when oper- 
ating in the unipolar mode. 


BIPOLAR ZERO ERROR 

This is the deviation of the midscale transition (0111 . 
1000... 000) from the ideal AIN(+) voltage (AIN(-) - 
0.5 LSB) when operating in the bipolar mode. 


. 111 to 


GAIN ERROR 

This is a measure of the span error of the ADC. It includes full- 
scale errors but not zero-scale errors. For unipolar input ranges 
it is defined as (full-scale error—unipolar offset error) while for 
bipolar input ranges it is defined as (full-scale error—bipolar 
zero error). 


BIPOLAR NEGATIVE FULL-SCALE ERROR 

This is the deviation of the first code transition from the ideal 
AIN(+) voltage (AIN(-) — Vpgr/GAIN + 0.5 LSB) when operat- 
ing in the bipolar mode. 


AD7715 


Plastic DIP Package, Power Dissipation ........... 450 mW 
Oia Thermal Impedance ................00005 105°C/W 
Lead Temperature (Soldering, 10 sec) ........... +260°C 

SOIC Package, Power Dissipation ................ 450 mW 
Oj, Thermal Impedance .............. 0.00000. 75°C/W 
Lead Temperature, Soldering 

Vapor Phase (60 sec) «2.5 se s46u ees ees awa ees +215°C 
Infrared: (19 SGC) 4.c4ca-ctuivca wie sank ehwa eae as +220°C 
Power Dissipation (Any Package) to +75°C ......... 450 mW 


*Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


WARNING! 
saan 48 


ESD SENSITIVE DEVICE 


FULL-SCALE OVERRANGE 
verrange is the amount of overhead available 


ATIVE FULL-SCALE OVERRANGE . 

his is the amount of overhead available to handle voltages on 
AIN(+) below AIN(-) — Vrgr/GAIN without overloading the 
analog modulator or overflowing the digital filter. Note that the 
analog input will accept negative voltage peaks even in the uni- 
polar mode provided that AIN(+) is greater than AIN(—) and 
greater than AGND - 30 mV. 


OFFSET CALIBRATION RANGE 

In the system calibration modes, the AD7715 calibrates its off- 
set with respect to the analog input. The offset calibration 
range specification defines the range of voltages that the 
AD7715 can accept and still calibrate offset accurately. 


FULL-SCALE CALIBRATION RANGE 
This is the range of voltages that the AD7715 can accept in the 
system calibration mode and still calibrate full scale correctly. 


INPUT SPAN 

In system calibration schemes, two voltages applied in sequence 
to the AD7715’s analog input define the analog input range. 
The input span specification defines the minimum and maxi- 
mum input voltages from zero to full scale that the AD7715 can 
accept and still calibrate gain accurately. 
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Mnemonic 


SCLK 


MCLK IN 


MCLK OUT 


RESET 


AIN(+) 
AIN(-) 
AVpp | 


REF IN(-) 


REF IN(+) 


AGND 
CS 


DOUT 


DIN 


DVpp 
DGND 
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PIN FUNCTION DESCRIPTION 
Function 


Serial Clock. Logic Input. An external serial clock is applied to this input to access serial data from the 
AD7715. This serial clock can be.a continuous clock with all data transmitted in a continuous train of pulses. 
Alternatively, it can be a noncontinuous clock with the information being transmitted to the AD7715 in 
smaller batches of data. | 


Master Clock signal for the device. This can be provided in the form of a crystal or external clock. A gals 
can be tied across the MCLK IN and MCLK OUT pins. Alternatively, the MCLK IN pin can be driven with — 
a CMOS-compatible clock and MCLK OUT left unconnected. The clock input frequency is ica either 
2.5 MHz or 1 MHz. 


When the master clock for the device is a crystal, the crystal is connected between MCLK IN and 
MCLK OUT. Note, the on-chip clock signal is not available at this pin. 


Logic Input. Active low input which resets the control logic, interface logic, digital filter and analog modulator 
of the part to power-on status. . 


‘Analog Input. Positive input of the programmable gain differential analog input to the AD7715. 
Analog Input. Negative input of the programmable gain differential analog input to the AD7715. 
Analog Positive Supply Voltage, +3 V nominal (AD7715-3) or +5 V nominal (AD7715-5). 


Reference Input. Negative input of the differential reference input to t 
anywhere between AVpp and AGND provided REF IN(+) is oy rt 


Reference Input. Positive input of the differential reference i 


anywhere between AVpp and AGND. 
Ground reference point for analog circuitry 


Chip Select. Active low Logic Inpu 
can operate in its three-wire interface 
can be used to select the device i in : 


Logic Output. A logic low on this output vineors that ‘Ww output word is available from the AD7715 data 
register. The DRDY pin will return high upon completion of a read operation of a full output word. If no data 
read has taken place, after an output update, the DRDY line will return high for 500 X tcyx in cycles prior to 
the next output update. This gives an indication of when a read operation should not be attempted to avoid 
reading from the data register as it is being updated. DRDY is also used to indicate when the AD7715 has 
completed its on-chip calibration sequence. 


Serial Data Output with serial data being read from the output shift register on the part. This output shift reg- 
ister can contain information from the calibration registers, mode register, communications register, filter se- 
lection registers or data register depending on the register selection bits of the communications register. 

Serial Data Input with serial data being written to the input shift register on the part. Data from this input 
shift register is transferred to the calibration registers, mode register, communications register or filter selec- 
tion registers depending on the register selection bits of the communications register. 

Digital Supply Voltage, +3 V or +5 V nominal. 


Ground reference point for digital circuitry. 
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On-Chip Registers 

The part contains four on-chip registers that can be accessed via 
the serial port on the part. The first of these is a communica- 
tions register that decides whether the next operation is a read 
or write operation and also decides which register the read or 
write operation accesses The communication register also con- 
trols the standby mode and calibration modes of the part. The 
DRDY status is also available by reading from the communica- 
tions register. All communication to any register on the device 
(including the data register) begins with a write to the commu- 
nications register. The second register is a setup register that 
determines filter selection, gain setting and bipolar/unipolar op- 
eration. The third register is the data register from which the 
output data from the part is accessed. The final register is a test 
register which is accessed when testing the device. It is advised 
that the user does not attempt to access or change the contents 


AD7715 


of the test register as it may lead to unspecified operation of the 
device. The registers are discussed in mode detail in the follow- 
ing sections. 


Communications Register (RS1, RSO = 0, 0) 

The communications register is an 8-bit register from which 
data can either be read or to which data can be written. On 
power-up or after a RESET, the part is waiting for a write op- 
eration to the communications register. When the part has fin- 
ished communicating with any of the other registers (either a 
read or write operation), it returns to the position of expecting a 
write to the communications register. This is the default state of 
the interface and in situations where the interface sequence is 
lost, if enough writes to the device (at least four bytes) take 
place with DIN high the part returns to its default state. Table I 
outlines the bit designations for the communications register. 


Table I. Communications Register 


0/DRDY 
register. 

0 | For a write operation, a 0 must be 
in pean open of the 

RS1-RSO 

‘access the selected register. 

RS1 RSO Register Register Size 
0 0 Communications Register 8 Bit 

0 | 1 Setup Register 8 Bit 

1 0 Test Register 8 Bit 

] ] Data Register 16 Bit 

RW Read/Write Select. This bit selects whether the next operation is a read or write operation to the selected register. 
A 0 indicates a write cycle for the next operation to the appropriate register, while a 1 indicates a read operation 
from the appropriate register. 

STBY Standby. Writing a 1 to this bit puts the part in its standby or power-down mode. In this mode, the part consumes 
only 50 pW of power. The part retains its calibration and control word information when in STANDBY. Writing 
a 0 to this bit places the part in its normal operating mode. 

MD1 MDO Operating Mode 

0 0 Normal Mode; this is the normal mode of operation of the device whereby the device is performing normal conver- 
sions. This is the default condition of these bits after power-on or RESET. 

0 1 Self-Calibration; this activates self-calibration on the part. This is a one step calibration sequence and when com- 
plete the part returns to normal mode. The DRDY output or bit indicates when this self-calibration is complete 
and a valid word is available in the data register. For this calibration type, the zero-scale calibration is done inter- 
nally on shorted (zeroed) inputs and the full-scale calibration is done internally on Vpgr. 

l 0 Zero-Scale System Calibration; this activates zero-scale system calibration on the analog input. Calibration is per- 
formed on the analog input voltage provided at the analog input during this calibration sequence. The DRDY out- 
put or bit indicates when this zero-scale calibration is complete and the part returns to normal mode. 

l 1 Full-Scale System Calibration; this activates full-scale system calibration on the analog input. Calibration is per- 


formed on the analog input voltage provided at the analog input during this calibration sequence. Once again, 
DRDY indicates when this full-scale calibration is complete. When this calibration is complete, the part returns to 


normal mode. 
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Setup Register (RSI, RSO=0, 1) 

The setup register is an 8-bit register from which data can either 
be read or to which data can be written. This register controls 
the setup which the device is to operate in such as the gain, out- 
put rate, unipolar/bipolar operation etc. Table II outlines the bit 
designations for the mode register. 


FS1, FSO 


CLK 


mlm ese Re eRe Oo oO. Oo OS 


C. 


FSYNC 


. Table II. Setup Register . 


master clock eee of 2.4576 MHz, then this bit should be set 
quency of 1 MHz, then this bit should be set to a 1. This bit set 
clock and also chooses (along with FS1 and FSO) the output tip: 


the filter. For example, if the first notch of aé filter is s ed at 50 Hz, then a new word is available at a 50 Hz 
rate or every 20 ms. If the first notch is at 500 Hz, a new word is available every 2 ms. | 


The settling time of the filter to a full-scale step input change is worst case 4 x 1/(output data rate). For example, 
with the first filter notch at 50 Hz, the settling time of the filter to a full-scale step input change is 80 ms max. If 
the first notch is at 500 Hz, the settling time of the filter to a full-scale input step is 8 ms max. This settling-time 
can be reduced to 3 x 1/(output data rate) by synchronizing the step input change to a reset of the digital filter. In 
other words, if the step input takes place with the RESET 1 pat low, the settling time will be 3 x 1/(output data 
rate) from when RESET returns high. © 


FSI FSO Output Update Rate ~ -3 dB Filter Cutoff 
0 0 50 Hz | 13.1 Hz 

Oo 1 60 Hz | 15.7 Hz 

1 0 250 Hz 65.5 Hz 

1 l 500 Hz 121 Hz 

0 0 —20Hz ~~ 5,24 Hz 

0 1 25Hz 6,55 Hz 

1 0 100 Hz 26,2 Hz 

1 1 200 Hz 52.4 Hz 


Bipolar/Unipolar Operation. A 0 in this bit selects bipolar operation. This is the default (Power-On or RESET) 
status of this bit. A 1 in this bit selects unipolar operation. 


Filter Synchronization. When this bit is high, the nodes of the digital filter, the filter control logic and the calibra- 
tion control logic are reset and the analog modulator is also held in its reset state. When this bit goes low, valid 
data is available in 3 x 1/(output update rate), i.e., the settling time of the filter. 
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Test Register (RS1, RSO = 1, 0) 
The part contains a test register which is used in testing the OUTPUT NOISE 


device. The user is advised not to change the status of any AD7715-5 . : 
of the bits in this register from the default (Power-On or Table III shows the AD7715-5 output rms noise for the select- 
RESET) status of all 0s as the part will be placed in one of able notch and —3 dB frequencies for the part, as selected by 

its test modes and will not operate correctly. If the part en- FS1 and FSO (see above). The numbers given are for the bipo- 
ters one of its test modes, exercising RESET will exit the lar input ranges with a Vrgr of +2.5 V. These numbers are typi- 
part from the mode. cal and are generated at an analog input voltage of 0 V and for 


the BUF bit of the setup register = 0. Noise numbers for the 


Data Register (RS1, RSO = 1, 1) two lower notch settings will typically be 10% higher than those 


The data register on the part Is a read-only register which in Table III for BUF Bit = 1. 

contains the most up-to-date conversion result from the 

part. The register is 16 bits wide. If an attempt is made to Table IV meanwhile shows the output peak-to-peak BOISE. for the 
write to this register, the data will not actually be written to Selectable notch and —3 dB frequencies for the part. Ic is impor- 
any location of the part. : tant to note that these numbers represent the resolution for which there 


will be no code flicker. They are not calculated based on rms noise but ral 
on peak-to-peak noise. The numbers given are for the bipolar in- 

put ranges with a Vrgr of +2.5 V and for the BUF bit of the set- 

up register = 0. These numbers are typical, are generated at an 

analog input voltage of 0 V and are rounded to the nearest LSB. 


e Rate for AD7715-5 
Typical Output RMS Noise in uV 


Table III. Output RMS Noise vs. Gain and Output U 


Filter First Notch & O/P Data Rate -3 dB Frequency 


MCLK IN = MCLKIN= |MCLKIN= MCEK : | _ | 
2.4576 MHz 1 MHz 2.4576 MHz M GAIN=2 GAIN=32 GAIN = 128 
50Hz | 20 Hz 3.8 0.5 0.45 

60 Hz 25 Hz 4.1 0.5 0.45 

250 Hz 100 Hz 75 - 4.0 1.7 

500 Hz 200 Hz 260 25 8 


Table IV. Effective (Peak-to-Peak) Resolution vs. Gain and Output Update Rate for AD7715-5 


Filter First Notch & O/P Data Rate -3 dB Frequency Typical Effective Resolution in Bits 
MCLK IN = MCLKIN= | MCLKIN= MCLK IN = 

2.4576 MHz 1 MHz 2.4576 MHz 1 MHz GAIN=1 GAIN=2 GAIN = 32 GAIN = 128 
50 Hz 20 Hz 13.1 Hz 16 t«<CYC 16 14 | 
60 Hz 25 Hz 15.72 Hz 16 16 16 14 


250 Hz 100 Hz 65.5 Hz 12 12 12 12 
500 Hz . 200 Hz ; 131 Hz 10 10 10 107 
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OUTPUT NOISE 

AD7715-3 | 7 

_ Table V shows the AD7715-3 output rms noise for the select- 
able notch and —3 dB frequencies for the part, as selected by 
FS1 and FSO (see above). The numbers given are for the bipo- 
lar input ranges with a Vagr of +1.25 V and for the BUF bit of 
the setup register = 0. These numbers are typical and are gen- 
erated at an analog input voltage of 0 V. Noise numbers for the 
two lower notch settings will typically be 10% higher than those 
in Table V for BUF Bit = 1. 


Table VI meanwhile shows the output peak-to-peak noise for the 
selectable notch and -3 dB frequencies for the part. It is tmpor- 
tant to note that these numbers represent the resolution for which there 


will be no code flicker. They are not calculated based on rms noise but 


on peak-to-peak noise. The numbers given are for the bipolar in- 
put ranges with a Vpgr of +1.25 V and for the BUF bit of the 
setup register = 0. These numbers are typical, are generated at 
an analog input oe of 0 V and are rounded to the nearest 
LSB. 


Table V. Output RMS Noise vs. Gain and Output Update Rate for AD7715-3 


Filter First Notch & O/P Data Rate ~3 dB Frequency Typical Output RMS Noise in LV 

MCLK IN = MCLK IN = | MCLKIN = MCLK IN = 

2.4576 MHz | 1 MHz 2.4576 MHz 1 MHz  GAIN=1 £GAIN=2 #£GAIN=32 GAIN = 128 . 
50Hz 20 Hz 0.5 0.4 


60 Hz 25 Hz 
250 Hz 100 Hz 
500 Hz 200 Hz 


Filter First Notch & O/P Data Rate 


MCLKIN= | MCLK IN = 
2.4576 MHz 1 MHz 

50 Hz 20 Hz 

60 Hz 25 Hz 

250 Hz | 100 Hz 

500 Hz 200 Hz 
CIRCUIT DESCRIPTION 


The AD7715 is a sigma-delta A/D converter with on-chip digital 


filtering, intended for the measurement of wide dynamic range, 
low frequency signals such as those in industrial control or pro- 
cess control applications. It contains a sigma-delta (or charge- 
balancing) ADC, a calibration microcontroller with on-chip 
static RAM, a clock oscillator, a digital filter and a bidirectional 
serial communications port. The part consumes only 500 HA of 
power supply current, making it ideal for battery-powered or 
loop-powered instruments. The part comes in two versions, the 
AD7715-5 which is specified for operation from a +5 V analog 
supply (AVpp) and the AD7715-3 which is specified for opera- 


tion from a +3 V analog supply. The AD7715-5 can be operated 


with a digital supply (DVpp) voltage of +3 V or +5 V. 


The part contains a programmable gain fully differential analog 
input channel. The selectable gains on this input are 1, 2, 32 
and 128 allowing the part to accept unipolar signals of between 
0 mV to +20 mV and 0 V to +2.5 V or bipolar signals in the 
range from +20 mV to +2.5 V when the reference input voltage 
equals +2.5 V. With a reference voltage of +1.25 V, the input 
ranges are from 0 mV to +10 mV to 0 V to +1.25 V in unipolar 
mode and from +10 mV to £1.25 V in bipolar mode. 


The input signal to the analog input is continuously sampled 

at a rate determined by the frequency of the master clock, 
MCLEK IN, and the selected gain. A charge-balancing A/D con- 
verter (Sigma-Delta Modulator) converts the sampled signal into 
a digital pulse train whose duty cycle contains the digital infor- 
mation. The programmable gain function on the analog input is 
also incorporated in this sigma delta modulator with the input 


sampling frequency being modified to give the higher gains. A 


sinc? digital low-pass filter processes the output of the sigma- 
delta modulator and updates the output register at a rate deter- 
mined by the first notch frequency of this filter. The output data 
can be read from the serial port randomly or periodically at any 
rate up to the output register update rate. The first notch of this 
digital filter (and hence its —-3 dB frequency) can be programmed 
via the mode register bits FSO and FS1. With a master clock fre- 
quency of 2.4576 MHz, the programmable range for this first 
notch frequency is from 50 Hz to 500 Hz giving a programmable 
range for the —3 dB frequency of 13.1 Hz to 131 Hz. Witha 
master clock frequency of 1 MHz, the programmable range for 
this first notch frequency is from 20 Hz to 200 Hz giving a pro- 
grammable range for the —3 dB frequency of 5.24 Hz to 52.4 Hz. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 


5-38 DATA ACQUISITION SUBSYSTEMS 


REV. 0 


AD7715 


DIGITAL INTERFACE : 
The part’s serial interface can operate in three-wire mode by ty- 
ing the CS input low. In this case, the SCLK, DIN and DOUT 
lines are used to communicate with the part and the status of 
DRDY can be obtained by interrogating the MSB of the com- 
munications register. CS can be used to decode the part in sys- 
tems where a number of parts are connected to the serial bus. 
Figures 2 and 3 show timing diagrams for interfacing to the part 
with CS used to decode the part. Figure 2 is for a read opera- 
tion from the part’s output shift register while Figure 3 shows a 
write operation to the input shift register. 


sake ae ees (a 


Figure 3. Write Cycle Timing Diagram 
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FEATURES 

22-Bit Sigma-Delta ADC 
Dynamic Range of 105 dB (146 Hz Input) 
+0.003% Integral Nonlinearity 

On-Chip Low-Pass Digital Filter 
Cutoff Programmable from 584 Hz to 36.5 Hz 
Linear Phase Response 

Five Line Serial 1/O 

Twos Complement Coding 

Easy Interface to DSPs and Microcomputers 

Software Control of Filter Cutoff 

+5 V Supply | 

Low Power Operation: 50 mW 


APPLICATIONS 
Biomedical Data Acquisition 
ECG Machines 
EEG Machines 
Process Control 
High Accuracy Instrumentation 
Seismic Systems 


GENERAL DESCRIPTION 

The AD7716 is a signal processing block for data acquisition 
systems. It is capable of processing four channels with band- 
widths of up to 584 Hz. Resolution is 22 bits and the usable 
dynamic range varies from 111 dB with an input bandwidth of 
36.5 Hz to 99 dB with an input bandwidth of 584 Hz. 


The device consists of four separate A/D converter channels that 
are implemented using sigma-delta technology. Sigma-delta 
ADCs include on-chip digital filtering and, thus, the system 
filtering requirements are eased. 


Three address pins program the device address. This allows a 
data acquisition system with up to 32 channels to be set up in a 
simple fashion. The output word from the device contains 32 
bits of data. One bit is determined by the state of the Dyy1 in- 
put and may be used, for example, in an ECG system with an 
external pacemaker detect circuit to indicate that the output 
word is invalid because of the presence of a pacemaker pulse. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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FUNCTIONAL BLOCK DIAGRAM 
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There are 22 bits of data corresponding to the analog input. 
Two bits contain the channel address and 3 bits are the device 
address. Thus, each channel in a 32-channel system would have 
a discrete 5-bit address. The device also has a CASCOUT pin 
and a CASCIN pin that allow simple networking of multiple 
devices. , 


The on-chip control register is programmed using the SCLK, 
SDATA and TFS pins. Three bits of the Control Register set 
the digital filter cutoff frequency for the device. Selectable fre- 
quencies are 584 Hz, 292 Hz, 146 Hz, 73 Hz and 36.5 Hz. A 
further 2 bits appear as outputs Doyrl and Doyr2 and can be 
used for controlling calibration at the front end. The device is 
available in a 44-pin PQFP (Plastic Quad Flatpack) and 44-pin 
PLCC. 
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SPEC | Fi CATI ONS! 2 (fey = 8 MHz; MODE Pin Is High (Slave Mode Operation); AVpp = DVyp = +5 V AD77/16 


+ 5%; AVss = -5 V+ 5%; AGND = DGND = 0 V; Voce = 2.5 V; Filter Cutoff = 146 Hz; Noise Measurement Bandwidth = 146 Hz; 
Aw Source Resistance = 750 (22 with 1 nF to AGND at each Aw. Ta = Twix tO Tyax , unless otherwise noted.) 


STATIC PERFORMANCE 


Resolution Bits 
Integral Linearity Error % FSR typ 
% FSR max 
Gain Error % FSR max 
Gain Match Between Channels . % FSR max 
Gain TC uVv/°C typ 
Offset Error : % FSR max 
Offset Match Between Channels ; % FSR max 
Offset TC uV/°C typ 
Noise uV rms max 


DYNAMIC PERFORMANCE 


Sampling Rate forKn/14 
Output Update Rate forxrn/(14 X 256 X 2) 
Filter Cutoff Frequency forxn/(3.81 X 14 X 256 X 2) 
Settling Time (3 X 14 X 256 X 2 form) 
Usable Dynamic Range* See Table I 
Total Harmonic Distortion —90 

-100 
Absolute Group Delay’ (3 X 14 X 256 X 2N)/2forx 
Differential Group Delay’ 10 


Channel-to-Channel Isolation -85 


ANALOG INPUT 

Input Range £25 Volts 

Input Capacitance 10 pF typ 

Input Bias Current 1 nA typ 
LOGIC INPUTS 

Vinu> Input High Voltage 2.4 

Vint; Input Low Voltage 0.8 

In, Input Current 

SDATA, RFS +10/-130 
TFS +10/-650 

All Other Inputs +10 

Cy; Input Capacitance’ 10 
LOGIC OUTPUTS 

Von, Output High Voltage 2.4 V min 

Vor, Output Low Voltage 0.4 V max 
POWER SUPPLIES 

Reference Input 2.4/2.6 V min/V max 

AVpp 4.75/5.25 V min/V max 

DVpp 4.75/5.25 V min/V max 

AVss —4,75/-5.25 V min/V max 

Ipp 7.5 mA max 

Iss 2.5 mA max 

Power Consumption 50 mW max 

Power Supply Rejection’ -70 dB typ 
NOTES 


‘Operating temperature ranges as follows : B Version; -40°C to +85°C. 
?The A pins present a very high impedance dynamic load which varies with clock frequency. 
3Guaranteed by design and characterization. Digital filter has linear phase. 


*Usable dynamic range is guaranteed by measuring noise and relating this to the full-scale input range. 


7100 mV p-p, 120 Hz sine wave applied to each supply. 
Specifications subject to change without notice. 


REV. 0 


Test Conditions/Comments 


Guaranteed No Missed Codes to 21 Bits? 


See Table I for Typical Noise Performance vs. Programmed 
Cutoff Frequency 


570 kHz for forKIN = 8 MHz 
N Is Decimal Equivalent of FC2, FC1, FCO in Control Register 


Input Frequency = 35 Hz 
Aw = +10 mV p-p 


Feedthrough from Any One Channel to the Other Three, with 
35 Hz Full-Scale Sine Wave Applied to that Channel 


Internal 50 kQ Pull-Up Resistors 
Internal 10 kQ Pull-Up Resistor 


[Iour| < 40 pA 
lIout | <1.6mA 


4.8 mA typ 
1.8 mA typ 
35 mW typ 
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Table I. Typical Usable Dynamic Range, RMS Noise and Filter Settling Time vs. Filter Cutoff Frequency — 


Programmed Cutoff Output Update | Usable Dynamic | RMS Noise | Filter Settling Time to | Absolute Group 
Frequency (Hz) Rate (Hz) a (dB) oak +0.0007% FS (ms) Delay (ms) 


NOTE 
Usable Dynamic Range is defined as the ratio of the rms full-scale reading (sine wave input) to the rms noise of the converter. 


CONTROL REGISTER TIMING CHARACTERISTICS! 2 (av,,= bVoo - +5 V4 5%; Nog=—5 V2 5% AGND = 


DGND = 0 V; ferxiy = 8 MHz; Input Levels: Logic 0 = 0 V, Logic 1 = DVpp; unless otherwise noted) 


Limit at Tmin> Tmax 
Parameter — | (B Version) _ Units oe Conditions/Comments 


ty 1/feLKIN i os SCLK Period 

ty 7 i SCLK Width 

ts TFS Setup Time 

ty SDATA Setup Time 
ts SDATA Hold Time ° 
t6 TES Hold Time 
NOTES 


1Sample tested at +25°C to ensure compliance. All input signals are specified with tr = tf = 5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 
See Figure 2. 
3CLKIN Duty Cycle range is 40% to 60%. 


+2.1V 


Figure 1. Load Circuit for Access Time and Bus Relinquish Time 


to 


SCLK (I) 


moo 
ty 
ts | 
SDATA’ DBO DB! \/ bB2 DB3. \/__DB4 DB5 DBG DB7 
(DB8) (DB9) (DB10) (DB11) (DB12) (DB13) (0B14) A, (0B15) 


Figure 2. Control Register Timing Diagram | 
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MASTER MODE TIMING CHARACTERISTICS!» 2 (avos= pvoy = +5 V5%; AVss=-5 V+ 5%; AGND = DGND = 0V; 


foun = 8 MHz; Input Levels: Logic 0 = 0 V, Logic 1 = DVpp; unless otherwise noted) 


Limit at Tyin, Tmax 
Parameter (B Version) Units Conditions/Comments 


forxm” * 400 kHz min CLKIN Frequency 
8 MHz max 
t? 40 ns max Digital Output Rise Time. Typically 20 ns 
te 40 ns max Digital Output Fall Time. Typically a0 ns 
ty l/ferKiw ns min CASCIN Pulse Width 
ts l/forKIN ns min CASCIN to DRDY Setup Time 
to 1/2fcrxmn + 30 ns max DRDY Low to SCLK Low Delay — 
tio 50 ns max CLKIN High to DRDY Low, SCLK Active, RFS Active 
thy 40 | ns max CLKIN High to SCLK High Delay 5 
tio 50 ns min SCLK Width 
t13 l/fcoLKIN ns SCLK Period | 
ti4 40 ns max SCLK High to RFS High Delay 
tis 1/fcLKIN ns RFS Pulse Width 
Lig’ 45 ns max SCLK High to SDATA Valid Delay 
tig’ 1/2fcran + 50 ns max SCLK Low to SDATA High Impedance Delay 
1/2fcrKw +10 ns min 
tis 1/2fcixm + 60 ns max CLKIN High to DRDY High Delay 
tio 50 ns max CLKIN High to RFS High Impedance, SCLK High Impedance 
20 ns min 
to9 1/2fcrKIN + 50 ns max SCLK Low to CASCOUT High Delay 


to 2/ foLKIN ns CASCOUT Pulse Width 


NOTES 

1Sample tested at +25°C to ensure compliance. All input signals are specified with tr = tf = 5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 
*See Figures 1 and 3. 

3CLKIN duty cycle range is 40% to 60%. 
*The AD7716 is production tested with fo, xin at 8 MHz in the slave mode. It is guaranteed by characterization to operate at 400 KHz and 8 MHz in master mode. 
"Specified using 10% and 90% points on waveform of interest. 

°t,, is measured with the load circuit of Figure 1 and defined as the time required for an output to cross 0.8 V or 2.4 V. 
"ty7 is derived from the measured time taken by the data outputs to change 0.5 V when loaded with the circuit of Figure 1. The measured number is then extrapolated 
back to remove the effects of charging or discharging the 100 pF capacitor. This means that the time quoted in the timing characteristics is the true bus relinquish 
time of the part and as such is independent of external bus loading capacitances. 


CASCIN (I) 


tis 
DRDY (0) 
tig 
SCLK (0) 
tig 
RFS (0) 


tie ti ie 
DB30 DB29 DB24 DB2 DB1 DBO 
soara (oy {ast Reo> ape (Baas Yaa? Your (lee Bes X Be 


CASCOUT (0) too 


i 


Figure 3. Master Mode Timing Diagram 
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SLAVE MODE TIMING CHARACTERISTICS! 2 “(AVon = DVpp = +5.V + 5%; AVgs=—5 V+ 5%; AGND = DGND = OV; 


foxin = 8 MHz; Input Levels: Logic 0 = 0 V, Logic 1 = DVpp; unless otherwise noted) = | 


Parameter (B Version) Conditions/Comments 


forxm”? * | > kHz min | ~ CLKIN Frequency 
MHz max | 
t ns max - Digital Output Rise Time. Typically 20 ns 
te | 40. 7 ns max Digital Output Fall Time. Typically 20 ns 
to3 I/fopeN ns min CASCIN Pulse Width 
tog 50 ns min SCLK Width 
tos 125 | ns min SCLK Period 
t26 1/foLKw +30 ns min CASCIN High to RFS Setup Time 
to7 30. ns min RFS Low to SCLK High Setup Time 
toe” 50 : : ns max SCLK High to SDATA Valid Delay 
too 50 ns min RFS Hold Time After SCLK High 
£35 50 ns max SCLK High to SDATA High Impedance Delay 
O- ns min 
t3) 60 ns max SCLK High to CASCOUT High Delay. 


t30 2/fcLKIN ns max CASCOUT Pulse Width 


NOTES 
‘Sample tested at +25°C to ensure compliance. All input signals are specified with tr = tf =5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 
See Figures 1 and 4. 
3CLKIN duty cycle range is 40% to 60%. 
4*The AD7716 is production tested with ics at 8 MHz i in the slave mode. It is wiarantoed by characterization to operate at 400 kHz. 
*Specified using 10% and 90% points on waveform of interest. 
“tas is measured with the load circuit of Figure 1 and defined as the time required for an output to cross 0. 8 Vor2.4V. 
"tz9 is derived from the measured time taken by the data outputs to change 0.5 V when loaded with the circuit of Figure 1. The measured number is then extrapolated 
back to remove the effects of charging or discharging the 100 pF capacitor. This means that the time quoted in the timing characteristics is the true bus relinquish 
time of the part and as such is independent of external bus loading capacitances. 


tog 
CASCIN (I) 
tog tos 
SCLK (I) 
tos tog 
tr too 
RFS (I) 
tog - 
DB30 DB29 DB24 DB23 

SDATA (0) Ce G8 Ce ee Ge 

CASCOUT (0) 


ee eG 


Figure 4. Slave Mode Timing Diagram 
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ABSOLUTE MAXIMUM RATINGS! PQFP Package, Power Dissipation ............... 450 mW 
(Ta = +25°C unless otherwise noted) Oja- Pnermal Impedance: 05-34 64.8 e945 de edu a fe 95°C/W 
AY pi tO AGNDD epee tie eau dou @ Hee ees 0.3 Vto+7 V Lead Temperature, Soldering 

AVS 1OAGND® 0 6.046465 92825 8 te Oe +0.3 Vto-7V Vapor Phase(60 sec). 0-.e.c4ves weer eres 215°C 
AGND10:DGND® éc-c00 4338S vee ee dows —0.3 V to +0.3 V Infrared Cl 5 SCC). sc» eau nae Oe ee eee wr +220°C 
AVpp:t0 DVppe 65:2 %4hS454e8e8ebea See de —0.3 V to +0.3 V PLCC Package, Power Dissipation ............... 500 mW 
Analog Inputs to AGND ...... AVss — 0.3 V to AVpp + 0.3 V Oy, Thermal Impedance ..................004. 55°C/W 
Vrerr toAGND ........... AVss — 0.3 Vto AVpp + 0.3 V Lead Temperature, Soldering 
Digital Inputs to DGND? .......... —0.3 V to DVpp + 0.3 V Vapor. Puase (OU See). sic ewa ey te aware aades +215°C 
Digital Outputs to DGND .......... —0.3 V to DVpp + 0.3 V Tntrared: ClO SCC) <b: pie ters Sed Wine dees ered RE Sk 4 +220°C 
Operating Temperature Range NOTES 
Commercial Plastic (B Versions) ........... -40°C to +85°C Stresses above those listed under “Absolute Maximum Ratings” may cause 
Storage Temperature Range ............. 65°C to +150°C permanent damage to the device. This is a stress rating only and functional 


operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
Transient currents of up to 100 mA will not cause SCR latch-up. 


CAUTION 


ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily W ARNING! 
accumulate on the human body and test equipment and can discharge without detection. 
Although these devices feature proprietary ESD protection circuitry, permanent damage may Sarin 4 

occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD ESD SENSITIVE DEVICE 
precautions are recommended to avoid performance degradation or loss of functionality. 


PQFP PINOUT PLCC PINOUT 

5 < 
z= of Qa > FE La 
o% oS Be Soff & o z ao ray oe 
zo2z2o0oe0q!laz2zlon2 oS eo S ale self gv 
$SIssRsssss SO) OOP ee ee 
AAABAABAAE eee 


NC 1 33 MODE 
NC 2 32 NC 
Dout1 3 31 NC 
DGND 4 30 DVop AD7716 
NC 5 AD7716 29 Dint TOP VIEW 
RFS 6 TOP VIEW 28 NC (Not to Scale) 
SCLK 7 (Not to Scale) 27 CASCIN 
RESET 8 26 CASCOUT 
AGND 9 25 Vrer 
AVpp 10 24 AVss 
Ain 11 23 AGND 
EET TE EE ELLE EE TE Ae TET TE, 
Hsleltlalaitalal 
NO tH OR 0 OD OF N 
rr PrP SFr SF Tr SF TF NN ON 
QAanonanananmnmaoarast io 
z<t22222¢4*22z¢4 Z 
Fa Sa5a46 6 < NC = NO CONNECT 
< < < | < 
NC = NO CONNECT 
ORDERING GUIDE 


Temperature Output Noise 
Range (Filter: 146 Hz) 
—40°C to +85°C 11 uwV rms 
—40°C to +85°C 11 pV rms 


*P = PLCC (Plastic Leaded Chip Carrier); S = PQFP (Plastic Quad Flatpack). For outline 
information see Package Information section. 


AD7716BP 
AD7716BS 
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PIN DESCRIPTION 
Pin Description 
AVpp Analog Positive Supply, +5 V Nominal. This supplies +ve power to the analog modulators. AVpp & DVpp 
| _ | must be tied together externally. 

DVpp Digital Positive Supply, +5 V Nominal. This eappliex +ve power to the digital filter and input/output registers. 

AVss _| Analog Negative Supply, -5 V nominal. This supplies —-ve power to the analog modulators. 

RESET A high pulse on this input pin synchronizes the sampling point on the four input channels. It can be used in a 
multichannel system to ensure simultaneous sampling. This also resets the digital interface to a known state. 

A0-A2 The three address input pins, AO, Al and A2 give the device a unique address. This information is contained i in 
the output data stream from the device. : 

CLKIN Clock Input for External Clock. 

CLKOUT Clock Output which is used to generate an internal master clock by connecting a crystal between CLKOUT and 

- CLKIN. If an external clock is used then CLKOUT is not connected. 
MODE This digital input determines the device interface mode. If it is hardwired low, then the Master Mode interface is 
| enabled whereas if it is high, the Slave Mode interface is enabled. 
CASCIN —__s|_:_: This is an active-high, level-triggered digital input which is used to enable the output data stream. This input 


_-| may be used to cascade several devices in a multichannel system. © 
CASCOUT - Digital output which goes high at the end of a complete 4-channel data transfer. This can be connected to the 
|’ CASCIN of the next device in a multichannel system to ensure proper control of the data transfer. 


RFS Receive Frame Synchronization signal for the serial output data stream. This can be an input or output depending 
on the interface mode. | | | 

SDATA Serial Data Input/Output Pin. 

SCLK Serial Clock Input/Output. The SCLK pin is configured as an input or output, depending on the state of the 
Mode pin. 

DRDY Data Ready Output. A falling edge indicates that a new word is available for transmission. It will return high 


when 4, 32-bit words have been transmitted. It also goes high for one clock cycle, when a new word is being 
loaded into the output register. Data should not be read during this period. 
TFS 7 Transmit Frame Sync input for programming the on-chip Control Register. 
Dl | Digital Data Input. This is contained in the digital data stream sent from the device. 
Doutl, Dour2 | Digital Outputs. These two digital outputs can be programmed from the on-chip Control Register. They can 
be used to control calibration signals at the front end. 


VREF Reference Input, Nominally 2.5 V. 

AGND . Analog Ground. Ground reference for analog circuitry. 
DGND Digital Ground. Ground return for digital circuitry. 
Ayw1—Ary4 | Analog Input Pins. The analog input range is +2.5 V. 
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TERMINOLOGY 

LINEARITY ERROR 

This is the maximum deviation of any code from a straight line 
passing through the endpoints of the transfer function. The 
endpoints of the transfer function are zero scale (not to be con- 
fused with Bipolar Zero), a point 0.5 LSB below the first code 
transition (000 ...000 to 000...001) and full scale, a point 
0.5 LSB above the last code transition (111...110 to 
111...111). The error is expressed as a percentage of full 
scale. 


DIFFERENTIAL LINEARITY ERROR/INO MISSED CODES 
This is the difference between any code’s actual width and the 
ideal (1 LSB) width. Differential Linearity Error is expressed in 
LSBs. A differential linearity specification of +1 LSB or less 
guarantees no missed codes to the full resolution of the device. 
The AD7716 has no missed codes guaranteed to 21 bits with a 
cutoff frequency of 146 Hz. 


GAIN ERROR 

Gain Error is the deviation of the last code transition 
(111...110to 111... 1) from the ideal (Vpgp -3/2 LSBs). It 
is expressed as a percentage of full scale. 


GAIN TC 
This is the variation of gain error with temperature and is ex- 
pressed in wtV/°C. 


OFFSET ERROR 

Offset Error is the deviation of the first code transition from the 
ideal (-Vprr + 0.5 LSB). It is expressed as a percentage of full 
scale. 


OFFSET TC 
This is the variation of offset error with temperature and is ex- 
pressed in pV/°C. 


NOISE 

This is the converter rms noise expressed in LV. Because of the 
digital filtering in the sigma delta converter, the noise perfor- 
mance is a function of the programmed filter cutoff. 


SAMPLING RATE 
This is the modulator sampling rate. For the AD7716, it is 


forxn/14. 
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OUTPUT UPDATE RATE 

This is the rate at which the digital filter updates the output shift 
register. It is a function of the master clock frequency and the 
programmed filter cutoff frequency. 


FILTER CUTOFF FREQUENCY 

The digital filter of the AD7716 can be programmed, in binary 
steps, to 5 discrete cutoff frequencies, ranging from 584 Hz to 
36.5 Hz (for a CLKIN frequency of 8 MHz). 


SETTLING TIME 

This is the settling time of the on-chip digital filter, to 0.0007% 
of FSR, in response to a full-scale step at the input of the ADC. 
It is proportional to the master clock frequency and the filter 
cutoff frequency. 


USABLE DYNAMIC RANGE 

The usable dynamic range is the ratio of the rms full-scale 
reading (sine wave input) to the rms noise of the converter, 
expressed in dBs. It determines the level to which it is possible 
to resolve the input signal. For example, at a bandwidth of 

146 Hz, the rms noise of the converter is 11 uV. The full-scale 
rms is 1.77 volts. So, the usable dynamic range is 104 dB. Any 
signal below this level will be indistinguishable from noise unless 
extra post-filtering techniques are employed. 


TOTAL HARMONIC DISTORTION 

Total harmonic distortion (THD) is the ratio of the rms sum 
of the harmonics to the fundamental. For the AD7716, it is 
defined as: 3 


Vi 4V3 +V 4 +V5 +V 6 
THD (dB) = 20 log ——_____— 
V, 
where V, is the rms amplitude of the fundamental and V2, Vs 
V4, V5 and V¢ are the rms amplitudes of the second through 
sixth harmonics. 


ABSOLUTE GROUP DELAY 

Absolute group delay is the rate of change of phase versus fre- 
quency, do/df and is expressed in seconds. For the AD7716, 
it is dependent on master clock frequency and filter cutoff 
frequency. 


DIFFERENTIAL GROUP DELAY 

Differential group delay is the total variation in absolute group 
delay in the specified bandwidth. Since the digital filter in the | 
AD7716 has perfectly linear phase, the differential group delay 
is almost. zero. This is important in many signal processing ap- 
plications where excessive differential group delay can cause 
phase distortion. , | oo 
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GENERAL DESCRIPTION 

The AD7716 is a 4-channel 22-bit A/D converter with on- chip 
digital filtering, intended for the measurement of wide dynamic 
range, low frequency signals such as those representing ECG, 
EEG, chemical, physical or biological processes. It contains 
four sigma delta ADCs, a clock oscillator and a serial communi- 
cations port. 


Each of the analog input signals to the AD7716 is continuously 
sampled at a rate determined by the frequency of the master 
clock, CLKIN. Four sigma-delta modulators convert the 
sampled signals into digital pulse trains whose duty cycles con- 
tain the digital information. These are followed by low-pass fil- 
ters to process the output of the modulators and update the 
output register at a maximum rate of 2.2 kHz. The output data 
can be read from the serial port at any rate up to this. 


THEORY OF OPERATION | 
The general block diagram of a delta-sigma ADC is shown in | 
Figure 5. It contains the following elements. 


1. Continuously Sampling Integrator 

2. A Differential Amplifier or Subtracter 
3. A 1-Bit A/D Converter. ee Searaton): 
4. A 1-Bit DAC 

5. A Digital Low-Pass Filter. 


In operation, the sampled analog signal is fed to the subtracter, 
along with the output of the 1-bit DAC. The filtered difference 
signal is fed to the comparator, whose output samples the differ- 
ence signal at a frequency many times that of the analog signal 
frequency (oversampling). 


Oversampling is fundamental to the operation of delta-sigma 
ADCs. Using the quantization noise formula for an ADC: 


SNR = (6.02 X number of bits + 1.76) dB, 
a 1-bit ADC or comparator yields an SNR of 7.78 dB. 


When operating with a master clock of 8 MHz, the AD7716 
samples the input signal at 570 kHz, which spreads the quanti- 
zation noise from 0 kHz to 285 kHz. Since the specified analog 
input bandwidth of the AD7716 is only 584 Hz maximum (it 
can be programmed to be lower), the noise energy in this band- 
width would be only 1/488 of the total quantization noise, as- 
suming that the noise energy was spread evenly throughout the 
spectrum. This very high sampling with respect to the input 
bandwidth is known as oversampling, and the ratio of 488:1 is 
called the oversampling ratio. The noise is reduced still further 
by analog filtering in the modulator loop, which shapes the 
quantization noise spectrum to move most of the noise energy to 
frequencies above 584 Hz. The SNR performance in the 0 Hz 
to 584 Hz range is conditioned to the 99 dB level in this fashion 
.(see Table I). As the programmed bandwidth is reduced, the 
oversampling ratio increases and the usable dynamic range also 
increases. Thus, for example, with a programmed bandwidth 
of 73 Hz, the oversampling ratio is 3904:1, and the usable dy- 
namic range is 108 dB which corresponds to greater than 17-bit 
resolution. 
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The output of the comparator provides the digital input for the 
1-bit DAC, so the system functions as a negative feedback loop 
which minimizes the difference signal. The digital data that rep- 
resents the analog input voltage is in the duty cycle of the pulse 
train appearing at the output of the comparator. It can be re- 
trieved as a parallel binary data word using a digital filter. 


Cc. CLOCK 
, O 


TO 
DIGITAL 
FILTER 


STROBED 
COMPARATOR 


1-BIT DAC 


Figure 5. First Order Modulator 


Sigma-delta ADCs are generally described by the order of the 
analog low-pass filter. A simple example of a first order sigma- 
delta ADC is shown in Figure 5. This contains only a first- 
order low-pass filter or integrator. | 


The AD7716 uses a second-order sigma-delta modulator and a 
digital filter that provides a rolling average of the sampled out- 
put. After power-up or if there is a step change in the input 
voltage, there is a settling time before valid data is obtained. 


DIGITAL FILTERING 
The AD7716’s digital filter behaves like an analog filter, with a 
few minor differences. 


First, since digital filtering occurs after the A-to-D conversion 
process, it can remove noise injected during the conversion pro- 
cess. Analog filtering cannot do this. 


On the other hand, analog filtering can remove noise super- 
imposed on the analog signal before it reaches the ADC. Digital 
filtering cannot do this and noise peaks riding on signals near 
full scale have the potential to saturate the analog modulator 
and digital filter, even though the average value of the signal is 
within limits. If noise signals cause the input signal to exceed 
the specified range, consideration should be given to analog in- 
put filtering, or to reducing the gain in the input channel to 
bring the combination of signal and noise spike within the speci- 
fied input range. | | | 


Filter Characteristics 

The cutoff frequency of the digital filter is determined by bits 
FC2, FC1 and FCO in the control register (See Table IV). The 
cutoff frequency of the filter is forxiw/(3.81 X 14 X 256 X 2N), 
where N is the decimal equivalent of FC2, FC1, FCO. At the 
maximum clock frequency of 8 MHz, with all 0s loaded to FC2, 
FC1, FCO, the cutoff frequency of the filter is 584 Hz and the 
data update rate is 2232 Hz. 


Since the AD7716 contains low-pass filtering, there is a settling 
time associated with step function inputs, and data will be in- 
valid after a step change until the settling time has elapsed. The 


REV. 0 


relationship between input bandwidth and settling is given in 
Table I. Because of this settling time, most sigma delta ADCs 
are unsuitable for high speed multiplexing, where channels are 
switched and converted sequentially at high rates, as switching 
between channels can cause a step change in the input. How- 
ever, the AD7716 is a sigma-delta solution to multichannel ap- 
plications, since it can process four channels simultaneously. In 
addition, it is easy to cascade several devices in order to increase 
the number of channels being processed. 
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Figure 6. Frequency Response of AD7716 Filter 


Figure 6 shows the filter frequency response for a cutoff fre- . 
quency of 73 Hz. This is a (sinx/x)* response (also called sinc’) 
that provides greater than 100 dB rejection at the notch fre- 
quencies. The relationship between the programmed cutoff 
frequency and the first notch is constant (fyorcy = 3.81 X 
fcurorr). The first notch frequency is also the output data rate. 
The settling time to a full-scale step input is four times the out- 
put data period. Programming a different cutoff frequency via 
FCO0-FC2 does not alter the profile of the filter response, it sim- 
ply changes the frequency of the notches. 


In Figure 6, the first notch is at 278 Hz. This is also the output 
data rate. Settling time to a full-scale step input is 10.8 ms. 


The digital filter can be defined by the following equations. 


elem 
Ho@= [ye 


sin(N xx f/fs)| 
sin (1 f/fs) 
where N = Oversampling Ratio 
fs = Modulator Sampling Rate 


on|=|[bx 
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Post Filtering 

In the AD7716, the on-chip modulator provides the digital filter 
with samples at a rate of 570 kHz. The filter decimates these 
samples to provide data at an output rate which corresponds to 
the programmed first notch frequency of the filter. 


If the user wants to reduce the output noise from the device for 
bandwidths less than 36.5 Hz, then it is possible to employ extra 
filtering after the AD7716. This extra digital filtering is called 
post filtering. If a straight averaging filter is used, for example, a 
reduction in bandwidth by a factor of 2 results in V2 reduction 
in the rms noise. This additional filtering will also result in a 
longer settling time. 


Antialias Considerations 

The digital filter does not provide any rejection at integer mul- 
tiples of the modulator sampling frequency (n X 570 kHz, 
where n = 1, 2, 3,...). This means that there are frequency 
bands, +f3gp wide (f34p is the cutoff frequency selected by FCO 
to FC2) where noise passes unattenuated to the output. How- 
ever, due to the AD7716’s high oversampling ratio, these bands 
occupy only a small fraction of the spectrum and most broad- 
band noise is filtered. 


In spectral analysis applications, it is important to note that at- 
tenuation at half the output update rate is 16 dB. Extra front- 
end filtering or post filtering may be required to keep aliases in 
this frequency band at an acceptable level. 


USING THE AD7716 

SYSTEM DESIGN CONSIDERATIONS 

The AD7716 operates differently from successive approxima- 
tion ADCs or other integrating ADCs. Since it samples the sig- 
nal continuously, like a tracking ADC, there is no need for a 
start convert command. The output register is updated at a rate 
dependent on the programmed cutoff frequency, and the output 
can be read at any time. 


Input Signal Conditioning 

The input range for the AD7716 is tVpgp, where Vrgp = 2.5 V 
+ 10%. Other input ranges can be accommodated by input sig- 
nal conditioning. This may take the form of gain to increase a 
smaller signal range, or passive attenuation to reduce a larger in- 
put voltage range. 
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Source Resistance | 

If passive attenuators are used i in front of the AD7716, care 
must be taken to ensure that the source impedance is suffi- 
ciently low. The dc input resistance for the AD7716 is greater 
than 1 GQ. In parallel with this there is a small sampling ca- 
pacitor. The dynamic load presented by this varies with the © 
clock frequency. The modulator sampling rate determines the - 
amount of time available for the sampling capacitor to be 
charged. Any extra external impedances result in a longer over- 
all charge time resulting in extra gain errors on the analog input. 
The AD7716 has a quite large gain error (1% FSR) due to the 
fact that there is no on-chip calibration. Thus, even an extra 

10 kQ source resistance and 50 pF source capacitance will have 
no significant effect on this. 


Active signal conditioning circuits such as op amps generally do 
not suffer from problems of high source impedance. Their 
open-loop output resistance is normally only tens of ohms and, 
in any case, most modern general purpose op amps have 
sufficiently fast closed- meoP etuing time for this not to be a 
problem. 


Accuracy | 
Sigma-delta ADCs, like VFCs and other integrating ADCs, do 
not contain any source of nonmonotonicity and inherently offer 
no missing codes performance. 


The AD7716 achieves excellent linearity oo the use of high 
quality, on-chip silicon dioxide capacitors, which have a very 
low capacitance/voltage coefficient. 


Drift Considerations 
The AD7716 uses autozeroing techniques to minimize input 


offset drift. Charge injection in the analog switches and leakage | 


currents at the sampling node are the primary sources of offset 
voltage drift in the converter. Figure 7 indicates the typical off- 
set due to temperature changes. Drift is relatively flat up to 
85°C. Above this temperature, leakage current becomes the 
main source of offset drift. Since leakage current doubles. ap- 
proximately every 10°C, the offset drifts accordingly. The value 
of the voltage on the sample capacitor is updated at a rate deter- 
mined by the master clock, therefore the amount of offset drift 
which occurs will be proportional to the elapsed time between 
samples. | 


Gain drift within the converter depends mainly upon the tem- 
perature tracking of the internal capacitors. It is not affected by 
leakage currents. 
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Figure 7. Typical Offset Drift — 


Voltage Reference 
The voltage applied to the Vpgr pin defines the analog input 
range. The specified reference voltage is 2.5 V+ 10%. 


The reference input presents exactly the same dynamic load as 
the analog input, but in the case of the reference input, source 
resistance and long settling time introduce gain errors rather 
than offset errors. Most precision references however have suffi- 
ciently low output impedance and wide enough bandwidth to 
settle to the required accuracy in the time allowed by the 
AD7716. ; 


The reference should be chosen to have minimal noise in the 
programmed passband. Recommended references are the 
AD780 or the REF43 from Analog Devices. These low noise 
references have typical noise spectral densities of 100 nV/VHz at 
600 Hz. This corresponds to an rms noise of 2.5 LV in this | 
band and is more than adequate for the AD7 716. «* 


Clock Generation ) 

The device operates from a master clock which must be pro-. 
vided either from a crystal source or an external clock source. If 
a crystal is used, it must be connected across the CLKIN and 
CLKOUT pins. Typical loading capacitors of 15 pF are re- © 
quired on CLKIN, CLKOUT. The crystal manufacturers data 
should be consulted for more information. An external clock 
can also be used to drive the CLKIN input directly with a 
CMOS compatible clock. In this case, CLKOUT is left uncon- 
nected. The nominal clock frequency for the device is 8 MHz. 
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CONTROL REGISTER DESCRIPTION 

The 16-bit control register is programmed in two 8-bit bytes; 
the low byte is programmed first and the high byte second. The 
loading format is LSB first (DBO for the Least Significant Byte; 
DB8 for the Most Significant Byte). Three control lines are 
used: TFS, SCLK and SDATA. On initial application of 
power to the AD7716, the control register will come up in an 
undetermined state. Programming the control register requires 
an SCLK input, a TFS input and an SDATA input. The 
MODE pin on the device determines whether it is in the master 
interface mode or the slave interface mode. In either mode, a 
falling edge on TFS causes the part to relinquish control of the 
SDATA and SCLK lines. When TFS goes low, data on the 
SDATA line is clocked into the control register on each suc- 
ceeding falling edge of SCLK. When 8 bits have been clocked 
in, the transfer automatically stops. Only when another negative 
going edge is detected on TFS will new information be written 
into the control register. The control register programming 
model is shown in Table II. Bits DB8 and DBO allow the con- 
trol register to identify whether the MS Byte or the LS Byte has 
been programmed. Only when DB8 is a 1 and DBO is a 0 will 
the register recognize that a complete valid word has been 
programmed. 


AD7716 


Control register bit, DB15 (A3), acts as an extra address bit 
which must always be set to 1 to enable programming of the 
AD7716. If it is set to 0, then the programmed word is ignored. 
This allows the user to bypass the AD7716 control register and 
use the serial stream from the DSP or microcomputer to pro- 
gram other serial peripheral devices. 


When a valid word has been received, the device interrogates 
the MO bit. If this is 0, then the digital filter cutoff frequencies 
are programmed to the appropriate value if the device address 
pins correspond to the A2, Al, AO bits in the control register. If 
the device address pins do not correspond to the A2, Al, AO 
bits then the FC2, FC1, FCO bits are ignored. If MO is 1, then 
the digital filter cutoff frequencies are programmed to the FC2, 
FC1, FCO value irrespective of the address bits. In a multi- 
channel system this allows the user to either program all 
AD7716s to have the same cutoff frequency or else to give each 
device a separate cutoff frequency. 


Control register bits FC2, FC1, FCO program the digital filter 
cutoff frequency, see Table VI. 


Control register bits D2, D1 control the digital output pins D2 
and D1. These are programmed in the same way as FC2, FC], 
FCO. 


Table II. Control Register Programming Model 


Most Significant Byte 


Least Significant Byte | 


DB15 | DB14 | DB13 | DB12 | DB11 | DB10 | DB9 | DB8 DB7 | DB6 DBS5 DB4 | DB3 DB? DB1 | DBO 
A3 A2 Al AO MO FC2 FC] | 1 FCO DOUT2}|DOUT1 | X Xx Xx X 0 | 


Table III. MO Truth Table 


Programming Mode 


A2, Al, AO determine which device is addressed and 
programmed with cutoff frequency and digital output. 
| A2, Al, AO ignored. All devices are addressed and 

_ programmed with common cutoff frequency and digital 
output. 
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Table IV. Cutoff Frequency Truth Table 


Cutoff Frequency (Hz) 
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RESET 

The AD7716 has a hardware reset which can be used to synchro- 
nize many devices. When the RESET pin goes low after being 
high for at least four CLKIN cycles, the modulator sampling 
points and digital filter starting points are all synchronized. This 
synchronizes all devices which receive the RESET pulse and 
gives simultaneous sampling of all channels. It does not affect _ 
the control register but restarts the interface. Also, it is necessary 
to wait the requisite settling time after applying Reset to get valid 
data from the device. . 


CASCADING DEVICES 

The AD7716 provides a facility for connecting multiple devices 
in series. The CASCIN and CASCOUT pins allow this. Con- 
necting CASCOUT to CASCIN of the succeeding device means 
that the SDATA output of the second device will be disabled un- 
til the output register of the first device is empty. 


In the case of the first device in the system, it is possible to drive 
CASCIN from CASCOUT of the last device or, alternatively, 
invert DRDY to drive it. If CASCIN is driven by CASCOUT, 
then a reset must be applied after every write to the control 
register. This also applies in single device systems that use 
CASCOUT to drive CASCIN 


DATA OUTPUT INTERFACE MODES 

When the control register has been programmed, the device be- 
gins conversion. There is an initial delay to allow the digital fil- 
ters to settle. As already stated, these filters are Sinc’, and so the 
filter output update rate is directly related to the programmed 
cutoff frequency. The ratio between these is 3.81. So, for a filter 
cutoff frequency of 584 Hz, the output update is 2.22 kHz. The 
falling edge of the DRDY output indicates that the output shift 
register has been updated. There are two interface modes. One 
is the master mode, where the AD7716 is the master in the sys- 
tem and the processor to which it is communicating is the slave. 
The other mode is the slave mode, where the AD7716 is the 
slave and the processor is the system master. In both of these 
modes the data output stream contains 4 X 32 bits, correspond-_ 
ing to the four input channels. The output data format is given 
in Table V. The conversion result DB21—DB0 occupies location 
DB31-—DB10 of the output register. DB21 is the MSB and is 
transmitted first as shown in the timing diagrams. The channel 
address is given by CAO and CAI which occupy DB9 and DB8 
of the output register. The channel address format is given in 
Table VI. 


Master Mode Interface 

The device may be placed in the Master Mode by tying ie 
MODE pin low. In this mode, data is clocked out of the 
AD7716 by an internally generated serial clock and frame syn- 
chronization pulse. Two signals initiate the transfer. These are 
the input CASCIN and the internally generated DRDY signal. 
When a high level is detected on CASCIN, the device checks 
the state of DRDY. Note, that on initial power-up or after a re- 
set has been applied, the CASCIN input is not necessary on de- 
vice 000 for the first data transfer but is required thereafter. If 
DRDY is low, then the 3-state output, RFS goes high on the 
next rising edge of CLKIN and stays high for one CLKIN cycle 
before going low again. The 3-state SCLK output is also acti- 
vated on the same rising edge. As RFS goes low, DB31 is 
clocked out on the rising edge of SCLK and is valid on the fall- 
ing edge of SCLK. Data is transmitted in 8-bit bytes. For each 
Ay, there are 4, 8-bit bytes and 4 RFS pulses. When DBO of 
A 4 has been clocked out, SCLK goes back into 3-state and 
the CASCOUT output goes high for one master clock cycle. 
DRDY also goes high at this point. Successive devices can be | 
networked together by tying the CASCOUT of one device to 
the CASCIN on the next one. 


Note that on device 0 (A2, Al, AO tied ie: the CASCIN input 
should be driven by the inverse of the DRDY output. This is 
shown in the interface diagram of Figure 8. 


~The Master Mode interface is very suitable for loading data into 


a serial-to-parallel shift register or for DSPs which can accept a 
continuous stream of 8-bit bytes. 


Slave Mode Interface _ 

The device may be placed in the slave interface mode by tying 
the MODE pin high. In this mode, the master processor con- 
trols the transfer of data from the signal processing block. It 
starts the transfer by sending a frame synchronizations pulse and 
serial clock to the AD7716. This could be in response to an in- 
terrupt generated by the DRDY output on the AD7716. If the 
device has detected a high level on CASCIN or is device 000 on 
its first transfer, it starts to send out data on the next rising edge 
of SCLK. This data is then valid on the falling edge of SCLK. 
When all the data bits have been clocked out, the CASCOUT 
pin goes high for one CLKIN cycle and DRDY also goes high. 
The slave mode interface is suited to both microcomputers like 
the 8051 and 68HC11 and also DSPs like the TMS320C25, 
ADSP-2101 family and the DSP56000 family. 


Table V. Output Data Word Format 


DB31...DB10 DB9 
DB21... DBO CAO CAl AO 
Conversion Result Channel Address Device ees 


Table VI. Channel Address Format 


CA1 (DBS8) 


Channel CAO (DB9) 
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Dy]l OVFL xX xX ».4 
Pace Detect . Overflow Indeterminate 
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MICROPROCESSOR INTERFACING 

Interfacing the AD7716 to the ADSP-2100 Family 

The ADSP-2100 family of microcomputers from Analog De- 
vices are high speed, high performance digital signal processors. 
Many members of the family have serial ports (known as 
SPORTs) which are compatible with the AD7716. These in- 
clude the ADSP-2101, ADSP-2105, ADSP-2111 and ADSP- 
2115. Full details of these are available in the ADSP-2100 
Family User’s Manual available from Analog Devices. 


Figure 8 shows the hardware interface between two AD7716s 
and SPORT 0 of the ADSP-2101 DSP. This yields a very effi- 
cient 8-channel data acquisition system. The AD7716 is set up’ 
for slave interface mode by tying the MODE pin high. This 
means that the ADSP-2101 is the master in the system and sup- 
plies the necessary frame synchronization and SCLK Signals to 
the AD7716s when writing to and reading from the device. 


On power up, the user should write to the AD7716 control reg- 
ister in order to set the filter cutoff frequencies. The appropri- 
ate SPORT 0 Control Register (0 X 3FF6) setting is “7EC7.” 
This sets the transmit section for alternate inverted framing with 
a word length of 8 bits. Two 8-bit words should then be written 
to each AD7716 to program the filter cutoff frequencies. The 
control register programming model is given in Table II. Note 
that the LSB (DBO) must be loaded first as in the timing dia- 
gram of Figure 2. 


When the write operation is complete, a reset pulse should be 

applied to both devices. This ensures that the sampling and in- 
terface timing of the device are synchronized. The reset can be 
under DSP control, in which case a flag output could be used. 


After reset, the processor should jump to the read routine. For 
this read routine, there are several registers that need to be set. 


CASCOUT MODE 


ee 
CASCIN AO A1 A2 | V 


SCLK 
AD7716 #2 TFS 
, ‘SDATA 
RESET 
CONTROL RESET DRDY 


RFS 
MODE 


CASCOUT 


+5V 


AD7716 


The SPORTO Control Register setting is “7FCF.” This sets the 
receive section for internal SCLK, continuous receive with al- 
ternate inverted framing. 


The SPORTO SCLKDIV Register (0 X 3FF5) determines the 
SCLK frequency from the ADSP-2101. With “0000” loaded, 
the SCLK output is at its maximum (1/2 the master clock of 

12.5 MHz). 


In normal operation, a SPORT generates an interrupt when it 
has received a data word. Autobuffering provides a mechanism 
for receiving or transmitting an entire block of serial data before 
an interrupt is generated. Service routines can operate on the 
entire block of data, rather than on a single word, reducing over- 
head significantly. This is ideal for use with a device like the 
AD7716 where there is a requirement to read many bits of data 
(256 in this case) for each sampling instant. The SPORTO 
Autobuffer Control Register (0 X 3FF3) is loaded with “0001” 
to enable the Receive Autobuffering. 


The SPORTO RFSDIV Register (0 X 3FF4) should be set to 
the minimum value of “OOOF.” Finally the IRQ2 interrupt 
should be enabled. 


The DSP will now wait for an interrupt from the AD7716. This 
interrupt is generated by the AD7716 DRDY line going low. If 
the interrupt service routine is set for autobuffered mode with a 
length of 16 (16-bit) words, then the DSP will read in the 256 
bits from the two AD7716s in one continuous stream and then 
stop. The data from the two devices will be contained in the 
designated data memory area and the DSP can now go and op- 
erate on this as is necessary. Note that, because of the ADSP- 
2101 framing, a one-bit shift left will be necessary on the data in 
memory. For 16 data words, this will require 22 instruction 
cycles. 


ADSP-2101 
iIRQ2 (~VE EDGE TRIGGERED) 


Figure 8. 8-Channel Data Acquisition System Using the ADSP-2101 Digital Signal Processor 
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w@ ANALOG | ~_LC?M0S, High Speed 
& DEVICES ian 1-, 4- & 8-Channel 10-Bit ADCs 


—ADTTT6/AD7777/AD7778* 


FEATURES 


: FUNCTIONAL BLOCK DIAGRAMS _ 
AD7776: Single Channel oe | | eee ae 
AD7777: 4-Channel | 7 Oe | sieht ee 


AD7778: 8-Channel : 
Fast 10-Bit ADC: 2.5 4s Worst Case 
+5 V Only | ) 
Half-Scale Conversion Option 

Fast Interface Port : 
Power-Down Mode 


APPLICATIONS 
HDD Servos 
instrumentation 


CONTROL 
REGISTER 


GENERAL DESCRIPTION 

The AD7776, AD7777 and AD7778 are a family of high speed, . 
multichannel, 10-bit ADCs primarily intended for use in R/W 
head positioning servos found in high density hard disk drives. 
They have unique input signal conditioning features which make 
them ideal for use in such single supply applications. . 


By setting a bit in a control register within both the four- 
channel version, AD7777, and eight-channel version, AD7778, 
the input channels can either be independently sampled or any 
two channels of choice can be simultaneously sampled. For 

all versions the specified input signal range is of the form | 
Vatas + Vswic- However, if the RTN pin is biased at, say, 

2 V then the analog input signal range becomes 0 V to +2 V for 
all input channels. This is dealt with in more detail under the 
section Changing the Analog Input Voltage Range. The voltage 
Vaias is the offset of the ADC’s midpoint code from ground 
and is supplied either by an onboard reference available to the 
user (REFOUT) or by an external voltage reference applied to 
REFIN. The full-scale range (FSR) of the ADC is equal to 

2 Vswing Where Vewine is nominally equal to REFIN/2. Addi- 
tionally, when placed in the half-scale conversion mode, the 
value of REFIN is converted. This allows the channel offset(s) 
to be measured. 3 : 


CLKIN Vee — 


Control register loading and ADC register reading, channel 
select and conversion start are under the control of the wP. The 
twos complemented coded ADCs are easily interfaced to a stan- 
dard 16-bit MPU bus via their 10-bit data port and standard 
microprocessor control lines. _ 


They are fabricated in linear compatible CMOS (LC?CMOS), an 
advanced, mixed technology process that combines precision 
bipolar circuits with low power CMOS logic. The AD7776 is 
available in a 24-pin SOIC package; the AD7777 is available in 
both 28-pin DIP and 28-pin SOIC packages; the AD7778 is 
available in a 44-pin PQFP package. 


_ *Protected by U.S. Patent No. 4,990,916. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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SPECIFICATIONS (Vog = +5 V + 5%; AGND = DGND = 0 V; CLKIN = 8 Mhz; 


AD7776/AD7777/AD7778 


RIN = OV; Coceyy = 10 nF; all specifications Ty to Tax unless otherwise noted.) 


Parameter Conditions/Comments 
DC ACCURACY 
Resolution” Bits 
Relative Accuracy LSB max See Terminology 
Differential Nonlinearity LSB max No Missing Codes; See Terminology 
Bias Offset Error LSB max See Terminology 
Bias Offset Error Match LSB max Between Channels, AD7777/AD7778 Only; See Terminology 
Plus or Minus Full-Scale Error LSB max See Terminology 


Plus or Minus Full-Scale Error Match 


LSB max 


Between Channels, AD7777/AD7778 Only; See Terminology 


ANALOG INPUTS 
Input Voltage Range 
All Inputs Varas + Vswinc V min/V max 
Input Current +200 wA max Vin = Varas * Vswings Any Channel 
REFERENCE INPUT 
REFIN V min/V max For Specified Performance 
REFIN Input Current wA max 


REFERENCE OUTPUT 
REFOUT 
DC Output Impedance 
Reference Load Change 


Short Circuit Current? 


LOGIC OUTPUTS 
DBO-DB9, BUSY/INT 
Voz» Output Low Voltage 


0.4 


Nominal REFOUT = 2.0 V 


For Reference Load Current Change of 0 to +500 pA 
For Reference Load Current Change of 0 to +1 mA 
Reference Load Should Not Change During Conversion 
See Terminology 


Vox; Output High Voltage 4.0 Isource = 200 pA 
Floating State Leakage Current +10 
Floating State Capacitance? 10 


ADC Output Coding 


LOGIC INPUTS 
DBO-DB9, CS, WR, RD, CLKIN 
Input Low Voltage, Vint 
Input High Voltage, Vinay 
Input Leakage Current 
Input Capacitance* 


CONVERSION TIMING 
Acquisition Time 


Twos Complement 


ns min 
ns max 


4.5 torKin 


See Terminology 


Single Conversion 14 to xin ns max 

Double Conversion 28 ter KIN ns max 

teLKIN 125/500 ns min/ns max Period of Input Clock CLKIN 

tc:xin High 50 ns min Minimum High Time for CLKIN 

te_Kkm Low 40 ns min Minimum Low Time for CLKIN 
POWER REQUIREMENTS 

Voc Range +4,75/+5.25 V min/V max For Specified Performance 


Igc, Normal Mode 

Ic, Power-Down Mode 

Power-Up Time to Operational : 
Specifications 


DYNAMIC PERFORMANCE 
Signal to Noise and Distortion 
S/(N+D) Ratio 
Total Harmonic Distortion (THD) 
Intermodulation Distortion (IMD) 


Channel-to-Channel Isolation 


NOTES 


15 
1.5 


mA max 
mA max 


500 


ws max 


'Temperature range as follows: A = —40°C to +85°C. 


CS = RD = +5 V, CR8 = 0 
CR8 = 1. All Linear Circuitry OFF 


From Power-Down Mode 


See Terminology 


Vin = 99.88 kHz Full-Scale Sine Wave with fsa mprinc = 380.95 kHz 
Vin = 99.88 kHz Full-Scale Sine Wave with fgauprinc = 380.95 kHz 
fa = 103.2 kHz, fb = 96.5 kHz with foamprmnc = 380.95 kHz. Both 
Signals Are Sine Waves at Half-Scale Amplitude 

Vin = 100 kHz Full-Scale Sine Wave with fgamprinc = 380.95 kHz 


' 3Guaranteed by design, not production tested. 
Specifications subject to change without notice. 
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Vee = +5 V + 5%; AGND = : DGND = = 0 V; all secitivatios Twn to lcs unless otherwise 


TIMING SPECIFICATIONS" 2 nctex) 
Parameter Test Conditions/Comments | 


INTERFACE TIMING 
CS CS Falling Edge to WR or RD Falling Edge. 
WR or RD Rising Edge to CS oe Edge 
WR Pulse Width 
CS or RD Active to Valid Data? Timed from Whichever Occurs Last 

Bus Relinquish Time after RD* — 

Data Valid to WR Rising Edge 

Data Valid after WR Rising Edge 

WR Rising Edge to BUSY Falling Edge 


CR9 = 0 
2.5 terxem + 70 

WR Rising Edge to BUSY. Rising Edge or . | | 

INT Falling Edge 19.5 teveng + 70 Single Conversion, CR6 = 0 


Se ese : 33.5 tenxin + 70 ‘Double Conversion, a = | 
WR or RD Falling Edge to INT Rising Edge 60 CR9 = 1 ; 


NOTES 

1See Figures 1 to 3. 

?Timing specifications in bold print are 100% production tested. All other times are guaranteed by design, not production tested. All input signals are specified 
with tr = tf = 5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 

“ti is measured with the load circuit of Figure 4 and defined as the time required for an output to cross 0.8 V or 2.4 V. | 

4t, is derived from the measured time taken by the data outputs to change 0.5 V when loaded with the circuit of Figure 4. The measured time is then extrapo- 
lated back to remove the effects of charging or discharging the 100. pF capacitor. This means that the time t, quoted above is the true bus relinquish time of 
the device and, as such, is independent of the external bus loading capacitance. 


Specifications subject to change without notice. 


FIRST SECOND 


CONVERSION CONVERSION | 
FINISHED FINISHED (CR6 = 1) 


(CR6 = 0) AD7777/AD7778 ONLY 


WR, RD 
cs BUSY 
(CR8 =:0) 
RD 
INT 
DBO-DB9 ehe=) _ 
“or 
Figure 3. BUSY/INT Timing 
cS 
DBn +2.1V 
- bee, 
DBO-DB9 — 
Figure 2. Write Cycle Timing | | Figure 4. Load Circuit for Bus Timing Characteristics 
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ABSOLUTE MAXIMUM RATINGS* 


(T, = +25°C unless otherwise noted) 


Vec to AGND or DGND .............. -0.3V,+7V 
AGND, RTN to DGND........... —0.3 V, Veg + 0.3 V 
CS, RD, WR, CLKIN, DB0-DB9, 

BUSY/INT to DGND ........... —0.3 V, Veg + 0.3 V 
Analog Input Voltage to AGND ...... -0.3 V, Ven + 0.3 V 
REFOUT to AGND ............. —0.3 V, Veo + 0.3 V 
REFIN to AGND ............... —0.3 V, Veo + 0.3 V 
Operating Temperature Range 

All’ VersiOnS *4:664-w 8h ei we RR OW ee eK —40°C to +85°C 
Storage Temperature Range ........... —65°C to +150°C 
Junction Temperature ............. 00 ee eeee +150°C 
DIP Package, Power Dissipation .............. 875 mW 

6;, Thermal Impedance ...............504. 75°C/W 

Lead Temperature, Soldering (10 sec) .......... +260°C 


CAUTION 


ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V, which readily 
accumulate on the human body and on test equipment, can discharge without detection. Although 
these devices feature proprietary ESD protection circuitry, permanent damage may still occur on 
these devices if they are subjected to high energy electrostatic discharges. Therefore, proper 
precautions are recommended to avoid any performance degradation or loss of functionality. 


PIN CONFIGURATIONS 


24-Pin SOIC 


DBO |1}¢ 24) Crerin 
DB1 /2! 23| AGND 
DB2 | 3| 122| RTN 
DB3 [4] 21] REFIN 
DGND [5 | . 120) Ain, 
ps4 [6| AD7776 fo] aanp 
DBS fist seatel 18] REFOUT 
DB6 | 8| Vee 
DB7 | 9| 16] CLKIN 
pes (10) is] WR 
(MSB) DB9 [11 14] cs 
BUSY/INT [12| 13] RD 


0B0 |ije 28] Crerin 
pB1 [2 AGND 
NC [3] 26] RTN 
pB2 [4] 25] REFIN 
ps3 [5 24] Aiy4 
DGND [6 | 123] Aw 
DB4 AD7777 [22] Aw2 


DBS [8| TOP VIEW [21] Aw 


pee [ol (Not to Scale) 30] AGND 

DB7 [10] 19| REFOUT 

DBs [11] 18} Voce 
(MSB) DB9 |12) CLKIN 
BUSY/INT [13 6] WR 


NC = NO CONNECT 
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AD7776AR? 
AD7777AN 
AD7777AR? 
AD7778AS? 
NOTES 

1R = SOIC, N = Plastic DIP, S = PQFP. 

?For outline information see Package Information section. 

?Analog Devices reserves the right to ship devices branded with a J in place 
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SOIC Packages, Power Dissipation ............. 875 mW 
8;4 Thermal Impedance 
Lead Temperature, Soldering 

Vapor Phase (60 sec)... 1... 0... eee eee ee ee +215°C 


Tntrared..C1S3SOC): y-ce.45. ce.) ses cer agate Mia ete erg +220°C 
PQFP Package, Power Dissipation ............. 500 mW 
8;4 Thermal Impedance ................... 95°C/W 
Lead Temperature, Soldering 
Vapor. Phasé:(60 SC). 06s 4-4 6 sod GRE RSS +215°C 
infrared: (IS:See). 2.46 3:4. tide Hea Ee +220°C 


*Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


WARNING! 
we 


ESD SENSITIVE DEVICE 


44-Pin PQFP 


NC 133] Ais 
NC 32] Aiy7 
DB2 31] Aiy6 
pB3 | 4| 30] AiS 
DGND |5| AD7778 29] Aid 
TOP VIEW 
sa s (Not to Scale) ae Ans 
DBS | Aw2 
DB6 | 8| 126] Ayy? 
DB7 | 9| 125] AGND 
Nc [10] 24] REFOUT 
NC [11] 123] Voc 
[12] [13] [14] [15] [16 21 [22] 
22RE2ER BES 2 
oO E *) 
77) a] 
= ma NC = NO CONNECT 


ORDERING GUIDE 


Temperature No. of 
Range Channels 
1. 
4 
4 
8 


Package 
Option? ” 


R-24 


—40°C to +85°C : 
—40°C to +85°C 
—40°C to +85°C 
—40°C to +85°C 


of the A, e.g., AD7776JR instead of AD7776AR. Temperature range 


’ remains —40°C to +85°C. 
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PIN FUNCTION DESCRIPTION 


Mnemonic Description | 

Vec +5 V Power Supply. 

AGND Analog Ground. 7 

DGND Digital Ground. Ground sirens for digital Satay: 

DBO-DB9 Input/Output Data Bus. This is a bidirectional data port from which ADC output data may be read and to which con- 
trol register data may be written. 

BUSY/INT  Busy/Interrupt Output. Active low logic output indicating A/D converter status. This logic output has two modes of 
operation depending on whether. location CR9 of the control register has been set low or high: 

If CR9 is set low, then the BUSY/INT output will behave as a BUSY signal. The BUSY signal will go low and stay 
low for the duration of a single conversion, or if simultaneous sampling has been selected, BUSY will stay low for the 
duration of both conversions. 

If CR9 is set high, then the BUSY/INT output behaves as an INTERRUPT signal. The INT signal aril go low and 
remain low after either a single conversion is completed or after a double conversion is completed if simultaneous 
sampling has been selected. With CR9 high, the falling edge of WR or RD resets the INT line high. 
CS Chip Select Input. The device is selected when this input is low. 
WR Write Input (Active Low). It is used in conjunction with CS to write data to the control register. Data is latched to the 
5 registers, on the rising edge of WR. Following the rising edge of WR, the analog input is acquired and a conversion iS 
wat started, 
RD ~ Read Input (Active Low). It is used in conjunction with CS to ‘enable the data outputs from the ADC registers. 
Ay1-8 Analog Inputs 1-8. The analog input range is Vpras + Vswing Where Vgras and Vswing are defined by the reference 
voltage applied to REFIN. Input resistance between any of the analog input pins and AGND is 10 kO or greater. 
REFIN Voltage Reference Input. The AD7776/AD7777/AD7778 are specified over a voltage reference range of 1.9 V to 2.1 V 
with a nominal value of 2.0 V. This REFIN voltage provides the Vgyas and Vswryg levels for the input channel(s). 
Varas is equal to REFIN and Vew yg is nominally equal to REFIN/2. Input resistance between this REFIN pin and 
AGND is 10 kO or greater. 
REFOUT Voltage Reference Output. The internal voltage cisence, which is nominally 2.0 V and can be used to eeuiie the bias 
voltage (Vpras) for the input channel(s), is provided at this pin. 
CREFIN Reference Decoupling Capacitor. A 10 nF capacitor must be connected = this pin to AGND to ensure correct opera- 
tion of the high speed ADC. 
RTN Signal Return Path for the input channel(s). Normally RTN is connected to AGND at the package. 
CIRCUIT DESCRIPTION | — 
ADC Transfer Function | 1FE 
For all versions, an input signal of the form Vgras +Vswing 1S 
expected. This Vg;,as signal level operates as a psuedo ground to ADC 
which all input signals must be referred. The Vpy,s level is stale 
determined by the voltage applied to the REFIN pin. This can (HEX) 
be driven by an external voltage source; or, alternatively, the 
onboard 2 V reference, available at REFOUT, can be used. The 000 


magnitude of the input signal swing is equal to Vp;,<;/2 (or 

REFIN/2) and is set internally. With a REFIN of 2 V, the ana- 

log input signal level varies from 1 V up to 3 Vi.e., 2 + 1 V. 

Figure 5 shows the transfer function of the ADC and its rela- 

tionship to Vpzas and Vewrg- The half-scale twos complement 202 
code of the ADC, 000 Hex (00 0000 0000 Binary), occurs at an 201 
input voltage equal to Vgyas. The input full-scale range of the 
ADC is equal to 2 Vgwrnc, so that the Plus Full-Scale transition 


Veias A 


(1FE to 1FF) occurs at a voltage equal to Vgras + Vswinc — Veias-Vswine ANALOG INPUT, Vin Veias+Vswine 
1.5 LSBs and the minus full-scale code transition (200 to 201) e wo 
occurs at a voltage Vor a ~ Vow G + 0.5 LSBs. : Figure 5. ADC Transfer Function 
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CONTROL REGISTER 

The control register is 10-bits wide and can only be written to. 
On power-on, all locations in the control register are automati- 
cally loaded with Os. For the single channel AD7776, locations 
CRO to CR6 of the control register are “don’t cares.” For the 
quad channel AD7777, locations CR2 and CRS are “don’t 
cares.” Individual bit functions are described below. 


CRO-CR2: Channel Address Locations. Determines which chan- 
nel will be selected and converted for single channel operation. 
For simultaneous sampling operation CRO—-CR2 holds the 
address of one of the two channels to be sampled. 


AD7776 


CR2 CRI CRO _ Function 
x X xX Select Ay] 


*X = Don’t Care 


AD7777 
CR2 CRI CRO Function 
xX* 0 0 Select Ay 
Xx 0 ] Select Ayy2 
Xx ] 0 Select Ayx3 
Xx ] l Select A;n4 
*X = Don’t Care 

AD7778 
CR2 CRI CRO _ Function 
0 0 0 Select Ayyl 
0 0 l Select Ayxy2 
0 ] 0 Select Ayx3 
0 1 ] Select Ayy4 
] 0 0 Select Ayx5 
] 0 ] Select Ay,6 
l ] 0 Select Ayx,7 
] ] l Select A;,8 


CR3-CR5: Channel Address Locations. Only applicable for 
simultaneous sampling with the AD7777 or AD7778 when CR3- 
CRS holds the address of the second channel to be sampled. 


AD7777 
CR5 CR4 CR 


Function 


x 0 0 Select Ay 
X 0 ] Select Ayy2 
X 1 0 Select Ay,3 
X ] 1 Select Ay\4 
*X = Don’t Care 
AD7778 
CR5 CR4 CR3_ Function 
0 0 0 Select Ay] 
0 0 1 Select Ayy2 
0 ] 0 Select Ay,3 
0 1 ] Select Ayy4 
] 0 0 Select Aj;,;5 
] 0 1 Select A;x6 
l ] 0 Select Ayy7 
l ] ] Select Ay,8 
REV.0 
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CR6: Determines whether operation is on a single channel or 
simultaneous sampling on two channels. Location CR6 is a 
“don’t care” for the AD7776. 


CR6 ~‘Function 


0 Single channel operation. Channel select 
address is contained in locations CRO-CR2. 
l Two channels simultaneously sampled 


and sequentially converted. Channel 
select addresses contained in locations 
CRO-CR2 and CR3-CRS. 


CR7: Determines whether the device is in the normal operating 
mode or in the half-scale test mode. 


CR7 = Function 
0 Normal Operating Mode 
l Half-Scale Test Mode 


In the half-scale test mode REFIN is internally connected as an 
analog input(s). In this mode locations CRO-CR2 and CR3-CR5 
are all “don’t cares” since it is REFIN which will be converted. 
For the AD7777 and AD7778, the contents of location CR6 still 
determine whether a single or a double conversion is carried out 
on the REFIN level. 


CR8: Determines whether the device is in the normal operating 
mode or in the power-down mode. 


CR8 Function 
0 Normal Operating Mode 
1 Power-down Mode 


In the power-down mode all linear circuitry is turned off and 
the REFOUT output is pulled weakly (5 kQ) to AGND. The 
input impedance of the analog inputs and of the REFIN input 
remains the same in either normal mode or power-down mode. 
See under Circuit Description — Power-Down Mode. 


CR9: Determines whether BUSY/INT output flag goes low and » 
remains low during conversion(s) or else goes low and remains 
low after the conversion(s) is (are) complete. | 


CRI BUSY/INT Functionality 


0 Output goes low and remains low during conversion(s). 


] Output goes low and remains low after conversion(s) 
is (are) complete. 


ADC Conversion Start Timing 

Figure 6 shows the operating waveforms for the start of a con- 
version cycle. On the rising edge of WR, the conversion cycle 
starts with the acquisition and tracking of the selected ADC 
channel, A,,,1-8. The analog input voltage is held 40 ns (typi- 
cally) after the first rising edge of CLKIN following four com- 
plete CLKIN cycles. If t, in Figure 6 is greater than 12 ns, 
then the falling edge of CLKIN as shown will be seen as the 
first falling clock edge. If t, is less than 12 ns, the first falling 
clock edge to be recognized will not occur until one cycle later. 


Following the “hold’’ on the analog input(s), two complete 
CLKIN cycles are allowed for settling purposes before the MSB 
decision is made. The actual decision point occurs approxi- 
mately 40 ns after the rising edge of CLKIN as shown in Fig- 
ure 6. A further two CLKIN cycles are allowed for the second 
MSB decision. The succeeding bit decisions are made approxi- 
mately 40 ns after each rising edge of CLKIN until the conver- 
sion is complete. At the end of conversion, if a single conversion 
has been requested (CR6 = 0), the BUSY/INT line changes 
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state (as programmed by CR9), and the SAR contents are trans- 


ferred to the first register ADCREG1. The SAR is then reset in _ 


readiness for a new conversion. If simultaneous sampling has’ 
been requested (CR6 = 1), no change occurs in the status of the 
BUSY/INT output and the ADC automatically starts the second 
conversion. At the end of this conversion the BUSY/INT line 
changes state (as programmed by CR9) and the SAR contents 
are transferred to the second register, ADCREG2. 


Wa LT 7 ——e 
aaa 


CLKIN 


40ns Te 40ns aS 
Typ > TYP 
Vin 
CHANNEL ACQUISITION | 
_ | ‘HOLD’ DB9 (MSB) 
* TIMING SHOWN FOR tp GREATER THAN 12ns 
pigute 6. ADC Conversion Start manne 
Track-and-Hold 


The track-and-hold (T/H) amplifiers on the snide input(s) of 
the AD7776/AD7777/AD7778 allow the ADC to accurately con- 
vert an input sine wave of 2 V peak-peak amplitude up to a fre- 
quency of 189 kHz, the Nyquist frequency of the ADC when 
operated at its maximum throughput rate of 378 kHz. This 
maximum rate of conversion includes conversion time and time 
between conversions. Because the input bandwidth of the track- 
and-hold is much greater than 189 kHz, the input signal should. 
be band limited to avoid folding unwanted signals into the band 
of interest. | fe 


Power-Down 3 
The AD7776/AD7777/AD7778 can be ee ina pameedewa | 
mode simply by writing a logic high to location CR8 of the con- 
trol register. The following changes are effected immediately on 
writing a “1” to location CR8: 


e Any, conversion that is in progress is terminated. 


.@ If a conversion is in progress, then the leading edge of WR 
immediately drives the BUSY/INT output high. 


@ All the linear circuitry is turned off. 


@ The REFOUT output stops. being driven and is pulled weakly 
(5 kQ)) to ag ima 
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Control inputs CS, WR and RD retain their purpose while the 
AD7776/AD7777/AD7778 is in power-down. If no conversions 
are in progress when the AD7776/AD7777/AD7778 is placed 
into the power-down modes, the contents of the ADC registers, 
ADCREGI and ADCREG2, are retained during power-down 
and can be read as normal. On returning to normal operating 
mode a new conversion (or conversions, dependent on CR6) is 
automatically started: On completion, the invalid conversion 
results are loaded into the. ADC registers onng Ee previous 
valid results. 


In order to achieve the lowest possible power consumption in 
the power-down mode special attention must be paid to the state 
of the digital and analog inputs and outputs: 


@ Because each analog input channel sees a resistive divider to 
AGND, the input resistance of which does not change . 
between normal and power-down modes, driving the analog 
input signals to 0 V or as close as possible to 0 V will mini- 
mize the power dissipated in the input signal conditioning 
circuitry. 


@ Similarly, the REFIN input sees a resistive divider to AGND, 
the input resistance of which does not change between normal 
and power-down modes. If an external reference is being 
used, then driving this reference input to 0 V or as close as 
possible to 0 V will minimize the power dissipated in the 
input signal conditioning circuitry. 


@ Since the REFOUT pin is pulled to AGND via, typically, a 
5 kQ resistor, any voltage above 0 V that this output may be 
pulled to by external oo will dissipate unnecessary 
power. 


@ Digital inputs CS, WR & RD should all be held at Voc or as 
close as possible. CLKIN should be held as close as possible. 
to either 0 V or Vcc. 


e@ Since the BUSY/INT output is actively driven to a logic high, 
any loading on this pin to 0 V will dissipate power. 


The AD7776/AD7777/AD7778 comes out of the power-down | 
mode when a Logic “0” is written to location CR8 of the control 
register. Note that the contents of the other locations in the con- 
trol register are retained when the device is placed in power- 
down and are valid when power is restored. However coming 
out of power-down provides an opportunity to reload the com- 
plete contents of the control register without any extra 
instructions. | 
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Microprocessor Interfacing Circuits 

The AD7776/AD7777/AD7778 family of ADCs is intended to 
interface to DSP machines such as the ADSP-2101, ADSP-2105, 
the TMS320 family and microcontrollers such as the 80C196 
family. 


Figure 7 shows the AD7776/AD7777/AD7778 interfaced to the 
TMS320C10 @ 20.5 MHz and the TMS320C14 @ 25 MHz. 
Figure 8 shows the interface with the TMS320C25 @ 40 MHz. 
Note that one wait state is required with this interface. The 
ADSP-2101-50 and the ADSP-2105-40 interface is shown in Fig- 
ure 9. One wait state is required with either of these machines. 


ADDRESS BUS 


TMS320C10-20.5 
TMS320C14-25 


WE 


(C10) DEN 
(C14) REN 


DATA BUS 


* ADDITIONAL PINS OMITTED FOR CLARITY: 


Figure 7. AD7776/AD7777/AD7778 to TMS320C10 and 
TMS320C14 Interface . | 


ADDRESS BUS 


Lt 2 . f 
— 


cs 


DB9-~DBO 


DATA BUS : 
, * ADDITIONAL PINS OMITTED FOR CLARITY _ 
Figure 8. AD7776/AD7777/AD7778 to TMS320C25 Interface 
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Figure 10 shows the interface with the 80C196KB @ 12 MHz 
and the 80C196KC @ 16 MHz. One wait state is required with 
the 16 MHz machine. The 80C196 is configured to operate with 
a 16-bit multiplexed address/data bus. | 


Table I gives a truth table for the AD7776/AD7777/AD7778 and 
summarizes their microprocessor interfacing features. Note that 
a read instruction to any of the devices while a conversation is in 
progress will immediately stop that conversion and return unre- 
liable data over the data bus. 


cs 
AD7776/7/8* 


WR 

RD 
ADSP-2101-50 DB9-DBO 
ADSP-2105-40 


* ADDITIONAL PINS.OMITTED FOR CLARITY 


Figure 9. AD7776/AD7777/AD7778 to ADSP-2101 and 
ADSP-2105 Interface 


AD15—-AD6 


(PORT 4) ‘ADDRESS BUS 


AD7776/7/8* 


80C196KB-12 
80C196KC-16 


DB9-DBO 


DATA BUS (10) 


(PORT 3) 


* ADDITIONAL PINS OMITTED FOR CLARITY 


Figure 10, AD7776/AD7777/AD7778 to 80C196 Interface 
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Table I. AD7776/AD7777/AD7778 Truth Table for Buctnpeocesset Interfacing 


CS RD WR DB0-DB9 Faction! Comments 

l X*  X* High Z Data Port High Impedance 
0 1 a CR Data 

0 yw! ADC Data 


' Load control register (CR) data to control register and start a conversion. 


ADC data placed on data bus. Depending upon location CR6 of the control register, one or two 
Read instructions will be required. 


If CR6 i iS low, i i.e., single channel conversion selected, a dead instruction returns the contents of 
ADCREG1. Succeeding read instructions continue to return the contents of ADCREGI. 
If CR6 is high, i.e., simultaneous sampling (double conversion) selected, the first read instruction 


returns the contents of ADCREGI while the second read instruction returns the contents of 
ADCREGQ2. A third read instruction returns ADCREGI again, the fourth ADCREG2, etc. 


*X = Don’t Care 


DESIGN INFORMATION 

Layout Hints 

Ensure that the layout for the printed circuit board has the digi- 
tal and analog grounds separated as much as possible. Take care 
not to run any digital track alongside an analog signal track. 
Guard (screen) the.analog input(s) with RTN. 


Establish a single point analog ground separate from the logic 
system ground and as close as possible to the AD7776/AD7777/ 
AD7778. Both the RTN and AGND pins on the AD7776/ . 
AD7777/AD7778 and all other signal grounds should be 
connected to this single point analog ground. In turn, this star 
ground should be connected to the digital ground at one point 
only—preferably at the low impedance power supply itself. 


Low impedance analog and digital power supply common 
returns are important for correct operation of the devices, so 
make the foil width for these tracks as wide as possible. 


In order to ensure a low impedance +5 V power supply at the 
actual V.¢ pin, it will be necessary to employ bypass capacitors 
from the pin itself to DGND. A 4.7 yF tantalum capacitor in 
parallel with a 0.1 jF ceramic capacitor is sufficient. 


ADC Corruption 

Executing a read instruction to the AD7776/AD7777/AD7778 
while a conversion is in progress will immediately halt the con- 
version and return invalid data over the data bus. The BUSY/ 
INT output pin should be monitored closely and all read 
instructions to the AD7776/AD7777/AD7778 prevented while 
this output shows that a conversion is in progress. 


Executing a write instruction to the AD7776/AD7777/AD7778 
while a conversion is in progress immediately halts the conver- 
sion, the falling edge of WR driving the BUSY/INT output 
high. The analog input(s) is sampled as normal and a new con- 
version sequence (dependent upon CR6) is started. 


ADC Conversion Time 

Although each conversion takes only 14 CLKIN cycles, it can 
take between 4.5 to 5.5 CLKIN cycles to acquire the analog 
input(s) after the WR input goes high and before any conver- 
sions start. 
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TERMINOLOGY 

Relative Accuracy 

For the AD7776, AD7777 and AD7778, relative accuracy or 
endpoint nonlinearity is the maximum deviation, in LSBs, of 
the ADC’s actual code transition points from a straight line 
drawn between the endpoints of the ADC transfer function. 


Differential Nonlinearity © 
Differential nonlinearity is the difference between the measured 
change and the ideal 1 LSB change between any two adjacent 


codes. A specified maximum differential nonlinearity of +1 LSB 


ensures no missed codes... 


Bias Offset Error 

For an ideal 10-bit ADC, the output code for an input voltage 
equal to Vyas should be midscale. The bias offset error is the 
difference between the actual midpoint voltage for midscale code 
and Vpras, expressed in LSBs. 


Bias Offset Error Match 

This is a measure of how closely the bias offset errors of all 
channels track each other. The bias offset error match of any 
channel must be no further away than 10 LSBs from the bias 
offset error of any other channel, regardless of whether the 
channels are independently sampled or simultaneously Sampled: 


Plus and Minus Full-Scale Error 

The input channels of the ADC can be considered as having 
bipolar (positive and negative) input ranges, but which are 
referred to Vgras (or REFIN) instead of AGND. Positive full- 
scale error for the ADC is the difference between the actual 
input voltage. required to produce the plus full-scale code transi- 
tion and the ideal input voltage (Vpras + Vswing —1.5 LSB), 
expressed in LSBs. Minus full-scale error is similarly specified 
for the minus full-scale code transition, relative to the ideal 
input voltage for this transition (Vgras — Vswinc + 0.5 LSB). 


_ Note that the full-scale errors for the ADC input channels are 
measured after their respective bias offset errors have been 
adjusted out. 


Plus and Minus Full-Scale Error Match 

This is a measure of how closely the full-scale errors of all chan- 
nels track each other. The full-scale error match of any channel — 
must be no further away than 10 LSBs from the respective full- 

scale error of any other channel, regardless of whether the chan- 
nels are independently sampled or simultaneously sampled. 
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Short Circuit Current 

This is defined as the maximum current which will flow either 
into or out of the REFOUT pin if this pin is shorted to any 
potential between 0 V and V¢c. This condition can be allowed 
for up to 10 seconds provided that the power dissipation of the 
package is not exceeded. 


Signal-to-Noise and Distortion Ratio, S/(N+D) 

Signal-to-noise and distortion ratio, S/(N+D), is the ratio of the 
rms value of the measured input signal to the rms sum of all 
other spectral components below the Nyquist frequency, includ- 
ing harmonics but excluding dc. The value for S//N+D) is 
given in decibels. 


Total Harmonic Distortion, THD 

Total harmonic distortion is the ratio of the rms sum of the first 
five harmonic components to the rms value of a full-scale input 
signal and is expressed in decibels. For the AD7776/AD7777/ 
AD7778, Total harmonic distortion (THD) is defined as: 


(V2? + V3? + V4 + VS? + V6?)!4 
Vi 


where V, is the rms amplitude of the fundamental and V2, V3, 
V4, V5 and V6 are the rms amplitudes of the individual 
harmonics. 


Intermodulation Distortion, IMD 

With inputs consisting of sine waves at two frequencies, fa and 
fb, any active device with nonlinearities will create distortion 
products, of order (m + n), at sum and difference frequencies 
of mfa + nfb, where m, n = 0, 1, 2, 3. Intermodulation terms 
are those for which m or n is not equal to zero. For example, 
the second order terms include (fa + fb) and (fa — fb) and the 
third order terms include (2 fa + fb), (2 fa — fb), (fa + 2 fb) 
and (fa — 2 fb). 


Channel-to-Channel Isolation 

Channel-to-channel isolation is a measure of the level of 
crosstalk between channels. It is measured by applying a full- 
scale 100 kHz sine wave signal to any one of the input channels 
and monitoring the remaining channels. The figure given is the 
worst case across all channels. 


20 log = 


DIGITAL SIGNAL PROCESSING APPLICATIONS 

In digital signal processing (DSP) application areas like voice 
recognition, echo cancellation and adaptive filtering, the 
dynamic characteristics S/(/N+D), THD & IMD of the ADC are 
critical. The AD7776/AD7777/AD7778 are specified dynamically 
as well as with standard dc specifications. Because the track/hold 
amplifier has a wide bandwidth, an antialiasing filter should be 
placed on the analog inputs to avoid aliasing of high frequency 
noise back into the bands of interest. 


The dynamic performance of the ADC is evaluated by applying 
a sine wave signal of very low distortion to a single analog input 
which is sampled at a 380.95 kHz sampling rate. A fast Fourier 
transform (FFT) plot or histogram plot is then generated from 
which the signal to noise and distortion, harmonic distortion and 
dynamic differential nonlinearity data can be obtained. Simi- 
larly, for intermodulation distortion, an input signal consisting 
of two pure sine waves at different frequencies is applied to the 
AD7776/AD7777/AD7778. 
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Figure 11 shows a 2048 point FFT plot for a single channel of 
the AD7778 with an input signal of 99.88 kHz. The SNR is 
58.71 dB. It can be seen that most of the harmonics are buried 
in the noise floor. It should be noted that the harmonics are 
taken into account when calculating the S/(N+D). 


INPUT FREQUENCY = 
99.88 kHz 

SAMPLE FREQUENCY = 
380.95 kHz 

SNR = 58.7 dB 


SIGNAL AMPLITUDE - dB 


0 99.88 
FREQUENCY - kHz 


Figure 11. ADC FFT Plot 


The relationship between S/(N+D) and resolution (n) is 
expressed by the following equation: 


SN+D) = (6.02n + 1.76) dB 


This is for an ideal part with no differential or integral linearity 
errors. These errors will cause a degradation in S(N+D). By 
working backwards from the above equation, it is possible to get 
a measure of ADC performance expressed in effective number of 
bits (n). 


S/(N +D) (dB) — 1.76 
6.02 
The effective number of bits plotted vs. frequency for a single 


channel of the AD7778 is shown in Figure 12. The effective 
number of bits is typically 9.5. 


n(effective) = 


SAMPLE FREQUENCY = 378.4 kHz 


Ta = +24°C 


EFFECTIVE NUMBER OF BITS 


INPUT FREQUENCY -— kHz 


Figure 12. Effective Number of Bits vs. Frequency 
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| ANALOG 
DEVICES 


LC?MOS High Speed 
_4- & 8-Channel 8-Bit ADCs 
AD7824/AD7828 _ 


FEATURES  __.. | 

4- or 8-Analog Input Channels 

Built-In Track/Hold Function 

10kHz Signal Handling on Each Channel 
Fast Microprocessor interface 

Single +5V Supply 

Low Power: 50mW | 

Fast Conversion Rate, 2.5ys/Channel 
Tight Error Specification: 1/2LSB 


GENERAL DESCRIPTION 

The AD7824 and AD7828 are high-speed, multichannel, 8-bit — 
ADCs with a choice of 4 (AD7824) or 8 (AD7828) multiplexed | 
analog inputs. A half-flash conversion technique gives a fast 
conversion rate of 2.54.s per channel and the parts have a built-in 
track/hold function capable of digitizing full-scale signals of 
10kHz (157mV/ps slew rate) on all channels. The AD7824 and 
AD7828 operate from a single +5V supply and have an analog 
input range of 0 to +5V, using an external +5V reference. — 


Microprocessor interfacing of the parts is simple, using standard 
Chip Select (CS) and Read (RD) signals to intitiate the conversion 
and read the data from the three-state data outputs. The half-flash 
conversion technique means that there is no need to generate a 
clock signal for the ADC. The AD7824 and AD7828 can be 
interfaced easily to most popular microprocessors. 


The AD7824 and AD7828 are fabricated in an advanced, all 
ion-implanted, Linear-Compatible CMOS process (LC?MOS) 
and have low power dissipation of 40mW (typ). The AD7824 is 
available in a 0.3” wide, 24-pin “skinny” DIP, while the AD7828 
is available in a 0.6” wide, 28-pin DIP and in 28-terminal surface 
- mount packages. . 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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FUNCTIONAL BLOCK DIAGRAM 


: 4-BIT 
fee oo 


|| ol ae CLT 


THREE 
STATE | 
DRIVERS 


ADDRESS 
LATCH 
DECODE 


AO Al A2** ROY cs RD 


*AD7824 - 4-CHANNEL MUX 
:AD7828 — 8-CHANNEL MUX 
**A2 — AD7828 ONLY 


PRODUCT HIGHLIGHTS 
1. 4- or 8-channel input multiplexer gives. cost-effective space- 
saving multichannel ADC system. .. 


2. Fast conversion rate of 2.5ys/channel features a per channel 
sampling frequency of 100kHz for the AD7824 or 50kHz for 
the AD7828. 

3. Built-in track-hold function allows handling of 4- or 8-channels 
up to 10kHz bandwidth (157mV/ ps slew rate). 

4. Tight total unadjusted error spec and channel-to-channel 
matching eliminate the need for user trims. 


5. Single +5V supply simplifies system power requirements. 


6. Fast, easy-to-use digital interface allows connection to most 
popular microprocessors with minimal external compobents: 
No clock signal is reamed for the ADC. 7 


REV. B 


SPECIF ICATIONS (Vop = +5V, Veer(+) = +5V; Veer(—) = GND = OV unless otherwise AD7824/AD7828 


noted. All specifications T,,,,, to T,,a, unless otherwise noted. Specifications apply for Mode 0.) 


ACCURACY 
Resolution 
Total Unadjusted Error” 
Minimum Resolution for which 


Channel to Channel Mismatch 


REFERENCE INPUT 
Input Resistance 1.0/4.0 | 1.0/4.0 
Vrer (+) Input Voltage Range Vrer(— )/ Vrer(-) 
Vpp Vpp 
Vrer (— ) Input Voltage Range GND/ GND/ 


VreF(+) Vrer(+) Vrer(+) 


ANALOG INPUT 


Input Voltage Range Vrer( — )/ Vrer( — )/ Vrer( — )/ Vrer( — )/ 
Vrer + ) Vrer( + ) Vrer( + ) Vrer( + ) 
Input Leakage Current #3 £3) 3 *3 Analog Input Any Channel 
Input Capacitance? 45 45 45 45 Oto +5V 
LOGIC INPUTS 
RD, CS, AO, Al & A2 
Vinu 
VINL 
linn 
Int 
- Input Capacitance? Typically 5pF 
LOGIC OUTPUTS 
DBO-DB7 & INT 
Vox IsourcE = 360pA 
VoL Is ink =1.6mA 
Iour (DB0-DB7) Floating State Leakage 
Output Capacitance? Typically 5pF 
RDY 
Vor’ Isinx =2.6mA 
lout Floating State Leakage 
Output Capacitance Typically SpF 
SLEW RATE, TRACKING? 
POWER SUPPLY 
Vpp + 5% for Specified 
Performance 
Ipp° CS=RD=2.4V 
Power Dissipation 
Power Supply Sensitivity + 1/16LSB typ 


Vpp= 5V +5% 


NOTES 
'Temperature Ranges are as follows: 
K, L Versions; 0 to + 70°C 
B,C Versions; — 40°C to + 85°C 
T, U Versions; — 55°C to + 125°C 
- 2Yotal Unadjusted Error includes offset, full-scale and linearity errors. 
3Sample tested at 25°C by Product Assurance to ensure compliance. 
4RDY is an open drain output. 
>See Typical Performance Characteristics. 


Specifications subject to change without notice. 
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AD7824/AD7828 7 wyt eae 
TIMING CHARACTERISTICS! (= +5 us (-+)= +54 Vy (—)=1H0 = anes ori stated) 


Limit at 
Tipine © max , 
(T,U Grades) © 


Limit at 
Tins © enax 
(K, L, B, C Grades) 


Limit at 25°C 
(All Grades) 


Parameter Units © Conditions/Comments 


css CStoRD Setup Time 

tcsH CS to RD Hold Time 

tas Multiplexer Address Setup Time 
tan Multiplexer Address Hold Time 
trpy2 CS toRDY Delay. Pull-Up 

| Resistor 5kQ.. | 

tcrp Conversion Time, Mode 0 

tacc) Data Access Time after RD 

tacc2 Data Access Time after INT , Mode 0 
UNTH RD to INT Delay 

ton4 Data Hold Time 

Ip Delay Time between Conversions 
trp Read Pulse Width, Mode 1 
NOTES 


'Sample tested at 25°C to ensure compliance. All input control i are specified with tr = tf= 20ns (10% to 90% of +5V) and timed from a 
voltage level of 1.6V. 

4 Oe a SOpF. ; 

}Measured with load circuits of Figure 1 and defined as the time required for an output to cross 0.8V or 2.4V. 

‘Defined as the time required for the data lines to change 0. 5V when loaded with the circuits of Figure 2. 


AD7824 | AD7828 
Al AO0 A2 Al AO 
AIN 1 | 


Specifications subject to change without notice. 


ANALOG 
CHANNEL 
ADDRESS 


ADDR 
VALID 


RDY 


troy 


tintH 


= tcro saa 
tacc2 je ~sl ton 
HIGH IMPEDANCE DATA 
DATA _ VALID 


Figure1. Mode0 Timing Diagram 
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REV. B 


ABSOLUTE MAXIMUM RATINGS* 


(Ta = +25°C unless otherwise noted) 


Vpp... a OV, +7V 
Digital Input Voltage to GND 

(RD, CS, AO, Al & A2) ....... 
Digital Output Voltage to GND 

(DBO, DB7, RDY & INT) ...... 
Vrer(+)toGND .......... Vrer (-—), Vpp +0.3V 
VrerF(—)toGND ............... OV, Vrer (+) 
Analog Input (Any Channel) —0.3V, Vpp +0.3V 
Operating Temperature Range 

Commercial (K, L Versions) 


CAUTION 


—0.3V, Vpp +0.3V 


—0.3V, Vpp +0.3V 


0 to + 70°C 


ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 


PIN CONFIGURATIONS 
DIP 


AD7824 
TOP VIEW 


(Not to Scale) 


AD7828 
TOP VIEW 
(Not to Scale) 


NC = NO CONNECT 


NC = NO CONNECT 


AD7828 
TOP VIEW 


(Not to Scale) 


NC = NOCONNECT 
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AD7824/AD7828 


Industrial (B, C Versions) — 25°C to +85°C 
Extended (T, U Versions) ........ —55°C to + 125°C 
Storage Temperature Range......... —6S°C to + 150°C 


Lead Temperature (Soldering, 10secs) ........ + 300°C 
Power Dissipation (Any Package) to + 75°C ..... 450mW 
Derates above + 75°C by ..........2.2000- 6mW/°C 


*Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


WARNING! 


se 


ESD SENSITIVE DEVICE 


25 AO 
24 Al 
23 A2 
22 DB7 


AD7828 
TOP VIEW 
(Not to Scale) 


21 DBE . 
20 DB5 
19 DB4 


12 13 14 ps “ 17 18 NC = NO CONNECT 
2@Ee FS +1+3e 
~— G@ G Ee 
x c 
> > 
ORDERING GUIDE 


Total 
Unadjusted 
Error (LSBs) 


Temperature 
Range 


Oto + 70°C 


AD7824KN 


AD7824LN | Oto + 70°C 
AD7824KR_ | Oto +70°C 
AD7824BQ | —40°Cto +85°C 


AD7824CQ 
AD7824TQ? 
AD7824UQ? 


— 40°C to + 85°C 
— 55°C to + 125°C 
— 55°C to + 125°C 


AD7828KN | Oto + 70°C 
AD7828LN_ | Oto + 70°C 
AD7828KP |} 0to +70°C 


AD7828LP_ | Oto +70°C. 
AD7828BQ | —40°Cto +85°C 
AD7828CQ | —40°Cto +85°C 
AD7828TQ? | —55°Cto +125°C 
AD7828UQ? | —55°Cto + 125°C 
AD7828TE2 | —55°Cto +125°C 


AD7828UE” | —55°Cto + 125°C 


NOTES 

IN = Plastic DIP;Q = Hermetic DIP, R = Small Outline IC; P = Plastic 
Leaded Chip Carrier; E = Leadless Ceramic Chip Carrier. For outline 
information see Package Information section. 

2 Available to /883B processing only. Contact our local sales office for military 
data sheet. For U.S. Standard Military Drawing (SMD) see DESC Drawing 
#5692-88764. 
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ANALOG 
DEVICES _ 


FEATURES 
Complete 12-Bit 1/O System, Comprising: 
12-Bit ADC with Track/Hold Amplifier 
83 kHz Throughput Rate 
| 72 dB SNR © 
12-Bit DAC with Output Amplifier 
3 ps Settling Time 7 
-72dBSNR 
~ :On-Chip Voltage Reference 
~Qperates from +5 V Supplies 
- Low Power — 130 mW typ 
- Small 0.3” Wide DIP. 


APPLICATIONS 

Digital Signal Processing 

Speech Recognition and Synthesis 
Spectrum Analysis 

High Speed Modems | 

DSP Servo Control 


GENERAL DESCRIPTION 

The AD7868 is a complete 12-bit I/O system containing a DAC 
and an ADC. The ADC is a successive approximation type with 
a track-and-hold amplifier having a combined throughput rate of 
83 kHz. The DAC has an output buffer amplifier with a settling 
time of 3 ys to 12 bits. Temperature compensated 3 V buried 
Zener references provide precision references for the DAC and 
ADC. 


Interfacing to both the DAC and ADC is serial, minimizing pin 
count and giving a small 24-pin package’size. Standard control 
signals allow serial interfacing to most DSP machines. Asyn- 
chronous ADC conversion control and DAC updating is made 
possible with the CONVST and LDAC logic inputs. 


The AD7868 operates from +5 V power supplies, the analog 

input/output range of the ADC/DAC is +3 V..The part is fully 
specified for dynamic parameters such as signal-to-noise ratio — 
and harmonic distortion as well as traditional de specifications. 


The part is available in a 24-pin, 0.3” wide, plastic or hermetic 
dual-in-line package (DIP) and in a 28-pin, plastic SOIC = 
package. . ae a. oe 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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____ Complete, 12-Bit Analog 1/0 System 


LC’MOS 


DAC 3V 
REFERENCE 


PRODUCT HIGHLIGHTS 

1. Complete. 12-Bit I/O System. os 
The AD7868 contains a 12-bit ADC with a track-and-hold 
amplifier and a 12-bit DAC with output amplifier. Also in- 
cluded are separate on-chip voltage references for the DAC 
and the ADC. | 


2. Dynamic Specifications for DSP Users. . 
In addition to traditional dc specifications, the AD7868 is 
specified for ac parameters including signal-to-noise ratio and 
harmonic distortion. These parameters along with important 
timing parameters are tested on every device. 


3. Small Package. 
The AD7868 is available in a 24-pin DIP and a 28-pin SOIC 
package. 


REV. B 


SPECIFICATIONS AD7868 


(Vop = +5 V + 5%, Vo = —5V + 5%, ane DGND = 0 V, fox = 2.0 MHz external. All specifications T,,,, to 
ADC SECTION Tmax Unless otherwise noted.) : 


A B T | 
Parameter Units Test Conditions/Comments 


DYNAMIC PERFORMANCE 
Signal-to-Noise Ratio” * (SNR) @ +25°C 
: Teeetorl as. . 
Total Harmonic Distortion (THD) 


Vin = 10 kHz Sine Wave, fsamprz = 83 kHz 
Typically 71.5 dB for 0<V,,<41.5 kHz 
Vin = 10 kHz Sine Wave, fsauprp = 83 kHz 
Typically —84 dB for 0<V,,<41.5 kHz 
Vin = 10 kHz Sine Wave, fsamp_z = 83 kHz 
Typically —84 dB for 0<V,,<41.5 kHz 


Peak Harmonic or Spurious Noise 


Intermodulation Distortion (IMD) 


Second Order Terms fa = 9 kHz, fb = 9.5 kHz, feampre = 50 kHz 


Third Order Terms fa = 9 kHz, fb = 9.5 kHz, fsampre = 50 kHz 
Track/Hold Acquisition Time 
DC ACCURACY 
Resolution Bits 
Minimum Resolution for Which 
No Missing Codes Are Guaranteed Bits 
Integral Nonlinearity LSB typ 
Integral Nonlinearity LSB max 
Differential Nonlinearity +0. : : LSB max 
Bipolar Zero Error a LSB max 
Positive Gain Error? #5. °° LSB max 
Negative Gain Error? Be LSB max 
ANALOG INPUT 


Input Voltage Range 
Input Current 


REFERENCE OUTPUT 
RO ADC @ +25°C 2.99/3.01 | 2.99/3.01 | 2.99/3.01 
RO ADC TC #25 +25 +25 
RO ADC TC +40 +50 


Reference Load Sensitivity (ARO ADC vs. AI) Reference Load Current Change (0-500 1A), | 
Reference Load Should Not Be Changed 


During Conversion 


LOGIC INPUTS 
(CONVST, CLK, CONTROL) 
Input High Voltage, Vinu 
Input Low Voltage, Vin 
Input Current, Ip, 
Input Current? (CONTROL Input Only) 
Input Capacitance, C;,° 


LOGIC OUTPUTS 

DR, RFS Outputs 
Output Low Voltage, Vo; 

RCLK Output 
Output Low Voltage, Vor, 

DR, RFS, RCLK Outputs 
Floating-State Leakage Current 
Floating-State Output Capacitance® 


Vpp =5V + 5% 
Vop = 5V + 5% 
Vin = 0 V to Vpp 
Vin = Vs to DGND 


Iginx = 1.6 mA, Pull-Up Resistor = 4.7 kQ 


Isiux = 2.6 mA, Pull-Up Resistor = 2 kO 


CONVERSION TIME os 
External Clock ws max 7 
Internal Clock _ ws max The Internal Clock Has a Nominal Value of 2.0 MHz 

POWER REQUIREMENTS For Both DAC and ADC | 
Vop +5 +5% for Specified Performance — 

Vss 2 +5% for Specified Performance | 
Ipp 22 Cumulative Current from the Two Vpp Pins. 
Is 12 Cumulative Current from the Two Vg. Pins 
Total Power Dissipation 170 Typically 130 mW 

NOTES 

1Temperature ranges are as follows: A/B Versions, —40°C to +85°C; T Version, —55°C to + 125°C. 

Vin = #3 V. 


3§NR calculation includes distortion and noise components. 

4SNR degradation due to asynchronous DAC updating during conversion is 0.1 dB typ. 

5Measured with respect to internal reference. 

For capacitive loads greater than 50 pF a series resistor is required (see INTERNAL REFERENCE section). 

7Tying the CONTROL input to Vpp places the device in a factory test mode where normal operation is not exhibited. 
8Sample tested @ +25°C to ensure compliance. 


Specifications subject to change without notice. 
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AD7868 


On (Vop = +5 V + 5%, V. = —5 V + 5%, AGND = DGND = 0 V, RI DAC = +3 Vand decoupled as shown in 
DAC SECTI N Figure 2, Voy; Load to AGND; n = 2kQ, = 100 pF. All specifications T,,,, to T,,., unless otherwise noted.) 


Parameter 
DYNAMIC PERFORMANCE? 
Signal to Noise Ratio? (SNR) @ +25°C Vour = 1 kHz Sine Wave, fgampre = 83 kHz 
Trin tO Tmax Typically 71.5 dB at +25°C for 0 <Voy7<20 kHz* 


Total Harmonic Distortion (THD) Vout = 1 kHz Sine Wave, fsaupie = 83 kHz 
Typically —84 dB at +25°C for 0 <Voyy<20 kHz* 
Vout =1 kHz, fsaMPLE = 83 kHz 


Typically —84 dB at +25°C for 0 <Voy7<20 kHz* 


Peak Harmonic or Spurious Noise 


DC ACCURACY 
Resolution . 
Integral Nonlinearity 
Integral Nonlinearity 
Differential Nonlinearity 
Bipolar Zero Error 
Positive Full-Scale Error? 
Negative Full-Scale Error? 


REFERENCE OUTPUT ® 
RO DAC @ +25°C 
RO DAC TC 
RO DAC TC 
Reference Load Change 
(ARO DAC vs. AI) 


Guaranteed Monotonic 


2.99/3.01 
+25 


2.99/3.01 
+25 
+40 


2.99/3.01 
+25 
+50 


-1.5 -1.5 = 15 Reference Load Current Change (0-500 A) 


REFERENCE INPUT 
RI DAC Input Range 2.85/3.15 | 2.85/3.15 | 2.85/3.15 | V min/V max | 3 V + 5% 
Input Current 1 l l wA max 

LOGIC INPUTS . 


(LDAC, TFS, TCLK, DT) 
Input High Voltage, Vinu 
Input Low Voltage, Vini 
Input Current, Ip, 

Input Capacitance, Cy’ 


Vp = 5V + 5% 
Vop = 5 V + 5% 
Vin = 0 V to Vpp 


ANALOG OUTPUT 
Output Voltage Range +3 +3 +3 V nom 
dc Output Impedance 0.3 0.3 0.3 0 typ 
Short-Circuit Current 20 20 20 mA typ 
AC CHARACTERISTICS’ 
Voltage Output Settling-Time Settling Time to Within + 1/2 LSB of Final Value 
Positive Full-Scale Change 3 3 3 Ss max Typically 2 ys 
Negative Full-Scale Change 3 3 3 ws max Typically 2.5 ys 
Digital-to-Analog Glitch Impulse 10 10 10 nV secs typ DAC Code Change All 1s to All 0s 
Digital Feedthrough 2 2 . 2 nV secs typ 
Vin to Vout Isolation 100 100 | 100 dB typ Vin = £3 V, 41.5 kHz Sine Wave 
POWER REQUIREMENTS As per ADC Section 
NOTES 


ORDERING GUIDE . 


1Temperature ranges are as ; follows: A/B Versions, —40°C to +85°C; T Version, 
—55°C to +125°C. 

2Vour (pk-pk) = +3 V. 

3SNR calculation includes distortion and noise components. 

‘Using external sample and hold. 

_ 5Measured with respect to RI DAC and includes bipolar offset error. 

5For capacitive loads greater than 50 pF a series resistor is required (see INTER- 
NAL REFERENCE section). 

7Sample tested @ +25°C to ensure couapenbes. 


Specifications subject to notice without notice. 


Temperature 
Range 


AD7868AN | —40°C to +85°C 
AD7868AQ}—40°C to +85°C 
AD7868BN |—40°C to +85°C 
AD7868BQ |—40°C to +85°C 
AD7868AR | —40°C to +85°C 
AD7868BR |—40°C to +85°C 


+1 LSB max |R-28 | 


*N = Plastic DIP; Q = Cerdip; 
information see Package Information section. 


R = SOIC (Small Outline IC). For outline 
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: AD7868 
TIMING CHARACTERISTICS": 7 (v,. = +5 + 5%, Vay = —5¥ + 5%, AGND = DOND = 0 


| Limit at Tins T max Limit at Tins Tmax 
Parameter (A, B Versions) (T Version) Units Conditions/Comments 
ADC TIMING | 
i CONVST Pulse Width 
t; RCLK Cycle Time, Internal Clock 
ts RFS to RCLK Falling Edge Setup Time 
ty RCLK Rising Edge to RFS 
t.‘ RCLK to Valid Data Delay, C, = 35 pF 
te Bus Relinquish Time after RCLK 
tis’ 2 RCLK +200 to 2 RCLK +200 to CONVST to RFS Delay 5 
3 RCLK + 200 3 RCLK + 200 
DAC TIMING 
t TFS to TCLK Falling Edge 
ts TCLK Falling Edge to TFS 
ts” TCLK Cycle Time 
tio Data Valid to TCLK Setup Time 
ti Data Valid to TCLK Hold Time 
tis LDAC Pulse Width 
NOTES 


1Timing specifications are sample tested at +25°C to ensure compliance. All input signals are specified with tr = tf = 5 ns (10% 1 to 90% of 5 V) and timed from . 
a voltage level of 1.6 V. 

Serial timing is measured with a 4.7 kQ pull-up resistor on DR and RFS and a 2 kf pull-up resistor on RCLK. The capacitance on all three outputs is 35 pF. 
3When using internal clock, RCLK mark/space ratio (measured form a voltage level of 1.6 V) range is 40/60 to 60/40. For external clock, Bae mark/space 
ratio = external clock mark/space ratio. 

“DR will drive higher capacitance loads but this will add to t, since it increases the external RC time constant (4.7 kO//C,) and hence dhe time to reach 2.4 V. 
>Time 2 RCLK to 3 RCLK depends on conversion start to ADC clock synchronization. 

°TCLK mark/space ratio is 40/60 to 60/40. 


ABSOLUTE MAXIMUM RATINGS* . PIN CONFIGURATIONS 

(T, = +25°C unless otherwise noted) 

Vop tO AGND: 40% 6G a.0s4e50 bees ...70.3Vto+7V DIP SOIC 

Vsg to AGND ........... sh acdsee, Et +0.3 Vto -7V 

AGND to DGND ee re ee eer ee —0.3 V to Vppt+0.3 V CONvST |1{¢ 128] CONTROL 


Vou, tO AGND 65... wie eee ek es a ew ea Vss to Vpp Gonvet [1] Ra]contRoL «=—i(iéCLKK*([ 2 | Vop 
Vin to AGND ......0.00565- Vss —0.3 V to Vpp+0.3 V aneial vice ars[o] a6] Ves 
RO ADC to AGND ............. —0.3 V to Vppt 0.3 V ars [| aie eel rare 
RO DAC toAGND ............. —0.3 V to Vppt 0.3 V ae mate acide re 
RI DAC to AGND .............. —0.3 V to Vppt+0.3 V ees ig 
Digital Inputs to DGND .......... ~0.3 V to Vppt0.3 V on Ls] BHO A Oe ee de one 
Digital Outputs to DGND ......... ~0.3 V to Vpp t+ 0.3 V BAND | 6 19] AGND DGND [7 (Not to Scale) |22) AGND 
‘Operating Temperature Range Voo | 7 18] Ne Voo [8 | [21] DGND 
A, B Versions .. 0... sc ccc ec eee ees —40°C to +85°C . AGND [8 DGND AGND [9] 20] TCLK 
T VersiOn...5:3 5.446 hws eee eA ee ~55°C to +125°C Vour [9 | 16] TCLK Vout 19] NC 
Storage Temperature Range ........... —65°C to +150°C Vsg 15] DT ne [11] 18] NC 
Lead Temperature (Soldering, 10 secs) ........... +300°C Ro pac [11 4] TFS Vss [12] pT 
Power Dissipation (Any Package) to +75°C ....... 450 mW RI DAC fra| 13] (DAG Ro pac [ia] 6] TFS 
Derates above +75°C by ...........00-008- 10 mW/°C ri pac fia] rs] coaC 


*Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in 
the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 


NC = NO CONNECT 


reliability. 
CAUTION 
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; WARNIN G! 
however, permanent damage may occur on unconnected devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam Sar 4 
should be discharged to the destination socket before devices are inserted. | ESD SENSITIVE DEVICE 
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ANALOG  — ~—__ LEMOS 
DEVICES __ Complete, 14-Bit Analog 1/0 System 
es ——-AD7869 | 


FEATURES _—~ o 


| FUNCTIONAL BLOCK DIAGRAM 
Complete 14-Bit I/O System, Comprising . 
14-Bit ADC with Track/Hold Amplifier 7 *\ 


83 kHz Throughput Rate 
14-Bit DAC with Output Amplifier 
3.5 ws Settling Time 
On-Chip Voltage Reference 
Operates from +5 V Supplies 
Low Power — 130 mW typ 
Small 0.3” Wide DIP 


APPLICATIONS 
Digital Signal Processing ia Sn | a ea 
Speech Recognition and Synthesis Eat >| socsenat | kouse 
Spectrum Analysis 7 | OS — 
High Speed Modems : CLK | aom}—ey 
DSP Servo Control’ conve? renee 
GENERAL DESCRIPTION | | 
The AD7869 is a complete 14-bit I/O system containing a DAC aie aaa 


and an ADC. The ADC is a successive approximation type with - 
a track-and-hold amplifier having a combined throughput rate of : ’ HT 
83 kHz. The DAC has an output buffer amplifier with a settling eons aria eanes 


aia et Digi at ee oa sais eae aa The AD7869 contains a 14-bit ADC with a track-and-hold 
SHEE CIEE EES, PROVIAE BICELSIO DUETS Tent ore a amplifier and a 14-bit DAC with output amplifier. Also in- 


aes cluded are separate on-chip voltage references for the DAC 
Interfacing to both the DAC and ADC is serial, minimizing pin and the ADC. | : 

count and giving a small 24-pin package size. Standard control 2. Dynamic Specifications for DSP Users. 

signals allow serial interfacing to most DSP machines. ~ In addition to traditional dc specifications, the AD7869 is 
Asynchronous ADC conversion control and DAC updating is specified for ac parameters including signal-to-noise ratio and 
made possible with the CONVST and LDAC logic inputs. | harmonic distortion. These parameters along with important | 
The AD7869 operates form +5 V power supplies, the analog MENg Perec ters Aare tested on every device. 

input/output range of the ADC/DAC is +3 V. The part is fully 3, Small Package. | —— 
specified for dynamic parameters such as signal-to-noise ratio The AD7869 is available in a 24-pin DIP and a 28-pin SOIC 
and harmonic distortion as well as traditional dc specifications. package. 


The part is available in a 24-pin, 0.3 inch wide, plastic or her- 
metic dual-in-line package (DIP) and in a 28-pin, plastic SOIC 


package. 
ps PIN CONFIGURATIONS 
DIP . SOIC 
COnvsT [1] ¢ _ [24] CONTROL convst [1] 28] CONTROL 
cLK [2] 123} Voo cik [2] Voo 
Ars | 3| 122| Ves AFS |3| 126] Vss 
RCLK | 4| 21] Vin nc [4] 25] NC 
pr {5} AD7869 20] RO ADC RCLK | 5 | 24] Vin 
DGND 6 | TOP VIEW 19) AGND OR 6 | ‘AD7869 23} RO ADC 
Voo [7] ‘Netto Seale) Fe] nc | DGND iNet eeakel [22] AGND 
AGND [8 | OGND Von [8 | [21] DGND 
Vour [9] 6] TCLK AGND | 9 | 120] TCLK 
Ves [10] 115} OT Vour {10| 119] NC 
Ro pac [111 14) TFS ne [14] a] nc 
RI DAC [12! 113} (DAC Vss [12] DT 


> NC= NO CONNECT — 


NC =NOCONNECT — 


This is an abridged. datasheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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SPECIFICATIONS AD7869 


(Vop = +9 V + 5%, Veo = —5 V +5%, AGND = DGND = 0 V, f,,, = 2.0 MHz external. 
ADC SECTION All specifications Tae to Tox unless otherwise noted.) = 


Parameter Test Conditions/Comments 


DYNAMIC PERFORMANCE 

Signal-to-Noise Ratio® * (SNR) @ +25°C 
Tin tO Tmax 

Total Harmonic Distortion (THD) 

Peak Harmonic or Spurious Noise 

Intermodulation Distortion (IMD) 
Second Order Terms 
Third Order Terms 

Track/Hold Acquisition Time 


DC ACCURACY 
Resolution 
Minimum Resolution for Which 
No Missing Codes Are Guaranteed 
Integral Nonlinearity 
Differential Nonlinearity 
Bipolar Zero Error 
Positive Gain Error? 
Negative Gain Error? 


Vin = 10 kHz Sine Wave, foaMPLE = 83 kHz 


Vin = 10 kHz Sine Wave, fsaMPLE = 83 kHz 
Vin = 10 kHz Sine Wave, fsaupr¢ = 83 kHz 


fa=9 kHz, fb = 9.5 kHz, fsaAMPLE = 50 kHz 
fa = 9 kHz, fb = 9.5 kHz, feampre = 50 kHz 


ANALOG INPUT 
Input Voltage Range +3 +3 Volts 
Input Current +] +] mA max 
REFERENCE OUTPUT” 
RO ADC @ +25°C 2.99/3.01 | 2.99/3.01 V min/ V max 
RO ADC TC +25 +25 ppm/°C typ 


+40 +ppm/°C max 
Reference Load Sensitivity 
(ARO ADC vs. AD ‘ ; mV max Reference Load Current Change (0-500 ,A), 
Reference Load Should Not Be Changed 
During Conversion 


LOGIC INPUTS 
(CONVST, CLK, CONTROL) 
Input High Voltage, Ving 
Input Low Voltage, Vint 
Input Current, Ip. 
Input Current? (CONTROL & CLK) 
Input Capacitance, Cy,° 
LOGIC OUTPUTS 
DR, RFS Outputs 
Output Low Voltage, Vor 


Vpp = 5 V + 5% 
Vin = 0Vto Vop 
Vin = Veg to DGND 


Iowx = 1.6 mA, Pull-Up Resistor = 4.7 kO 


RCLK Output 
Output Low Voltage, Vor IonK = 2.6 mA, Pull-Up Resistor = 2 kO 
DR, RFS, RCLK Outputs 
Floating-State Leakage Current 
Floating-State Output Capacitance® 
CONVERSION TIME 
External Clock ws max 
Internal Clock pS max The Internal Clock Has a Nominal Value of 2.0 MHz 
POWER REQUIREMENTS For Both DAC and ADC 
Vpp | +5% for Specified Performance 
Vss +5% for Specified Performance 
Ipp Cumulative Current from the Two Vpp Pins 


Cumulative Current from the Two Vgg Pins 


SS 
Total Power Dissipation Typically 130 mW 


NOTES 
jTemperature ranges are as follows: J Version, 0°C to +70°C; A Version, —40°C to +85°C. 
Vin = +3 V. 
3SNR calculation includes distortion and noise components. 
4SNR degradation due to asynchronous DAC updating during conversion is 0.1 dB typ. 
5Measured with respect to internal reference. 
®For capacitive loads greater than 50 pF a series resistor is required (see Internal Reference section). 
7Tying the CONTROL input to Vpp places the device in a factory test mode where normal operation is not exhibited. 
8Sample tested @ +25°C to ensure compliance. 


Specifications subject to change without notice. 
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AD7869 
: (Vop = +5. V + 5%, Veg = —5 V + 5%, AGND = DGND = 0 V, RI DAC = +3 V and decoupled as shown in Fig- . 
DAC SECTION ure 2, Voyr Load to AGND; = 2 kQ, a = = ail All specifications T,,,,, to Tmax unless otherwise noted.) | 


Parameter Test Conditional Comments 


DYNAMIC PERFORMANCE’ . 7 
Signal-to-Noise Ratio? (SNR) @ +25°C . Vout = ] kHz Sine Wave, fy AMPLE ~ 83 kHz ~ 
Trin tO Tmax Typically 82 dB at +25°C for 0 <Voy7<20 kHz* 


Total Harmonic Distortion CTHDY Vout = 1 kHz Sine Wave, fsamprp = 83 kHz 
Typically —84 dB at +25°C for 0 <Voy7<20 kHz* 
Vout =] kHz, fSAMPLE = 83 kHz 


Peak Harmonic or Spiics Noise 
: Typically —84 dB at +25°C for 0 <Vour<20 kHz* 


DC ACCURACY 
Resolution Bits 
Integral Nonlinearity LSB max 
Differential Nonlinearity LSB max Guaranteed Monotonic 
Bipolar Zero Error LSB max 


LSB max 
LSB max 


Positive Full-Scale Error? 
Negative Full-Scale Error? 


REFERENCE OUTPUT® | 
RO DAC @ +25°C 2.99/3.01 | 2.99/3.01 V min/V max 
RO DAC TC +25 +25 ppm/°C typ 


+40 ppm/°C max 
Reference Load Change | 


(ARO DAC vs. Al) 


=1,5 1.5 mV max Reference Load Current Change (0-500 A) 


REFERENCE INPUT 
RI DAC Input Range 2.85/3.15 | 2.85/3.15 V min/V max | 3 V +5% 
Input Current ] ] . A max 

LOGIC INPUTS 


(LDAC, TFS, TCLK, DT) 
Input High Voltage, Ving 
Input Low Voltage, Vint 
Input Current, I,y 
Input Capacitance, Cy’ 


Vin = 0Vto Vop 


ANALOG OUTPUT | 
Output Voltage Range 
DC Output Impedance 
Short-Circuit Current 
“AC CHARACTERISTICS’ 
Voltage Output Settling-Time Settling Time to Within +1/2 LSB of Final Value 
Positive Full-Scale Change 4 4 ws max Typically 3 ws 
Negative Full-Scale Change 4 4 ws max Typically 3.5 ps 
Digital-to-Analog Glitch Impulse 10 10 nV secs typ | DAC Code Change All 1s to All Os 
Digital Feedthrough Z 2 | nV secs typ | 
Vin to Voyr Isolation ~ | 100 | 100 ‘| dBtyp Vin = +3 V, 41.5 kHz Sine Wave 
POWER REQUIREMENTS As per ADC Section | 
NOTES 


1Temperature ranges are as follows: J Version, 0°C to +70°C; A Version, —40°C to +85°C. 

Vout (P-p) = +3 V. 

3SNR calculation includes distortion and noise components. 

‘Using external sample and hold, see Figures 13 to 15. 

>Measured with respect to REF IN and includes bipolar offset error. 

*For capacitive loads greater than 50 pF a series resistor is required (see Internal Reference section). 
7Sample tested @ +25°C to ensure compliance. 


Specifications subject to change without notice. 
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TIMING CHARACTERISTICS": 2 (Vop = +5 .V + 5%, Veo = —5 V 5%, AGND = DGND = 0V) 


AD7869 


‘Limit at Tyains Tmax 
Parameter (All Versions) | Units Conditions/Comments 
ADC TIMING 
t CONVST Pulse Width 
a RCLK Cycle Time, Internal Clock 
ts RFS to RCLK Falling Edge Setup Time 
ty RCLK Rising Edge to RFS 
ts RCLK to Valid Data Delay, C; = 35 pF 
te Bus Relinquish Time after RCLK 
ts 2 RCLK +200 to CONVST to RFS Delay 
3 RCLK + 200 
DAC TIMING 
ty TFS to TCLK Falling Edge 
ts TCLK Falling Edge to TFS 
te” TCLK Cycle Time 
tio Data Valid to TCLK Setup Time 
ty Data Valid to TCLK Hold Time 
tie LDAC Pulse Width 
NOTES 


1Timing specifications are sample tested at +25°C to ensure compliance. All input signals are specified with tr = tf = 5 ns (10% to 90% of 5 V) and timed from 


a voltage level of 1.6 V. 


2Serial timing is measured with a 4.7 kQ pull-up resistor on DR and RFS and a 2 kQ pull-up resistor on RCLK. The capacitance on all three outputs ; is 35 pF. 
3When using internal clock, RCLK mark/space ratio (measured oe a voltage level of 1.6 V) range is 40/60 to 60/40. For external Sees RCLK mark/space 


ratio = external clock mark/space ratio. 


“DR will drive higher capacitance loads but this will add to t, since it increases the external RC time constant (4.7 k(//C,) and hence the time to reach 2.4 V. 
>Time 2 RCLK to 3 RCLK depends on conversion start to ADC clock synchronization. 


*TCLK mark/space ratio is 40/60 to 60/40. 


ABSOLUTE MAXIMUM RATINGS* 
(T, = +25°C unless otherwise noted) 


Vop:to AGND on ne ek ee ee we ee es -0.3Vto+7V 
Ves tO AGND 2 pci ev eee eee eGR +0.3 Vto -7V 
AGND to DGND .............. —0.3 V to Vypt+0.3 V 
Vourto AGND ..... eS eee ee ee ee ee Vss to Vpn 
Vin tO AGND i688 e dee owes Vss —0.3 V to Vpp+0.3 V 
RO ADC to AGND ............. —0.3 V to Vpp+0.3 V 
RO DAC to AGND ............. —0.3 V to Vpp+0.3 V 
RI DAC to AGND .............. —0.3 V to Vpp+0.3 V 
Digital Inputs to DGND .......... —0.3 V to Vppt+0.3 V 


Digital Outputs to DGND ........ —0.3 V to Vppt0.3 V 


CAUTION 


ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro- 
‘static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 


Operating Temperature Range 


J Version ........ id A sted deg ease ca toe 0°C to +70°C 
Ao Version «ois deed 6 RG SRE oe. ~40°C to +85°C 
Storage Temperature Range ........... —65°C to +150°C 
Lead Temperature (Soldering, 10 secs) ........... + 300°C 
Power Dissipation (Any Package) to + 75°C ....... 1000 mW 


Derates above +75°C by 


*Stresses above those listed under “Absolute Maximum Ratings’ may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in 
the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 


WARNING! 


wae 


ESD SENSITIVE DEVICE 


ORDERING GUIDE 


Temperature 
Range 


AD7869JN 


0°C to +70°C 
AD7869JR | 0°C to +70°C 
AD7869AQ | —40°C to +85°C | 77 dB 


Signal- 
to-Noise 
Ratio (SNR) 


Relative 
Accuracy 


+2 LSB max 
+2 LSB max 
+2 LSB max 


Package 


*N = Plastic DIP; Q = Cerdip; R = Small Outline Ic (SOIC). For outline information 


see Package Information section. 


REV. A 
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ANALOG 
DEVICES 


_ FEATURES _ | | : 

Fast 12-Bit ADC with 5.9 ys Conversion Time 
Eight Single-Ended Analog Input Channels 
Selection of Input Ranges 

+10 V for AD7890-10 

0 V to +4.096 V for AD7890-4 

0 V to +2.5 V for AD7890-2 
Allows Separate Access to Multiplexer and ADC 
On-Chip Track/Hold Amplifier 
On-Chip Reference 
High Speed, Flexible, Serial Interface 
Single Supply, Low Power Operation (50 mW max) . 
Power-Down Mode (75 »W typ) 


GENERAL DESCRIPTION 

The AD7890 is an eight-channel 12-bit data acquisition system. 
The part contains an input multiplexer, an on-chip track/hold 
amplifier, a high-speed 12-bit ADC, a +2.5 V reference and a 
high speed, serial interface. The part operates from a single 

+5 V supply and accepts an analog input range of +10 V 
(AD7890-10), 0 to +4.096 V (AD7890-4) and 0 to +2.5 V 
(AD7890-2). 


The multiplexer on the part is independently accessible. This 
allows the user to insert an antialiasing filter or signal condition- 
ing, if required, between the multiplexer and the ADC. This 
means that one antialiasing filter can be used for all eight chan- 
nels. Connection of an external capacitor allows the user to 
adjust the time given to the multiplexer settling to include any 
external delays in the filter or signal conditioning circuitry. 


Output data from the AD7890 is provided via a high speed bidi- 
rectional serial interface port. The part contains an on-chip con- 
trol register, allowing control of channel selection, conversion 
start and power-down via the serial port. Versatile, high speed 
logic ensures easy interfacing to serial ports on microcontrollers 
and digital signal processors. 


‘In addition to the traditional de accuracy specifications such as 
linearity, full-scale and offset errors, the AD7890 is also speci- | 
fied for dynamic performance parameters including harmonic 
distortion and signal-to-noise ratio. . 


This is an abridged data sheet. To obtain the most recent version or 
complete‘data sheet, call our fax retrieval system at 1-800-446-6212. 
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L?MOS 8-Channel, 12-Bit 
Serial, Data Acquisition System 
AD7890 


Vv MUX SHA REF OUT/ 
DD OUT IN REF IN 


© 
? we” 
° 
oes 
oes > 


; ee 
Fare 
¢ SCALING* iz 
SIGNAL 

O) SCALING* 


AGND AGND DGND CLK SCLK TFS RFS DATA DATA SMODE 
IN OUT IN 


*NO SCALING ON AD7890-2 


Power dissipation in normal mode is low at 30 mW typ and the 
part can be placed in a standby (power-down) mode if it is not 
required to perform conversions. The AD7890 is fabricated in 
Analog Devices’ Linear Compatible CMOS (LC?MOS) process, 
a mixed technology process that combines precision bipolar cir- 
cuits with low power CMOS logic. The part is available in a 
24-pin, 0.3” wide, plastic or hermetic dual-in-line package or in 
a 24-pin small outline package (SOIC). 


PRODUCT HIGHLIGHTS | 

1. Complete 12-Bit Data Acquisition System on a Chip 
The AD7890 is a complete monolithic ADC combining an 
eight-channel multiplexer, 12-bit ADC, +2.5 V reference and 
a track/hold amplifier on a single chip. . 


2. Separate Access to Multiplexer and ADC 7 
The AD7890 provides access to the output of the multiplexer 
allowing one antialiasing filter for eight channels—a consider- 
~ able saving over the eight antialiasing filters required if the © 
multiplexer was internally connected to the ADC. » 


3. High Speed Serial Interface 
The part provides a high speed serial interface for easy 
connection to serial ports of microcontrollers and DSP 
processors. 


REV. A 


SPECIFICATIONS yp = +5 V, AGND = DEND = OV, REF IN = +25 V, fox = 2.5 MHZ AD7890 


external, MUX OUT connect to SHA IN. All specifications Ty to Ty,x unless otherwise noted.) 


DYNAMIC PERFORMANCE 
Signal to (Noise + Distortion) Ratio’ |70 
Total Harmonic Distortion (THD) 
Peak Harmonic or Spurious Noise? 
Intermodulation Distortion 

2nd Order Terms 
3rd Order Terms 
Channel-to-Channel Isolation” 


DC ACCURACY 
Resolution 
Minimum Resolution for Which 
No Missing Codes are Guaranteed 
Relative Accuracy” 
Differential Nonlinearity” 
Positive Full-Scale Error? 
Full-Scale Error Match* 
AD7890-2, AD7890-4 
Unipolar Offset Error? 
Unipolar Offset Error Match 
AD7890-10 Only 
Negative Full-Scale Error? 
Bipolar Zero Error’ 
Bipolar Zero Error Match 


ANALOG INPUTS 

AD7890-10 
Input Voltage Range +10 
Input Resistance 20 

AD7890-4 
Input Voltage Range 0 to +4.096 
Input Resistance 1] 

AD7890-2 
Input Voltage Range ; 0 to +2.5 
Input Current 50 


MUX OUT OUTPUT 
Output Voltage Range 0 to +2.5 
Output Resistance 

(AD7890-10, AD7890-4) 
(AD7890-2) 


SHA IN INPUT 
Input Voltage Range 
Input Current 


REFERENCE OUTPUT/INPUT 
REF IN Input Voltage Range 
Input Impedance 
Input Capacitance? 

REF OUT Output Voltage 
REF OUT Error @ +25°C 
Tyan tO Tyax 
REF OUT Temperature Coefficient 
REF OUT Output Impedance 


LOGIC INPUTS 
Input High Voltage, Ving 
Input Low Voltage, Viz 
Input Current, Ip, 
Input Capacitance, C;,° 


REV.A 


Using External CONVST. Any Channel 

fix = 10 kHz Sine Wave, fsa yprz = 100 kHz? 

fin = 10 kHz Sine Wave, fsa upiz = 100 kHz? 
£4 = 10 kHz Sine Wave, feanpr« = 100 kHz? 

fa = 9 kHz, fb = 9.5 kHz, fo, uprz = 100 kHz? 


fin = 1 kHz Sine Wave 
Any Channel 


Volts 


kQ, min/kO, max 
kQ, max Assuming Vj, Is Driven from Low Impedance 


Volts 
nA max 


V min/V max [2.5 V + 5% . 
Resistor Connected to Internal Reference Node 


Vop = 5 V + 5% 
Vop = 5V +5% 
Vin = 0V to Vpp 
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LOGIC OUTPUTS | | 
Output High Voltage, Vor; 
Output Low Voltage, Vo; 
Serial Data Output a 


|TsourcEe = 200 pA 
Ionk = 1.6 mA 


_AD7890-10 2s Complement 

AD7890-4 Straight (Natural) Binary 

AD7890-2 Straight (Natural) Binary 
CONVERSION RATE 


5.9 eS max fork IN — 2:5 MHz, MUX OUT 
Connected to SHA IN 


Conversion Time 


5 


Track/Hold Acquisition Time” 2 ws max 


POWER REQUIREMENTS 
Vopp +5 +5 #5 +5% for Specified Performance 
Ipp (Normal Mode) 10 10 10 Logic Inputs = 0 V or Vpp 
Ipp (Standby Mode)® @ +25°C 15 15 15 Logic Inputs = 0 V or Vpp 
Power Dissipation 
Normal Mode 50 50 50 Typically 30 mW 
Standby Mode @ +25°C i ps 75 75 
NOTES 


1Temperature ranges are as follows: A, B Versions: —40°C to +85°C; S Version: —55°C to +125°C. 

2See Terminology. 

3This sample rate is only achievable when using the part in external clocking mode. . 

‘Full-scale error match applies to positive full scale for the AD7890-2 and AD7890-4. It applies to both positive and negative full scale for the AD7890-10. 
>Sample tested @ +25°C to ensure compliance. 

®Analog inputs on AD7890-10 must be at 0 V to achieve correct power-down current. 


Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS* ; *Stresses above those listed under “Absolute Maximum Ratings” may cause 
(T, = +25°C unless otherwise noted) permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in 

Vpp to AGND ....- 1s ee eee eee ee —0.3V to +7 V the operational sections of this specification is not implied. Exposure to 

Vpp te DGND (3c... aa eee Eee -0.3Vto +7 V absolute maximum rating conditions for extended periods may affect device 

Analog Input Voltage to AGND reliability. 
ee BID BIO - seo a eae a. Ba yes : . a | ORDERING GUIDE 

Reference Input Voltage to AGND .. —0.3 V to Vpp + 0.3 V Temperature Linearity Package 

Digital Input Voltage to DGND .... —0.3 V to Vpp + 0.3 V Range Error (LSB) Option* 

Digital Output Voltage to DGND ...-—0.3 Vto Vpp + 0.3 V 3 . 

Operating Temperature Range AD7890AN-2 —40°C to + 85°C +1 LSB N-24 
Commercial (A, B Versions)........... —40°C to +85°C AD7890BN-2 mas to +85 ~ +2 LSB} N-24 
Extended (S Version) ............-- scifi. Bee | CO eee. eee 
Storage Temperature Range .......... —65°C to + 150°C AD7890BR-2 ie to +85 . +1/2 LSB R-24 

_ Junction Temperature .............2200 0 eee +150°C AD7890SQ-2 —95°C to +125°C | +1 LSB Q-24 
Plastic DIP Package, Power Pissipagon Saas aa aecatacig et 450 mW AD7890AN-4 | eye 0 Bees +1 LSB a N-24 
Oya Thermal Impedance .......6......... . 105°C/W AD7890BN-4 —40°C to +85°C +1/2 LSB N-24 
Lead Temperature (Soldering, 10 sec) ......... , +260°C AD7890AR-4 ede ” spake LSB R-24 

Cerdip Package, Power Dissipation ............. 450 mW AD7890BR-4 tle to +85 : +1/2 LSB R-24 
8;4 Thermal Impedance ...............005- 70°C/W AD78908Q-4 59°C to +125°C | +1 LSB Q:24 
Lead Temperature (Soldering, 10 sec) .......... +300°C AD7890AN-10 Biotie Se ee +1 LSB- N-24- 

SOIC Package, Power Dissipation.............. 450 mW AD7890BN-10 | —40°C to Maoh +1/2 LSB ; N-24 
@,;, Thermal Impedance ................... 75°C/W AD7890AR-10 | —40°C to +85°C +1 LSB R-24 

: . AD7890BR-10 —40°C to +85°C +1/2 LSB ~R-24 


Lead Temperature, Soldering 


Vapor Phase (60 Sé¢) cae aah oY ss ee eta es +215°C AD7890SQ-10 =55°C to +125°C | +1 LSB 
Infrared (15 sec)... 1. ee eee eee eee eee +220°C *N = Plastic DIP; Q = Cerdip; R = SOIC. For outline information see 
Package Information section. 
Na Se ee eee | 
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. Although WARNIN G! | Wai 


the AD7890 features proprietary ESD protection circuitry, permanent damage may occur on 
devices subjected to high energy electrostatic discharges. Therefore, proper ESD precautions are 


recommended to avoid performance degradation or loss of functionality. ESD SENSITIVE DEVICE 
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AD7890 


(Vpp = +5 V + 5%, AGND = DGND = OV, REF IN = +2.5'V, fer yy = 2.5 MHz external, 


TIMING CHARACTERISTICS?: 2 mux out connected to SHA IN.) 


Parameter (A, B, S Versions) Units Conditions/Comments 


farsa Master Clock Frequency. For Specified Performance 
tcLK IN LO 0.3 X tere i Master Clock Input Low Time 
tcLK IN HI 0.3Xtarm | i Master Clock Input High Time 
tr Digital Output Rise Time. Typically 10 ns 
tf* Digital Output Fall Time. Typically 10 ns 
tCONVERT Conversion Time 
test CONVST Pulse Width 
Self-Clocking Mode 
ty teh wae +50 RFS Low to SCLK Falling Edge 
t. 25 RFS Low to Data Valid Delay 
t; tcLK IN HI SCLK High Pulse Width 
ty tcLK IN LO | SCLK Low Pulse Width 
i 20 SCLK Rising Edge to Data Valid Delay 
te 40 SCLK Rising Edge to RFS Delay 
t 50 Bus Relinquish Time after Rising Edge of SCLK 
ty 0 i TFS Low to SCLK Falling Edge 
tcrk in + 50 | Te 
ty 0 Data Valid to TFS Falling Edge Setup Time (A2 Address Bit) 
tio Data Valid to SCLK Falling Edge Setup Time 
ty Data Valid to SCLK Falling Edge Hold Time 
ti3 TFS to SCLK Falling Edge Hold Time 
External-Clocking Mode 
tis RFS Low to SCLK Falling Edge Setup Time 
tig RFS Low to Data Valid Delay 
tis SCLK High Pulse Width 
tis SCLK Low Pulse Width 
ti SCLK Rising Edge to Data Valid Delay 
tis RFS to SCLK Falling Edge Hold Time 
Gs Bus Relinquish Time after Rising Edge of RFS 
tioa Bus Relinquish Time after Rising Edge of SCLK 
top TFS Low to SCLK Falling Edge Setup Time 
to) Data Valid to SCLK Falling Edge Setup Time 
to> Data Valid to SCLK Falling Edge Hold Time 
52 TFS to SCLK Falling Edge Hold Time 
NOTES 


‘Sample tested at +25°C to ensure compliance. All input signals are specified with tr = tf = 5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 
See Figures 8 to 11. 

>The AD7890 is production tested with fo; xin at 2.5 MHz. It is guaranteed by characterization to operate at 100 kHz. 

‘Specified using 10% and 90% points on waveform of interest. 

>These numbers are measured with the load circuit of Figure 1 and defined as the time required for the output to cross 0.8 V or 2.4 V. 

°These numbers are derived from the measured time taken by the data output to change 0.5 V when loaded with the circuit of Figure 1. The measured number 
is then extrapolated back to remove effects of charging or discharging the 50 pF capacitor. This means that the times quoted in the timing characteristics are 
the true bus relinquish times of the part and as such are independent of external bus loading capacitances. 


Figure 1. Load Circuit for Access Time and Bus Relinquish Time 
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AD7890 
Pin [Mnemonic | Description 


Analog Ground. Ground reference for track/hold, comparator and DAC. 


Control Input. Determines whether the part operates in its External Clocking (slave) or Self-Clocking 
(master) serial mode. With SMODE at a logic low, the part is in its Self-Clocking serial mode with _ 
RFS and SCLK as outputs. This Self-Clocking mode is useful for connection to shift registers or to 
serial ports of DSP processors. With SMODE at a logic high, the part is in its External Clocking 
serial mode with SCLK and RFS as inputs. This External Clocking mode is useful for connection to 
the serial port of microcontrollers such as the 8XC51 and the 68HCXX and for connection to the 
serial ports of DSP processors. 


Digital Ground. Ground reference for digital circuitry. 


External Capacitor. An external capacitor is connected to this pin to determine the length of the 
internal pulse (see CONVST input and Control Register section). Larger capacitances on this pin 
extend the pulse to allow for settling time delays through an external antialiasing filter or signal 
conditioning circuitry. 
5 CONVST Convert Start. Edge-triggered logic input. A low to high transition on this input puts the track/hold 
into hold and initiates conversion provided that the internal pulse has timed out (see Control Register 
section). If the internal pulse is active when the CONVST goes high, the track/hold will not go into 
hold until the pulse times out. If the internal pulse has timed out when CONVST goes high, the 
rising edge of CONVST drives the track/hold into hold and initiates conversion. 


Clock Input. An external TTL-compatible clock is applied to this input pin to provide the clock 
source for the conversion sequence. In the Self-Clocking serial mode, the SCLK output is derived — 
from this CLK IN pin. 

Serial Clock Input. In the External Clocking (slave) mode (see Serial Interface section) this is an 
externally applied serial clock which is used to load serial data to the control register and to access_ 
data from the output register. In the Self-Clocking (master) mode, the internal serial clock, which is 
derived from the clock input (CLK IN), appears on this pin. Once again, it is used to load serial data 
to the control register and to access data from the output register. 


PIN FUNCTION DESCRIPTION 


Transmit Frame Synchronization Pulse. Active low logic input with serial data expected after the 
falling edge of this signal. 

Receive Frame Synchronization Pulse. In the External Clocking mode, this pin is an active low logic 
input with RFS provided externally as a strobe or framing pulse to access serial data from the output 
| register. In the Self-Clocking mode, it is an active low output which is internally generated and 
provides a strobe or framing pulse for serial data from the output register. For applications which 
require that data be transmitted and received at the same time, RFS and TFS should be connected 
together. 


10 DATA OUT Serial Data Output. Sixteen bits of serial data are provided with one leading zero, preceding the three 
address bits of the Control register and the 12 bits of conversion data. Serial data is valid on the 
falling edge of SCLK for sixteen edges after RFS goes low. Output coding from the ADC is 2s 
complement for the AD7890-10 and straight binary for the AD7890-4 and AD7890-2. 


11 DATA IN Serial Data Input. Serial data to be loaded to the control register is provided at this input. The first 
five bits of serial data are loaded to the control register on the first five falling edges of SCLK after: 
TFS goes low. Serial data on subsequent SCLK edges i is ignored while TFS remains low. © 

12 Vop Positive supply voltage, +5 V + 5%. 

13 MUX OUT | Multiplexer Output. The output of the multiplexer appears at this pin. The output vite range 

. from this output is 0 V to +2.5 V for the nominal analog input range to the selected channel. The 


output impedance of this output is nominally 3.5 kQ.. If no external antialiasing filter is required, 
MUX OUT should be connected to SHA IN. 


14 Track/Hold Input. The input to the on-chip track/hold is applied to this pin. It is a high impedance 
input and the input voltage range is 0 V to +2.5 V. 

15 Analog Ground. Ground reference for track/hold, comparator and DAC. 

16 Analog Input Channel 1. Single-ended analog input. The analog input range on is +10 V 


(AD7890-10), 0 V to +4.096 V (AD7890-4) and 0 V to +2.5 V (AD7890-2). The channel to be 
converted is selected using the AO, Al and A2 bits in the control register. The multiplexer has 
guaranteed break-before-make operation. 
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17 Analog Input Channel 2. Single-ended analog input. The analog input range on is +10 V 
(AD7890-10), 0 V to +4.096 V (AD7890-4) and 0 V to +2.5 V (AD7890-2). The channel to be 
converted is selected using the AO, Al and A2 bits in the control register. The multiplexer has 


guaranteed break-before-make operation. 


Analog Input Channel 3. Single-ended analog input. The analog input range on is +10 V(AD7890- 
10), 0 V to + 4.096 V (AD7890-4) and 0 V to +2.5 V (AD7890-2). The channel to be converted is 
selected using the AO, Al and A2 bits in the control-register. The multiplexer has guaranteed 
break-before-make operation. 


19 Analog Input Channel 4. Single-ended analog input. The analog input range on is +10 V(AD7890- 
10), 0 V to +4.096 V (AD7890-4) and 0 V to +2.5 V (AD7890-2). The channel to be converted is 
selected using the AO, Al and A2 bits in the control register. The multiplexer has guaranteed 


break-before-make operation. 


Analog Input Channel 5. Single-ended analog input. The analog input range on is +10 V(AD7890- 
10), 0 V to +4.096 V (AD7890-4) and 0 V to +2.5 V (AD7890-2). The channel to be converted is 
selected using the AO, Al and A2 bits in the control register. The multiplexer has guaranteed 
break-before-make operation. 

Analog Input Channel 6. Single-ended analog input. The analog input range on is +10 V(AD7890- 
10), 0 V to +4.096 V (AD7890-4) and 0 V to +2.5 V (AD7890-2). The channel to be converted is 
selected using the AO, Al and A2 bits in the control register. The multiplexer has guaranteed 
break-before-make operation. 


20 


21 


22 Analog Input Channel 7. Single-ended analog input. The analog input range on is +10 V(AD7890- 
10), 0 V to +4.096 V (AD7890-4) and 0 V to +2.5 V (AD7890-2). The channel to be converted is - 
selected using the AO, Al and A2 bits in the control register. The multiplexer has guaranteed 


break-before-make operation. 


Analog Input Channel 8. Single-ended analog input. The analog input range on is +10 V(AD7890- 
10), 0 V to +4.096 V (AD7890-4) and 0 V to +2.5 V (AD7890-2). The channel to be converted is 
selected using the AO, Al and A2 bits in the control register. The multiplexer has guaranteed 
break-before-make operation. 

24 REF OUT/REF IN | Voltage Reference Output/Input. The part can be used with either its own internal reference or with 
an external reference source. The on-chip +2.5 V reference voltage is provided at this pin. When . 
using this internal reference as the reference source for the part, REF OUT should decoupled to 
AGND with a 0.1 «F disc ceramic capacitor. The output impedance of this reference source is 
typically 2 kQ. When using an external reference source as the reference voltage for the part, the 
reference source should be connected to this pin. This overdrives the internal reference and provides 
the reference source for the part. The REF IN input is buffered on-chip. The nominal reference 
voltage for correct operation of the AD7890 is +2.5 V. 


23 


PIN CONFIGURATION 
DIP and SOIC 


TOP VIEW 
(Not to Scale) 
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TERMINOLOGY | . 

Signal to (Noise + Distortion) Ratio 

This is the measured ratio of signal to (noise + distortion) at the 
output of the A/D converter. The signal is the rms amplitude of 
the fundamental. Noise is the rms sum of all nonfundamental 
signals up to half the sampling frequency (f;/2), excluding dc. 
The ratio is dependent upon the number of quantization levels 
in the digitization process; the more levels, the smaller the 
quantization noise. The theoretical signal to (noise + distortion) 
ratio for an ideal N-bit converter with a sine wave input is given 
by: 


Signal to (Noise + Distortion) = (6.02N + 1.76) dB 
Thus for a 12-bit converter, this is 74 dB. 


Total Harmonic Distortion 
Total harmonic distortion (THD) is the ratio of the rms sum of 
harmonics to the fundamental. For the AD7890, it is defined as: 


VV34V34+ V3 4V2 + v2 
ge ee 


where V, is the rms amplitude of the fundamental and V,, V3, 


_ THD (dB) = 20 log 


V,. V; and V, are the rms amplitudes of the second through the | 


sixth harmonics. 


Peak Harmonic or Spurious Noise ; 

Peak harmonic or spurious noise is defined as fie ratio of the 
rms value of the next largest component in the ADC output 
spectrum (up to f;/2 and excluding dc) to the rms value of the 
fundamental. Normally, the value of this specification is deter- 
mined by the largest harmonic in the spectrum, but for parts 
where the harmonics are buried in the noise floor, it will " a 
noise peak. 


Intermodulation Distortion 

With inputs consisting of sine waves at two frequencies, fa and 
fb, any active device with nonlinearities will create distortion 
products at sum and difference frequencies of mfa + nfb where 
m,n = Q, 1, 2, 3, etc. Intermodulation terms are those for 
which neither m or n are equal to zero. For example, the second 
order terms include (fa + fb) and (fa — fb), while the third. 
order terms include (2fa + fb), (2fa — fb), (fa + 2fb) and (fa — 
2fb). 


The AD7890 is tested using the CCIF standard slicke: two input . 


frequencies near the top end of the input bandwidth are used. 

In this case, the second and third order terms are of different 
significance. The second order terms are usually distanced in 
frequency from the original sine waves while the third order 
terms are usually at a frequency close to the input frequencies. 
As a result, the second and third order terms are specified sepa- 
rately. The calculation of the intermodulation distortion is as per 
the THD specification where it is the ratio of the rms sum of 
the individual distortion products to the rms amplitude of the 
fundamental expressed in dBs. 
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Channel-to-Channel Isolation | 
Channel-to-channel isolation is a measure of the level of | 
crosstalk between channels. It is measured by applying a full- © 
scale 1 kHz signal to any one of the other seven inputs and 
determining how much that signal is attenuated in the channel 
of interest. The figure g given is the worst case across all eight 
channels. ' 


Relative Accuracy 

Relative accuracy or endpoint nonlinearity is the maximum devi- 
ation from a straight line passing through the endpoints of the 
ADC transfer. function. 


Differential Nonlinearity | 
This is the difference between the measured and the ideal 1 
LSB change between any two adjacent codes in the ADC. 


Positive Full-Scale Error (AD7890-10) 


This is the deviation of the last code transition (01 . . . 110 to 
01... 111) from the ideal (4 x REF IN — 1 LSB) after the 
Bipolar Zero Error has been adjusted out. 


Positive Full-Scale Error (AD7890-4) 

This is the deviation of the last code transition (11 . . . 110 to 
11... 111) from the ideal (1.638 x REF IN — 1 LSB) after 
the Unipolar Offset Error has been adjusted out. 


Positive Full-Scale Error (AD7890-2) 

This is the deviation of the last code transition (11 . . . 110 to 
1]... 111) from the ideal (REF IN — 1 LSB) after the Unipo- 
lar Offset Error has been adjusted out. 


Bipolar Zero Error (AD7890-10) 
This is the deviation of the midscale transition (all Os to all 1s) 
from the ideal 0 V (AGND). 


Unipolar Offset Error (AD7890-2, AD7890-4) 


This is the deviation of the first code transition (00 . . . 000 to 
00 . . . 001) from the ideal 0 V (AGND). 

Negative Full-Scale Error (AD7890-10) 

This is the deviation of the first code transition (10 . . . 000 to 


10. . . 001) from the ideal (—4 x REF IN + 1 LSB) after 
Bipolar Zero Error has been adjusted out. 


- Track/Hold Acquisition Time 


Track/Hold acquisition time is the time required for the output 
of the track/hold amplifier to reach its final value, within 

+1/2 LSB, after the end of conversion (the point at which the 
track/hold returns to track mode). It also applies to situations 
where a change in the selected input channel takes place or 
where there is a step input change on the input voltage applied 
to the selected V,,, input of the AD7890. It means that the user 
must wait for the duration of the track/hold acquisition time 
after the end of conversion or after a channel change/step input 
change to Vj; before starting another conversion, to ensure that 
the part operates to specification. 
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CONTROL REGISTER 

The Control Register for the AD7890 contains 5 bits of informa- 
tion as described below. Six serial clock pulses must be provided 
to the part in order to write data to the Control Register (seven 
if the write is required to put the part in Standby Mode). If 
TFS returns high before six serial clock cycles then no data 
transfer takes place to the Control Register and the write cycle 
will have to be restarted to write the data to the Control Regis- 
ter. If, however, the CONV bit of the register (see below) is set 
to a Logic 1, then a conversion will be initiated whenever a 
Control Register write takes place regardless of how many serial 
clock cycles the TFS remains low for. The default (power-on) 
condition of all bits in the Control Register is 0. 


MSB 


Address Input. This input is the most significant 
address input for multiplexer channel selection. 


Address Input. This is the 2nd most significant 
address input for multiplexer channel selection. 


Address Input. Least significant address input for 
multiplexer channel selection. When the address is 
written to the control register, an internal pulse is 
initiated, the pulse width of which is determined by 
the value of capacitance on the Czy pin. When 
this pulse is active, it ensures the conversion process 
cannot be activated. This allows for the multiplexer 
settling time and track/hold acquisition time before 
the track/hold goes into hold and conversion is initi- 
_ ated. In applications where there is an antialiasing 
filter between MUX OUT and SHA IN, the filter 
settling time can be taken into account before the 
input at SHA IN is sampled. When the internal 
pulse times out, the track/hold goes into hold and 
conversion is initiated. 


Conversion Start. Writing a | to this bit initiates a 
conversion in a similar manner to the CONVST 
‘input. Continuous conversion starts do not take 

_ place when there is a | in this location. The internal 
pulse and the conversion process are initiated after 
the sixth serial clock cycle of the write operation if a 
1 is written to this bit. With a 1 in this bit, the 
hardware conversion start i.e., the CONVST input, 
is disabled. Writing a 0 to this bit enables the hard- 
ware CONVST input. 


Standby Mode Input. Writing a 1 to this bit places 
the device in its standby or power-down mode. 
Writing a 0 to this bit places the device in its nor- 
mal operating mode. The part does not enter its 
standby mode until the seventh falling edge of 
SCLK in a write operation. Therefore, the part 

- requires seven serial clock pulses in its serial write 
operation if it is required to put the part into 
standby 


Al 


AO 


CONV 


STBY 
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CONVERTER DETAILS 

The AD7890 is an eight-channel, 12-bit, single supply, serial 
data acquisition system. It provides the user with signal scaling, 
multiplexer, track/hold, reference, A/D converter and versatile 
serial logic functions on a single chip. The signal scaling allows 
the part to handle +10 V input signals (AD7890-10) and 0 V to 
+4.096 V input signals (AD7890-4) while operating from a sin- 
gle +5 V supply. The AD7890-2 contains no signal scaling and 
accepts an analog input range of 0 V to +2.5 V. The part oper- 
ates from a +2.5 V reference which can be provided from the 
part’s own internal reference or from an external reference 
source. 


Unlike other single chip data acquisition solutions, the AD7890 
provides the user with separate access to the multiplexer and the 
A/D converter. This means that the flexibility of separate multi- 
plexer and ADC solutions is not sacrificed with the one-chip 
solution. With access to the multiplexer output, the user can 
implement external signal conditioning between the multiplexer 
and the track/hold. It means that one antialiasing filter can be 
used on the output of the multiplexer to provide the antialiasing 
function for all eight channels. 


Conversion is initiated on the AD7890 either by pulsing the 
CONVST input or by writing a Logic 1 to the CONV bit of the 
Control Register. When using the hardware CONVST input, on 
the rising edge of the CONVST signal, the on-chip track/hold 
goes from track to hold mode and the conversion sequence is 
started provided the internal pulse has timed out. This internal 
pulse (which appears at the Cy; pin) is initiated whenever the 
multiplexer address is loaded to the AD7890 Control Register. 
This pulse goes from high to low when a serial write to the part 
is initiated. It starts to discharge on the sixth falling clock edge 
of SCLK in a serial write operation to the part. The track/hold 
cannot go into hold and conversion carinot be initiated until the 
Cex pin has crossed its trigger point of 2.5 V. The discharge 
time of the voltage on C,x+7 depends upon the value of capaci- 
tor connected to the Cyx-7 pin (see Cgyx- Functioning section). 
The fact that the pulse is initiated every time a write to the con- 
trol register takes place means that the software conversion start 
and track/hold signal is always delayed by the internal pulse. 


The conversion clock for the part is generated from the clock 
signal applied to the CLK IN pin of the part. Conversion time 
for the AD7890 is 5.9 ys from the rising edge of the hardware 
CONVST signal and the track/hold acquisition time is 2 js. To 
obtain optimum performance from the part, the data read opera- 
tion or Control Register write operation should not occur during 
the conversion or during 500 ns prior to the next conversion. 
This allows the part to operate at throughput rates up to 

117 kHz in the external clocking mode and achieve data sheet 
specifications. The part can operate at slightly higher through- 
put rates (up to 127 kHz), again in external clocking mode with 
degraded performance (see Timing and Control section). The 
throughput rate for self clocking mode is limited by the serial 
clock rate to 78 kHz. 


All unused inputs should be connected to a voltage within the 
nominal analog input range to avoid noise pickup. On the 
AD7890-10, if any one of the input channels which are not 
being converted goes more negative than —12 V, it can interfere 
with the conversion on the selected channel. 
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CIRCUIT DESCRIPTION 

Analog Input Section 

The AD7890 is offered as three part ines: the AD7890- 10, 
which handles a +10 V input voltage range, the AD7890-4 
which handles a 0 to + 4.096 V input range and the AD7890-2 
which handles a 0 to +2.5 V input voltage range. 


AD7890-10 


Figure 2 shows the analog input section for the AD7890-10. The | 


analog input range for each of the analog inputs is +10 V into 
an input resistance of typically 33 kQ. This input is benign with 
no dynamic charging currents with the resistor attenuator stage | 
followed by the multiplexer and in cases where MUX OUT is 
connected to SHA IN this is followed by the high input imped- 
ance stage of the track/hold amplifier. The designed code transi- 
tions occur on successive integer LSB values (i.e., 1 LSB, 

2 LSBs, 3 LSBs. . . ). Output coding is 2s complement binary 
with 1 LSB = FS/4096 = 20 V/4096 = 4.88 mV. The ideal 
input/output transfer function is shown in Table I. 


MUX OUT 


TO ADC _ 
REFERENCE 
CIRCUITRY 


AD7890-10 


*EQUIVALENT ON-RESISTANCE OF MULTIPLEXER 


Figure 2. AD7890-10 Analog Input Structure 


Table I. Ideal Input/Output Code Table for the AD7890-10 


Digital Output 
Code Transition 


... 100 O11... 1 
O11... 101to 011... 110 
O11... 100t0 011... 101 


000... 000 to 000... . 001 


Analog Input? 


+FSR/2 — 1 LSB? (9.995117 V) 
+FSR/2 — 2 LSBs (9.990234 V) 
+FSR/2 — 3 LSBs (9.985352 V) 


AGND + 1 LSB (0.004883 V) 
AGND (0.000000 V) lll ...111 to 000... 000 
AGND — 1 LSB (—0.004883 V) [111...110to 111... 111 


—FSR/2 + 3 LSBs (—9.985352 V)}100.. . 010 to 100... . O11 
—FSR/2 + 2 LSBs (—9.990234 V)|100 ... 001 to 100. . . 010 
—FSR/2 + 1 LSB Seance V) |100...000to 100... 


NOTES 

1FSR is full-scale range and is 20 Vv with REF IN = +2.5 V. 

71 LSB = FSR/4096 = 4.883 mV with REF IN = +2.5 V. 

AD7890-4 

Figure 3 shows the analog input section for the AD7890- 4. The 
analog input range for each of the analog inputs is +10 V into 
an input resistance of typically 15 kQ. This input is benign with 
no dynamic charging currents with the resistor attenuator stage 
followed by the multiplexer and in cases where MUX OUT is. 
connected to SHA IN this is followed by the high input imped- 
ance stage of the track/hold amplifier. The designed code transi- 
tions occur on successive integer LSB values (i.e., 1 LSB, 
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2 LSBs, 3 LSBs .. . ). Output coding is straight (natural) 


binary with 1 LSB = FS/4096 = 4.096 V/4096 = 1 mV. The 
ideal input/output transfer function is shown in Table II. 
MUX OUT 
@ 


TO ADC 
REFERENCE . 
CIRCUITRY 


9.38kK22 
A AD7890-4 


*EQUIVALENT ON-RESISTANCE OF MULTIPLEXER 
Figure 3. AD7890-4 Analog Input Structure | 


Table II. Ideal Input/Output Code Table for the AD7890-4 


Digital Output 
Code Transition 


lll...110tolll... 111 
1l1...101to 111... 110 
lll...100to lll... 101 


000...010to 000... 011 
000. . ..001 to 000... . 010 
. 000 to 000... 


Analog Input’ 


+FSR — 1 LSB? (4.095 V) 
+FSR — 2 LSBs (4.094 V) 
+FSR — 3 LSBs (4.093 V) 


AGND + 3 LSBs (0.003 V) 
AGND + 2 LSBs (0.002 V) 
AGND + 1 LSB (0.001 V) 


NOTES 

1FSR is full-scale range and is 4.096 V with REF IN = +2.5 V. 

71 LSB = FSR/4096 = 1 mV with REF IN = +2.5 V. 

AD7890-2 

The analog input section for the AD7890-2 contains no biasing 
resistors and the selected analog input connects to the multi- 
plexer and in cases where MUX OUT is connected to SHA IN 
this is followed by the high input impedance stage of the track/ 
hold amplifier. The analog input range is, therefore, 0 V to +2.5 V 
into a high impedance stage with an input current of less than 

50 nA. The designed code transitions occur on successive integer 
LSB values (i.e., 1 LSB, 2 LSBs, 3 LSBs . . . FS-1 LSBs). Out- 
put coding is straight (natural) binary with 1 LSB = FS/4096 = 
2.5 V/4096 = 0.61 mV. The ideal input/output transfer function 
is shown in Table III. | 


Table III. Ideal Input/Output Code Table for the AD7890-2 


Digital Output 
Code Transition 


111... 110to lll... 111 
lll... 101to lll... 110 
111... 100to lll... 101 


000...010to 010... O11 
000... 001 to 001... 010 
. 000 to 000... 


Analog Input’ 


+FSR — 1 LSB? (2.499390 V) 
+FSR — 2 LSBs (2.498779 V) 
+FSR — 3 LSBs (2.498169 V) 


AGND + 3 LSBs (0.001831 V) 
AGND + 2 LSBs (0.001221 V) 
AGND + 1 LSB (0.000610 V) 


NOTES 


FSR is full-scale range and is 2.5 V with REF IN = +2.5 V. 
71 LSB = FSR/4096 = 0.61 mV with REF IN = +2.5 V. 
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Track/Hold Section 

The SHA IN input on the AD7890 connects directly to the 
input stage of the track/hold amplifier. This is a high impedance 
input with input leakage currents of less than 50 nA. Connect- 
ing the MUX OUT pin directly to the SHA IN pin connects the 
multiplexer output directly to the track/hold amplifier. The 
input voltage range for this input is 0 to +2.5 V. If external cir- 
cuitry is connected between MUX OUT and SHA IN, then the 
user must ensure that the input voltage range to the SHA IN 
input is 0 to +2.5 V to ensure that the full dynamic range of the 
converter is utilized. 


The track/hold amplifier on the AD7890 allows the ADC to 
accurately convert an input sine wave of full-scale amplitude to 
12-bit accuracy. The input bandwidth of the track/hold is 
greater than the Nyquist rate of the ADC even when the ADC 
is Operated at its maximum throughput rate of 117 kHz (.e., 
the track/hold can handle input frequencies in excess of 

58 kHz). 


The track/hold amplifier acquires an input signal to 12-bit accu- 
racy in less than 2 ys. The operation of the track/hold is essen- 
tially transparent to the user. The track/hold amplifier goes from 
its tracking mode to its hold mode at the start of conversion. 
The start of conversion is the rising edge of CONVST (assum- 
ing the internal pulse has timed out) for hardware conversion 
starts and for software conversion starts is the point where the 
internal pulse is timed out. The aperture time for the track/hold 
(i.e., the delay time between the external CONVST signal and 
the track/hold actually going into hold) is typically 15 ns. For 
software conversion starts, the time depends on the internal 
pulse widths. Therefore, for software conversion starts, the sam- 
pling instant is not very well defined. For sampling systems 
which require well defined, equidistant sampling, it may not be 
possible to achieve optimum performance from the part using 
the software conversion start. At the end of conversion, the part 
returns to its tracking mode. The acquisition time of the track/ 
hold amplifier begins at this point. 


Reference Section 

The AD7890 contains a single reference pin, labelled 

REF OUT/REF IN, which either provides access to the part’s 
own +2.5 V reference or to which an external +2.5 V reference 
can be connected to provide the reference source for the part. 
The part is specified with a +2.5 V reference voltage. Errors in 
the reference source will result in gain errors in the AD7890’s 
transfer function and will add to the specified full-scale errors 
on the part. On the AD7893-10, it will also result in an offset 
error injected in the attenuator stage. 


The AD7890 contains an on-chip +2.5 V reference. To use this 
_reference as the reference source for the AD7890, simply con- 
nect a 0.1 jF disc ceramic capacitor from the REF OUT/ 
REF IN pin to AGND. The voltage which appears at this pin is 
internally buffered before being applied to the ADC. If this ref- 
erence is required for use external to the AD7890, it should be 
buffered as the source impedance of this output is 2 kf). nomi- 
nal. The tolerance on the internal reference is +10 mV at 25°C 
with a typical temperature coefficient of 25 ppm/°C and a maxi- 
mum error over temperature of +25 mV. 
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If the application requires a reference with a tighter tolerance or 
the AD7890 needs to be used with a system reference, then the 
user has the option of connecting an external reference to this 
REF OUT/REF IN pin. The external reference will effectively 
overdrive the internal reference and thus provide the reference 
source for the ADC. The reference input is buffered but has a 
nominal 2 k{) resistor connected to the AD7890’s internal refer- 
ence. Suitable reference sources for the AD7890 include the 
AD680, AD780 and REF-43 precision +2.5 V references. 


Timing and Control Section 

The AD7890 is capable of two interface modes, selected by the 
SMODE input. The first of these is a self-clocking mode where 
the part provides the frame sync, serial clock and serial data at 
the end of conversion. In this mode the serial clock rate is deter- 
mined by the master clock rate of the part (at CLK IN input). 
The second mode is an external clocking mode where the user 
provides the frame sync and serial clock signals to obtain the 
serial data from the part. In this second mode, the user has con- 
trol of the serial clock rate up to a maximum of 10 MHz. The 
two modes are discussed in more detail in the Serial Interface 
section. 


The part also provides hardware and software conversion start 
features. The former provides a well-defined sampling instant 
with the track/hold going into hold on the rising edge of the 
CONVST signal. For the software conversion start, a write to 
the CONV bit to the Control Register initiates the conversion 
sequence. However, for the software conversion start an internal 
pulse has to time out before the input signal is sampled. This 
pulse, plus the difficult in maintaining exactly equal delays 
between each software conversion start command, means that 
the dynamic performance of the AD7890 may have difficulty 
meeting spec when used in software conversion start mode. 


The AD7890 provides separate channel select and conversion 
start control. This allows the user to optimize the throughput 
rate of the system. Once the track/hold has gone into hold 
mode, the input channel can be updated and the input voltage 
can settle to the new value while the present conversion is in 
progress. 


Assuming the internal pulse has timed out before the CONVST 
pulse is exercised, the conversion will consist of 14.5 master 
clock cycles. In the self-clocking mode, the conversion time is 
defined as the time from the rising edge of CONVST to the fall- 
ing edge of RFS (i.e., when the device starts to transmit its con- 
version result). This time includes the 14.5 master clock cycles 
plus the updating of the output register and delay time in out- 
putting the RFS signal, resulting in a total conversion time of 
5.9 us maximum. Figure 4 shows the conversion timing for the 
AD7890 when used in the Self-Clocking (Master) Mode with 
hardware CONVST. The timing diagram assumes that the inter- 
nal pulse is not active when the CONVST signal goes high. To 
ensure this, the channel address to be converted should be 
selected by writing to the Control Register prior to the 
CONVST pulse. Sufficient setup time should be allowed 
between the Control Register write and the CONVST to ensure 
that the internal pulse has timed out. The duration of the inter- 
nal pulse (and hence the duration of setup time) depends on the | 
value of Cpy-r. 
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- GONVST (1) | i TRACK/HOLD 


GOES INTO HOLD .- 


_ RFS (0) 


SCLK (0) 


DATA OUT (0) 


NOTE 


’ THREE-STATE 


- tconvert a aa | 


(1) SIGNIFIES AN INPUT; (O) SIGNIFIES AN OUTPUT. PULL-UP RESISTOR ON SCLK. 


Figure 4. Self-Clocking (Master) Mode Conversion Sequence 


When using the device in the External-Clocking Mode, the out- 
put register can be read at any time and the most up-to-date 
conversion result will be obtained. However, reading data from 
the output register or writing data to the Control Register dur- 
ing conversion or during the 500 ns prior to the next CONVST 
will result in reduced performance from the part. A read opera- 
tion to the output register has most effect on performance with 
the signal-to-noise ratio likely to degrade especially when higher 
serial clock rates are used while the code flicker from the part 
will also increase (see AD7890. Performance section). . 


Figure 5 shows the timing and control sequence required to © 
obtain optimum performance from the part in the external 
clocking mode. In the sequence shown, conversion is initiated 
on the rising edge of CONVST and new data is available in the 
output register of the AD7890 5.9 js later. ‘Once the read oper- 
ation has taken ee a further 500 ns ‘should be allowed before 


the next rising edge of CONVST to optimize the settling of the ; 
track/hold before the next conversion is initiated. The diagram 
shows the read operation and the write operation taking place in. 
parallel. On the sixth falling edge of SCLK in the write _ 
sequence the internal pulse will be initiated. Assuming MUX 
OUT is connected to SHA IN, 2 ps are required between this: 
sixth falling edge of SCLK and the rising edge of CONVST to. 
allow for the full acquisition time of. the track/hold amplifier. 
With the serial clock rate at its maximum of 10 MHz, the 
achievable throughput rate for the part is 5.9 ws (conversion 
time) plus 0.6 js (six serial clock pulses before internal pulse is 
initiated) plus 2 ys (acquisition time). This results in a mini- 
mum throughput time of 8.5 ys (equivalent to a throughput rate 
of 117 kHz). If the part is operated with a slower serial clock, it 
will impact the achievable throughput rate for optimum 
performance. 


= Ll ms = © 


SCLK g 
es -§ 
= : 


tconvert 


CONVERSION IS" 


’ CONVERSION 
INITIATED AND ENDS 5.9us 
TRACK/HOLD GOES LATER 
INTO HOL! a 


— 500ns MIN 
SERIAL READ READ & WRI NEXT 
& WRITE OPERATIONS SHOULD END CONVERSION 
OPERATIONS 500ns PRIOR TO NEXT START COMMAND 
| RISING EDGE OF CONVST . 


Figure 5. External Clocking (Slave) Mode Timing Soares for Optimum Performance 
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CONVST | $ | | 


ss 


SCLK 4 
RFS 
TFS 
tconvert 500ns MIN 
CONVERSION IS CONVERSION pP INT SERIAL READ READ & WRITE NEXT CONVST 
INITIATED AND ENDS 5.918 SERVICE OR & WRITE OPERATIONS SHOULD RISING EDGE 
TRACK/HOLD GOES LATER «POLLING OPERATIONS END 500ns PRIOR TO 
INTO HOLD ROUTINE NEXT RISING EDGE OF 


CONVST 


Figure 6. CONVST Used as Status Signal in External Clocking Mode 


In the Self-Clocking Mode, the AD7890 indicates when conver- 
sion is complete by bringing the RFS line low and initiating a 
serial data transfer. In the external clocking mode, there is no 
indication of when conversion is complete. In many applica- 
tions, this will not be a problem as the data can be read from 
the part during conversion or after conversion. However, appli- 
cations which want to achieve optimum performance from the 
AD7890 will have to ensure that the data read does not occur 
during conversion or during 500 ns prior to the rising edge of 
CONVST. This can be achieved in either of two ways. The first 
is to ensure in software that the read operation is not initiated 
until 5.9 ys after the rising edge of CONVST. This will only be 
possible if the software knows when the CONVST command is 
issued. The second scheme would be to use the CONVST signal 
as both the conversion start signal and an interrupt signal. The 
simplest way to do this would be to generate a square wave sig- 
nal for CONVST with high and low times of 5.9 js (see Figure 
6). Conversion is initiated on the rising edge of CONVST. The 
falling edge of CONVST occurs 5.9 ys later and can be used as 
either an active low or falling edge-triggered interrupt signal to 
tell the processor to read the data from the AD7890. Provided 
the read operation is completed 500 ns before the rising edge of 
CONVST, the AD7890 will operate to specification. 


This scheme limits the throughput rate to 11.8 ys minimum. 
However, depending upon the response time of the microproces- 
sor to the interrupt signal and the time taken by the processor 
to read the data, this may the fastest which the system could 
have operated. In any case, the CONVST signal does not have 
to have a 50:50 duty cycle. This can be tailored to optimize the 
throughput rate of the part for a given system. 


Alternatively, the CONVST signal can be used as a normal nar- 
row pulse width. The rising edge of CONVST can be used as an 
active high or rising edge-triggered interrupt. A software delay 
of 5.9 ws can then be implemented before data is read from the 
part. 
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C.x7 FUNCTIONING 

The Cy, input on the AD7890 provides a means of 
determining how long after a new channel address is written to 
the part that a conversion can take place. The reason behind 
this is two-fold. Firstly, when the input channel to the AD7890 
is changed, the input voltage on this new channel is likely to be 
very different from the previous channel voltage. Therefore, the 
part’s track/hold has to acquire the new voltage before an 
accurate conversion can take place. An internal pulse delays any 
conversion start command (as well as the signal to send the 
track/hold into hold) until after this pulse has timed out. 

The second reason is to allow the user to connect external anti- 
aliasing or signal conditioning circuitry between MUX OUT and 
SHA IN. This external circuitry will introduce extra settling 
time into the system. The Cy; pin provides a means for the 
user to extend the internal pulse to take this extra settling time 
into account. Basically, varying the value of the capacitor on the 
Cx pin varies the duration of the internal pulse. Figure 7 
shows the relationship between the value of the Cpx-7 capacitor 
and the internal delay. 


INTERNAL PULSE WIDTH -— us 


750 1000 1250 1500 1750 2000 


0 250 500 


Figure 7. Internal Pulse Width vs. Cey7 
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The duration of the internal pulse can be seen on the C,,-7 pin. 
The Cy; pin goes from a low to a high when a serial write to 
the part is initiated (on the falling edge of TFS). It starts to dis- 
charge on the sixth falling edge of SCLK in the serial write 
operation. Once the Cgy7 pin has discharged to crossing its 
nominal trigger point of 2.5 V, the internal pulse i is timed out. 


The internal pulse i is initiated each time a write operation to the 
Control Register takes place. As a result, the pulse is initiated 
and the conversion process delayed for all software conversion 
start commands. For hardware conversion start, it is possible to 
separate the conversion start command from the internal pulse. 


If the multiplexer output (MUX OUT) is connected directly to 
the track/hold input (SHA IN), then no external settling has to 
be taken into account by the internal pulse width. In applica- 
tions where the multiplexer is switched and conversion is not 
initiated until-more than 2 ys after the channel is changed (as is 
possible with a hardware conversion start), the user does not 
have to worry about connecting any capacitance to the Cex 
pin. The 2 ys equates to the track/hold acquisition time of the 
AD7890. In applications where the multiplexer is switched and 
conversion is initiated at the same time (such as with a software 
conversion start), a 120 pF capacitor should be connected to 
Cexr to allow for the acquisition time of the track/hold before 
conversion is initiated. 


If external circuitry is connected between MUX OUT and SHA 
IN, then the extra settling time introduced by this circuitry will 
have to be taken into account. In the case where the multiplexer 
change command and the conversion start command are sepa- 
rated, they need to be separated by greater than the acquisition 
time of the AD7890 plus the settling time of the external cir- 
cuitry if the user does not have to worry about the Czx7 capaci- 
tance. In applications where the multiplexer is switched and 
conversion. is initiated at the same time (such as with a software 
conversion start), the capacitor on Cy y-7 needs to allow for the 
acquisition time of the track/hold plus: the settling-time of the. 
external eucuttry. before conversion .is initiated. 


RFS (0) 


SCLK (0) 


3-STATE__| LEADING 


DATA OUT (O) 


. NOTE 


SERIAL INTERFACE 

The AD7890’s serial communications port provides a flexible 
arrangement to allow easy interfacing to industry-standard 
microprocessors, microcontrollers and digital signal processors. 

A serial read to the AD7890 accesses data from the output regis- 
ter via the: DATA OUT line. A serial write to the AD7890 


-writes data to the Control Register via the DATA IN line. 


Two different modes of operation are available, optimized for 


different types of interface where the AD7890 can act either as 


master in the system (it provides the serial clock and data fram- 
ing signal) or acts as slave (an external serial clock and framing 
signal can be provided to the AD7890). These two modes, 
labelled Self-Clocking Mode and External Clocking Mode, are 
discussed in detail in the following sections. 


_ Self-Clocking Mode | 


The AD7890 is configured for its Self-Clocking Mode by tying 
the SMODE pin of the device to a logic low. In this mode, the 
AD7890 provides the serial clock.signal and the serial data fram- 
ing signal used for the transfer of data from the AD7890. This 


_ Self-Clocking Mode can be used with processors which allow an 


external device to clock their serial Pont including most digital 
signal processors. 


Read Operation 

Figure 8 shows a timing diagram for reading from the AD7890 
in the Self-Clocking mode. At the end of conversion, RFS goes 
low and the serial clock (SCLK) and serial data (DATA OUT) 
outputs become active. Sixteen bits of data are transmitted with 
one leading zero, followed by the three address bits of the Con- 
trol Register, followed by the 12-bit conversion result starting 
with the MSB. Serial data is clocked out of the device on the 
rising edge of SCLK and is valid on the falling edge of SCLK.. 
The RFS output remains low for the duration of the sixteen __ 
clock cycles. On the sixteenth rising edge of SCLK, the RFS © 
output is driven high and DATA OUT 1s disabled. 


3-STATE - 


(!) SIGNIFIES AN INPUT; os SIGNIFIES AN OUTPUT. PULL-UP RESISTOR ON SCLK. 


> Figure 8. ‘Self-Clocking (Master) Mode Output Register Read 
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() SIGNIFIES AN INPUT; (0) SIGNIFIES AN OUTPUT. PULL-UP RESISTOR ON SCLK. 


Figure 9. Self-Clocking (Master) Mode Control Register Write 


Write Operation 

Figure 9 shows a write operation to the Control Register of the 
AD7890. The TFS input is taken low to indicate to the part 
that a serial write is about to occur. TFS going low initiates the 
SCLK output and this is used to clock data out of the proces- 
sors serial port and into the Control Register of the AD7890. 
The AD7890 Control Register requires only five bits of data. 
These are loaded on the first five clock cycles of the serial clock 
with data on all subsequent clock cycles being ignored. How- 
ever, the part requires six serial clock cycles to load data to the 
Control Register. Serial data to be written to the AD7890 must 
be valid on the falling edge of SCLK. 


External-Clocking Mode 

The AD7890 is configured for its external- clocking mode by 
tying the SMODE pin of the device to a logic high. In this 
mode, SCLK and RFS of the AD7890 are configured as inputs. 
This external-clocking mode is designed for direct interface to 
systems which provide a serial clock output which is synchro- 
nized to the serial data output including microcontrollers such as 
the 80C51, 87C51, 68HC11 and 68HCO05 and most digital signal 
processors. 


Read Operation 

Figure 10 shows the timing diagram for reading from the 
AD7890 in the external-clocking mode. RFS goes low to access 
data from the AD7890. The serial clock input does not have to 
be continuous. The serial data can be accessed in a number of 
bytes. However, RFS must remain low for the duration of the 
data transfer operation. Once again, sixteen bits of data are 


SCLK (I) 


DATA OUT (0) 


NOTE , ; 
(!) SIGNIFIES AN INPUT; (O) SIGNIFIES AN OUTPUT 


transmitted with one leading zero, followed by the three address 
bits in the Control Register, followed by the 12-bit conversion 
result starting with the MSB. If RFS goes low during the high 
time of SCLK, the leading zero is clocked out from the falling 
edge of RFS (as per Figure 10). If RFS goes low during the low 
time of SCLK, the leading zero is clocked out on the next rising 
edge of SCLK. This ensures that, regardless of whether RFS 
goes low during a high time or low time of SCLK, the leading © 
zero is valid on the first falling edge of SCLK after RFS goes: 
low, provided t,, and:t,, are adhered to. Serial data is clocked 
out of the device on the rising edge of SCLK and is valid on the 
falling edge of SCLK. At the end of the read operation, the 
DATA OUT line is three-stated by a rising edge on either the 
SCLK or RFS inputs, whichever occurs first. If a serial read 
from the output register is in progress when conversion is com- 
plete, the updating of the output register is deferred until the. 
serial data read is complete and RFS returns high. 


Write Operation | , ; 
Figure 11 shows a write operation to the Control Register of the 
AD7890. As with the Self-Clocking mode, the TFS input goes 


low to indicate to the part that a serial write is about to occur. 


As before, the AD7890 Control Register requires only five bits 
of data. These are loaded on the first five clock cycles of the 
serial clock with data on all subsequent clock cycles being 
ignored. However, the part requires six serial clocks to load data 
to the Control Register. Serial data to be written to the AD7890 
must be valid on the falling edge of SCLK. 


Figure 10. External Clocking (Slave) Mode Output Register Read 
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Figure 11. External Clocking (Slave) Mode Control Register Write 


SIMPLIFYING THE INTERFACE 

To minimize the number of interconnect lines to the AD7890, 
the user can connect the RFS: and TFS lines of the AD7890 
together and read and write from the part simultaneously. In 
this case, new control register data should be provided on the 

| DATA IN line selecting the input channel and possibly provid- 
ing a conversion start command while the part provides the result 
from the conversion just completed on the DATA OUT line. 


In the self-clocking mode, this means that the part provides all 
the signals for the serial interface. It does require that the 
microprocessor has the data to be written to the Control Regis- 
ter available in its output register when the part brings the TFS 
line low. In the external clocking mode, it means that the user 


only has to supply a single frame synchronization signal to con- | 


trol both the read and write operations. 


Care must be taken with this scheme that the read operation is | 


completed before the next conversion starts if the user wants to 
obtain optimum performance from the part. In the case of the 
software conversion start, the conversion command is written to 
the Control] Register on the sixth serial clock edge. However, 
the read operation continues for another 10 serial clock cycles. 
To avoid reading during the sampling instant or during conver- 
sion, the user should ensure that the internal pulse width is suf- 
ficiently long (by choosing C7) so that the read operation is 
completed before the next conversion sequence begins. Failure 
to do this will result in significantly degraded performance from 
the part, both in terms of signal-to-noise ratio and dc parame- 
ters. In the case of a hardware conversion start, the user should 
ensure that the delay between the sixth falling edge of the serial 
_ Clock in the write operation and the next rising edge of CON- 
VST is greater than the internal pulse width. 


MICROPROCESSOR/MICROCONTROLLER INTERFACE 
The AD7890’s flexible serial interface allows for easy connection 
to the serial ports of DSP processors and microcontrollers. Fig- 
ures 12 through 15 show the AD7890 interfaced to a number of 
different microcontrollers and DSP processors. In some of the 
interfaces shown, the AD7890 is configured as the master in the 
system, providing the serial clock and frame sync for the read 
operation while in others it acts as a slave with these signals pro- 
vided by the microprocessor. 


AD7890-8051 Interface 

Figure 12 shows an interface between the AD7890 and the 
8XC51 microcontroller. The AD7890 is configured for its exter- 
nal clocking mode while the 8XC51 is configured for its Mode 0 
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serial interface mode. The diagram shown in Figure 12 makes 
no provisions for monitoring when conversion is complete on 
the AD7890 (assuming hardware conversion start is used). To 
monitor the conversion time on the AD7890 a scheme such as 
outlined previously with CONVST can be used. This can be 
implemented in two ways. One is to connect the CONVST line 
to another parallel port bit which is configured as an input. This 
port bit can then be polled to determine when conversion is 
complete. An alternative is to use an interrupt driven system in 
which case the CONVST line should be connected to the INT1 
input of the 8XC51. _ 


Since the 8XC51 contains only one serial data line, the 

DATA OUT and DATA IN lines of the AD7890 must be con- 
nected together. This means that the 8XC51 cannot communi- 
cate with the output register and Control Register of the 
AD7890 at the same time. The 8XC51 outputs the LSB first i in 
a write operation so care should be taken in arranging the data | 
which is to be transmitted to the AD7890. Similarly, the 
AD7890 outputs the MSB first during a read operation while 
the 8XC51 expects the LSB first. Therefore, the data that is to 
be read into the serial port needs to be rearranged before 

the correct data word from the AD7890 is available 1 in the 
microcontroller. 


The serial clock rate from the 8XCS51 is limited to significantly 
less than the allowable input serial clock frequency with which 
the AD7890 can operate. As a result, the time to read data from 
the part will actually be longer than the conversion time of the 
part. This means that the AD7890 cannot run at its maximum 
throughput rate when used with the 8XCS1. 


Figure 12. AD7890 to 8XC51 Interface 
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AD7890-68HC11 Interface 

An interface circuit between the AD7890 and the 68HC11 
microcontroller is shown in Figure 13. For the interface shown, 
the AD7890 is configured for its external clocking mode while 
the 68HC11’s SPI port is used and the 68HC11 is configured in 
its single-chip mode. The 68HC11 is configured in the master 
mode with its CPOL bit set to a logic zero and its CPHA bit set 
to a logic one. 


As with the previous interface, there are no provisions for moni- 
toring when conversion is complete on the AD7890. To monitor 
the conversion time on the AD7890 a scheme, such as outlined 
in the previous interface with CONVST, can be used. This can 
be implemented in two ways. One is to connect the CONVST 
line to another parallel port bit which is configured as an input. 
This port bit can then be polled to determine when conversion 
is complete. An alternative is to use an interrupt driven system 
in which case the CONVST line should be connected to the 
IRQ input of the 68HC11. 


DVop DVop 


Figure 13. AD7890 to 68HC11 Interface 


The serial clock rate from the 68HC11 is limited to significantly 
less than the allowable input serial clock frequency with which 
the AD7890 can operate. As a result, the time to read data from 
the part will actually be longer than the conversion time of the 
part. This means that the AD7890 cannot run at its maximum — 
throughput rate when used with the 68HC11. 


AD7890-ADSP-2101 Interface 

An interface circuit between the AD7890 and the ADSP-2101 
DSP processor is shown in Figure 14. The AD7890 is config- 
ured for its external clocking mode with the ADSP-2101 provid- 
ing the serial clock and frame synchronization signals. The 
RFS1 and TFS1 inputs are outputs are configured for active low 
operation. 


DVpp 


Figure 14. AD7890 to ADSP-2101 Interface 
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In the scheme shown, the maximum serial clock frequency 
which the ADSP-2101 can provide is 6.25 MHz. This allows the 
AD7890 to be operated at a sample rate of 111 kHz. If it is 
desirable to operate the AD7890 at its maximum throughput 
rate of 117 kHz, an external serial clock of 10 MHz can be pro- 
vided to drive the serial clock input of both the AD7890 and the 
ADSP-2101. 


To monitor the conversion time on the AD7890 a scheme, such 
as outlined in previous interfaces with CONVST, can be used. 
This can be implemented by connecting the CONVST line 
directly to the IRQ2 input of the ADSP-2101. An alternative to 
this, where the user does not have to worry about monitoring 
the conversion status, is to operate the AD7890 in its Self- 
Clocking Mode. In this scheme, the actual interface connections 
would remain the same as in Figure 14 but now the AD7890 
provides the serial clock and receive frame synchronization sig- 
nals. Using the AD7890 in its Self-Clocking Mode, limits the 
throughput rate of the system as the serial clock rate is limited 
to 2.5 MHz. 


AD7890-DSP56000 Interface 

Figure 15 shows an interface circuit between the AD7890 and 
the DSP56000 DSP processor. The AD7890 is configured for its 
external clocking mode. The DSP56000 is configured for normal 
mode, synchronous operation with continuous clock. It is also 
set up for a 16-bit word with SCK and SC2 as outputs. ane 
FSL bit of the DSP56000 should be set to 0. 


The RFS and TFS inputs of the AD7890 are connected together 
so data is transmitted to and from the AD7890 at the same time. 
With the DSP56000 in synchronous mode, it provides a com- 
mon frame synchronization pulse for read and write operations 
on its SC2 output. This is inverted before being applied to the 
RFS and TFS inputs of the AD7890. 


To monitor the conversion time on the AD7890 a scheme, such 
as outlined in previous interface examples with CONVST, can 
be used. This can be implemented by’ connecting the CONVST 


line directly to the IRQA input of the DSP56000. 


Figure 15. AD7890 to DSP56000 Interface 
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ANALOG | LCMOS 8-Channel, 12-Bit 
DEVICES — _ high Speed Data Acquisition System 


AD7891_— 


_ FUNCTIONAL BLOCK DIAGRAM 


FEATURES 
Fast 12-Bit ADC with 1.6 is Conversion Time v.. vy... MUX SHA REF OUT/ 
Eight Single-Ended Analog Input Channels. . pita sh Naa 

Selection of Input Ranges: 


+5 V, +10 V for AD7891-1 ; bal 
OV to 42.5 V, 0 to +5 V 42.5 V for AD7891-2 Vine 
Parallel and Serial Interface’ a Vinge 
Allows Separate Access to Mux and ADC | INGA 
-On-Chip Track/Hold Amplifier | | Vines 
On-Chip Reference | VinaB 
Single Supply, Low Power Operation (75 mW ere VinsaQ a ! 
Power-Down Mode (75 uW'typ) yiNse anion DATA/ 
Overvoltage Protection on Analog Inputs | Vines LINES 


GENERAL DESCRIPTION © : 
The AD7891 isan eight-channel 12-bit dats acauisition system 
with a choice of either parallel or serial interface structure. Th 
part contains an input multiplexer, an on-chip track/hol 
fier, a high speed 12-bit ADC, a +2.5 V reference a 
speed interface. The part operates from a single +5 


and accepts a variety of analog input ranges across two’mod: } mixed technology process that combines 
the AD7891-1 (+5 V and £10'V) and the AD7891-2 (0 V to ir circuits with low power CMOS logic. The part 


+2.5 V, 0 Vto +5 V and +2.5 V). e a to is available in a 44-pin plastic quad flatpack (PQFP) and a 44- 
The multiplexer on the part is independently accessible. As a re- lead plastic leaded chip carrier (PLCC). 

sult, an antialiasing filter or signal conditioning can be inserted, | | . 

if required, between the multiplexer and the ADC. This allows PRODUCT HIGHLIGHTS 

one antialiasing filter to be used for all eight channels. The value 1. The AD7891 is a complete monolithic 12-bit data acquisi- 


1 normal mode is 60 mW typical while in the 
educed to 75 uW typ. The AD7891 is fab- 
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of an external capacitor determines the time given to the multi- tion system combining an eight-channel multiplexer, 12-bit 
plexer settling to allow for any external delays in the filter or sig- ADC, +2.5 V reference and track/hold si ea ona ee 
nal conditioning circuitry. chip. 

The AD7891 provides the option of either a parallel interface or 2. The part provides separate access to the multiplexer and the 
serial interface structure determined by the MODE pin. The ADC, thus retaining all the flexibility of eepatate aac 
part has standard control inputs and fast data access times for and ADC solutions. 

both the serial and parallel interfaces which ensures éasy inter- 2 The part offers high speed parallel or serial interface options 
facing to modern microprocessors, microcontrollers and digital _ for easy connection to microprocessors, microcontrollers and 
signal processors. digital signal processors. 


In addition to the traditional dc accuracy specifications such as 
linearity, full-scale and offset errors, the part is also specified for 
dynamic performance parameters including harmonic distortion 
and signal-to-noise ratio. 


This is a preliminary data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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SPECIFICATIONS Sciatic eataicanes nt" 
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Parameter 


DYNAMIC PERFORMANCE? 
Signal to (Noise+Distortion) Ratio 
@ 25°C 
Tun to Tmax 
Total Harmonic Distortion’ 
Peak Harmonic or Spurious Noise? 
Intermodulation Distortion? 
2nd Order Terms 
3rd Order Terms 
Channel-to-Channel Isolation? 


DC ACCURACY 
Resolution 
Minimum Resolution for Which 

No Missing Codes are Guaranteed 

Relative Accuracy’ 
Differential Nonlinearity’ 
Positive Full-Scale Error’ 
Full-Scale Error Match? 
Unipolar Offset Error 
Unipolar Offset Error Match 
‘Negative Full-Scale Error? 
Bipolar Zero Error 
Bipolar Zero Error Match 


ANALOG INPUTS 
AD7891-1 Input Voltage Range 
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AD7891-1 Vinxa Input Resistance 
AD7891-1 Vinxa Input Resistance 
-AD7891-2 Input Voltage Range 


AD7891-2 Vinxa Input Resistance 

AD7891-2 Vinxa Input Current 
MUX OUT OUTPUT. 

Output Voltage Range 

Output Resistance 


0 to +2.5 0to+2.5 | Oto +2.5 


Bits 


Bits 

LSB max 
LSB max 
LSB max 
LSB max 
LSB max 
LSB max 
LSB max 


Volts 


AD7891 


Any Channel 
fsaMPLE = 500 kHz? 


fsaAMPLE = = 500 kHz‘ 
fsaMPLE = = 500 kHz‘ 
fa=9 kHz, fb = 9.5 kHz, fsaAMPLE = = 500 kHz! 


fin = 1 kHz Sine Wave 
Any Channel 


Input Ranges of 0 V to +2.5 V,0 Vto +5 V 
Input Ranges of 0 V to +2.5V,0Vto +5 V 
Input Ranges of +2.5 V, +5 V, +10 V 
Input Ranges of +2.5 V, +5 V,+10V 
Input Ranges of 2.5 V, +5 V, +10 V 


put Applied to Both Vyyxa and VINXB 
Input Applied to VInxAs VINXB = AGND 
Input Range of +5 V 
Input Range of +10 V 


Input Applied to Both Vyyxa and Vinxg 
Input Applied to Vinxas Vinxn = AGND 
Input Applied to Vinxa, Vinxs = REF IN® 
Input Ranges of £2.5 V and 0 V to +5 vo 
Input Range of 0 V to +2.5V 


AD7891-1 3/7 3/7 3/7 kQ min/kQ max 
AD7891-2 0.5/2.5 0.5/2.5 0.5/2.5 kQ min/kQ max 
SHA IN INPUT | 
Input Voltage Range 0 to +2.5 0 to +2.5 0 to +2.5 Volts 
Input Current + ~1| +50 +50 nA max 
REFERENCE INPUT/OUTPUT © tee. AO 
REF IN Input Voltage Range 2.375/2.625| 2.375/2.625| V min/V max 2.5V+ 5% 
Input Impedance : 1.6 1.6 kQ min Resistor Connected to Internal Reference Node 
Input Capacitance? 10 10 pF max 
REF OUT Output Voltage : 2.5 25 Vnom 
REF OUT Error@+25°C . +10 +10 mV max . 
. Tem to. Tmax , x +20 +25 mV max 
REF OUT Temperature Coefficient i 2 | 25) ppm/°C typ | | wi 
REF OUT Output Impedance kQ nom See REF IN Input Impedance 


LOGIC INPUTS 
Input High voles Vin 
Input Low Voltage, Vint 
Input Current, Ipy 
Input Capacitance, Cyy* 


Vpp =5 Vt 5% 
Vpp =5 Vt 5% 
Vin = 0 V to Vpp 
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LOGIC OUTPUTS 
Output High Voltage, Voy IsourcE = 200 yA 
Output Low Voltage, Vor Is~x = 1.6 mA 
DB11-DB0 
Floating-State Leakage Current 
Floating-State Capacitance” 
Output Coding _ 
Straight (Natural) Binary Data Format Bit of Control Register = 0 
2s Complement Data Format Bit of Control Register = 1 
CONVERSION RATE . 
Conversion Time 1.6 1.6 us max MUX OUT Connected to SHA IN 
Track/Hold Acquisition Time 0.4 0.4 ls max 
POWER REQUIREMENTS . | 
Vpp . +5 +5 +5% for Specified Performance 
Ipp (Normal Mode) 15 15 
Ipp (Standby Mode) 25 25 Logic Inputs = 0 V or Vpp 
Power Dissipation (Normal Mode) 75 75 Typically 60 mW 
Power Dissipation (Standby Mode) 125 125 Typically 75 pW 


NOTES 

'Temperature ranges are as follows: A, B Versions: -40°C to +85°C; S Version: -55°C to +125°C. 

2AD7891-1’s dynamic performance is measured with an input frequency of 10 kHz while the AD7891-2’s dynami 
of 100 kHz. 

3See Terminology. 

“This sample rate can only be achieved when the part is operated in the parallel interface mode. 
385 kHz. 

*Sample tested @ +25°C to ensure compliance. 

°REF IN must be buffered before being applied to Vixxp. 


Specifications subject to change without notice. 


ance is measured with an input frequency 


roughput rate in the serial interface mode is 


ABSOLUTE MAXIMUM RATINGS* 450 mW 
(T, = +25°C unless otherwise noted) 95°C/W 
Vip tO AOGND sau node eta sede ucne tacos -0.3 V to +7\ $215°C 
Vpp tO DGND ....... 0. cc ccc eee eens -0.3Vto+7V +220°C 
Analog Input Voltage to AGND ee eee 
pera 8 . +17V PLCC Package, Power Dissipation .............. 500 mW 
ND TBOL 2 ck oS iacrg tase Auer cen nig ty Ui 1 Rea NDS. = Gare hea eee: ee. 
Reference Input Voltage to AGND ....-0.3 V to Vpp + 0.3 V — cme Soldering : +215°C 
Digital Input Voltage to DGND ...... -0.3 V to Vpp + 0.3. V : oe F ef id ara elie eae nc | +220°C 
Digital Output Voltage to DGND ..... 0.3 V to Vpp + 0.3 V Diate ND SEC). caidas hie, eR ENC RG 
Operating Temperature Range “Stresses above those listed under “Absolute Maximum Ratings” may cause 
Commercial (A, B Versions) ............ —40°C to. +85°C permanent damage to the device. This is a stress rating only and functional 
Extended (S Version) 55°C to +125°C operation of the device at these or any other conditions above those indicated in 
S T Ra es ee °C 5 the operational section of this specification is not implied. Exposure to absolute 
; forage ee ANGC: 46 bata wand —65°C to a : maximum rating conditions for extended periods may affect device reliability. 
UNCON “L-emperature «..54:4-46- cake eR Ee ES ee ees + e at 
CAUTION 


ESD (electrostatic discharge) sensitive gate Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. WARNING! S| 
Although the AD7891 features proprietary ESD protection circuitry, permanent damage may eit Att»: 

occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 

precautions are recommended to avoid performance degradation or loss of functionality. 


ESD SENSITIVE DEVICE 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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Parameter 


tcoNnv 
Parallel Interface 
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ty 
tg 
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NOTES 


| AD7891 
TIMING CHARACTERISTICS! 2 (voo= +5 V, AGND = DGND = 0 V, REF IN = +2.5 V, MUX OUT connected to SHA IN) 


A, B S 
Versions Version | Units 


Test Conditions/Comments 


Digital Output Rise Time, Typically 10 ns 
Digital Output Fall Time, Typically 10 ns 
Conversion Time 


CS to RD/WR Setup Time 

Write Pulse Width 

Data Valid to Write Setup Time 

Data Valid to Write Hold Time 

CS to RD/WR Setup Time 

CONVST Pulse Width 

EOC Pulse Width 

Read Pulse Width 

Data Access Time After Falling Edge of RD 
Bus Relinquish Time After Rising Edge of RD 


“ow to SCLK Falling Edge Setup Time 
| to Data Valid Delay 

K High Pulse Width 
-K:Low Pulse Width 
K, Rising Edge to Data Valid Hold Time 
-K Rising Edge to Data Valid Delay 
“S to SCLK Falling Edge Hold Time 


~ Bus Relinquish Time after Rising Edge of RFS 


Relinquish Time After Rising Edge of SCLK 
TFS Low to SCLK Falling Edge Setup Time 
Data Valid to SCLK Falling Edge Setup Time 


Data Valid to SCLK Falling Edge Hold Time 
TFS Low to SCLK Falling Edge Setup Time 


‘Sample tested at +25°C to ensure compliance. All input signals are measured with tr = tf = 1 ns (10% to 90% of +5 V) and timed from a voltage level of +1.6 V. 


*See Figures 2 and 3. 
Specified using 10% and 90% points on the waveform of interest. 


4Measured with the load circuit of Figure 1 and defined as the time required for an output to cross 0.8 V or 2.0 V. 
>These times are derived from the measured time taken by the data outputs to change 0.5 V when loaded with the circuit of Figure 1. The measured number is then 
extrapolated back to remove the effects of charging or discharging the 50 pF capacitor. This means that the times quoted in the timing characteristics are the true bus 


relinquish times of the part and as such are independent of external bus loading capacitances. 
Specifications subject to change without notice. 


+1.6V 


Figure 1. Load Circuit for Access Time and Bus Relinquish Time 
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AD7891 
PIN DESCRIPTION 
Mnemonic | Description 


Vinxas VinxB Analog Input Channels. The AD7891 contains eight pairs of analog input channels. Each channel contains 
e | | two input pins to allow a number of different:input ranges to be used with the AD7891. There are two pos- 
_ sible input voltage ranges on the AD7891-1. The +5 V input range is selected by connecting the input volt- 
age to both Vinxa and Vinxs, while the +10 V input range is selected by applying the input voltage to Vinxa | 
and connecting Vinxg to AGND. The AD7891-2 has three possible input ranges. The 0 V to +2.5 V input 
range is selected by connecting the analog input voltage to both Vinxa and Vinxg; the 0 V to +5 V input 
range is selected by applying the input voltage to Viyxa and connecting Vinxg to AGND; while the +2.5 V 
. input range is selected by connecting the analog input voltage to Viyxa and connecting Viyxg to REF IN 
(provided: this REF IN voltage comes from a low impedance source). 


The channel to be converted i is selected by the A2, Al and AO bits of the Control Register. In the parallel in- 
terface mode, these bits are available as three data input lines (DB3 to DB5) in a parallel write operation, 
while in the serial interface mode, these three bits are accessed via the DATA IN line in a serial write opera- 
tion. The multiplexer has guaranteed break-before-make operation. 


Vp tit : | Positive supply voltage, +5 V + 5%. 


AGND | Analog Ground. Ground reference for track/hold, comparator and DAG 

DGND -— -.. Digital Ground. Ground reference for digital circuitry. ; 

STANDBY | Standby Mode Input. TTL-compatible input which 1 he device into the power save or standby 
mode. The STANDBY input is high for normal tandby operation. 

MUX OUT | -| Multiplexer Output. The output of the mu 


~ output is 0 V to +2.5 V for the nomi a 
of this output is nominally 7.5 
filter or signal conditioning 


SHAIN__.__.._ |. Track/Hold Input. The input'to thes 
and the input voltage range is 0 V to 


Crxt ‘| “External capacitor. An external capacitor iS conné¥fed to this pin to determine the (engi of the internal 
pulse (see Cgxr FUNCTIONING section). Larger capacitances on this pin extend the pulse to allow for 
| settling-time delays through an external antialiasing filter. 


REF OUT/REFIN | Voltage Reference Output/Input. The part can either be used with its own internal reference or with an ex- | 
ternal reference source. The on-chip +2.5 V reference voltage is provided at this pin. When using this in- 
ternal reference as the reference source for the part, REF OUT should be decoupled to AGND with a ; 
0.1 uF disc ceramic capacitor. The output impedance of the reference source is typically 2 kKQ. When using 
an external reference source as the reference voltage for the part, the reference source should be connected - 
to this pin. This overdrives the internal reference and provides the reference source for the part. The refer- 
ence pin is buffered on-chip but must be able to sink or source current through this 2 kQ resistor to the out- 
put of the on-chip reference. The nominal reference voltage for correct operation of the AD7891 is +2.5 V. 


CONVST Convert Start. Edge-triggered logic input. A low to high transition on this input puts the track/hold 
into hold and initiates conversion. This CONVST signal is not gated with the internal pulse (see Cgxr 
FUNCTIONING section) and so the conversion is initiated from the rising edge of CONVST reeuschess 
of whether the internal pulse has timed out or not. 


EOC End-of-Conversion. Active low logic output indicating converter status. The end of conversion is signified 
| by a low going pulse on this line. The duration of this EOC pulse is nominally 120 ns. 


MODE Interface Mode. Control input which determines the interface mode for the part. With this pin at a logic 
low, the AD7891 is in its serial interface mode; with this pin at a logic high, the device is in its parallel 
interface mode. : 


This information. applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 


5-96 DATA ACQUISITION SUBSYSTEMS ~ REV.O 


AD7891 


PARALLEL INTERFACE MODE FUNCTIONS 


Mnemonic Description 

CS Chip Select. Active low logic input which is used in conjunction with RD to enable the data outputs and with WR 
to allow input data to be written to the part. 

RD Read. Active low logic input which is used in conjunction with CS low to enable the data outputs. 

WR Write Input. Active low, logic input used in conjunction with CS to latch the multiplexer address. The rising edge 


of this input also initiates an internal pulse, the width of which is determined by the value of capacitance on the 
Crxr pin. When this pulse is active, it gates off the software conversion start until the pulse has timed out. This 
allows an external antialiasing filter (the output of which is applied to SHA IN) to settle when a channel address is 
changed before the track/hold goes into hold and conversion is initiated. If the SWCON bit of the Control Register 
is set to 1, when this pulse times out, the track/hold then goes into hold and conversion is initiated. If the SWCON 
bit of the Control Register is set to 0, the track/hold and conversion sequence are unaffected by the WR operation. 


Data I/O Lines 

There are twelve data input/output lines on the AD7891. When the part is configured for parallel mode (MODE = 1), the output 
data from the part is provided at these 12 pins during a read operation. For a write operation in parallel mode, these lines provide ac- 
cess to the part’s Control Register. 


Parallel Read Operation 
During a parallel read operation the 12 lines become the 12 data bit containing th 
bits are labelled Data Bit 0 (LSB) to Data Bit 11 (MSB). They are three-state TT 
complement when the DATA FORMAT Bit of the Control Register is 1 and 

Control Register is 0. 


. on result from the AD7891. These data 
patible outputs. Output data coding is 2s 
nary when the DATA FORMAT Bit of the 


Mnemonic Description 
DBO-DB11 Data Bit 0 (LSB) to Data Bit 11 ¢ tible outputs which are controlled by the CS and 
RD inputs. | 


Parallel Write Operation 


During a parallel write operation the following function é Control Register via the 12 data input/output pins. 


Mnemonic Description 
AO Address Input. The status of this input during a parallel write operation is latched to the AO bit of the Control 
Register (see Control Register section). 


Al Address Input. The status of this input during a parallel write operation is latched to the Al bit of the Control 
Register (see Control Register section). 


A2 Address Input. The status of this input during a parallel write operation is latched to the A2 bit of the Control 
Register (see Control Register section). 


SWCON Software Conversion Start. The status of this input during a parallel write operation is latched to the SWCONV 
bit of the Control Register (see Control Register section). 


SWSTBY Software Standby Control. The status of this input during a parallel write operation is latched to the SWSTBY bit 
of the Control Register (see Control Register section). 


FORMAT | _ Data Format Selection. The status of this input during a parallel write operation is latched to the FORMAT bit of 
the Control Register (see Control Register section). 


SERIAL INTERFACE MODE FUNCTIONS 


When the part is configured for serial mode (MODE = 0), five of the twelve data input/output lines provide serial interface func- 
tions. These functions are outlined below. 


Mnemonic Description 


SCLK ~ Serial Clock Input. This is an externally applied serial clock which is used to load serial data to the Control Regis- 
ter and to access data from the output register. 


TFS | Transmit Frame Synchronization Pulse. Active low logic input with serial data expected after the falling edge of 
this signal. 
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RFS Receive Frame Synchronization Pulse. This is an active low logic input with RFS provided externally as a strobe 
or framing pulse to access serial data from the output register. For applications which require that data be trans- 
mitted and received at the same time, RFS and TFS should be connected together. 


DATA OUT Serial Data Output. Sixteen bits of serial data are provided with the DATA FORMAT bit and the three address 
bits of the Control Register preceding the 12 bits of conversion data. Serial data is valid on the falling edge of 
SCLK for sixteen edges after RFS goes low. Output conversion data coding is 2s complement when the DATA 
FORMAT Bit of the Control Register 1 is 1 and straight binary when the DATA FORMAT Bit of the Control Reg- 
ister is 0. 


DATA IN Serial Data Input. Serial data to be loaded to the Control Register is provided at this input. The ie six bits of 
| serial data are loaded to the Control Register on the first six falling edges of SCLK after TFS goes low. Serial data 
on subsequent SCLK edges is ignored while TFS remains low. 


PIN CONFIGURATIONS 


PQFP | | PLCC 


|=1| STANDBY 


BL] Viva 
SL] Vinie 
[21] Vina 
ST] Vince 
ASL] Vinsa 
St] Vine 
TLSL Vawea 
ST] Vinas 
BL} Vinsa 
HSU Vinse 


mux out []1|]¢ 
SHA IN | | 2 | 
REF OUT/REF IN | | 3| 
Vop [1 4, 2 
AGND {1S AD7891 PQFP 

MODE | | 6, TOP VIEW 
DB11/TEST | | 7 | (Not to Scale) 


AD7891 PLCC [85] Vinea 
TOP VIEW 34] Vines 
(Not to Scale) 33] AGND 


DB10/TEST || 8 |] : of i r | '32| EOC 
pears [| 9| | Df 31] Cexy 
pBs/RFs | |10 CONVST RFS | - _ [30] CONVST 

DB7/DATA IN [ [11] DB7/DATA IN [29] cs 


12||13]/14][ 15] [16] |17|(18]|19| [20] 18] |19}| 20||21]{22| |23]|24]|25]|26| 
ne Ed Ld) Bd En) Ea ee) ee . 
- “ O2Q0QF &g-& OPT? ~*~ FI1H@10 
a i a — a a o < 
“8225223268 €(|€le a22228 26 @ else 
= $s 5 
Oo > OF 8 - 3S # a Oo a DY 
” 8 ao on va oS = Qa a = ae) 
SG =< aoa # 26 0 < Gout 
= 2 @ Qo (=) a - oO 
a Py a= 5 q a 22 
a 2m o x o 200 
4 Caa P . 
rd ra) 
Q 
ORDERING GUIDE 
Input Ranges Relative Accuracy | Temperature Range Package Option* 


AD7891AS-1 - +5 Vor+10V +1 LSB —40°C to +85°C 
AD7891BS-1 +5 Vor+10V +1/2 LSB —40°C to +85°C S-44 
AD7891AP-1 +5 VortloV +1 LSB —40°C to +85°C P-44A 


AD7891BP-1 


AD7891AS-2 
AD7891BS-2 
AD7891AP-2 
AD7891BP-2 


+1/2 LSB 


+1 LSB 
+1/2 LSB 
+1 LSB 
+1/2 LSB 


~+5Vortl1l0V —40°C to +85°C 


0Vto +2.5 V,0 Vto +5 Vort2.5V 
0Vto +2.5V,0Vto +5 V ort2.5V 
0V to +2.5 V,0 Vto +5 V ort2.5 V 
0Vto +2.5V,0Vto +5 V ort2.5V 


—40°C to +85°C 
—40°C to +85°C © 
—40°C to +85°C 
—40°C to +85°C 


S-44 
P-44A 


*§ = Plastic Quad Flatpack (PQFP); P = Plastic Leaded Chip Carrier (PLCC). For outline information see Package Information section. 
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CONTROL REGISTER 


The Control Register for the AD7891 contains 6 bits of information as described below. These 6 bits can be written to the Control 
Register either in a parallel mode write operation or via a serial mode write operation. The default (power-on) condition of all bits in 
the Control Register is 0. 


MSB 


A2 Address Input. This input is the most significant address input for multiplexer channel selection. 
Al Address Input. This is the 2nd most significant address input for multiplexer channel selection. 
AO Address Input. Least significant address input for multiplexer channel selection. When the address is written to 


the control register, an internal pulse is initiated, the pulse width of which is determined by the value of capaci- 
tance on the Cgxz pin. SWCON will not sample the input signal or initiate a conversion until this pulse has timed 
out. This allows for the multiplexer settling time and track/hold acquisition time before the track/hold goes into 
hold and conversion is initiated. In applications where there is an antialiasing filter between MUX OUT and 

SHA IN, the filter settling time can be taken into account before the input at SHA IN is sampled. When the inter- 
nal pulse times out, the track/hold goes into hold and conversion is initiated. 


SWCONV Conversion Start. Writing a 1 to this bit initiates a conversion in a similar manner to the CONVST input. Con- 
tinuous conversion starts do not take place when there is a 1 in.this location. The internal pulse and the conver- 
sion process are initiated when a | is written to this bit. Wi n.this bit, the hardware conversion start, i.e., the 
CONVST input, is disabled. Writing a 0 to this bit en, les the:shardware CONVST input. 

SWSTBY Standby Mode Input. Writing a 1 to this bit plaé c 
this bit places the device in its normal ope 

FORMAT Data Format. Writing a 0 to thi 
This data format is generally.b 
sion data output format is 

CIRCUIT DESCRIPTION nversion is initiated on the AD7891 either by pulsing the 


The AD7891 is an eight-channel, high speed, 12-bit data acqui- 
sition system. It provides the user with signal scaling, multi- 
plexer, track/hold, reference, A/D converter and high speed 
parallel and serial interface logic functions on a single chip. The 
signal conditioning on the AD7891-1 allows the part to accept 
analog input ranges of +5 V or +10 V when operating from a 
single supply. The input circuitry on the AD7891-2 allows the 
part to handle input signal ranges of 0 V to +2.5V,0V to +5 V 
and +2.5 V again while operating from a single +5 V supply. 
The part requires a +2.5 V reference which can be provided 
from the part’s own internal reference or from an external refer- 
ence source. 


Unlike other single chip solutions, the AD7891 provides the 
user with separate access to the multiplexer and the A/D con- 
verter. This means that the flexibility of separate multiplexer 
and ADC solutions is not sacrificed with the one-chip solution. 
With access to the multiplexer output, the user can implement 
external signal conditioning between the multiplexer and the 
track/hold. It means that one antialiasing filter can be used on 
the output of the multiplexer to provide the antialiasing function 
for all eight channels. The extra settling time introduced into 
the circuit by the external circuitry can be allowed for by the 
AD7891 by connecting a single capacitor to the Cgx7 pin. If no 
external signal conditioning is required, the multiplexer output 
(MUX OUT) can simply be connected directly to the track/hold 
input (SHA IN). 


CONVST input or by writing a logic 1 to the SWCONV bit of 
the Control Register. When using the hardware CONVST in- 
put, the on-chip track/hold goes from track to hold mode and 
the conversion sequence is started on the rising edge of the 
CONVST signal. When a software conversion start is initiated, 
an internal pulse is generated which delays the track/hold acqui- 
sition point and the conversion start sequence until the pulse is 
timed out. This internal pulse is initiated (goes from low to 
high) whenever a write to the AD7891 Control Register takes 
place with a 1 in the SWCONYV bit. It then starts to discharge 
and the track/hold cannot go into hold and conversion cannot 
be initiated until the Cgxrz pin has crossed its trigger point of 
2.5 V. The discharge time of the voltage on Cgx7 depends upon 
the value of capacitor connected to the Cgxz pin. 


The conversion clock for the part is internally generated and 
conversion time for the AD7891 is 1.6 us from the rising edge of 
the hardware CONVST signal, and the track/hold acquisition 
time for the part is 400 ns. To obtain optimum performance 
from the part, the data read operation should not occur during 
the conversion or during 200 ns prior to the next conversion. 
This allows the part to operate at throughput rates up to 

500 ksps in the parallel mode and achieve data sheet specifica- 
tions. In the serial mode, the maximum achievable throughput 
rate for the part is 385 ksps (assuming a 20 MHz serial clock). 
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INTERFACE INFORMATION - 

The AD7891 provides two interface options, a 12-bit parallel 
interface and a high spéed serial interface. The required inter- 
face mode is selected via the MODE pin. The two interface 
modes are discussed in the following sections. 


Parallel Interface Mode 

The parallel interface mode is selected by tying the MODE in- 
put to a logic high. Figure 2 shows a timing diagram illustrating 
the operational sequence of the AD7891 in parallel mode for a 
hardware conversion start. The multiplexer address is written to 
the AD7891 on the rising edge of the WR input. The on-chip 
track/hold goes into hold mode on the rising edge of CONVST, 
and conversion is also initiated at this point. When conversion. 
is complete, the end of conversion line (EOC) pulses low to in- 
dicate that new data is available in the AD7891’s output regis- 
ter. This EOC line can be used to drive an edge-triggered 
interrupt of a microprocessor. CS and RD going low accesses 
the 12-bit conversion result. In systems where the part is inter- 
faced to a gate array or ASIC, this EOC pulse can be applied to 
the CS and RD inputs to latch data out of the AD7891 and into 


the gate array or ASIC. This means that the gate array or ASIC 


does not need any conversion status recognition logic, and it 
also eliminates the logic required i in the gate array or ASIC to 
generate the read signal for the AD7891. 


. . J . 
CONVST (1!) \ / 


EOC (0) ; 


- : : 
7 a | pm te, <0. 
Pew) ; ra | 


Figure 2. Parallel Mode Timing Diagram 
Serial Interface Mode — 
The serial interface mode is selected by tying the MODE input 
to a logic low. In this case, five of the data/control inputs of the 
parallel mode assume serial interface functions. The serial in- 
terface on the AD7891 is a five-wire interface with read and 
write capabilities, with data being read from the output register 
via the DATA OUT line and data being written to the Control 
Register via the DATA IN line. The part operates in a slave or 
external clocking mode and requires an externally applied serial 
clock to the SCLK input to access data from the data register or 
write data to the control register. There are separate framing 
signals for the read (RFS) and write (TFS) operations. 


. Read Operation 


Figure 3 shows the the timing diagram for seuing from the AD7891 
in serial mode. RFS goes low to access data from the AD7891. 
The serial clock input does not have to be continuous. The se- 


- rlal data can be accessed in a number of bytes. However, RFS 


must remain low for the duration of the data transfer operation. 
Sixteen bits of data are transmitted in serial mode with the data 
FORMAT bit, followed by the three address bits in the Control 
Register, followed by the 12-bit conversion result starting with 
the MSB. Serial data is clocked out of the device on the rising 
edge of SCLK and is valid on the falling edge of SCLK. At the 
end of the read operation, the DATA OUT line is three-stated 
by a rising edge on either the SCLK or RFS inputs, whichever 


~ occurs first. 


aes Ai 


' t f] 
thie ei > tty 
: 
soc LILLE 
: ‘ $ ' 
ifs ge teat Lope ‘ Pi ite 
ge h12 pitigne > e-'6 18A > \<t- 
DATA Hy 3-STATE 
T DBO 


Aput g 3 
o occur. The AD7891 Control Register re- 
data. These are loaded on the first six _ 


_ Figure 4. Serial Mode Write Operation 


Simplifying the Serial Interface 

To minimize the number of interconnect lines to the AD7891 in 
serial mode, the user can connect the RFS and TFS lines of the 
AD7891 together and read and write from the part simulta- 
neously. In this case, new Control Register data line selecting the 
input channel and providing a conversion start command should 
be provided on the DATA IN while the part provides the result 
from the conversion just completed on the DATA OUT line. 


This information applies to a product under development. Its characteristics and specifications are subject to icatige without HoUuUcE. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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Crexr FUNCTIONING 

The Cgyz input on the AD7891 provides a means of deter- 
mining how long after a new channel address is written to 
the part that a conversion can take place. The reason behind 
this is twofold. First, when the input channel to the AD7891 
is changed, the input voltage on this new channel is likely to 
be very different from the previous channel voltage. There- 
fore, the part’s track/hold has to acquire the new voltage be- 
fore an accurate conversion can take place. An internal pulse 
delays any software conversion start command (as well as 
the signal to send the track/hold into hold) until after this 
pulse has timed out. 


The second reason is to allow the user to connect external 
antialiasing or signal conditioning circuitry between 

MUX OUT and SHA IN. This external circuitry will intro- 
duce extra settling time into the system. The Crgyz pin pro- 
vides a means for the user to extend the internal pulse to 
take this extra settling time into account. Basically, varying 
the value of the capacitor on the Cryy pin varies the dura- 
tion of the internal pulse. 


AD7891 


The duration of the internal pulse can be seen on the Cgxy pin. 
The Cgxr pin goes from a low to a high when a software conver- 
sion Start is written to the part. Once the Cgx7 pin has dis- 
charged to crossing its nominal trigger point of 2.5 V, the 
internal pulse is timed out. With no capacitor on the Cgxz pin, 
the internal pulse duration is 600 ns. 


If the multiplexer output (MUX OUT) is connected directly to 
the track/hold input (SHA IN), then external settling need not 
be taken into account by the internal pulse width. In this case, 
the 600 ns internal pulse duration with no Cgyr is sufficient to 
cater for the 400 ns acquisition time. If external circuitry is con- 
nected between MUX OUT and SHA IN, then the extra set- 
tling time introduced by this circuitry will have to be taken into 
account by placing a larger value of capacitance on the Cgyt 
pin. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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FEATURES 

2 ws ADC with T/H 
4-Channel MUX 

AD899 Compatible 

+5 Volt Operation 

On-Chip Reference 

4 ps Voltage Output DAC 
Fast Bus Access Time—75 ns 


APPLICATIONS 

Servo Controls 

Digitally Controlled Calibration 
Process Controi Equipment 


GENERAL DESCRIPTION 

The AD8401 is a complete data acquisition and control system 
containing ADC, DAC, 4-channel MUX, and internal voltage 
reference. Built using CBCMOS, this monolithic circuit offers 
the user a complete system with very high package density and 
reliability. 


The converter is a successive approximation ADC with T/H, 
and is capable of operating with conversion times as short as 

2 ps. Analog input bandwidth is 200 kHz, and DAC output 
voltage settling time is less than 4 ws, making the AD8401 capa- 
ble of controlling servo loops with speed and precision. 


The 8-bit data interface provides both read and write operation 
for parallel bus interfaces to microcontrollers and DSP proces- 
sors. An external 5 MHz clock sets the 2 ys conversion rate. 
Slower clocks reduce the conversion time and the internal power 
dissipation. The standard control lines: Reset, Busy, Interrupt, 
Read and Write complete the handshaking signals for micro- 

- processor communication. A start trigger ST input allows pre- 
cise sampling intervals in synchronous sampling applications. 
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8-Bit, 4-Channel Data 
Acquisition System 
_AD8401 | 


FUNCTIONAL BLOCK DIAGRAM 


AO Al Vop (+5.0V) 


DGND RD CLK CS WR DATAI/O 
(8 BITS) 


The input multiplexer addressing is designed for direct interface 
to the AD899 hard-disk drive, read-channel device with no extra 
hardware or special software. Analog input range levels are like- 
wise compatible with the AD899. . 


The AD8401 is designed to operate from a single +5 volt sup- 
ply, which will give an ADC input range of 0 V to 3.0 V, and 
DAC output range of 0 V to 2.5 V. 


The AD8401 is offered in the SOIC-28 surface mount package, 
and is guaranteed to operate over the extended industrial tem- 
perature range of —40°C to +85°C. 
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SPECIFICATIONS AD8401 


(@ Voo = +50V+ 5%, AGpac = AGanc = 0.0 \; fork = 5 MHz: 


ADC ELECTRICAL CHARACTERISTICS —40°C =< T, < +85°C, unless otherwise noted): 
Parameter [Symbol [Gondiions «Min Typ Max ‘| Ui 


STATIC PERFORMANCE 
Resolution Bits 
Total Unadjusted Error LSB 
Relative Accuracy LSB 
Differential Nonlinearity LSB 
Offset Error = +25°C | LSB 
= Full Temp Range LSB 
Full-Scale Error = +25°C LSB 
Full Temp Range LSB 
AFull-Scale/AVpp A = +25°C LSB 
DYNAMIC PERFORMANCE 
Signal-to-Noise Ratio SNR 44 dB 
Total Harmonic Distortion THD 48 - dB 
Intermodulation Distortion IMD 60 dB 
Frequency Response 0 to 200 kHz 0.1 dB 
Track/Hold Acquisition Time tag ns 
ANALOG INPUTS (Applies to Inputs A, B, C, D) 
Unipolar Input Range Vin V 
Input Current ioe A 
Input Capacitance Cw pF 
LOGIC INPUTS 
Clock Input Current Low lex Vin =0V : mA 
Clock Input Current High | a Vin = Vopp pA 
Input Leakage Current Is CS, RD, RS, ST ) A 
LOGIC OUTPUTS (Applies to Outputs DB0O-DB7, INT, BUSY) 
Logic Output Low Voltage VoL Ior = 1.6mA 0.4 V 
Logic Output High Voltage Vor Ion = 200 pA 4.0 Vv 
Output Leakage Current ne CS = 1 (Except INT & BUSY) 7 wA 
Output Capacitance CS = 1 (Except INT & BUSY) pF 


CONVERSION TIME 
| a External Clock WLS 


Specifications subject to change without notice. 


Table I. Multiplexer Address Input Decode 


Input Selected 
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(@ Vpp = +5.0 V + 5%, AGnac = AGane = 0.0 V; R, = 2kO, ae 100 OF to 


DAC ELECTRICAL CHARACTERISTICS AGyac; —40°C = T, = +85°C, unless otherwise noted) — 


STATIC PERFORMANCE 
Resolution 
Total Unadjusted Error 
Relative Accuracy 
Differential Nonlinearity 


Offset Error Ta = +25°C 

| T, = Full Temp Range 
Full-Scale Error Ta = +25°C 

| T, = Full Temp Range 


~ AFull-Scale/AVpp 
Load Regulation at Full-Scale 


DYNAMIC PERFORMANCE 
Signal-to-Noise Ratio 
Total Harmonic Distortion 


ANALOG OUTPUT | 
Output Voltage Range OVR 0 


LOGIC INPUTS (Applies to DBO - DB7, CS, WR, RD, RS) 


T, = +25°C 


Logic Input Low Voltage Vin. 
Logic Input High Voltage Vin 
Input Leakage Current I, 

Input Capacitance Ce 


AC CHARACTERISTICS 
Voltage Output Settling Time 
Positive Full-Scale Change 
Negative Full-Scale Change 
DAC Glitch Impulse 
Digital Feedthrough 
Vin to Vout Isolation 


To +1/2 LSB of Final Value 
10% to 90% 
90% to 10% 


POWER REQUIREMENTS _ =. | | : 
Positive Supply Current No Load : 13 


Specifications subject to change without notice. 
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Units 


Bits 
LSB 
LSB 
LSB 
LSB 
LSB | 
LSB 
LSB 
LSB 
LSB 


dB 


dB 
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(@ Voo = 4+50V+ 5%, AGpac = AGsoc = 0.0 \; fork = 5 MHz; 


TIMING ELECTRICAL SPECIFICATIONS —40°C =T, = +85°C, unless otherwise noted) 


Parameter’ ”° > Min Typ Max Units 
DAC TIMING (See Figure 8 Timing Diagram) 
WR Pulse Width t; 50 ns 
CS to WR Setup Time ts 0 ns 
CS to WR Hold Time ts 0 ns 
Data Setup Time ty 60 ns 
Data Hold Time | ns 
ADC TIMING (See Figures 6 and 7 Timing Diagrams) 
ST Pulse Width | ns 
ST to BUSY Delay ns 
BUSY to INT Delay ns 
BUSY to CS Delay ns 
CS to RD Setup Time ns 
RD Pulse Width* ns 
CS to RD Hold Time ns 
Data Access after RD ns 
Data Access after RD ns 
Bus Relinquish after RD ns 
RD to INT Delay ns 
RD to BUSY Delay ns 
Data Valid after BUSY ns 
Data Valid after BUSY ns 
NOTES 


‘All input control signals are specified with tp = tg = 5 ns (10% to 90% of +5 V) and timed from a voltage level of 1.6 V. 
*t,, and t,, are measured with the load circuits of Figure 1 and defined as the time required for an output to cross either 0.8 V or 2.4 V. 
*t,4 is defined as the time required for the data line to change 0.5 V when loaded with the circuit of Figure 2. 


4t,, is determined by t,3. 


DBN 


CL CL 


aut b DGND 


a. High Z to Vo, b. High Z to Vo, 
Figure 1. Load Circuits for Data Access Time Test 


3kQ 


ABSOLUTE MAXIMUM RATINGS* 


Supply Voltage (Vpp) ..-..-. eee ee ee eee eee ees +8 V 
Input Voltages ................—-0.3 Vto Vpp + 0.3 V 
Output Short-Circuit Duration ............ . . . Indefinite 
Package Power Dissipation ............. (T; max-T ,)/0;4 
Thermal Resistance 0;, | 

Z8-ead SOIC (Riya toad YG esi ae bate Se ake a te 53°C/W 
Storage Temperature Range ........... —65°C to +150°C 
Operating Temperature Range........... —40°C to +85°C 
Junction Temperature Range (T; max) .... —65°C to +150°C 


Lead Temperature Range (Soldering, 60 sec) ....... +300°C 


*Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 
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DBN 3kQ 


DBN 
3kQ 10pF 10pF 
ase L DGND 


a. Voy to High Z b. Vo, to High 2 
Figure 2. Load Circuits for Bus Relinquish Time Test 


ORDERING GUIDE 
Temperature Package 
Range Description 

—40°C to +85°C | 28-Lead SOIC 
+25°C Die 
NOTES 


1The AD8401 contains 1257 transistors. 
For outline information see Package Information section. 


Package 
Option” 


SOL-28 


AD8401AR 
AD8401Chips 
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7-12, 14, 15 


13¢ 
16 
17 
18 


19 
20 
21 
22 
2355, 


27-24 
28 
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PIN CONFIGURATION 


AD8401AR 


NC = NO CONNECT 


Vpp 


AGpac 


Vout 


NC 
Al 
RESET (RS) 


DB7 to DBO 


DGND 


CS 


AGapc 
VinA; B, C, D 
AO 


Top View 
(Not to Scale) 


DICE ssciaiuaipeacsih take 


gaa | : 
Bcen = ) di Pike 


eas 
aay 


a : woua 


ares Ps as 
SE Pas k Wags 
eve ete Sarees! Beer 


' Die Size 91 X 121 mil = 11,011 sq mil . 


PIN DESCRIPTIONS 


Positive Supply. Nominal value +5 volts. This pad requires 2 bonds for die assembly. The 
substrate is common with Vpp. 


Analog Ground for the DAC. There is a separate analog ground for the ADC. 
Voltage Output from the DAC. - 

No Connect. 

Address Input that controls multiplexer. See Table I for address decode. 


Active Low Digital Input that clears the DAC register to zero, sting the DAC to minimum scale. 
It also asynchronously clears the INT line of the ADC. 


Digital I/O Lines. DB7 (7) is the Most Significant Bit (MSB), for both the ADC and the DAC, 
and DBO (15) is the Least Significant Bit (LSB). 


Digital Ground. 
Rising Edge Triggered Write Input. Used to load data into the DAC register. 
Chip Select. Active Low Input 


Active Low Read Input. When this input is active, ADC data can be read from the part. RD going 
low starts the ADC conversion. 


Falling Edge Triggered Start Input. Used for applications requiring precise sample timing. The. 
falling edge of ST starts the conversion and sets the BUSY low. The ST is not gated by CS. 


ADC Active Low, Status Output. When the ADC is performing a conversion, ‘the BUSY output iS 
low. | 


Active Low Output. The Interrupt output notifies the system that the ADC has ernie its 
conversion. INT goes high on the rising edge of CS or RD. It will also be forced high when 
RESET is asserted. 


External Clock Input Pin. Accepts a TTL or 5 V CMOS input logic levels. 
Analog ADC Ground 

Four Analog Inputs | 

Address input that controls multiplexer. See Table I for address decode. 
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OPERATION 

The AD8401 is a complete data acquisition and control system. 
It contains the DAC, a four channel input multiplexer, a track/ 
hold, an ADC, as well as an internal bandgap reference. It inter- 
faces to the microcontroller via an 8-bit digital I/O port. 


D/A CONVERTER SECTION 

The DAC is an 8-bit voltage mode DAC with an output that 
swings from AGpac to the 1.25 volt bandgap voltage. It uses an 
R-2R ladder fed by PNP current sources which allow the output 
to swing to ground so that the DAC operates in a unipolar 
mode. 


AMPLIFIER SECTION 

The DAC’s output is buffered by an internal high speed op 
amp. The op amps output range is set at 0 V to 2.5 V. The op 
amp has a 500 ns typical settling time to 0.2% for positive slew- 
ing signals. There are differences in settling time for negative 
slewing signals. Signals going to zero volts will settle slightly 
slower to ground than is seen in the positive direction. 


Figure 3. Equivalent Amplifier Output Stage 


Current sinking capability is also limited near zero volts in sin- 
gle supply operation. Figure 3 provides an equivalent amplifier 
output stage schematic. 


INTERNAL REFERENCE 

An on-chip bandgap is provided as a voltage reference to both 
the DAC and the ADC. This reference is internal to the 
AD8401 and is not accessible to the user. It is laser trimmed for 
both absolute accuracy and temperature coefficients. The refer- 
ence is internally buffered by a separate control amplifier for 
both the DAC and ADC to improve isolation. between the 
converters. 


DIGITAL I/O | 

The 8-bit parallel data I/O port on the AD8401 provides access 
to both the DAC and the ADC. This port is TTL/CMOS com- 
patible with three-state outputs that are ESD protected. 


The data format is binary. This data coding applies to both the 
DAC and the ADC. See the applications information section. 


ADC SECTION 

A fast successive approximation ADC is used to attain a conver- 
sion time of 2 microseconds. Start of conversion is initiated. by 
CS and RD. Following a Start command the BUSY signal will 
become active and another Start command should not be given 
until the conversion is complete. 


The RESET (RS) input does not affect A/D conversion, but the 
INT (Interrupt or conversion complete) which normally goes 
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AD8401 


active low at the end of a conversion will be forced high by 
RESET asynchronously. 


Figure 4 shows the wave forms for a conversion cycle. The track 
and hold begins holding the input voltage V,, approximately 
50 ns after the falling edge of the Start command. The MSB 
decision is made approximately 50 ns after the second falling 
edge of the CLK. If ty is greater than 50 ns, then the falling 
edge of the CLK will be seen as the first falling clock edge. If 
tx is less than 50 ns, the first MSB conversion will not occur 
until one clock cycle later. The following bits will each be con- 
verted in a similar manner 50 ns after each CLK edge until all 
eight bits have been converted. After the end of conversion the 
contents of the ADC SAR register are transferred to the output 
data latch, the track and hold is returned to the track mode, 
INT goes low and the SAR is reset. 


CS , RD | 
OR ST 
BUSY 
100ns 
50ns TYP il 
Vin 
- 50ns TYP 
CLK 
MSB DECISION LSB DECISION 
DB7 DBO 


Figure 4. Operating Waveforms Using the External Clock 


ANALOG INPUT 

The analog inputs of the AD8401 are fed into resistor voltage- 
divider networks with a typical value of 8.5 kQ. The amplifiers 
driving these inputs must have an output resistance low enough 
to drive these nodes without losing accuracy. Taps from the © 
voltage dividers are connected to the track and hold amplifier by 
the multiplexer switches. 


5kQ 
VinA 
- 3.57kQ 
MUX 
@ 
e@ 
e 
ViyD oo 
5kQ_ $3.57kQ 
AGADC 


Figure 5. Equivalent Analog Input Circuit 


TRACK-AND-HOLD AMPLIFIER 

Following the resistive divider at the input of the AD8401 is a 
track-and-hold amplifier that captures input signals accurately 
up to the 200 kHz Nyquist frequency of the ADC. To attain © 
this performance the T/H amplifier must have a much greater 
bandwidth than the signal of interest. Because of this the user _ 
must be careful to band limit the input signal to avoid aliasing 
high frequency components and noise into the passband. 


The track-and-hold amplifier is internally controlled by the 
Start command and is not directly available to the user. After 
the Start command signal the track-and-hold is placed into the 
hold mode; it returns to the track mode after the conversion is 
complete. Oe 
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CLOCK 

The AD8401 uses an external clock that is TTL or 5 Vv CMOS 
compatible. The external clock speed is 5 MHz and the duty _ 
cycle may vary from 30% to 70%. The external clock can be 
continuously operated between conversions. 


DIGITAL INTERFACE: ADC TIMIN G AND CONTROL 
Two basic ADC operating modes are available with the 
AD8401. The first mode uses the Start (ST) pin to trigger a 
synchronized A/D conversion. As soon as the ST pin is asserted, 
the T/H switches from tracking to the hold mode capturing the 
present analog input-voltage sample. With the T/H holding the 
analog sample the successive-approximation analog-to-digital 
conversion is completed on that sample value. At the end of 
conversion the T/H returns to the tracking mode. This mode of 
conversion is ideal for digital signal processing applications 
where precise interval sampling is necessary to minimize errors 
due to sampling uncertainty or jitter. A precise clock source can 
be used to drive the ST input. 


The second mode of conversion is started by the RD and CS 
inputs going low, after which the BUSY line puts the micro- 
processor into a WAIT state until end of conversion. Mode 2 is 
asserted by connecting the ST pin to logic high. The major 
advantage of this interface is that a single Read Instruction will 
start and complete a new analog-to-digital conversion without 
the need for carefully tailored software delays that often are not 
portable when software routines are taken to a different proces- 
sor running at a different clock speed. 


ts | 
ST | | 
t, | 


tconverT 
BUSY 
ty 
iNT 
ty ths 
es : 
AD 
DATA 


DATA VALID 


Figure 6. Mode 1, ADC Interface Timing 


Mode 1 Interface 

As shown in Figure 6, the falling edge of the ST pulse initiates 
a conversion and puts the T/H amplifier into the hold mode. 
The BUSY signal goes low during the whole A/D conversion 
time and returns high signaling end of conversion. The INT line 
can be used to interrupt the microprocessor. When the micro- 
processor performs a READ to access the AD8401 data, the ris- 
ing edges of CS or RD will reset the INT output to high after 
the t,, timing specification. INT can also be used to externally 
trigger a pulse that activates the CS and RD and places the new 
data into a buffer or First In First Out FIFO memory. The 
microprocessor can then load a series of readings from this 
buffer memory at a convenient time. Care must be taken not to 
have the ST input high when RD is brought low; otherwise, the 


AD8401 will not operate properly. Also triggering the ST line a. 


second time before conversion is complete will cause erroneous 
readings. 
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Figure 7. Mode 2, ADC Interface Timing | 


Mode 2 Interface : 

This interface mode can be used with microprocessors that can 
be put into a WAIT state for at least 2 microseconds. The ST 
pin must be tied to logic high for proper operation. The micro- 
processor begins a conversion by executing a READ instruction 
that asserts the CS and RD pins at the AD8401’s decoded 
address. The AD8401 BUSY output then goes low, forcing the 
microprocessor’s READY (or WAIT) line into a WAIT state. 
The analog input signal is captured by the T/H on the falling 


» edge of RD. When the conversion is complete (8 clocks later), 


the BUSY line returns high, and then the »P completes its 
READ of the new data now on the digital output port of the 
AD8401. Note that while conversion is in progress the ADC 
places the results from the last conversion (Old Data) on the 
data bus. The Figure 7 timing diagram details the applicable 
timing specification requirements. 


DIGITAL INTERFACE: DAC TIMING AND CONTROL 
Table II shows the truth table for DAC operation. The internal 
8-bit DAC register contents are loaded from the data bus when 
both WR and CS are asserted. The DAC register determines the 
D/A converter analog-output voltage. The WR input is a posi- 
tive edge triggered input that loads the bus data into the DAC 
register subject to the data setup and data hold timing require- 
ments. When CS and WR are low, the DAC register contents 
will not change with changing data bus values. Figure 8 pro- 
vides the detail timing diagram for write cycle operation. 


Table II. DAC Register Logic 


_ No Effect 
No Effect 
DAC Register Updated. 
DAC Register Updated 
DAC Register Loaded with all Zeros 


DATA VALID DATA 


Figure 8. Write Cycle Timing 
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An active low pulse, at any time, on the RESET pin asynchro- TO DAC LADDER 
nously forces all DAC register bits to zero. The DAC output 
voltage becomes zero volts and stays at that value until a new 
data word is loaded into the DAC register with a new WR com- 
mand. The equivalent input logic for the DAC register loading 
is shown in Figure 9. 


INPUT DATA 


Figure 9. Equivalent DAC Register Control Logic 


TYPICAL PERFORMANCE CHARACTERISTICS 


ee ae ee 


Ty = +25°C 


LINEARITY ERROR - LSB 
° 
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~0.1 = 
0 64 128 192 256 45 35 25 -15 .-05 0.5 15 2.5 3.5 45 
DIGITAL INPUT CODE - DECIMAL FULL SCALE ERROR - LSB 
Figure 10. ADC Linearity Error vs. Digital Code Figure 12. ADC Full-Scale Error Histogram 


LINEARITY ERROR - LSB 
ADC FULL-SCALE ERROR - LSB 
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DIGITAL INPUT CODE - DECIMAL TEMPERATURE - °C 
Figure 11. DAC Linearity Error vs. Digital Code Figure 13. ADC Full-Scale Error vs. Temperature 
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2 -1- O 1 2 3 4 
FULL SCALE ERROR - LSB 


Figure 14. DAC Full-Scale Error Histogram 


DAC FULL SCALE ERROR - LSB 


CME 
TEE 


-50 -25 0 25 50 75 100 
TEMPERATURE - °C 


Figure 15. DAC Full-Scale Error vs. Temperature 


SS = 135 UNITS 


DAC FULL SCALE OUT CHANGE - LSB 


0 100 200 300 400 500 
BURN-IN TIME @ 150°C - HOURS 


Figure 16. DAC Full-Scale Out Change vs. Time Acceler- 
ated by Burn-in 
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OUTPUT VOLTAGE - Volts. 


LOAD RESISTANCE - 2 


Figure 17. DAC Output Swing vs. Load Resistance 


TIME — 1.8/DIV 


Figure 18. DAC Output Slew Rate Positive Transition 


TIME ~ 1ps/DIV 


Figure 19. DAC Output Slew Rate Negative Transition: 
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Vout — 0.5V /DIV 


SUPPLY CURRENT -— mA 


TIME — 20u8 /DIV 


Figure 20. DAC Output Swing with Capacitive Load "50 -25 0 25 50 75 100 
TEMPERATURE -— °C 


Figure 21. Supply Current vs. Temperature 


Ta = +25°C 
OUTPUT = FULL SCALE 


POWER SUPPLY REJECTION — dB 


ik 10k 100k 1M 
FREQUENCY - Hz 


Figure 22. Power Supply Rejection Ratio vs. Frequency 
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APPLICATIONS INFORMATION 
The software programming needs to format data as defined by 
the transfer equations and Code Tables that follow. 


DAC Transfer Equation 


D 255 
Vour = 2.500 x 56° 2.500 x 256 


where D is the decimal value 0 through 255 of the 8-bit data 
word. 


for a 2.50 V full scale 


Table III. DAC Unipolar Code 


Nominal 
Analog 


DAC Register Contents ‘General Praises 


Equation 


Decimal Output Vour 


255 iii 1111 2.490 V 
129 1000 0001 1.260 
128 1000 0000 1.250 
127 O11] 1111 1.240 
l 0.010 


0000 0001 


- 0000 0000 
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The nominal output voltages listed in the Code Table are sub- 
ject to the static performance specifications. The INL, Zero- 
Scale and Full-Scale errors describe the total specified variation 
that will be encountered from part to part. One LSB of error for 
the 2.5 V FS range is 9.766 millivolts (= 2.50/256). 


Although separate AGNDs exist for both the DAC and ADC to 
minimize crosstalk, writing data to the DAC while the ADC is 
performing a conversion may result in an incorrect conversion 
from the ADC due to signal interaction between the DAC and 
ADC. Therefore, to ensure correct operation of the ADC, 

the DAC register should not be updated while the ADC is 
converting. | ‘ | 


The AD8401 is configured for an input range of +3.0 volts Full 
Scale. The nominal transfer characteristic for this range is plot- 
ted in Figure 23. The output coding is natural binary with one 
LSB equal to 11.72 millivolts. Note that the first code transition 
between 0 and 1 LSB occurs at 5.8 mV, one half of the 11.72 
mV LSB step size. The last code transition occurs at Full Scale 
minus 1.5 LSBs, which is a 2.982 V input. 


The AD8401 is easily interfaced to most microprocessors by 
using either address bits or address decode to select the appro- 
priate multiplexer channel. Figure 24 shows how easily the 
AD8401 interfaces to the AD899. No additional hardware is 
required. 


OUTPUT 
CODE 
FULL SCALE 
TRANSITION 
11111411 
11111110 | 
| 
11111101 
| 
7 | 
¢ | 
7 
, | 
v7 | 256 
00000011 ' 
00000010 
FS —1LSB 
00000001 
00000000 


Vin INPUT VOLTAGE - LSBs 


Figure 23. ADC 0 V to +3 V Input Transfer Characteristic 


REV. 0 


AD8401 


ADDRESS BUS 


8-BIT DAC Vout 


IS |& DATAVO AGpac AGanc 


A 4 
oO 
° (8 BITS) 
oO 


Figure 24. AD8401 Interface to the AD899 Read-Channel Hard Disk Drive Circuit 
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SMP 18 — Octal Sample-and-Hold with Multiplexed Input ......... 0... cece ee eee ete e enna 6-34 


SAMPLE/TRACK-HOLD AMPLIFIERS 6-1 


SYAIAITANV GTOH-NOVEL/FIMNVS 2-9 


Selection Tree — Sample/Track-Hold Amplifiers 


SAMPLE/TRACK-HOLD 
| AMPLIFIERS 


+10 V INPUT RANGE +5 V INPUT RANGE 


12-Bit Accurate | Quad | 


AD585_ (3.0 us) (700 ns) 
AD781 AD684 


+3 V Input Range 


(7.0 Us) 
SMP04 SMP08* 
(3.5 us) - 


SMP18* 


| +2.5 V Input Range 


AD783 (350 ns) 


* One Input, Eight Outputs 


+1 VINPUT RANGE | — 


14-Bit Accurate 


AD9100 (23 ns) » % 


12-Bit Accurate eo : 


- AD9101 (7 ns) 


E-9 SYAlAITA INV GTIOH-NOVEYL/AIMNVS 


Selection Guide—Sample/Track-Hold Amplifiers 


Acquisition Aperture Aperture Droop 
Specified Time Time Jitter Rate 
Accuracy ps ns ns pV/ps Package Temp 
Model % max typ typ max Options! Ranges? Comments Page? 

AD1154 ~— 0.00076 5.0 80 0.15 0.1 D C, I Low Cost 16-Bit Accurate, High Speed Amplifier CITI 4-69 
AD9100 ~— 0.01 0.023 0.8 <0.001 6000 D, J C,I,M Ultrahigh Speed Monolithic T/H, Low Distortion 6-22 
AD783 0.01 0.375 15 0.01 1 Q,R C, I, M/ Complete 375 ns Sample-and-Hold Amplifier 6-14 
AD781 0.01 0.7 25 0.05 1 N, Q C,I,M Complete 700 ns Sample-and-Hold Amplifier 6-11 
AD684 0.01 1.0 20 0.1 1 Q C, I, M/ Quad, Monolithic 1 ps SHA 6-8 
AD585 0.01 3.0 35 0.5 1 E, P,Q C, I, M/, High Speed, Precision, On-Board Hold Cap 6-5 
SMP10 0.01 3.5 50 ] 0.02 Q C, M/p Low Droop Rate, High Sample/Hold Current Ratio CII 4-109 
SMP11 0.01 3.5 50 1 0.2 N,Q C, I, M/p; Low Droop Rate, Fast Hold Mode Settling Time CII 4-109 
SMP18 0.01 3.5 — — 0.04 N,Q,R I Fast SMP08 6-34 
SMP04 0.01 7.0 — _ 0.025 N,Q, R I, M CMOS, Quad Sample-and-Hold Amplifier, Low Cost 6-28 
SMP81 0.045 3.5 50 1 2.0 Q I High Accuracy, Fast Acquisition for PCM Encodes D 
AD582 0.1 6.0 200 15 D, M C, M/ Low Cost, 15 ws CII 4-29 
SMP08 0.1 7.0 —_ — 0.02 M, Q,R I, M Octal, Sample-and-Hold with Multiplexed Input 6-31 
AD9101 = 0.1 0.007 0.5 <0.001 9000 E,R C,1,M 100 MSPS Track-and-Hold Samplifier™ 6-25 


‘Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; J = J-Leaded Ceramic Package; 
M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline “SOIC” Package; RS = SSOP—Shrink Small Outline Package; § = Plastic 


Quad Flatpack; ST = Thin Quad Flatpack; T = TO-92; U = TSOP—Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In-Line “SIP” Package; Z = Ceramic Leaded Chip Carrier. 
*Temperature Ranges: C = Commercial, 0°C to +70°C; I = Industrial, —40°C to +85°C (Some older products —25°C to +85°C); M = Military, —55°C to +125°C. If a device has military grade offerings, the M 
temperature designator will be followed by: / to indicate 883B, , for JAN, , for SMD, and , for space level. 

3CII = Data Converter Reference Manual, Volume II; D = Data Sheet. All other entries refer to this volume. 

Boldface Type: Data sheet information in this volume. 

Samplifier is a trademark of Analog Devices, Inc. 
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ANALOG 
DEVICES 


High Speed, Precision 
Sample-and-Hold Amplifier 


AD585 


FEATURES 

3.0us Acquisition Time to +0.01% max 

Low Droop Rate: 1.0mV/ms max 

Sample/Hold Offset Step: 3mV max 

Aperture Jitter: 0.5ns 

Extended Temperature Range: —55°C to + 125°C 
internal Hold Capacitor 

Internal Application Resistors 

+12V or +15V Operation 

Available in Surface Mount 


APPLICATIONS 

Data Acquisition Systems 

Data Distribution Systems 

Analog Delay & Storage 

Peak Amplitude Measurements 
MIL-STD-883 Compliant Versions Available 


PRODUCT DESCRIPTION 

The AD585 is a complete monolithic sample-and-hold circuit 
consisting of a high performance operational amplifier in series 
with an ultralow leakage analog switch and a FET input integrating 
amplifier. An internal holding capacitor and matched applications 
resistors have been provided for high precision and applications 
flexibility. 


The performance of the AD585 makes it ideal for high speed 
10- and 12-bit data acquisition systems, where fast acquisition 
time, low sample-to-hold offset, and low droop are critical. The 
AD585 can acquire a signal to + 0.01% in 3s maximum, and 
then hold that signal with a maximum sample-to-hold offset of 
3mV and less than 1mV/ms droop, using the on-chip hold 
capacitor. If lower droop is required, it is possible to add a 
larger external hold capacitor. 


The high-speed analog switch used in the AD585 exhibits aperture 
jitter of 0.5ns, enabling the device to sample full-scale (20V 
peak-to-peak) signals at frequencies up to 78kHz with 12-bit 
precision. 


The ADS585 can be used with any user-defined feedback network 
to provide any desired gain in the sample mode. On-chip precision 
thin-film resistors can be used to provide gains of +1, —1, or 
+ 2. Output impedance in the hold mode is sufficiently low to 
maintain an accurate output signal even when driving the dynamic 
load presented by a successive-approximation A/D converter. 
However, the output is protected against damage from accidental 
short circuits. 


The control signal for the HOLD command can be either 
active high or active low. The differential HOLD signal is com- 
patible with all logic families, if a suitable reference level is 
provided. An on-chip TTL reference level is provided for TTL 
compatibility. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


REV. A 


DIP LCC/PLCC PACKAGE 


LOGIC 
+Vin  —Vin Nc HOLD REF 


LOGIC 
HOLD REF HOLD +Vs fin Res Vout 


=Vin +Vi~ NULL -Vs NULL GND CH 


GND CH NC Vour Rep 
NC = NO CONNECT 


The ADS85 is available in three performance grades. The JP 
grade is specified for the 0 to + 70°C commercial temperature 
range and packaged in a 20-pin PLCC. The AQ grade is specified 
for the — 25°C to +85°C industrial temperature range and is 
packaged in a 14-pin cerdip. The SQ and SE grades are specified 
for the —55°C to + 125°C military temperature range and are 
packaged in a 14-pin cerdip and 20-pin LCC. 


PRODUCT HIGHLIGHTS 

1. The fast acquisition time (3s) and low aperture jitter (0.5ns) 
make it the first choice for very high speed data acquisition 
systems. 


2. The droop rate is only 1.0mV/ms so that it may be used in 
slower high accuracy systems without the loss of accuracy. 


3. The low charge transfer of the analog switch keeps sample-to- 


hold offset below 3mV with the on-chip 100pF hold capacitor, 
eliminating the trade-off between acquisition time and S/H 
offset required with other SHAs. 


4. The ADS585 has internal pretrimmed application resistors for 
applications versatility. 


5. The ADS585 is complete with an internal hold capacitor for 
ease of use. Capacitance can be added externally to reduce 
the droop rate when long hold times and high accuracy are 
required. 


6. The ADS585 is recommended for use with 10- and 12-bit 
successive-approximation A/D converters such as ADS573, 
AD574A, AD674A, AD7572 and AD7672. 


7. The ADS585 is available in versions compliant with MIL-STD- 
883. Refer to the Analog Devices Military Products Databook 
or current AD585/883B data sheet for detailed specifications. 
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AD585— -SPEC | Fl CATIONS (typical @ +25°C and V, = +12V or +15V, and C, = Internal, A= = ay 
HOLD active unless otherwise specified) — eG s me 
ADSsE5J ADS85A ADS85S_ in Se 
Model - d | Min. Typ) Max Min Typ Max Mis Typ “<1 Units 
SAMPLE/HOLD CHARACTERISTICS * ee . § = 
Acquisition Time, 10V Step to 0.01% 
20V Step to 0.01% 
Aperture Time, 20V p-p Input, 
- HOLDOV . . 35, 35 
Aperture Jitter, 20V p-p Input, 
HOLD 0V — 0.5 : 0.5 
Settling Time, 20V p-p Input, 
HOLD OV, to 0.01% 0.5 : 0.5 
Droop Rate | . 
Droop Rate Tynin tO Tmax Doubles Every 10°C Doubles Every 10°C Doubles Every 10°C © 
‘Charge Transfer F 0.3 
Sample-to-Hold Offset a . 3 —3. 
Feedthrough 
20V p-p, 10kHz Input 


TRANSFER CHARACTERISTICS! 
Open Loop Gain 
Vout = 20V p-p, Rt = 2k 
Application Resistor Mismatch 
Common Mode Rejection 
Vom = +10V , 
Small Signal Gain Bandwidth 
Vout = 100mV p-p 
Full Power Bandwidth 
Vout = 20V p-p 
Slew Rate 
Vout = 20V p-p 
Output Resistance (Sample Mot) 
Iour = +10mA ; \ 
Output Short Circuit Current  § 50 2 50 50 
Output Short Circuit Duration | —._s Indefinite Indefinite a Indefinite 


ANALOGINPUT CHARACTERISTICS 
Offset Voltage 
Offset Voltage, T min tO Tmax 
Bias Current 
Bias Current T pin tO Tmax 
Input Capacitance, f = 1MHz 
Input Resistance, Sample or Hold 
20V p-pInput,A = +1 


DIGITAL INPUT CHARACTERISTICS 
TTL Reference Output 
Logic Input High Voltage 
Tinia to Tmax : 
Logic Input Low Voltage 
Tiina 10 Tax 
Logic Input Current (Either Input) 


POWER SUPPLY CHARACTERISTICS 
Operating Voltage Range 
Supply Current, Ry, = ~ 
Power Supply Rejection, Sample Mode _ 

TEMPERATURE RANGE 
Specified Performance 


PACKAGE OPTIONS?* 7 of 
Cerdip (Q-14) . ADS85AQ __ ADS85SQ 
LCC (E-20A) . . ADS585SE 
PLCC (P-20A) oe AD585JP ; 


NOTES 
‘Maximum input signal is the minimum supply minus a headroom voltage 
of 2.5V. 
?Not tested at — 55°C. 
3— = Leadless Ceramic Chip Gare P = Plastic Leaded Chip Carrier; Q = Cerdip. 
For outline information see Package Information section. 
‘For AD585/883B specifications, refer to Analog Devices pubiary: Products Databook. 


Specifications subject to change without notice. 


Specifications shown in boldface are seated on all production units at final electri- 
cal test. Results from those tests are used to calculate outgoing quality levels. All 
min and max specifications are guaranteed, although only those shown in 
boldface are tested on all production units. 
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ADS85 


ABSOLUTE MAXIMUM RATINGS 


Supplies (+Vs, —Vs). 2.2.02 0005 a ee +18V 
Logic Inputs 2<..6 oe See eg se ae Bs BE +Vs 
Analog Inputs: so. 4: <4 6 Pe we GOR ae en ee -+Vg 
Ryn, Rep Pins... 0... ....0....2. 00800 eee +Vs 
Storage Temperature ............ — 65°C to + 150°C 
Lead Temperature (Soldering) ............. 300°C 
Output Short Circuit to Ground .......... Indefinite 
TTL Logic Reference Shortt ............ Indefinite 
Circuit to Ground 
SAMPLE-TO-HOLD 
OFFSET 


CHANGE IN NORMALIZED 
La 7 


Figure 1. Sample-to-Hold Offset vs. Logic Level 


(HOLD Active) 

200 

a 

' 

Ww ; 

2 

3 50 —Vin f 1 | | 14] HOLD 

5 [13 | TTL LOGIC REF 

> 

8 5 NULL 112] HOLD 
10k0 }11] +Vs 
NULL 10} Rin 

100pF inF 10nF 
Pe] Pee 


HOLD CAPACITANCE ; 
| 8 | Vour 
Figure 2. Acquisition Time vs. Hold Capacitance 


. % a | : 
(10V Step to 0.01%) Figure 5. DIP Pin Configuration 


S/H COMMAND S/H SIGNAL SiH 


S/H 
OUTPUT OUTPUT S/H COMMAND INPUT L 


S/H COMMAND 


LOGIC 
HOLD REF HOLD +Vs Rin Rea Vour _!_ LOGIC 
HOLD REF HOLD +Vs 


1 LOGIC tee 
| HOLD REF HOLD +Vz fa a a I 
| 
| 
l 
| 
| | 
| l 
| i 
| 1 
l 
—Vin +Vw NULL -V, NULL GND CH . st a | 
4 1 H -Vin + Vin ULL -Vs NULL GND C 
i oe b 2 OF noe | =Vin +Vin NULL ae bal = z 
CAPACITOR Lom | _!_OPTIONAL | 
(ee Tearaciton on | 
SIGNAL = 
INPUT 
Figure 6. Connection Diagram, Figure 7. Connection Diagram, - Figure 8. Connection Diagram, 
Gain = +1, HOLD Active Gain = +2, HOLD Active Gain = —1, HOLD Active 
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ANALOG 
DEVICES 


~ Four-Channel 
Sample-and-Hold Amplifier 


FEATURES — 

Four Matched Sample-and- Hold Amplifiers 
Independent Inputs, Outputs and.Control Pins 
500ns Hold Mode Settling 

1pss Maximum Acquisition Time to 0.01% | 
Low Droop Rate: 0.01nV/ps 

Internal Hold Capacitors 

75ps Maximum Aperture Jitter 

Low Power Dissipation: 430mW 

0.3” Skinny DIP Package 

MIL-STD-883 Compliant Versions Available 


PRODUCT DESCRIPTION | 

The AD684 is a monolithic quad sample-and- hold amplifier 
(SHA). It features four complete sampling channels, each con- 
trolled by an independent hold .command. Each SHA is com- 
plete with an internal hold capacitor. The high accuracy SHA 
channels are self-contained and require no external components 
or adjustments. The AD684 is manufactured on a BiMOS 
process which provides a merger of high performance bipolar 
circuitry and low power CMOS logic. 


The AD684 is ideal for high performance, multichannel data 
acquisition systems. Each SHA channel can acquire a signal in 
less than ls and retain the held value with a droop rate of less 
than 0.01.V/us. Excellent linearity and ac performance make 
the AD684 an ideal front end for high speed 12- and 14-bit 
ADCs. 


The AD684 has a self-correcting architecture that minimizes 
hold mode errors and insures accuracy over temperature. Each 
channel of the AD684 is capable of sourcing 5mA and incorpo- 
rates output short circuit protection. 


The AD684 is specified for three temperature ranges. The J 
grade device is specified for operation from 0 to 70°C, the A 
grade from —40°C to +85°C and the S grade from — 55°C to 
+125°C. 


*Protected by U.S. Patent Number 4,962,325. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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AD684* 


FUNCTIONAL BLOCK DIAGRAM 


PRODUCT HIGHLIGHTS 


1. 


Fast acquisition time (ls) and low aperture jitter (5ps) 
make the AD684 the best choice for multiple channel data 
acquisition systems. 


. Monolithic construction insures excellent interchannel 


matching in terms of timing and accuracy, as well as high 
reliability. 


. Independent inputs, outputs and sample-and-hold controls 


allow user flexibility in system architecture. 


. Low droop (0.01.V/,s) and internally compensated hold 


mode error results in superior system accuracy. 


. The AD684’s fast settling time and low output impedance 


make it ideal for driving high. speed analog to digital convert- 
ers such as the AD578, AD674, AD7572 and the AD7672. 


. The AD684 is available in versions compliant with MIL- 


STD-883. Refer to the Analog Devices Military Products 
Databook or current AD684/883B data sheet for detailed 
specifications. 


REV. A - 


SPECIFICATIONS (Thin tO Tax With Vop=+12V + 10%, Vee=—12V + 10%, unless otherwise specified) AD684 


AD684J AD684A AD684S 
Parameter Min Typ Max Min Typ Max Min Typ Max Units 


SAMPLING CHARACTERISTICS 
Acquisition Time 
10V Step to 0.01% 
10V Step to 0.1% 
Small Signal Bandwidth 
Full Power Bandwidth 


HOLD CHARACTERISTICS 
Effective Aperture Delay 
Aperture Jitter 
Hold Settling Time (to ImV) 
Droop Rate? 

Feedthrough 
(Vin = £5V, 100kHz) 


ACCURACY CHARACTERISTICS! 
Hold Mode Offset 
Hold Mode Offset Drift 
Sample Mode Offset 
Nonlinearity 
Gain Error 


INTERCHANNEL CHARACTERISTICS 
Interchannel Isolation 
(Vin = +5V, 100kHz) 
Interchannel Aperture Offset 
Interchannel Offset 


OUTPUT CHARACTERISTICS 
Output Drive Current? 
Output Resistance, dc 
Total Output Noise 

(dc to SMHz) 
Sampled dc Uncertainty 
Hold Mode Noise 
(dc to 5MHz) 
Short Circuit Current? 
Source 
Sink 


INPUT CHARACTERISTICS 
Input Voltage Range 
Bias Current* 


Input Impedance 
Input Capacitance 


DIGITAL CHARACTERISTICS 
Input Voltage Low 
Input Voltage High 
Input Current (V;, =5V) 


POWER SUPPLY CHARACTERISTICS 
Operating Voltage Range (Vcc; Veg) 
Supply Current 
+ PSRR 
—PSRR 
Power Consumption 


TEMPERATURE RANGE 
Specified Performance 0 


600 600 
+70 +85 


625 
—55 +125 °G 
PACKAGE OPTIONS 
16-Pin Cerdip (Q) AD684JQ AD684AQ AD684SQ 
NOTES 
‘Specified and tested over an input range of +5V. 
?Maximum current the AD684 can source (or sink). Testing guarantees that the accuracy of the held signal remains within 2.5mV of its initial value. 


3The output is protected for a short circuit to common, Vcc and Vgg. 
“Voc and Vy, at nominal voltage levels. 


—40 


Specifications shown in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. 
All min and max specifications are guaranteed, although only those shown in boldface are tested on all production units. 


Specifications subject to change without notice. 
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AD684 


ABSOLUTE MAXIMUM RATINGS* 


7 With 
Spec Respect to 
Vcc Common 
Vien Common | 
Control Inputs Common 
Analog Inputs Common 


Output Short Circuit to 
Ground, Vcc; or Ver 
Max Junction ape 
Temperature 

Storage 

Lead Temperature 
(10sec max) 

Power Dissipation 


Min Max Unit 


-0.3 +15 V 
-15 +03 °V 
—0.5 +7 V 
-12 +12 V 
Indefinite 
+175 °C 
—65 +150 °C 
+300 °C 
640 mW 


PIN CONFIGURATION 


*Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. 


CAUTION 


ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. 


ORDERING GUIDE 


0 to +70°C 
—40°C to +85°C 
~55°C to +125°C 


AD684JQ 
AD684AQ 
AD684SQ 


NOTES 

1For details on grade and package offerings screened in 
accordance with MIL-STD-883, refer to the Analog 
Devices Military Products Databook or current AD684/883B 
data sheet. . 


2Q = Cerdip. For outline information see Package Information 


section. 
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AD684 


TOP VIEW 
(Not to Scale) 


NC = NO CONNECT. 


WARNING! 


<r to 


ESD SENSITIVE DEVICE 


REV. A 


ANALOG Complete 700 ns 
DEVICES — Sample-and-Hold Amplifier 


—- AD781* 


FEATURES FUNCTIONAL BLOCK DIAGRAM 

Acquisition Time to 0.01%: 700 ns Maximum 

Low Power Dissipation: 95 mW 

Low Droop Rate: 0.01 »V/ps 

Fully Specified and Tested Hold Mode Distortion 
_ Total Harmonic Distortion: —80 dB Maximum 

Aperture Jitter: 75 ps Maximum 

Internal Hold Capacitor 

Self-Correcting Architecture 

8-Pin Mini Cerdip and Plastic Package 

MIL-STD-883 Compliant Versions Available 


PRODUCT HIGHLIGHTS 
1. Fast acquisition time (700 ns), low aperture jitter (75 ps) and 
fully specified hold mode distortion make the AD781 an ideal 


PRODUCT DESCRIPTION SHA for sampling systems. 


' The AD781 is a high speed monolithic sample-and- hold ampli- 
fier (SHA). The AD781 guarantees a maximum acquisition time 2. Low droop (0.01 V/s) and internally compensated hold 


of 700 ns to 0.01% over temperature. The AD781 is specified - mode error results in superior system accuracy. 

and tested for hold mode total harmonic distortion and hold 3. Low power (95 mW typical), complete functionality and 
mode signal-to-noise and distortion. The AD781 is configured as small size make the AD781 an ideal choice for a variety of 
a unity gain amplifier and uses a self-correcting architecture that high performance, low power applications. 


minimizes hold mode errors and insures accuracy over tempera- 

ture. The AD781 is self-contained and requires no external com- 
ponents or adjustments. 5. Excellent choice as a front-end SHA for high speed analog- 
The low power dissipation, 8-pin mini-DIP package and com-. to-digital converters such as the hea AD7586, AD674B, 


pleteness make the AD781 ideal for highly compact board AD774B, AD7572 and AD7672. : 
layouts. The AD781 will acquire a full-scale input in less 6. Fully specified and tested hold mode distortion guarantees 


4. The AD781 requires no external components or adjustments. 


than 700 ns and_retain the held value with a droop rate of _ the performance of the SHA in sampled data systems. 
0.01 wV/ us. Excellent linearity and hold mode de and dynamic 7. The AD781 is available in versions compliant with MIL- 
esate ory make the ee eee eee en STD-883. Refer to the Analog Devices Military Products 
Spero analog A-cUsItAl CONYErUERS: Databook or current AD781/883B data sheet for detailed 
The AD781 is manufactured on Analog Devices’ BiMOS process specifications. 


which merges high performance, low noise bipolar circuitry with 
low power CMOS to provide an accurate, high speed, low power 
SHA. 


The AD781 is specified for three temperature ranges. The J 
grade device is specified for operation from 0°C to 70°C, the A 
grade from —40°C to +85°C and the S grade from —55°C to 
+125°C. The J and A grades are available in 8-pin plastic DIP 
packages. The S grade is available in an 8-pin cerdip package. 


*Protected by U.S. Patent No. 4,962,325. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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AD781—SPECIFICATIONS | 


DC SPECIFICATIONS (Trin 10 Trax with Veo = +12V + 10%, Veg = —12V + 10%, bys 20 pF, unless otherwise specified), 7 


"ADT81] AD781A AD781S 
‘Parameter | Min Typ Max |Min Typ Max Min Typ Max Units 


SAMPLING CHARACTERISTICS. 
Acquisition Time — | 
10 V Step to 0.01% 600 700 ( ie 600 700 
10 V Step to 0.1% 
Small Signal Bandwidth 
Full Power Bandwidth 


HOLD CHARACTERISTICS 
Effective Aperture Delay (25°C) 
Aperture Jitter (25°C) 

Hold Settling (to 1 mV, 25°C) | 

Droop Rate 

Feedthrough (25°C) | 
(Vin = +5 V, 100 kHz) — 


ACCURACY CHARACTERISTICS= 


Hold Mode Offset +3 

Hold Mode Offset Drift 

Sample Mode Offset : | 200 

Nonlinearity ye +0. +0. : +0. +0. +0.005 | % 

Gain Error | | : +0. . +0. 01 +0.025 | 
OUTPUT CHARACTERISTICS 


Output Drive Current | 
Output Resistance, DC 
Total Output Noise (DC to 5 MHz) 
Sampled DC Uncertainty 
Hold Mode Noise (DC to 5 MHz) 
Short Circuit Current _ 

Source . 


- Sink 


INPUT CHARACTERISTICS 
Input Voltage Range 
Bias Current 
Input Impedance 
Input Capacitance — 


DIGITAL CHARACTERISTICS 
Input Voltage Low 
Input Voltage High 
Input Current High (V;, = 5 V) 


POWER SUPPLY CHARACTERISTICS 
Operating Voltage Range 
Supply Current 
+PSRR (+12 V + 10%) 
—PSRR (—12 V + 10%) 
Power Consumption 


TEMPERATURE RANGE 
Specified Performance | 0 +70 —40 +85 —55 +125 | °C 


NOTE 
'1Specified and tested over an input range of +5 V. 


Specifications subject to change without notice. 


Specifications shown in boldface are tested on all devices at final electrical test. Results from those tests are used to calculate outgoing quality levels. All min 
and max specifications are guaranteed although only those shown in boldface are tested. 
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AD781 


(Trin tO Tmax Veo = +12 V +10%, Vee = —12 V +10%, C, = 20 pF, 


HOLD MODE AC SPECIFICATIONS unless otherwise specified)! 


AD781J AD781A 
Parameter Min Typ Max Min Typ Max 


TOTAL HARMONIC DISTORTION 
Fin = 10 kHz 
Fin = 50 kHz 
Fin = 100 kHz 
SIGNAL-TO-NOISE AND DISTORTION 
Fin = 10 kHz 
Fin = 50 kHz 
Fin = 100 kHz 
INTERMODULATION DISTORTION 
Fin, = 49 kHz, Fixnz = 50 kHz . 
2nd Order Products —77 —77 —77 dB 
3rd Order Products —78 —78 —78 dB 
NOTE | 


"Fy. amplitude = 0 dB and Fy,yprz = 500 kHz unless otherwise indicated. 


Specifications shown in boldface are tested on all devices at final electrical test. Results from those tests are used to calculate outgoing quality levels. All min 
and max specifications are guaranteed although only those shown in boldface are tested. 


ABSOLUTE MAXIMUM RATINGS* | PIN CONFIGURATION 
With 

Spec Respect to Min Max Unit 
Vec . Common —0.3 +15 V 
VEE Common ~—15 +0.3 V 
Control Input Common =0:5> °<#7 V 
Analog Input | Common —12 +12 V 
Output Short Circuit to 

Ground, Vcc; or Ver | Indefinite 
Maximum Junction 

Temperature +175. °C 
Storage 3 —65 a 150 °C ORDERING GUIDE 
Lead Temperature | 

(10 sec max) +300 °C | Temperature Package 
Power Dissipation 195 mW Range Description Options? 
*Stresses above those listed under “Absolute Maximum Ratings” may cause AD781JN | 0°C to +70°C 8-Pin Plastic DIP | N-8 
permanent damage to the device. This is a stress rating only and functional AD781AN | —40°C to +85°C 8-Pin Plastic DIP | N-8 


operation of the device at these or any other conditions above those indicated AD781SQ 
in the operational section of this specification is not implied. 


—55°C to +125°C | 8-Pin Cerdip. 
NOTES 

'For details on grade and package offerings screened in accordance with 
MIL-STD-883, refer to the Analog Devices Military Products Databook or 
current AD781/883B data sheet. 

2N = Plastic DIP; Q = Cerdip. For outline information see Package 
Information section. 


CAUTION 


ESD (electrostatic. discharge) sensitive device. The digital control inputs are diode protected; W ARNING! , 
however, permanent damage may occur on unconnected devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. Sprint 4 


ESD SENSITIVE DEVICE 
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§ ANALOG 
DEVICES — 


Complete Very High Speed 
__ Sample-and-Hold Amplifier 


FEATURES | 

Acquisition Time to 0.01%: 250 ns Typical 

Low Power Dissipation: 95 mW 

Low Droop Rate: 0.02 »V/ps 

Fully Specified and Tested Hold Mode Distortion — 
Total Harmonic Distortion: —85 dB 

Aperture Jitter: 50 ps Maximum 

Internal Hold Capacitor 

Self-Correcting Architecture 

8-Pin Mini Cerdip and SOIC Packages 


PRODUCT DESCRIPTION 

The AD783 is a high speed, monolithic sae -and-hold ampli- 
fier (SHA). The AD783. offers a typical acquisition time of 

250 ns to 0.01%. The AD783 is specified.and tested for hold 
mode total harmonic distortion with input frequencies up to 

100 kHz. The AD783 is configured as a unity. gain amplifier 
and uses a patented self-correcting architecture that minimizes 
hold mode errors and ensures accuracy over temperature. The 
AD783 is self-contained and requires no ) external components or 
adjustments. 


The AD783 retains the held value ii a droop rate of 0. 02 wv/ 
ws. Excellent linearity and hold mode dc and dynamic perfor- 
mance make the AD783 ideal for high speed 12- and 14-bit 
analog-to-digital converters. 


The AD783 is manufactured on Analog Devices’ ABCMOS pro- 
cess which merges high performance, low noise bipolar circuitry 
with low power CMOS to provide an accurate, page ae low” 
power SHA. - 


The J grade device is specified fot operation from 0°C to +70°C 
and the A grade from —40°C to +85°C. The J and A grades are 
available in 8-pin cerdip and SOIC packages. The military tem- 
perature range version is specified for operation from —55°C to 
+ 125°C and is available in an 8-pin cerdip package. For details 
refer to the Analog Devices Military Products Databook or . 
AD783/883B data sheet. 


“Protected by U.S. Patent Number 4,962,325. - 
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NC = NO CONNECT 


sig ndaaela HIGHLIGHTS .- | , 

. Fast acquisition time (250 ns), low apettire jitter (20 “ and 

fully specified hold mode distortion make the AD783 an se 
SHA for sampling systems. 


2. Low droop (0.02 wV/ps) and internally compensated hold 
mode error result i in superior system accuracy. 


3. Low power (95 mW typical), complete functionality and 
small size make the AD783 an ideal choice for a variety of 
high performance applications. 


4. The AD783 requires no external components or adjustments. 


5. The AD783 is an excellent choice as a front-end SHA for 
high speed analog-to-digital converters such as the AD671, 
AD7586, AD674B, AD774B, AD7572 and AD7672. . 


6. Fully specified and tested hold mode distortion Seaias a 
the performance of the SHA in sampled data systems. — 


REV.A 


SPECIFICATIONS AD783 


DCO SPECIFICATIONS (1,,, to ty, with Veo = +5V + 5%, Ver = —5V + 5%, C, = 50 pF, unless otherwise noted) 


AD783J/A 
Parameter : Min Typ Max Units 
SAMPLING CHARACTERISTICS | 
Acquisition Time 
5 V Step to 0.01% 
5 V Step to 0.1% 


Small Signal Bandwidth MHz 
‘Full Power Bandwidth MHz 
HOLD CHARACTERISTICS a 
Effective Aperture Delay (+25°C) ns 
Aperture Jitter (+25°C) ps 
Hold Settling (to 1 mV, +25°C) ns 
Droop Rate wV/s 
Feedthrough (+ 25°C) 
(Vin = +£2.5 V, 500 kHz) dB 
ACCURACY CHARACTERISTICS? 
Hold Mode Offset mV 
Hold Mode Offset Drift wVPC 
Sample Mode Offset mV 
Nonlinearity % FS 
Gain Error % FS 
OUTPUT CHARACTERISTICS 
Output Drive Current mA 
Output Resistance, DC 0} 
Total Output Noise (DC to 5 MHz) wV rms 
Sampled DC Uncertainty wV rms 
Hold Mode Noise (DC:to 5 saa pV rms 
Short Circuit Current 
Source mA 
INPUT CHARACTERISTICS | 
Input Voltage Range V 
Bias Current nA 
Input Impedance MQ 
Input Capacitance pF 
DIGITAL CHARACTERISTICS 
Input Voltage Low V 
‘Input Voltage High . V 
— Input Current: High (Vin = 5. V) wA 
POWER SUPPLY CHARACTERISTICS . 
Operating Voltage ae V 
Supply Current mA. 
+PSRR (+5 V + 5%) dB 
—PSRR (—5 V + 5%) dB 
Power Consumption mW 
TEMPERATURE RANGE 
Specified Performance (J) °C 
(A) °C 
NOTE 


_ '§pecified and tested over an input range of +2.5 V.. 
Specifications subject to change without notice. 
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AD783 
| (Ty to Twn with Vig = +5 V + 5%, 


HOLD MODE AC SPECIFICATIONS vo'= -$¥ = "x, ~ sur, anes ers nto 


| AD783J/A 
Parameter — Min Typ | Max Units 
TOTAL HARMONIC DISTORTION | 
fin = 100 kHz dB 
f. = 500 kHz dB 
SIGNAL-TO-NOISE AND DISTORTION 
fin = 100 kHz dB 
fin = 500 kHz dB 
INTERMODULATION DISTORTION 
(F1 = 99 kHz, F2 = 100 kHz) 
Second Order Products dB 
Third Order Products dB 
NOTE 
‘fry amplitude = 0 dB and fs,mprz = 300 kHz unless otherwise indicated. 
Specifications subject to change without notice. 
ABSOLUTE MAXIMUM RATINGS* . PIN CONFIGURATION 
With ! 
Spec ' Respectto Min Max Units 
Analog Input | COM -6.5 +65 V TOP VIEW 
Digital Input COM -0.5 +65 V (Not to Scale) 
Output Short Circuit to 
Ground, Vcc; or Vez Indefinite 
Meso }uncucn | NC = NO CONNECT 
Temperature tS: °C 
Storage —-65 +150 °C 
Lead Temperature 
(10 sec max) | +300 °C 
*Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. 
CAUTION _.__. SCC‘ ‘lL | _ 
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; WARNING! . 
however, permanent damage may occur on unconnected devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. Topp a 


ESD SENSITIVE DEVICE 


ORDERING GUIDE 
Package 


Temperature 
Range Description | Options” 


0°C to +70°C 8-Pin Cerdip | Q-8 


Model! 
AD783JQ 


AD783AQ | —40°C to +85°C | 8-Pin Cerdip | Q-8 
AD783JR | 0°C to +70°C 8-Pin SOIC | R-8 
AD783AR | —40°C to +85°C | 8-Pin SOIC 


NOTES 

For details on grade and package offerings screened in accordance with 
MIL-STD-883, refer to the Analog Devices Military Products Databook 
or current AD783/883B data sheet. 

2Q = Cerdip, R = SOIC. For outline information see Package Information 
section. z 
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Typical Characteristics —AD783 


STH AIILTLEAA Sh 
CEUTA LUNN, 
CTUTTTTT TET T 
CEUTA EEL 
eee 
CTI 

UEP 


100 1M 
FREQUENCY - Hz 


PSRR - dB 


DROOP RATE - pV/us 


Power Supply Rejection Ratio vs. Frequency 


BIAS CURRENT - nA 
ACQUISITION TIME — ns 


INPUT VOLTAGE - V INPUT STEP -V 


_. Bias Current vs. Input Voltage Acquisition Time (to 0.01%) vs. Input Step Size 
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AD783 


DEFINITIONS OF SPECIFICATIONS 

Acquisition Time—The length of time that the SHA must 
remain in the sample mode in order to acquire 8 a full-scale input 
step to a given level of accuracy. 


Small Signal Bandwidth— The frequency at which the held out- 
put amplitude i is 3 dB below the input amplitude, under an 
input condition of a 100 mV p-p sine wave. 


Full Power Bandwidth—The frequency at which the held out- 
put amplitude is 3 dB below the input amplitude, under an 
input condition of a 5. V p-p sine wave. 


Effective Aperture Delay—The difference between the each 
delay and the analog delay of the SHA channel. A negative 
number indicates that the analog portion of the overall delay is 
greater than the switch portion. This effective delay represents 
the point in time, relative to the hold command, that the input 
signal will be sampled. | 


Aperture Jitter—The variations in aperture delay for successive 
samples. Aperture jitter puts an upper limit on the maximum 
frequency that can be accurately sampled. 


Hold Settling Time—The time required for the output to settle 
to within a specified level of accuracy of its final held value after 
the hold command has been given. 


Droop Rate—The drift i in output voltage while i in the hold 
mode. 


Feedthrough— The attenuated version of a changing input sig- 
nal that appears at the a when the SHA is in the hold 
mode. 


Hold Mode Offset — The difference between the input signal 
and the held output. This offset term applies only in the hold 
mode and includes the error caused by charge injection and all 
other internal offsets. It is specified for an input of 0 V. 


Sample Mode Offset—The difference between the input and 
output signals when the SHA is in the sample mode. 


Nonlinearity— The deviation from a straight line on a plot of 
input vs. (held) output as referenced to a straight line drawn 
between endpoints, over an input range of —2.5 V and +2.5 V. 


Gain Error— Deviation from a gain of +1 on the transfer func- 
tion of input vs. held output. 


Power Supply Rejection Ratio— A measure of change in the 
held output voltage for a specified change in the positive or neg- 
ative supply. 


Sampled DC Uncertainty—The internal rms SHA noise that is 
sampled onto the hold capacitor. 


Hold Mode Noise—The rms noise at the output of the SHA 
while in the hold mode, specified over a given bandwidth. 


Total Output Noise—The total rms noise that is seen at the 
output of the SHA while in the hold mode. It is the rms sum- 
mation of the sampled dc uncertainty and the hold mode noise. 
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Output Drive Current—The maximum current the SHA can 
source (or sink) while maintaining a pe in hold mode offset 
of less than2.5mV. ~~ 


Signal-To-Noise and Distortion (S/N +D) Ratio—S/N +D is 
the ratio of the rms value of the measured input signal to the 
rms sum of all other spectral components below the Nyquist 
frequency, including harmonics but excluding dc. The value for’ 
S/N+D is expressed in decibels. 


Total Harmonic Distortion (THD)—THD : is the ratio of the 
rms sum of the first six harmonic components to the rms value 
of the measured input signal and is expressed. in decibels. 


Intermodulation Distortion (IMD)— With inputs consisting of 
sine waves at two frequencies, fa and fb, any device with 
nonlinearities will create distortion products, of order (m+n), at 
sum and difference frequency of mfa+nfb, where m, n = 0, 1, 2, 
3... ... Intermodulation terms are those for which m or n is not 
equal to zero. For example, the second order terms are (fa+fb) 
and (fa—fb), and the third order terms ‘are (2fa+fb), (2fa—fb), 
(fa+2fb) and (fa—2fb). The IMD products are expressed as the 
decibel ratio of the rms sum of the measured input signals to the 
rms sum of the distortion terms. The two signals are of equal 
amplitude, and peak value of their sums is —0.5 dB from full 
scale. as IMD products are normalized to a 0 dB ee signal. 


FUNCTIONAL DESCRIPTION 
The AD783 is a complete, high speed sample-and- “hold amplifier 
that provides high speed sampling to 12-bit accuracy in 250 ns. 


The AD783 is completely self-contained, including an on-chip 
hold capacitor, and requires no external components or adjust- 
ments to perform the sampling function. Both input and output 
are treated as a single-ended signal, referred to common. 


The AD783 utilizes a proprietary circuit design which includes a 
self-correcting architecture. This sample-and-hold circuit cor- 
rects for internal errors after the hold command has been given, 
by compensating for amplifier gain and offset errors, and charge 
injection errors. Due to the nature of the design, the SHA out- 
put in the sample mode is not intended to provide an accurate 
representation of the input. However, in hold mode, the internal 
circuitry is reconfigured to produce an accurately held version of 
the input signal. Below is a block diagram of the AD783. 


NC = NO CONNECT 


Functional Block Diagram 
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DYNAMIC PERFORMANCE 

The AD783 is compatible with 12-bit A-to-D converters in 
terms of both accuracy and speed. The fast acquisition time, fast 
hold settling time and good output drive capability allow the 
AD783 to be used with high speed, high resolution A-to-D con- 
verters like the AD671 and AD7586. The AD783’s fast acquisi- 
tion time provides high throughput rates for multichannel data 
acquisition systems. Typically, the AD783 can acquire a 5 V 
step in less than 250 ns. Figure 1 shows the settling accuracy as 
a function of acquisition time. 


0.08 


0,06 
0.04 


0.02 + 


Vour ACQUISITION ACCURACY - % 


250 500 
"ACQUISITION TIME - ns 


0 
Figure 1. Voy7 Settling vs. Acquisition Time 


The hold settling determines the required time, after the hold 
command is given, for the output to settle to its final specified 
accuracy. The typical settling behavior of the AD783 is 150 ns. 
The settling time of the AD783 is sufficiently fast to allow the 
SHA, in most cases, to directly drive an A-to-D converter with- 
out the need for an added “start convert” delay. _ 


HOLD MODE OFFSET | a 

The de accuracy of the AD783 is determined primarily by the 
hold mode offset. The hold mode offset refers to the difference 
between the final held output voltage and the input signal at the 
time the hold command is given. The hold mode offset arises 
from a voltage error introduced onto the hold capacitor by 
charge injection of the internal switches. The nominal hold 
mode offset is’specified for a 0 V input condition. Over the 
input range of —2.5 V to +2.5 V, the AD783 is also character- 
ized for an effective gain error and nonlinearity of the held 
value, as shown in Figure 2. As indicated by the AD783 specifi- 
cations, :the hold mode offset is very stable over. temperature. 
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AD783 


(Voy HOLD ~ V,y), mV 


+t 


Vin, VOLTS 


Figure 2. Hold Mode Offset, Gain Error and Nonlinearity 6 


For applications where it is important to obtain zero offset, the 
hold mode offset maybe nulled externally at the input to the 
A-to-D converter. Adjustment of the offset may be accom-. 
plished through the A-to-D itself or by an external amplifier 
with offset nulling capability (e.g., AD711). The offset will : 
change less than 0.5 mV over the specified temperature range. 


SUPPLY DECOUPLING AND GROUNDING 
CONSIDERATIONS | 

As with any high speed, high resolution data acquisition system, 
the power supplies should be well regulated and free from exces- 
sive high frequency noise (ripple). The supply connection to the 
AD783 should also be capable of delivering transient currents to 
the device. To achieve the specified accuracy and dynamic per- 
formance, decoupling capacitors must be placed directly at both 
the positive and negative supply pins to common. Ceramic type 
0.1 wF capacitors should be connected from Vcc and Vg to 
common. 


DIGITAL 
P.S. 


ANALOG 
P.S. 


C +5V 


nee 


INPUT = 
; be 4 DIGITAL 
ANALOG-TO-DIGITAL DATA 
CONVERTER OUTPUT 


SIGNAL GROUND 


Figure 3. Basic Grounding and Decoupling Diagram 
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AD783 

The AD783 does not provide separate analog and digital ground 
leads as is‘the case with most A-to-D converters. The common 
pin is the single ground terminal for the device. It is the refer- 
ence point for the sampled input voltage and the held output 
voltage and also the digital ground return path. The common 
pin should be connected to the reference (analog) ground of the 
A-to-D converter with a separate ground lead. Since the analog 
and digital grounds in the AD783 are connected internally, the 
common pin should also be connected to the digital ground, 
which is usually tied to analog common at the A-to-D converter. 
Figure 3 illustrates the recommended decoupling and grounding 
practice. : 


NOISE CHARACTERISTICS 

Designers of data conversion circuits must also consider the 
effect of noise sources on the accuracy of the data acquisition 
system. A sample-and-hold amplifier that precedes the A-to-D 
converter introduces some noise and represents another source 
of uncertainty in the conversion process. The noise from the . 
AD783 is specified as the total output noise, which includes 
both the sampled wideband noise of the SHA in addition to the 
band limited output noise. The total output noise is the rms 
sum of the sampled dc uncertainty and the hold mode noise. A 
plot of the total output noise vs. the equivalent input bandwidth 
of the converter being used is agiven in Fi Figure 4, 


OUTPUT NOISE - nV rms 


1k 10k . 100k -. 1M 10M 
_ FREQUENCY - Hz 


Figure 4. RMS Noise vs. Input Bandwidth of ADC 


DRIVING THE ANALOG INPUTS 

For best performance, it is important to drive the AD783 analog 
input from a low impedance signal source. This enhances the 
sampling accuracy by minimizing the analog and digital 
crosstalk. Signals which come from higher impedance sources 
(e.g., over 5 kQ) will have a relatively higher level of crosstalk. 
For applications where signals have high source impedance, an 
operational amplifier buffer in front of the AD783 is required. 
The AD711 (precision BiFET oP ump) is recommenced for 
these applications: 


HIGH FREQUENCY SAMPLING 


Aperture jitter and distortion are the primary ee which limit 


frequency domain performance of a sample-and-hold amplifier. 
Aperture jitter modulates the phase of the hold command and 
produces an effective noise on the sampled analog input. The 
magnitude of the jitter induced noise is directly related to the 
frequency of the input signal. 
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A graph ee the seamitude of the jitter induced error vs. 
frequency of the input signal i 1S given in Figure 3. a 


The accuracy in sampling high frequency signals is also con- 
strained by the distortion and noise created by the sample-and- 
hold. The level of distortion i increases with frequency and 
reduces the ‘ ‘effective number of bits” of the conversion. 


Measurements of Figures 6 and 7 were made using a 14-bit - 
A/D converter with Vin = = 5 V p-panda ee eae of. 
100 ksps. 7 
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Figure 5. Error Magnitude vs. Frequency 
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Figure 7. Signal/((Noise and Distortion) vs. Frequency 
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AD783 TO AD670 INTERFACE 

The 15 MHz small signal bandwidth of the AD783 makes it a 
good choice for undersampling applications. Figure 8 shows the 
interface between the AD783 and the AD670 ADC, where the 
AD783 samples the incoming IF signal. For this particular 
application, the IF carrier was 10.7 MHz and the information 
signal was a 5 kHz FSK-modulated tone. The sample-and-hold 
signal is applied to the 8-bit AD670 ADC and then digitally pro- 
cessed for analysis. 


The CLKIN signal is connected directly to the S/H pin of the 
AD783 and must comply with the acquisition and settling 
requirements of the SHA. A delayed version of CLKIN is 
applied to the R/W input of the AD670 in order to accom- 
modate the hold-mode settling requirements of the AD783. The 
10 ys conversion speed of the AD670 combined with the 150 ns 
hold-mode settling time of the AD783 result in a total system 
throughput of 10.15 ys. 


By keeping the 10.7 MHz IF input to the AD783 at a low 
amplitude, 255 mV p-p, the resultant distortion and jitter- 
induced noise result in approximately 45 dB of dynamic range. 
The AD670 can be conveniently configured such that its full- 
scale input range is 255 mV in order to retain the full 8-bit 
dynamic range of the converter. The maximum sample rate of 
the AD670 is 10 ws; therefore, to comply with the Nyquist cri- 
teria the maximum information bandwidth is 50 kHz. 


Figure 8. AD783 to AD670 Interface 


AD783 to AD671 (12-Bit, 500 ns ADC) Interface 

The AD783 to AD671 interface requires an op amp, a dual flip- 
flop, and a monostable multivibrator or ‘“‘one-shot.” The op amp 
amplifies the +2.5 V output of the AD783 to the full-scale input 
of the AD671. Appropriate op amps include the AD841 and 
AD845 (see the AD671 data sheet for additional information). 
The flip-flops and one-shot are used to generate the AD671 
ENCODE pulse and the appropriately timed AD783 S/H pulse. 
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AD783 


A master sampling clock is tied to the clock input of flip-flop] 
and the input of the one-shot. The D1 input of flip-flop] should 
be tied high and the one-shot should be configured to generate a 
pulse on a rising edge of the sampling clock. The rising edge of — 
the sampling clock causes the Q/ output of the flip-flop to go 
low placing the AD783 into hold mode. Simultaneously, a low 
going pulse is generated at the one-shot output. The length of 
this pulse would usually be made long enough to allow the out- 
put of the AD783 to settle (hold-mode settling time), but 
because of the error-correcting ability of the AD671, the length 
of this pulse may be reduced to approximately 200 ns. 


The low-going one-shot output is connected to the clock input 
of flip-flop2. The D2 input of flip-flop2 is tied high. The rising 
edge of the low-going pulse toggles the Q2 output of flip-flop2 
to a high state. This output, which is tied to the ENCODE 
input of the AD671, initiates a conversion of the buffered out- 
put signal of the AD783. The AD671 issues the signal DAV 
when the conversion is complete. The DAV signal is tied to the 
asynchronous CLR1 and CLR2 inputs of both flip-flops. When 
DAV goes low, the Q1 output goes high returning the AD783 to 
the sample or acquisition mode. The Q2 output (ENCODE) 
returns low until it is again triggered by the rising edge of the 
one-shot output. 


Figure 9. AD783 to AD671 Interface 
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ANALOG Ultrahigh Speed 


Monolithic Track-and- Hold 


DEVICES 


~ADS100° 


FEATURES © 

Excellent Hold Mode Distortion into 250 2 
—88 dB @ 30 MSPS (2.3 MHz V,,) 
—83 dB @ 30 MSPS (12.1 MHz V,,,) 
—74 dB @ 30 MSPS (19.7 MHz V,,,) 

16 ns Acquisition Time to 0.01% 

<1 ps Aperture Jitter 

250 MHz Tracking Bandwidth 

83 dB Feedthrough Rejection @ 20 MHz 

3.3 nV/\V/Hz Spectral Noise Density 

MIL-STD-Compliant Versions Available 


APPLICATIONS 

A/D Conversion 

Direct IF Sampling 
Imaging/FLIR Systems 
Peak Detectors _ 
Radar/EW/ECM 
Spectrum Analysis 
CCD ATE 


GENERAL DESCRIPTION 

The AD9100 is a monolithic track-and-hold amplifier which sets 
a new standard for high speed and high dynamic range applica- 
tions. It is fabricated in a mature high speed complementary 
bipolar process. In addition to innovative design topologies, a 
custom package is utilized to minimize parasitics and optimize 
dynamic performance. 


Acquisition time (hold to track) is 13 ns to 0.1% accuracy, and 
16 ns to 0.01%. The AD9100 boasts superlative hold-mode fre- 
quency domain performance; when sampling at 30 MSPS hold 
mode distortion is less than —83 dBfs for analog frequencies up 
to 12 MHz; and —74 dBfs at 20 MHz. The AD9100 can also 
drive capacitive loads up to 100 pF with little degradation in 
acquisition time; it is therefore well suited to drive 8- and 10-bit 
flash converters at clock speeds to 50 MSPS. With a spectral 
noise density of 3.3 nV/\/Hz and feedthrough rejection of 83 dB 
at 20 MHz, the AD9100 is well suited to enhance the dynamic 
range of many 8- to 16-bit systems. 


BLOCK DIAGRAM 


CLK CLK 


AD9100 


The AD9100 is “user friendly” and easy to apply: (1) it requires 


+5 V/—5.2.V power supplies; (2) the hold capacitor and switch 


power supply decoupling capacitors are built into the DIP 

package; (3) the encode clock is differential ECL to minimize 

clock jitter; (4) the input resistance is typically 800 kQ; (5) the 

analog input is internally clamped to prevent damage from volt- 
age transients. 


The AD9100 is available in a 20-lead side-brazed “skinny DIP” 
package and a 28-lead LCC package. Commercial, industrial, 
and military temperature grade parts are available. Consult the 
factory for information about the availability of 883-qualified 
devices. 


PRODUCT HIGHLIGHTS 
1. Hold Mode Distortion is guaranteed. 


2. Monolithic construction. 


_ 3. Analog input is internally clamped to protect against over- 


voltage transients and ensure fast recovery. 


4. Output is short circuit protected. 


5. Drives capacitive loads to 100 pF. 
6. Differential ECL clock inputs. 


PIN DESIGNATIONS. : 
DIP LCC. 
x= 
Oo oO O20 
ae ap flgssie? 
+ 
GND [2 19} CLK 26 2728 12 3 4 
GND | 3 | 118] CLK \ wieta 
VIN 4 | GND +#Vg 25 0 . 5 -Vs 
_ye [| AD9100 Fe 4. GND 24 57 6 NC 
TOP VIEW 23 57] 
BYPASS [6 | (Not to Scale) |15] BYPASS aNg.28 AD9100 7 Vin 
+V, 22).] BOTTOM VIEW 8 -V, 
= i HOLDCAP 2157] _ (Not to Scale) 9 -V, 
GND [8 | 13} GND HOLDCAP 20 10 NC 
Vour [9_ 12] GND +V, 19 11 Vg 


*Patent pending. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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NC = NO CONNECT 


REV. A 


SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS’ 
Supply Voltages: (2V 6) G0... 4.c1yte eee dee wie Seed ,+6V 


Continuous Output Current ...............+08. 70 mA 
Analog Input Voltage? .. 1.0.0... 00.000 ee eee +5 V 
Operating Temperature Range (Case) 

PDD OO ID fie ciate te hee ng Pe slr ee yicemsn 0°C to +70°C 


ELECTRI CAL CHARACTERISTICS (unless otherwise noted, +V, = +5 V; —V; = 


Test 
Conditions Temp Level | Min 


Parameter 


DC ACCURACY 
Gain 
Offset 
Output Resistance 
Output Drive Capability 
PSRR | 
Pedestal Sensitivity to Supply 


ANALOG INPUT/OUTPUT 
Output Voltage Range 
Input Bias Current 


Input Overdrive Current* 
Input Capacitance 
Input Resistance 


CLOCK/CLOCK INPUTS 
Input Bias Current 
Input Low Voltage (V,, ) 
Input High Voltage (V,;;) 


TRACK MODE DYNAMICS 
Bandwidth (—3 dB) 
Slew Rate 


CL/CL = -1.0 V 


Vout <0.4 V p-p 
4 V Step 

4 V Step 
Overdrive Recovery Time‘ (to 0.1%) Vin = +4Vt00V 
2nd Harm. Dist. (20 MHz, 2 V p-p) 
3rd Harm. Dist. (20 MHz, 2 V p-p) 
Integrated Output Noise (1-200 MHz) 


RMS Spectral Noise @ 10 MHz 


HOLD MODE DYNAMICS 

Worst Harmonic (2.3 MHz, 30 MSPS) 
Worst Harmonic (12.1 MHz, 30 MSPS) 
Worst Harmonic (12.1 MHz, 30 MSPS) 
Worst Harmonic (12.1 MHz, 30 MSPS) 
Worst Harmonic (19.7 MHz, 30 MSPS) 
Hold Noise? | 

Droop Rate® : Vig 


Vour = 2 V p-p 
Vour = 2 V p-p 
Vour = 2 V p-p 
Vout = 2 V p-p 
Vout = 2 V p-p 


=0V 


=2Vpp 


Feedthrough Rejection (20 MHz) Vin 


TRACK-TO-HOLD SWITCHING 
Aperture Delay 
Aperture Jitter 
Pedestal Offset 


Transient Amplitude 
Settling Time to 1 mV 
Glitch Product 


REV.A 


AD9100AD/AE 

AD9100SD/SE 
Junction Temperature 
Storage Temperature 
Lead Soldering Temperature (10 sec) 


Oe 2 
eo 8 © © © © © © © © © © ee ee el 
eo © © © © © © © © © © © we ww 
o + © © © © © © © 2 © © ew 8 


—5.2 \; Rioap = 100 


AD9100 


—25°C to +85°C 
=55°C to +125°C 
a Wea ks @ 


ee @ © © © 


+ 300°C 


oe © © © © © 


Q,; Rin = 50 Q) 


ar ee ae SD? 
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Max 


Units 


V/V 
mV 
Q) 
mA 
dB 
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AD9100—SPECIFICATIONS 


Parameter 

HOLD-TO-TRACK SWITCHING 

' Acquisition Time to 0.1% 
Acquisition Time to 0.01% 
Acquisition Time to 0.01% 


POWER SUPPLY 
Power Dissipation 
+V, Current 
—Vs Current 


ADOIOOAESEDIADISD® 
Min Typ Max 


Test 
| Temp Level 


Conditions | 


Units 


NOTES 

1Absolute maximum ratings are limiting values to be applied individually, and beyond which the seviieedbilig of the circuit may be impaired. Pinceonal opera- 
bility is not necessarily implied. Exposure to absolute maximum rating conditions for an extended period of time may affect device reliability. 

?Analog input voltage should not exceed +Vs. 

3AD9100JD: 0°C to +70°C. AD9100AD: ~40°C to +85°C. AD9100SD: —55°C to +125°C. DIP 6,;, = 38°C/W;; this is valid with the device mounted flush to a 
grounded 2 oz copper clad board with 16 sq inches of surface area and no air flow. LCC 6,;, = 48°C/W. 

4The input to the AD9100 is internally clamped at +2.3 V. The internal input series resistance is nominally 50 (. 

>Hold mode noise is proportional to the length of time a signal is held. For example, if the hold time (t,;) is 20 ns, the accumulated noise is typically 6 wV 

(300 V/s X 20 ns). This value must be combined with the track mode noise to obtain total noise. 

Min and max droop rates are based on the military temperature range (—55°C to + 125°C). Refer to the “Droop Rate vs Temperature”? chart for min/max limits 
over the commercial and industrial ranges. . 


Specifications subject to change without notice. © 


ORDERING GUIDE 


Temperature Package 
Range _ Description | 


Package 
Option’ 


EXPLANATION OF TEST LEVELS | 


Test Level AD9100JD 0°C to +70°C Ceramic DIP ‘D-28 
i> - = oonsensductonseeel: AD9100AD | —40°C to +85°C | Ceramic DIP | D-28 
II — 100% production tested at +25°C, and sample tested at AD9100AE | —40°C to +85°C Ceramic LCC | E-28A 


AD9100SD 
AD9100SE 


—55°C to +125°C 
—55°C to +125°C. 


Ceramic DIP 


specified temperatures. . . 
Ceramic LCC |. 


III — Periodically sample tested. 


IV — Parameter is guaranteed by design and characterization NOTES 
testing. IConsult factory about availability of parts sarees to MIL-STD- B82: 
° e 2 
V_ -— Parameter is a typical value only. For outline information see Package Information section. 


VI — All devices are 100% production tested at +25°C. 100% 


production tested at temperature extremes for LCC PIN DESCRIPTIONS/ CONNECTIONS 
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extended temperature devices; sample tested at Pin No. Description Connection 
temperature extremes for commercial/industrial devices. 1 GND _ “Common Ground Plane.’ 
2 GND Common Ground Plane 
3 NC None | 
DIP PIN DESCRIPTIONS/CONNECTIONS 4 —Vs, ~—5.2 V Power Supply 
Pin No. Description Connection 5 —Vs 79.2 V Power Supp ” 
6 NC None 
1 —Vs ~5.2 V Power Supply 7 Vin Analog Input Signal 
2 GND Common Ground Plane g | =Ve —5.2 V Power Supply | 
3 GND Common Ground Plane 9 =V. —§.2 V Power Supply 
4 Vin Analog Input Signal 10 NC None 
5 -Vs ~—5.2 V Power Supply 1] -Vs —5,2 V Power Supply 
6 BYPASS 0.1 pF to Ground 12 Ve —~5.2 V Power Supply 
7 —Vs —5.2 V Power Supply 13 —Vs —5.2 V Power Supply 
8 GND Common Ground Plane 14 BYPASS O.l pF to Pinl6 
9 Vour Track-and-Hold Output 15 Vour Track-and-Hold Output 
10 GND Common Ground Plane 16 BYPASS 0.1 yF to Pin 14 
ll GND Common Ground Plane 217 +Vs5 +5 V Power Supply 
12 GND Common Ground Plane 18 +Vs +5 V Power Supply 
13 GND Common Ground Plane 19 +Vs5 +5 V Power Supply | 
14 +Vs5 +5 V, Power Supply 20 HOLDCAP External Hold Capacitor 
15 BYPASS 0.1 .F to Ground 21 HOLDCAP _ External Hold Capacitor 
16 +Vs +5 V, Power Supply 22 +V5 +5 V Power Supply 
17 GND Common Ground Plane 23 +Vs +5 V Power Supply 
18 CLK Complement ECL Clock | 24 GND Common Ground Plane 
19 CLK “True” ECL Clock 5 +Vs5 +5 V Power Supply — 
20 +V, +5 V Power Supply 6 +Vs +5 V Power Supply — 
27 CLOCK Complement ECL Clock 
28 “True” ECL Clock 


ANALOG 
DEVICES 


125 MSPS Monolithic 
Sampling Amplifier 
AD9101° 


FEATURES 

350 MHz Sampling Bandwidth 

125 MHz Sampling Rate 

Excellent Hold Mode Distortion 
—75 dB @ 50 MSPS (25 MHz V,,) 
—57 dB @ 125 MSPS (50 MHz V,jn) 

7 ns Acquisition Time to 0.1% 

<1 ps Aperture Jitter 

66 dB Feedthrough Rejection @ 50 MHz 

3.3 nV/\V/Hz Spectral Noise Density 


APPLICATIONS 

Direct IF Sampling 

Digital Sampling Oscilloscopes 
HDTV Cameras 

Peak Detectors 
Radar/EW/ECM 

Spectrum Analysis 

Test Equipment/CCD Testers 
DDS DAC Deglitcher 


GENERAL DESCRIPTION 

The AD9101 is an extremely accurate, general purpose, high 
speed sampling amplifier. Its fast and accurate acquisition speed 
allows for a wide range of frequency vs. resolution performance. 
The AD9101 is capable of 8 to 12 bits of accuracy at clock rates 
of 125 MSPS or 50 MSPS, respectively. This level of perfor- 
mance makes it an ideal driver for almost all 8- to 12-bit A/D 
encoders on the market today. 


In effect, the AD9101 is a track-and-hold with a post amplifier. 
This configuration allows the front end sampler to operate at 
relatively low signal amplitudes. This results in dramatic 
improvement in both track and hold mode distortion while 
keeping power low. 


The gain-of-four output amplifier has been optimized for fast — 
and accurate large signal step settling characteristics even when 
heavily loaded. This amplifier’s fast Settling Time Linearity 
(STL) characteristic causes the amplifier to be transparent to the 
low signal level distortion of the sampler. When sampled, out- 
put distortion levels reflect only the distortion performance of 
the sampler. 


Dramatic SNR and distortion improvements can be realized 
when using the AD9101 with high speed flash converters. Flash 
converters generally have excellent linearity at dc and low fre- 
quencies. However, as signal slew rate increases, their perfor- 
mance degrades due to the internal comparators’ aperture delay 
variations and finite gain bandwidth product. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


REV. 0 


FUNCTIONAL BLOCK DIAGRAM 


CLOCK CLOCK RTN 


The benefits of using a track-and-hold ahead of a flash converter 
have been well known for many years. However, before the 
AD9101, there was no track-and-hold amplifier with sufficient 
bandwidth and linearity to markedly increase the dynamic per- 
formance of such flashes as the AD9002, AD9012, AD9020, and 
AD9060. 


A new application made possible by the AD9101 is direct IF- 
to-digital conversion. Utilizing the Nyquist principle, the IF 
frequency can be rejected, and the baseband signal can be recov- 
ered. As an example, a 40 MHz IF is modulated by a 10 MHz 
bandwidth signal. By sampling at 25 MSPS, the signal of inter-. 
est is detected. - | 

The AD9101 is offered in commercial and military temperature 
ranges. Commercial versions include the AD9101AR in plastic 
SOIC and AD9101AE in ceramic LCC. Military devices are 
available in ceramic LCC. Contact the factory for availability of 
versions in DIP and/or military versions. 


PRODUCT HIGHLIGHTS 
1. Guaranteed Hold-Mode Distortion 


2. 125 MHz Sampling Rate to 8 Bits; 50 MHz to 12 Bits 
3. 350 MHz Sampling Bandwidth | 

4. Super-Nyquist Sampling Capability 

5. Output Offset Adjustable 
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AD9101—SPECIFICATIONS | ge 
ELECTRICAL CHARACTERISTICS (Unless otherwise noted, +V, = +5 V, —V, = -52 V, Ra = 100 Q, mat = 60 2) 


Test AD9101 - 
Conditions Shea Level | Min Typ Max | Units 


Pichuicer : 


DC ACCURACY 
Gain 


Offset 


Output Resistance. 
Output Drive Capability 


PSRR 


Pedestal Sensitivity to Paciice Supply 
Pedestal Sensitivity to Negative Supply 


ANALOG INPUT/OUTPUT 
Output Voltage Range 
Input Bias Current 


Input Capacitance 
Input Resistance 


CLOCK/CLOCK INPUTS. | 
Input Bias Current 
Input Low Voltage (V,,)! 
Input High Voltage (Viz). 


TRACK MODE DYNAMICS 
Bandwidth (—3 dB) 


Slew Rate 


Overdrive Recovery Time? (to 0.1%) © 
Integrated Output Noise 
Input RMS. Spectral Noise @ 10 MHz 


HOLD MODE DYNAMICS 
Worst Harmonic (23 MHz, 50 MSPS) 
Worst Harmonic (48 MHz, 100 MSPS) 
Worst Harmonic (48 MHz, 100 MSPS) 
Worst Harmonic (48 MHz, 100 MSPS) 
Worst Harmonic (48 MHz, 125 MSPS) 
Sampling Bandwidth (—3 dB)? 
Hold Noise* (RMS) 


Droop Rate 


Feedthrough Rejection (50 MHz) 
TRACK-TO-HOLD SWITCHING 


Aperture Delay 
Aperture Jitter 
Pedestal Offset 


Transient Amplitude 
Settling Time to 4 mV 


Glitch Product? 


HOLD-TO-TRACK SWITCHING 
Acquisition Time to 0.1% 
Acquisition Time to 0.01% 


POWER SUPPLY 


+V. Current 
—Vg Current | 
Power Dissipation 


CL/CL = -1.0V 
Vin = 0.5 V p-p 


Vour =1 Vp-p | 
4 Volt Output Step 
Vin = +1 Vto0V 
(5 MHz-200 MHz) 


25°C 
25°C 
Full (Ind: ) 
Full (Mil.) 
25°C 

2% 

Full 

25°C 

Full 
Full — 


Vour = 2 V p-p 
Vout = 2 V p-p 

~Vour = 2 V Pp-Pp 

| 7 =2Vp-p 

Vour = 2 V p-p - 

Vin = 0.5 V p-p 


Vout = 2 V p-p 


25°C V 7 ns 
25°C IV ll 14 ons 


2 V Output Step 
2 V Output Step 
2 V Output Step 
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NOTES 


ADSI 01 


If the analog input exceeds +300 mV, the clock levels should be shifted as shown in the Theory of Operation section entitled ““Driving the Encode Clock.” 


Time to recover within rated error band from 160% overdrive. 


*Sampling bandwidth is defined as the —3 dB frequency response of the input sampler to the hold capacitor when operating in the sampling mode. It is greater 
than tracking bandwidth because it does not include the bandwidth of the output amplifier. 

‘Hold mode noise is proportional to the length of time a signal is held. For example, if the hold time (t,,) is 20 ns, the accumulated noise is typically 3 wV 
(150 mV/s x 20 ns). This value must be combined with the track mode noise to obtain total noise. 


°Total energy of worst case track-to-hold or hold-to-track glitch. 
Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS’ 

Supply Voltage (+Vs) ......0.2 ee eee —0.5 Vto +6 V 
Supply Voltage (—Vs) ..........200 00 —-6 V.to +0.5 V 
Analog Input Voltage... ....... 0... aos kf 
CLOCK/CLOCK Input ...............—-5 Vto +0.5 V 
Continuous Output Current* ............ ake Sg 70 mA 
Storage Temperature 
Operating Temperature Range 


Peles PNR S33 255 eg Bee el he ae Ee ee —40°C to +85°C 
SE. nace "2 hg ain oh We Rae ee Ge OD OO e125 
Junction Temperature (Ceramic)? .......0...00. +175°C 
Junction Temperature (Plastic)? ............... +150°C 
Soldering Temperature (1 minute)? ............. +220°C 


NOTES 

‘Absolute maximum ratings are limiting values to be applied individually, and 
beyond which the serviceability of the circuit may be impaired. Functional 
operability is not necessarily implied. Exposure to absolute maximum rating 
conditions for an extended period of time may affect device reliability. | 

Typical thermal impedances (no air flow, soldered to PC board) are as follows: 
Ceramic LCC: 6), = 48°C/W; 0,, = 9.9°C/W; Plastic SOIC: 0,, = 54°C/W; 
Bic = 7.3°C/W. 

3For surface mount devices, mounted by vapor phase soldering. Prior to vapor 
phase soldering, plastic units should receive a minimum eight hour bakeout at 
110°C to drive off any moisture absorbed in plastic during shipping or storage. 
Through-hole devices can be soldered at +300°C for 10 seconds. 

‘Output is short circuit protected to ground. Continuous short circuit may affect 
device reliability. 


Pin Description 


Description Connection 

] Gain Set Resistor Return* 

2 Gain Set Resistor Return* 

3 Bootstrap Capacitor (Positive Bias) 

4 +5 V Power Supply (Analog) 

5 +5 V Power Supply (Analog) 

6 Hold Capacitor Ground 

7 Hold Capacitor Ground 

8 +5 V Power Supply (Digital) 

9 +5 V Power Supply (Digital) 
10 True ECL T/H Clock 
1] Complement ECL T/H Clock 
12 —5.2 V Power Supply (Digital) 
13 —5.2 V Power Supply (Digital) 
14 No Connection 
15 Analog Signal Input 
16 Ground (Signal Return) 
17 —5.2 V Power Supply (Analog) 
18 —5.2 V Power Supply (Analog) 
19 Bootstrap Capacitor (Negative Bias) 
20 Analog Signal Output 


*See “Matching the AD9101 to A/D Encoders” in complete data sheet. Both 
pins should either be grounded or connected to voltage source for offset. 


REV. 


~ GND | 6| (Not to Scale) [15] V,. 


EXPLANATION OF TEST LEVELS 
Test Level 


I  — 100% production tested. 

II — 100% production tested at +25°C, and sample tested at 
specified temperatures. 

III — Periodically sample tested. 

IV — Parameter is guaranteed by design and chaniebavinon 
testing. 

V — Parameter is a typical value only. 

VI — All devices are 100% production tested at +25°C. 100% 


production tested at temperature extremes for 
extended temperature devices; sample tested at 
temperature extremes for commercial/industrial devices. 


ORDERING INFORMATION 


Temperature Package 
Range Description 


—40°C to +85°C Plastic SOIC 
—40°C to +85°C LCC 
53°C tof IZy-C LCC 


Package 
Option* 


AD9101AR 
AD9101AE 
AD9101SE 


*For outline information see Package Information section. 


PIN CONFIGURATIONS 


20-PIN LCC PACKAGE 
(E-20A) 


20-Pin SOIC 


+V AD9101 
" ie TOP VIEW 
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ANALOG 
DEVICES 


CMOS Quad 
__Sample-and- Hold Amplifier 


FEATURES 


Four Independent Sample-and-Holds | 
Internal Hold Capacitors - 
High Accuracy — 12-Bit 

Very Low Droop Rate (2mV/s Typ) 

. Output Buffers Stable for C, < 500pF 
TTL/CMOS Compatible Logic Inputs 
Single or Dual Supply Applications — 
Monolithic Low Power CMOS Design 


APPLICATIONS | 


Signal Processing Systems | ! 
Multichannel Data Acquisition Systems ee 
Automatic Test Equipment : 
Medical and Analytical Instrumentation 
Event Analysis 

DAC Deglitching 


ORDERING INFORMATION ' 
7 ss - PACKAGE 


. OPERATING 
PLASTIC . -CERDIP . TEMPERATURE 
16-PIN | — 16-PIN RANGE | 
= SMPO4AQ/883* MIL 
SMPO4EP SMPO04EQ XIND 
SMPO4EsStt — XIND 


Consult factory for 883 data sheet. 

Burn-in is available on extended industrial temperature range parts in CerDIP 
and plastic DIP packages. — 

tt For availability and burn-in information on SO perneues contact your local 
sales office. _ 


+> 


PIN CONNECTIONS 


-16-PIN CERDIP 
(Q-Suffix) 


_ 16-PIN PLASTIC DIP 


(P-Suffix) 


16-PIN SO 
(S-Suffix) 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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GENERAL DESCRIPTION 


The SMP-04 is a monolithic quad sample- re pola it has four 
internal precision buffer amplifiers and internal hold capacitors. 

It is manufactured in PMI's advanced oxide isolated CMOS 
technology to obtain high accuracy, low droop rate and fast ac- 
quisition time required by data acquisition and signal processing 
systems. The device can acquire an 8-bit input signalto+1/2 LSB 


__ inless than seven microseconds. The SMP-04 can operate from 


single or dual power supplies with TTL/CMOS logic compatibil- 
ity. Its output swing includes the negative supply. 


The SMP-04 is ideally suited for a wide variety of sample-and- 


hold applications including amplifier offset or VCA gain adjust- 


ments. One or more can be used with a single or es DACs 
to provide multiple set points within:a system. 


The SMP-04 offers significant cost and size reduction over 
equivalent module or discrete designs. It is available in a 16-pin 
hermetic or plastic DIP and surface mount SOIC packages. It is 


_ specified over the extended industrial temperature range of 


—40°C to +85°C. See SMP- 04/883 data sheet for-55°C to +125°C 


specifications. 


FUNCTIONAL DIAGRAM 


REV. B 


ABSOLUTE MAXIMUM RATINGS (T, = +25°C unless other- ence ae Gen ta ee 
JA 


wise noted) EE CON eet tee eae 5 OTE s PONE ES 
NV 10 DGIN ID cae et oie Beasts -0.3V, 17V ence i ue eS 
W lO Vicks alten often ties Ee oaenner were -0.7V, 17V 16-Pin Plastic DIP (P) 76 33 _ °C 
Mi eeig 1: IN D iwtiessecantsetnstacanrerts sownvopede olen udiananes —0.3V, V,, 16-Pin SO (S) 92 27 °C/W 
Vii tO DI GIN ses cases es seas vasa veh wcteneeneadt ea tea onan batapa cles Vee Van NOTE: 
V TOO CAIN sexsi a ae eh elect V V 1. ©,, is specified for worst case mounting conditions, i.e., ©,, is specified for device 
perio 0) C]) |b erence ere ree ere te eee eer V as 
Anaidao C t - A in socket for CerDIP and P-DIP packages; 0. is specified for device soldered 
nalog utput urren Revudeacscrdetonsiuia elena chacadideusteneuetcs. +20m to printed circuit board for SO package. 
(Not short-circuit protected) | CAUTION: ; 
Digital Input Voltage to DGND ........ —0.3V, V,, +0.3V 1. Stresses above those listed under “Absolute Maximum Ratings" may cause 
Operating Temperature Range Sento esis oe sue is a one only ae 
ARS re operation at or above this specification is not implied. Exposure to the above 
EQ, EP, ES eee ee ee ee ee ears = C to mabe maximum rating conditions for extended periods may affect device reliability. 
AQ sesseesueeaeeeneeaeeaneencenetsnconcenteonsenneansensenacsnstn —55°C to +125 C 2. Digital inputs and outputs are protected; however, permanent damage may 
Junction Temperature 2.0.0.0... ccececeeeseeesesseesseesssssesseeees +150°C occur on unprotected units from high-energy electrostatic fields. Keep units in 
Storage Temperature ............ccccccccccccceeeeeeseees —65°C to +150°C » conductive foam or packaging at ail times until eae to use. Use proper anti- 


Lead Temperature (Soldering, 60 S@C) .....ccccccscseseseseee +300°C Stale haneyng procedures: 
3. Remove power before inserting or removing units from their sockets. 


ELECTRICAL CHARACTERISTICS at V,, = +12.0V, V.= DGND = OV, R, = No Load, T, = Operating Temperature Range 
specified in Absolute Maximum Ratings, unless clherwise specie. 


SMP-04 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 
Linearity Error - 0).01 a %o 
Buffer Offset Voltage Vos Vin = 6V -10 +2.5 +10 ‘ mV 
Hold Step Vas Viy = 6V — = 4 4 mv 
Droop Rate AV/At Viy = OV, Ty = +25°C - 2 28 ms 
Output Source Current lsource Vin = 8V (Note 1) 1.2 - : is mA 
Output Sink Current link Vin = 6V (Note 1) 0.5 = ~ mA 
Output Voltage Range | OVR a ae | | She : - an: -. NM 
LOGIC CHARACTERISTICS 
Logic Input High Voltage INH 2.4 - # V 
Logic input Low Voltage Vine - —_ 0.8 
Logic Input Current IN - 0.5 1 WA 
DYNAMIC PERFORMANCE (Note 2) 
Acquisition Time th T, = +25°C, 0 to 10V step to 0.1% - 7 _ us 
Acquisition Time ty T, = +25°C, 0 ta 10V step to 0.01% - 9 - us 
Hold Mode Settling Time ty To 1mV - 1 _ us 
Slew Rate SR R, = 20kQ (Note 3) 3 | 4 _ V/us 
Capacitive Load Stability C, <30% Overshoot - 500 - pF 
Analog Crosstalk | 0 to 10V step ~ -80 dB 
SUPPLY CHARACTERISTICS | 
Power Supply Rejection Ratio PSRR 10.8<V),< 13.2V 60 75 _ dB 
Supply Current lop . _ 4 7 mA 
Power Dissipation Pos = . - 84 mw 

NOTES: 

1. Outputs are capable of sinking and sourcing over 20mA but linearity and offset 3. Slew rate is measured in the sample mode with a 0 to 10 volt step from 20 to 

‘are guaranteed at specified load levels. 80%. 
2. Allinput control signals are specified with t, = t¢ = 5ns (10% to 90% of +5V) and 


timed from a voltage level of 1.6V. 
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SMP04 


ELECTRICAL CHARACTERISTICS atv, p=+5.0V, V..=—5.0V, DGND =0.0V, R, =No Load, T oo cae Range — 
specified in Absolute Maximum Ratings, unless otherwise specified. | 


my | 7 a SMP-04 » & over 
PARAMETER - SYMBOL | “CONDITIONS — . . MIN | TYP MAX UNITS 
Linearity Error | ae a) . 01 — . ™ 
Buffer OffsetVoltage Vogt Viy = OV | | _ ~10 42.5 10 mV 
Hold Step . Vus : Vin = OV | . - -1 | +4 | —omv 
Droop Rate AV/At | Viy =OV,T, = +25°C = os 2 25 : “mV/s 
Output Resistance <8 Rea | oe oo | oe 1 | - Q 
Output Source Current oti Hagaaes Vy = OV (Note 1) | . 1.2 ~ - mA 
Output Sink Current eae Viy = OV (Note 1) 0.5 - = mA 
Output Voltage Range -. OVR | Re 20kQ 2 -3.0 - 43.0. | V 
LOGIC CHARACTERISTICS 
Logic input High Voltage Viva . 2.4 .# - V 
Logic input Low Voltage Vii: : . - - 0.8 V 
Logic Input Current se hw ; - 0.5 . 1. "pA 
DYNAMIC PERFORMANCE (Note 2) . 
AcquisitionTime | | ty -3 to +3V step to 0.1% | - 7 - ps 
AcquisitionTime t .  .  ..  =810 +3V step to 0.01% | & 9 ee : ys 
Hold Mode Settling Time ky To 1mV | - a - us 
Slew Rate SR R, = 20kn (Note 3) ae S 3 - Vis 
Capacitive Load Stability C, <30% Overshoot . oo _ §00 _ . - 4 pF 
SUPPLY CHARACTERISTICS | as 
Power Supply Rejection Ratio PSRR  — 45<V,)<+6V 8 60 75 os dB 
Supply Current ere . ae, . - 3.5 5.5 mA 
Power Dissipation . Pos | . - - - 55° = mW 
NOTES: 

1. Outputs are capable of sinking and sourcing over 20mA but linearity and offset . 3. Slew rate is measured in the sample mode with a-3 to +3 voit step from 20 to 

are guaranteed at specified load levels. 80%. 


2. Alli input control signals are specified with t, =t¢ = 5ns (10% to 90% of +5V) and . 
timed from a voltage level of 1.6V. 
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ANALOG 
DEVICES 


Octal Sample-and-Hold 
with Multiplexed Input 


oe SMPO08 


FEATURES 


Internal Hold Capacitors 

Low Droop Rate | : 

TTL/CMOS Compatible Logic Inputs 
Single or Dual Supply Operation 
Break-Before-Make Channel Addressing 
Compatible With CD4051 Pinout 

Low Cost 


APPLICATIONS 


Multiple Path Timing Deskew for A.T.E. 
Memory Programmers 

Mass Fiow/Process Control Systems 
Multichannel Data Acquisition Systems 
Robotics and Control Systems 

Medical and Analytica! Instrumentation 
Event Analysis 

Stage Lighting Control 


ORDERING INFORMATION ! 


PACKAGE: 16-PIN DIP/SO 


CERDIP PLASTIC 
16-PIN 16-PIN 


TBA* - MIL 
SMP08FQ SMPO8FP XIND 
- SMPO8FS XIND 


OPERATING 
TEMPERATURE 
RANGE 


e 


Consult factory for 883 data sheet. a 
t Burn-inis available on industrial temperature range parts in CerDIP and plas- 
tic DIP packages. 


PIN CONNECTIONS | 


CH, OUT [1] 116] Vp 16-PIN CERDIP 
CH, OUT [2] 115] CHp OUT (Q-Suffix) 

INPUT [3] 114] CH, OUT . 
CH, OUT [4 13] CHo OUT 16-PIN EPOXY DIP 
CHs OuT [| 142] CH3 OUT (P-Suffix) . 

INH [6 | 111] ACONTROL 
ss 7] 10] BCONTROL 16-PIN SO 

DGND [6, ro} C CONTROL (S-Suffix) 


GENERAL DESCRIPTION 


The SMP-08 is a monolithic octal sample-and-hold; it has eight 
internal buffer amplifiers, input multiplexer, and internal hold 
capacitors. It is manufactured in an advanced oxide isolated 

CMOS technology to obtain high accuracy, low droop rate, and 


Manufactured under the following U.S. patent: 4,739,281 


fast acquisition time. The SMP-08 has a typical linearity error of 
only 0.01% and can accurately acquire a 10-bit input signal to 
+1/2 LSB in less than seven microseconds. The SMP-08's out- 
put swing includes the negative supply in both single and dual 
supply operation. 


The SMP-08 was specifically designed for systems that use a 
calibration cycle to adjust a multiple of system parameters. The 
low cost and high level of integration makes the SMP-08 ideal 
for calibration requirements that have previously required an 
ASIC, or high cost multiple D/A converters. 


The SMP-08 is also ideally suited for a wide variety of sample- 
and-hold applications including amplifier offset or VCA gain ad- 
justments. One or more SMP-08s can be used with single or 
multiple DACs to provide multiple set points within a system. 


The SMP-08 offers significant cost and size reduction over 
discrete designs. It is available in a 16-pin hermetic or plastic 
DIP, or surface mount SOIC package. 


FUNCTIONAL DIAGRAM 


(LSB) (MSB) 
B Cc 


INPUT A INH 


3 ah) 10 9 6 


: 0 DGND 
1 OF 8 DECODER _ 
© Vop. 


a eee a >, eer 
LLL sw] ip 14 5 cH, OUT 
LLLLLL j > 13 6 CHz OUT 
Til i be. 12 CH3 OUT 
Laan LL > 14 CH, OUT 
ial TTT |. > 2 CHg OUT 
EEL - 4 CH; OUT 

HOLD CAPS 
(INTERNAL) > 
Vss 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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SMPOB 


ABSOLUTE MAXIMUM RATINGS (Note 1) | 
to DGND........... ppusts stake ceeaueeereas senna tes choices ..-0.3V,17V NOTES: 


V 
‘" DD 
V spy NOs Misses oars eeecesattoncedns coeseuecterbendectes nceacceneGrasseeccses —0.3V,17V 1. peaaiel maximum ratings apply to both DICE and packaged parts, unless 
V o > DGND ice Peart einen Re cn ite -0.3V, V piere Pers: 
yo ' IG GND V sia _ 2. @, isspecified for worstcase mounting conditions, i.e.,@., is specified for device 
IN Oo COOH OHSES TS EE SHS SHOHH SCARE SER EHESSOSOREOHSS ETOH SESE OL ESESESEEED OE ss’ DD ome in socket for CerDIP and p- DIP packages; @ A is specified for device soldered 
Vou 7 to DGND seeeereneeserareesscaesoccsnecsecasencesenes seteeeeseeeneees Views Voo to printed circuit board for SO package. 
Analog Output Current eaautaceiees sept saweaans pd tum wedacg +20mA Baers: 
(Not short-circuit protected | | 
O ting Temperature Ran a (I eT xe P i. ) 1. Stresses above those listed under “Absolute Maximum Ratings” may cause 
perating emp inge — ere permanent damage to the device. This is a'stress rating.only and functional 
FP, PS. ccusstunieutscisudstecsseatssnneda vtatiecooiecas —40 C to +85 C operation at or above this specification i is not implied. Exposure to the above 
Junction Temperature...............ccscssscsnsessrsesecesecesessessees +150°C maximum rating conditions for extended periods may affect device reliability. 
Storage Temperature ..............ce Seisacudoeees —65°C to +150°C 2. Digital inputs er robe heat neeeyes wa esl webleic my 
. . i. 6 occur on unprotected units from high-energy electrostatic fields. Keep units in 
Lead Temperature (Soldering, 60 sec) SR yee +300°C conductive foam or packaging at all times until ready to use. Use proper anti- ~ 
Static handling procedures. 
PACKAGE TYPE » On (Note 2) Src . ,UNITS 3. Remove power before inserting or removing units from their sockets. 
16-Pin Hermetic DIP (Q) ; 94 12 °C/W 
16-Pin Plastic DIP (P) 7%6.—~C~—“‘X | °C/W 
16-Pin SO (S) : 92 a; ae °C/W 


ELECTRICAL CHARACTERISTICS at V,, = +5V, Veg = -5V, DGND = OV, R, = No Load, T, = —40°C to +85°C for SMP-08F, 
unless otherwise noted. | | 


SMP-08F 
PARAMETER SYMBOL CONDITIONS ‘ MIN © TYP MAX UNITS 
Linearity Error -3V <Vin 3 +3V 7 . . —_— 0.01 | — % 
Buffer Offset Voltage Vos oe ae : 7 _ | - i 3 “mV . 
Hold Step | | Vas Vin = OV 5 es | = “poet 4 mV 
Output Sink Current ‘ lean Vin = OV (Note 1) 05 | Lee - om mA 
‘OuiputVoltageRange ss isti(‘é ROK... OOO 
LOGIC CHARACTERISTICS 
Logic Input High Voltage Vin 2.4 — _ 
‘Logicinputlowvoltage CV tCi(‘i‘s™*™*S*SSSS ee OB 
Logic Input Current. In Viy = 2-4V — 0.5 4 pA 
DYNAMIC PERFORMANCE (Note 2) | | 
Acquisition Time tye T, = #25°C, -3V to +3V 100.1% oe oes 7 _ us 
Hold Mode Settling Time ane To + ImV of Final Value : | = 4 = us 
Channel Select Time . tei | | , oo — 90 — ons 
Channel Deselect Time toes < = | = 45 = ns 
Inhibit Recovery Time ote —_ 90 1 stet, e, ns 
Slew Rate —— SR ee | - 3. — | Vius 
Capacitive Load Stability | sO _  <30% Overshoot xe _— 500. “~ - .. pF 
Analog Crosstalk Oo | 7 | -3V to +3V Step | o = ws —_ -720° _ dB 


6-32 SAMPLE/TRACK:HOLD: AMPLIFIERS REV. B 


SMP08 


ELECTRICAL CHARACTERISTICS at Vop = +5V, Veg = -5V, DGND = OV, R, = No Load, T, = —40°C to +85°C for SMP-O8F, 
unless otherwise noted. Continued 


SMP-08F 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

SUPPLY CHARACTERISTICS 
a 

Power Supply Rejection Ratio PSRR V, =+5V to t6V 60 75 — dB 

T= +25°C — 5.5 7.5 
Supply C t A 
pe ne 'oo -40°C sT, < +85°C _ 75 9.5 = 
NOTES: 
1. Outputs are capable of sinking and sourcing over 20mA but offset is guaran- 2. Allinput control signals are specified with t= t= 5ns (10% to 90% of +5V) and 
teed at specified load levels. timed from a voltage level of 1.6V. 


ELECTRICAL CHARACTERISTICS at Vop = +1 av, Vog = OV, DGND =OV, R, x NoLoad, T,=—40°C to +85°C for SMP-O8F, unless 
otherwise noted. 


SMP-08F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 
Linearity Error 60MV s Vin Ss 10V _ 0.01 — % 
Buffer Offset Voltage Vos y e: a Zope = | | = iA mV 
Hold Step Vus Vin =6V —ae 1 4 mV 
Droop Rate AV,,,/At T A= +25°C, Vin =6V — 2 20 mV/s 
Output Source Current lesunee | Vy = SV (Note 1) 1.2 —_ a mA 
Output Sink Current Hea Vi = 6V (Note 1) 0.5 —- wee | mA 
Output Voltage Range : a | _ oe | | : = - ee . V 
LOGIC CHARACTERISTICS | 
Logic Input High Voltage Mii | 2.4 . — —_ V 
Logic Input Low voltage Vint — — 0.8 V 
Logic Input Current I Vin = 2-4V — 0.5 1 
DYNAMIC PERFORMANCE (Note 2) 

Acquisition Time ee T,=+25°C, O10 10V100.1% = | _~ 9 = ps 
Hold Mode Settling Tim te To + 1mV of Final Value . — 1 _— . BS 
Channel Select Time tow — 90 —_ ns 
Channel Deselect Time lene . | — 45 — . ns 
Inhibit Recovery Time tr —_— | 90 — ns 
Slew Rate . SR R, =20kQ (Note 3) 3 4 — V/ps 
“CapacitiveLoad Stability | <80%Overshoot =  — SOO  — pF 
Analog Crosstalk 0 to 10V Step — -72 —_ dB 
SUPPLY CHARACTERISTICS | 
Power Supply Rejection Ratio PSRR 10.8V sV,, $ 13.2V 60 75 — dB 
sa Cre “ ae . 2.2 * 
NOTES: 


a 


. Outputs are capable of sinking and sourcing over 20mA but offset is guaran- 
teed at specified load levels. 

Allinputcontrol signals are specified with t, = t = Sns (10% to 90% of +5V) and 
timed from a voltage level of 1.6V. 

Slew rate is measured in the sample mode with a 0 to 10V step from 20% to 
80%. 


2 


& 
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ANALOG _ 
DEVICES © 


_ FEATURES 
High Speed Version of SMP-08 
Internal Hold Capacitors 
‘Low Droop Rate | 
TTL/CMOS Compatible Logic Inputs 
Single or Dual Supply Operation ) 
Break-Before-Make Channel Addressing 
Compatible With CD4051 Pinout 
' Low Cost | 


~ APPLICATIONS 
Multiple Path Timing Deskew for A.T.E. 
Memory Programmers A 
Mass Flow/Process Control Systems 
Multichannel Data Acquisition Systems 
- Robotics and Control Systems 
Medical and Analytical Instrumentation 
Event Analysis 
Stage Lighting Control 


GENERAL DESCRIPTION 7 
The SMP-18 is a monolithic octal sample-and-hold; it has eight 
internal buffer amplifiers, input multiplexer, and internal hold 
capacitors. It is manufactured in an advanced oxide isolated 
CMOS technology to obtain high accuracy, low droop rate, and 
fast acquisition time. The SMP-18 has a typical linearity error of 
only 0.01% and can accurately acquire a 10-bit input signal to 
-+1/2 LSB in less than 2.5 microseconds. The SMP-18’s output 
swing includes the negative supply in both single and dual sup- 
ply operation. | 


The SMP-18 was specifically designed for systems that use.a 
calibration cycle to adjust a multiple of system parameters. The 
low cost and high level of integration make the SMP-18 ideal for 
calibration requirements that have previously required an ASIC, 
or high cost multiple D/A converters. - 

The SMP-18 is also ideally suited for a wide variety of sample- 

~ and-hold applications including amplifier offset or VCA gain 
‘adjustments. One or more SMP-18s can be used with single or 
multiple DACs to provide multiple set points within a system. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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Octal Sample-and-Hold 
with Multiplexed Input 
 §MP18 


FUNCTIONAL BLOCK DIAGRAM 


(LSB) (MSB) 
B Cc 


INPUT A INH 


HOLD CAPS 
(INTERNAL) 


SMP-18 


The SMP-18 offers significant cost and size reduction over dis- 
crete designs. It is available in a 16-pin hermetic, plastic DIP or 
narrow body SO-16 surface-mount SOIC package. The SMP-18 
is a higher speed direct replacement for the SMP-08. 


REV. A 


SPECIFICATIONS 


SMP 18 


(@ Vop = +5V, Vos = —5V, DGND = OV, R, = No Load, T, = —40°C to +85°C for 


ELECTRICAL CHARACTERISTICS SMP-18F, unless otherwise noted) 


Parameter 


Linearity Error 
Buffer Offset Voltage 


Hold Step 

Droop Rate 

Output Source Current 
Output Sink Current 
Output Voltage Range 


LOGIC CHARACTERISTICS 
Logic Input High Voltage 
Logic Input Low Voltage 
Logic Input Current 


DYNAMIC PERFORMANCE? 
Acquisition Time 
Hold Mode Settling Time 
Channel Select Time 
Channel Deselect Time 
Inhibit Recovery Time 
Slew Rate 
Capacitive Load Stability 
Analog Crosstalk 


SUPPLY CHARACTERISTICS 
Power Supply Rejection Ratio 
Supply Current 


NOTES 


Sia Min Typ Max | Uni 


—-3V<V,y = 1+3V % 


T, = +25°C, Vin = OV mV 
—40°C = Ty, = +85°C, Vy = OV mV 
Vin =0V mV 
Ta, = +25°C, Vin = OV mV/s 
IsouRcE Vin = 0V? mA 
Iginx Vin = 0V' mA 
R, = 20 kQ V 


T, = +25°C, —-3 Vto +3 V to 0.1% 
To +1 mV of Final Value 


<30% Overshoot 
—3 Vto +3 V Step 


PSRR Veg = +5 V to +6V dB 
Ls, T, = +25°C mA 
—40°C = T, = +85°C mA 


_ ‘Outputs are capable of sinking and sourcing over 10 mA but offset is guaranteed at specified load levels. 
?All input control signals are specified with t, = t; = 5 ns (10% to 90% of +5 V) and timed from a voltage level of 1.6 V. 


Specifications subject to change without notice. 


(@ Voy = +12 V, Veg = OV, DGND = OV, R, = No Load, T, = —40°C to +85°C for 


ELECTRICAL CHARACTERISTICS SMP-18F, unless otherwise noted) 


Parameter 


Linearity Error 
Buffer Offset Voltage 


Hold Step 

Droop Rate 

Output Source Current 
Output Sink Current 
Output Voltage Range 


LOGIC CHARACTERISTICS 
Logic Input High Voltage 
Logic Input Low Voltage 
Logic Input Current 


DYNAMIC PERFORMANCE?’ 
Acquisition Time 
Hold Mode Settling Time 
Channel Select Time 
Channel Deselect Time 
Inhibit Recovery Time 
Slew Rate? 
Capacitive Load Stability 
Analog Crosstalk 


REV.A 


60 mV < Vin = 10V 


ee = ape OF Vin = 6 V mV 
—40°C = T, = +85°C, Vin = 6V mV 
Vin = 6V mV 
Ta = +25°C, Vin = 6V mV/s 
IsourcE Vin = 6V! ma 
Isink Vin = 6 V' mA 
R, = 20 kO V 
R, = 10 k0 V 


T, = +25°C, 0 to 10 V to 0.1% 
To +1 mV of Final Value 


<30% Overshoot 
0 to 10 V Step 
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SMP18 


Parameter 


SUPPLY CHARACTERISTICS 
Power Supply Rejection Ratio 
Supply Current 


NOTES 


Sym 


avers. < 13.2 V 
T, = +25°C 
—40°C < T, = +85°C 


dB 


1Outputs are capable of sinking and sourcing over 10 ak but offset is guaranteed at specified load levels. 
?All input control signals are specified with t, = == 5 ns (10% to 90% of +5 V) and timed from a voltage level of 1.6 V. 


3Slew rate is measured in the sample mode with a0 to 10 V step from 20% to 80%. 


Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS! 


Nskto DGND: sue ice ene a hema tat ~0.3V,17V 
NMBNO-Vece daurierare ton ee ee ce ee ~0.3V,17V 
Vion (0 DGND: 4.4% <2ko4539 hone sere —0.3 V, Vpp 
Vig tO DGND: 623 Siee hed tigi ahe poate Voss Vip 
Visi (0: DGND sab oo eh Ha Seas nS eae S Ves: Vop 
Analog Output Current ..............200005 +20 mA 


(Not short-circuit protected) 
Operating Temperature Range : 


PO EP. Pos 24446404460 2o00 eae —40°C to +85°C 
Junction Temperature ....... ee See ree ee + 150°C 
Storage Temperature ................ —65°C to + 150°C 
Lead Temperature (Soldering, 60 sec) ........... + 300°C 
CAUTION 


‘Package Type 


16-Pin Hermetic DIP (Q) 
16-Pin Plastic DIP (P) 
16-Pin SOIC (S) 


NOTES 

‘Absolute maximum ratings apply to both DICE and sacked parts, unless 
otherwise noted. 

70,4 is specified for worst case mounting conditions, i.e., 6), is specified for 
device in socket for cerdip and plastic DIP packages; 0,4 is specified for 
device soldered to printed circuit board for SOIC package. 


1. Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to 
the device. This is a stress rating only and functional operation at or above this specification is not 


implied. Exposure to the above maximum rating conditions for extended periods may affect 


device reliability. 


2. Digital inputs and outputs are protected; however, permanent damage may occur on unprotected 
units from high-energy electrostatic fields. Keep units in conductive foam or packaging at all 
times until ready to use. Use proper antistatic handling procedures. 


WARNING! 


ESD SENSITIVE DEVICE 


3. Remove power before inserting or removing units from their sockets. 


PIN CONNECTIONS 


CH, OUT 
CH, OUT 
INPUT | 


CH, OUT 


TOP VIEW 
(Not to Scale) 


CH, OUT 
INH '11| A CONTROL 
110) BCONTROL | 


9] CCONTROL 


Vss 
DGND 
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SMP18FS 


ORDERING GUIDE 


Temperature 
- Range 


—40°C to +85°C 
—40°C to +85°C 
—40°C to +85°C 


Package 
Description 


SMP18FQ | 
SMP18FP 


Cerdip. 
Plastic DIP 
SO-16 


NOTES 
1Consult factory for 883 data sheet. 
?For outline information see Package Information section. 
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SYAXATdKILINN GNV SAHILIMS c-L 


Selection Tree — Switches 


OVERVOLTAGE 
PROTECTED 


4 SPST 


SW06 (LF 11333 Pinout) 


* ADGxxx/xxx/xxx = 4 Normally closed /4 Normally open/ 
2 Normally open/2 Normally closed 


ANALOG SWITCHES 
DIELECTRICALLY 
ISOLATED CMOS 

Low Power | i) # 
+15 V++4+5V Rails | : 


4 SPST Pe ee 
ADG431/432/433 (27 Q) 

ADG411/412/413 G5Q) 
ADG444.-———S—«(100.Q) | 


ADG419 — 


Low Power +15 Vv: 


ADG441/442_ 


43VRail | 


ADG511/512/513 (50 Q) 


CMOS SWITCHES = 
+15V,+5VRAILS. |... 


‘4SPST) =| 


ADG201A/202A (902) — 
ADG211A/212A (115 Q)- 
ADG201HS_ (50.9) 


- AUDIO 


“CLICKLESS” 


SSM2402 (2 SPST) 
SSM2404 (4 SPST) 


E-L SYAXATdILINW GNV SAHILIMS 


SEIEGUUT ITee — MUITIPIeEXers 


OVERVOLTAGE 
PROTECTED 


= ‘FET | 
-_ Single Ended 


~ MUX08 (8-Ch, 300 Q) 
_. MUX16 (16 Ch, 380 Q) 


| Differential 


MUX24 (4 Ch, 300 Q) 
MUX28 (8 Ch, 380 Q) 


CMOS 
Single Ended 


ADG508F (8 Ch, 300 Q) 


Single Ended Latched 


ADG528F (8 Ch, 300 Q) 


Differential 


ADGS509F (4 Ch, 300 Q) 


ANALOG 
MULTIPLEXERS 


_ CMOS : 


Single Ended | 


ADG408 (8 Ch, 100 Q) 
ADG508A (8 Ch, 300 Q) 
ADG406. (16 Ch, 100 Q) 


Differential | 


ADG409 (4Ch, 100 Q) 
ADG509A (4 Ch, 300 Q) 
ADG407__ (8 Ch, 100 Q) 


VIDEO 


AD9300 (4 Ch) 


AD810* 
AD813** 


Differential Latched 


Single Ended Latched 


ADG428 (8 Ch, 100 Q) 
ADG426 (16 Ch, 100 Q) 


Differential Latched 


ADG429 (4 Ch, 100 Q) 


ADG529F (4 Ch, 300 Q) 


* Single Op Amp with Disable Function 
** Triple Op Amp with Disable Function 
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Selection Guides—Switches and Multiplexers 


CMOS Switches 


Leakage Ron 
. Current Ohms Package Temp 
Model Function nA max max Latched Options? Ranges” Comments Page® 
ADG411 Quad SPST (0.25 35 N, Q, R ILM Second Source to DG411, Dielectrically Isolated 7-36 
ADG412 Quad SPST 0.25 355 N, Q, R I,M — Second Source to DG412, Dielectrically Isolated 7-36 
ADG413 Dual SPDT 0.25 35 N,R . I SPDT Logic Version 7-36 
ADGSI1 Quad SPST 0.25 — 50 _ N, Q, R I, M Specified at 3 V/5 V Supplies . 7-78 
ADG512 Quad SPST 0.25 50 N,Q, R I, M Specified at 3.V/5 V Supplies 7-78 
ADGS13.  #$DualSPDT 0.25 50 N,R I SPDT Logic Version — 7-78 
ADG441_. Quad SPST = 0.25 85 N,Q, R I,M Second Source to DG441, Upgrade for DG201A/ADG201A, 7-64 
. . Dielectrically Isolated 
ADG442 Quad SPST = 0.25 85 N, Q, R I,M Second Source to DG442, Upgrade for DG202A/ADG201A, 7-64 
7 - Dielectrically Isolated 
ADG444 Quad SPST 0.5 80 N, Q, R TM Superior Second Source to DG444, Dielectrically Isolated, 7-64 
| Upgrade for ADG211A 
ADG419 SPDT 0.25 35 N, Q, R ILM Mini-DIP SPDT Switch - 7-44 
ADG431 Quad SPST 0.25 24 N, Q, R I,M -Improved Replacement for DG411 7-56 
ADG432 Quad SPST 0.25 24 N, Q,R IM Improved Replacement for DG412 7-56 
ADG433 Dual SPDT 0.25 24 N, R I SPDT Logic Version 7-56 
ADG201HS QuadSPST 1 50 E, N, P,Q, R C,I,M/, High Speed Quad Switch, 44 V Supply Maximum Rating: 7-14 
ADG201A Quad SPST 1-2 90 E,N,P,Q,R — C,I, M/ 44 V Supply Maximum Ratings 7-10. 
ADG202A ' Quad SPST 1-2 —690 E, N, P, Q,R C, I, M/ 44 V Supply Maximum Ratings - F-10 
ADG221 ~ Quad SPST 1-2 90 X E,N,P,Q,R C, I, M/ Latched Input, 44 V Supply Maximum Ratings — CIT 5-65 
ADG222 Quad SPST 1-2 . 90 ».4 N, P,Q, R C, I, M/ Latched Input, 44 V Supply Maximum Ratings CII 5-65 
AD7510DI Quad SPST 5-10 100 N, P,Q,R C, M/, DiCMOS, Dielectrically Isolated CII 5-17 
AD7511DI Quad SPST 5-10 _ 100 N, P,Q, R C, M/p DiCMOS, Dielectrically Isolated —_ | CII 5-17 
AD7590DI..  QuadSPST 5. © 9% Xx N, P,Q,R C, 1, M/p DiCMOS, Latched Input, Dielectrically Isolated = CII 5-25 
AD7591DI Quad SPST 5 90 xX N, P, Q,R C, I, M/ DiCMOS, Latched Input, Dielectrically Isolated CIT 5-25 
SSM2404 — Quad SPST 20 . 45 N,R I ““Clickless” Quad Audio Switch (CBCMOS) 14-37 . 
ADG211A Quad SPST 5 . 115 N, P, R Cc Low Cost, 44 V Supply Maximum Ratings 7-18 
ADG212A Quad SPST 5 115 N, P, R Cc Low Cost, 44 V Supply Maximum Ratings | 7-18 | 
AD7512DI - Dual SPDT 5-10 100 E, N, P, Q C, M/p -DiCMOS, Dielectrically Isolated CII 5-17 
AD7592DI_ _. Dual SPDT 5 90 D4 E, N, P, Q C, M/ DiCMOS, Latched Input, Dielectrically Isolated CIT 5-25 


‘Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; J = J-Leaded Ceramic Package; 

M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline “SOIC” Package; RS = SSOP—Shrink Small Outline Package; S = Plastic 
Quad Flatpack; ST = Thin Quad Flatpack; T = TO-92; U = TSOP—Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In-Line “SIP” Package; Z = Ceramic Leaded Chip Carrier. 
?Temperature Ranges: C = Commercial, 0°C to +70°C; I = Industrial, —40°C to +85°C (Some older products —25°C to +8°C); M = Military, —55°C to +125°C. If a device has military grade offerings, the M 
temperature designator will be followed by: / to indicate 883B, , for JAN, , for SMD, and ,g for space | level. 

3CII = Data Converter Reference Manual, Volume IT. All other entries a to this volume. 
Boldface Type: Data sheet information in this volume. — 
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Bipolar JFET Switches 


Leakage Ron : 
Current Ohms Package Temp 


Model Function nA max max Options’ Ranges” Comments : Page® 
SW06 Quad SPST 2.0 80 E, N, P, Q I, M/y Improved LF11333/13333, Configures to 2X SPDT & DPDT 7-93 
SW201 - Quad SPST 10.0 150 N,R I, M/ Improved Low Cost DG201 CII 5-161 
SW202 Quad SPST 10.0 150 N,R I Improved Low Cost DG202 CII 5-161 
SSM2402 Dual SPST 10.0 85 N,R I “Clickless” Bilateral Audio Switch 14-37 
SSM2412 Dual SPST 10.0 85 N,R I Fast, Dual Audio Switch 14-34 


‘Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; J = J-Leaded Ceramic Package; 

M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline “SOIC” Package; RS = SSOP—Shrink Small Outline Package; § = Plastic 
Quad Flatpack; ST = Thin Quad Flatpack; T = TO-92; U = TSOP—Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In-Line “SIP” Package; Z = Ceramic Leaded Chip Carrier. 
Temperature Ranges: C = Commercial, 0°C to +70°C; I = Industrial, —40°C to +85°C (Some older products —25°C to +85°C); M = Military, —55°C to +125°C. If a device has military grade offerings, the M 
temperature designator will be followed by: / to indicate 883B, , for JAN, , for SMD, and g for space level. 

3CII = Data Converter Reference Manual, Volume II. All other entries refer to this volume. 

Boldface Type: Data sheet information in this volume. 
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Selection Guides— Switches and Multiplexers 


CMOS Multiplexers 


Model 


AD75019 
ADG406 
ADG426 
ADG428 
ADGS506A 


~ADG526A 


ADG407 

ADG429 

ADG507A 
ADG527A 
ADG408 

ADGS508A 
ADGS508F 
ADG528F 
ADG528A 
ADG409 

ADG509A 
ADG509F 
ADG529F 
ADG529A 


Bipolar JFET Multiplexers 


Video Multiplexer 


Model 
AD9300 


Function 


16:16 
16:1 


Function | 
4:1 


Leakage Current 


nA max 


_ Function 


Model. 

MUX08 8:1 

MUXI6 16:1 

MUX24 _ = Diff. 4:1 

MUX28 Diff. 8:1 
Full Power BW MHz min 


Leakage Current 
nA: max 


“1.0 


1.0 
1.0 
1.0 


‘Crosstalk Rejection B= 


75 


Package Temp 
Latched Options Ranges 
X P C 
N, P I 
X N, RS I 
xX N,P,Q | I,M 
E, N, P,Q,R C, 1, M/p 
Xx E, N, P, Q,R C, I, M/p 
N, P I 
xX N, P, Q ILM 
E, N, P, Q,R C, I, M/p 
X E, N, P, Q,R C, I, M/p 
E, N, Q C,I,M 
E, N, P, Q, R C, I, M/p 
N, P,Q,R ILM 
X N, P, Q ILM 
xX E, N, P, Q, C, I, M/p 
N,Q,R C,1,M 
E, N, P, Q, R C, I, M/y 
Xx N, P, Q, R I,M 
X N, P, Q I,M 
».4 E, N, P; Q C, I, M/p 
. Ron Ohms _s Package -Temp 
max - Options Ranges” 
300 E, N, Q, R C, I, M/p : 
380 E,N,P,Q I, M/ 
300 . E,N,Q,R C,I, M/p 
380 E, N Q I,M/ 


10 MHz dB 


Package Options! 
E,Q 


Comments 


16 X 16 Analog Crosspoint, Serial Interface 
Superior Second Source to DG406 
Plug-In Upgrade for DG526 
Superior Second Source to DG428 
Superior Second Source to DGS506A 
Superior Second Source to DG526A 
Superior Second Source to DG407 
Superior Second Source to DG429 
Superior Second Source to DGS07A 
Superior Second Source to DG527A 
Superior Second Source to DG408 
Superior Second Source to DG508A 
Fault Protected 

Fault Protected 

Superior Second Source to DGS28A 
Superior Second Source to DG409 
Superior Second Source to DG509A 
Fault Protected 

Fault Protected ; 
Superior Second Source to DG529A 


Comments | Page? 
Improved DG508 7-87 © 
Improved DG506 7-90 
Improved DG509 7-87 
Improved DG507 7-90 


Temp Ranges? Comments 


C, M/ 


Page® 


CII 5-39 
7-22 


7-74 
CIT 5-103 
7-28 
7-70 
7-74 
7-74 
CITI 5-103 


Page* 
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1Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; J = J-Leaded Ceramic Package; 
-M = Hermetic Metal Can DIP; N. = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline “SOIC” Package; RS = SSOP—Shrink Small Outline Package; S = Plastic 
Quad Flatpack; ST = Thin Quad. Flatpack; T = TO-92; U = TSOP—Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In-Line “SIP” Package; Z = Ceramic Leaded Chip Carrier. 
Temperature Ranges: C = Commercial, 0°C to +70°C; I = Industrial, —40°C to +85°C (Some older products —25°C to +85°C); M= Military, —55°C to +125°C. If a device has military grade offerings, the M . 
temperature designator will be followed by: / to indicate 883B, I for JAN, , for SMD, and , for space level. 
3CII = Data Converter Reference Manual, Volume II. All other entries refer to this volume. 
Boldface Type: Data sheet information in this volume. 
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4x 1 Wideband 
Video Multiplexer 


FEATURES . 

34MHz Full Power Bandwidth 

+0.1dB Gain Flatness to 8MHz 

72dB Crosstalk Rejection @ 10MHz 
0.03°/0.01% Differential Phase/Gain 
Cascadable for Switch Matrices 
MiL-STD-883 Compliant Versions Available 


APPLICATIONS 
Video Routing 
Medical Imaging 
Electro-Optics 
ECM Systems 
Radar Systems 
Data Acquisition 


GENERAL DESCRIPTION 
The AD9300 is a monolithic high-speed video signal multiplexer 
useable in a wide variety of applications. 


Its four channels of video input signals can be randomly switched 
at megahertz rates to the single output. In addition, multiple 
devices can be configured in either parallel or cascade arrangements 
to form switch matrices. This flexibility in using the AD9300 is 
possible because the output of the device is in a high-impedance 
state when the chip is not enabled; when the chip is enabled, 
the unit acts as a buffer with a high input impedance and low 
output impedance. . 


An advanced bipolar process provides fast, wideband switching 
capabilities while maintaining crosstalk rejection of 72dB at 
10MHz. Full power bandwidth is a minimum 27MHz. The 
device can be operated from + 10V to +15V power supplies. 


FUNCTIONAL BLOCK DIAGRAM 
(Based on Cerdip) 


AD9300 


-Vs GROUND +Vs 
RETURN 


The AD9300K is available in a 16-pin ceramic DIP and a 20-pin 
PLCC and is designed to operate over the commercial temperature 
range of 0 to + 70°C. The AD9300TQ is a hermetic 16-pin © 
ceramic DIP for military temperature range (— 55°C to + 125°C) 
applications. This part is also available processed to MIL-STD- 
883. The AD9300 is available in a 20-pin LCC as the model 
AD9300TE, which operates over a temperature range of — 55°C 
to + 125°C. 


The AD9300 Video Multiplexer is available in versions compliant 
with MIL-STD-883. Refer to the Analog Devices Military Products 
Databook or current AD9300/883B data sheet for detailed 
specifications. 


| _PIN DESIGNATIONS 
DIP LCC and PLCC 
Q @ 
225 2 
2 2. a. ¢ 
: , 2 2 2 S 
GROUND} 1] @ 16 | OUTPUT £06 6 &@ 
3.2 1 20 19 
IN, 115 | BYPASS 
i J 
qa 
GROUND [ 3 | 114 |} +Vs GROUND 4 a 18 +Vs 
IN2| 4] AD9300 |13 | GROUND RETURN IN, 5 Mesa 17 GROUND RETURN 
TOP VIEW 
GROUND | 5 | Not to Scale) L12) ENABLE GROUND 6 TOP VIEW | 16 GROUND 
(Not to Scale . 
IN3 | 6 | 111] Ao GROUND 7 , 15 ENABLE 


This is an abridged data sheet. To obtain the most recent version or _ 
complete data sheet, call our.fax retrieval system at 1-800-446-6212. _- 
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IN3 8 14 Ao 


—_ 
<> 


) 
-Vs 8 
ALS 


IN, 2 


9 
a 
= 
> 
2) 
4 
o 


GROUND 


(PLCC PINOUTS SAME AS LCC) 
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AD9300—SPECIFICATIONS | Oo 
ELECTRICAL CHARACTERISTICS (=v, - + 12V + 5%; 0, =10pF;R, = 2k, wes teria rtd) 


Parameter (Conditions) 


INPUT CHARACTERISTICS 
Input Offset Voltage 
Input Offset Voltage 
Input Offset Voltage Drift? 
Input Bias Current 
Input Bias Current 
Input Resistance 
Input Capacitance 


Input Noise Voltage (dc to 8MHz) 
TRANSFER CHARACTERISTICS 


Voltage Gain? 

Voltage Gain? 

DC Linearity* 

Gain Tolerance (Vw = +1V) 
dc to 5MHz 
5MHz to 8MHz 

Small-Signal Bandwidth 
(Vin = 100mV p-p) 

Full Power Bandwidth? 
(Vin = 2V p-p) 

Output Swing 


Output Current (Sinking @= 25°C) 


Output Resistance 


DYNAMIC CHARACTERISTICS 
Slew Rate® 
Settling Time | 
(to0.1%0n +2V Output 
Overshoot 
To T-Step’” 
To Pulse® 
Differential Phase? 
Differential Gain? 
Crosstalk Rejection 
Three Channels!° 
One Channel?! 


SWITCHING CHARACTERISTICS?2 
Ax Input to Channel HIGH Time! 


(tyGH) 
Ax Input to Channel LOW Time"4 


(tLow) 
Enable to Channel ON Time!* 


(ton) 
Enable to Channel OFF Time’® 


(torr) 
Switching Transient!” 


COMMERCIAL 
0°C to + 70°C 

AD9300KQ/KP 
Typ 


_ EXPLANATION OF TEST LEVELS 


Test Level I 
Test Level IT 
Test Level III 


Test LevelIV. - 
Test Level V 
Test Level VI 


100% production tested... 

100% production tested at + 25°C, and sample tested at specified temperatures. 

Sample tested only. 

Parameter is guaranteed by devien and characterization testing. 

Parameter i is a typical value only. 

All devices are 100% production tested at + 25°C. 100% production tested at temperature extremes for 
military temperature devices; sample tested at temperature extremes for comme rerallindusiia 
devices. 
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REV. A 


AD9300 


COMMERCIAL 
0°C to +70°C 
AD9300KQ/KP 
Parameter (Conditions) Min Typ 
DIGITALINPUTS 
Logic “1” Voltage 
Logic “0” Voltage 
Logic ‘‘1” Current 
Logic “0” Current 
POWER SUPPLY 


Positive Supply Current (+ 12V) 

Positive Supply Current (+ 12V) 

Negative Supply Current (— 12V) 

Negative Supply Current (— 12V) 

Power Supply Rejection Ratio 
(+Vs = +12V + 5%) 

Power Dissipation (+ 12V)!® 


NOTES 
'Permanent damage may occur if any one absolute maximum rating is exceeded. Functional operation is not implied, 
and device reliability may be impaired by exposure to higher-than-recommended voltages for extended periods of time. 
Measured at.extremes of temperature range. 
3Measured as slope of Voyr versus Vin with Vin = +1V. 
4Measured as worst deviation from end-point fit with Vin = +1V. 
5Full Power Bandwith (FPBW) based on Slew Rate (SR). FPBW = SR/27Vpgax 
6Measured between 20% and 80% transition points of + ]V output. 
’T-Step = Sin?X Step, when Step between OV and +700mV points has 10%-to-90% risetime = 125ns. 
8Measured with a pulse input having slew rate >250V/ps. 
°Measured at output between 0.28Vdc and ].0Vdc with Vin = 284mV p—p at 3.58MHz and 4.43MHz. 
This specification is critically dependent on circuit layout. Value shown is measured with selected channel grounded and Tome 2V p-p signal 
applied to remaining three channels. If selected channel is grounded through 752, value is approximately 6dB higher. 
'\This specification is critically dependent on circuit layout. Value shown is measured with selected channel grounded and 10MHz 2V p-p signal 
applied to one other channel. If selected channel is cane through 7502, value is approximately 6dB higher. Minimum specification in (_) applies to DIPs. 
'2Consult system timing diagram. 
'3Measured from address change to 90% point of —2V to + -2V output LOW-to-HIGH transition. 
14Measured from address change to 90% point of +2V to —2V output HIGH-to-LOW transition. 
'S Measured from 50% transition point of ENABLE input to 90% transition of OV to —2V and OV to +2V output. 
Measured from 50% transition point of ENABLE input to 10% transition of +2V to OV and 2 t to OV output. 
'7Measured while switching between two grounded channels. — 
'8Maximum power dissipation is a package-dependent parameter related to the following typical thermal impedances: 


16-Pin Ceramic ®;q = 87°C/W; 8jc = 25°C/(W 
20-Pin LCC — Oya. = -74°C/W; 8yc = 10°C/W 
20-Pin PLCC Oya = 71°C/W; Te = 26°C/W 
Specifications subject to change without notice. 
ABSOLUTE MAXIMUM RATINGS! Output Current 
Supply Voltages C2V 6) 8a ee ed te at oR +16V eee Pgs wate gi aevee oN Wee hrtg aig ee oN we be ye 6.0mA 
Analog Input Voltage Each Input OUCING ee 6.0mA 
(IN, thruIN,) ..........--2222--,-- £3.5¥ Operating Temperature Range 
Differential Voltage Between Any Two AD9300KQ/ RP gs 2 ay ee ee: ea 2 C to + is 
Inputs (IN, thruIN,).........0.c0 ce eee $V Storage Temperature Range. ........ —65°C to + 150°C 
Digital Input Voltages (Ag, A;, ENABLE) . —0.5Vto +5.5V Junction Temperature... . . tte eee +175°C 
Lead Soldering (10sec) ............ w 2... +300°C 
ORDERING GUIDE 


Temperature 
Range 


Oto + 70°C 


Device Description 


AD9300KQ 


16-Pin Cerdip, Commercial 


AD9300TE/883B2 | —55°Cto + 125°C | 20-Pin LCC, Military Temperature |E-20A. 
AD9300TQ/883B2| — 55°C to + 125°C 
AD9300KP | Oto + 70°C 20-Pin PLCC, Commercial 


_ NOTES 
1E = Ceramic Leadless Chip Carrier; P = Plastic Leaded Chip Carrier;Q = a For outline 
information see Package Information section. 
- *For specifications, refer to Analog Devices Military Products Databook. 
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DEVICES 


_LC?M0S 
Quad SPST Switches 


FEATURES ; 

44V Supply Maximum Rating 

+ 15V Analog Signal Range 

Low Ron (602) 

Low Leakage (0.5nA) .. 

Break Before Make Switching 

Extended Plastic Temperature mange 
(-—40°C to +85°C) | 

Low Power Dissipation (33mW) 

Available in 16-Lead DIP/ SOIC and 
20-Lead PLCC/LCCC Packages 

Superior Second Source: | 
ADG201A Replaces DG201A, HI-201 
ADG202A Replaces DG202. 


GENERAL DESCRIPTION 


The ADG201A and ADG202A are monolithic CMOS devices. . 
comprising four independently selectable switches. They are. 


designed on an enhanced LC?MOS process which gives an in-. 


creased signal handling capability of + 15V. These switches ai fe 


feature high switching speeds and low Ron. 
The ADG201A and ADG202A consist of four SPST switches. 


They differ only in that the digital control logic is inverted. All 


devices exhibit break before make switching action. Inherent in 
the design is low charge injection for minimum transients when 
switching the digital inputs. : 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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IN1 © . INTO 


iN2 ©  IN2-C 
IN3 © 


IN3 © 


~ IN4 Ine 


SWITCHES SHOWN FOR A LOGIC “1” INPUT 


PRODUCT HIGHLIGHTS _ 


1. Extended Signal Range: 


These switches are fabricated on an Stianted LC2MOS 
_ process, resulting in high breakdown and an increased analog 
‘signal range of + 15V. , 


2. Single Supply Operation: 


. For applications where the analog seal is unipolar (OV to. 
15V), the switches can be open from a angle + Sv" 
| supply. 


3. Low Leakage: 


“Leakage currents in the range of 500pA make these switches 
suitable for high precision circuits. The added feature of | 
Break before Make allows for multiple outputs to be tied 
together for multiplexer applications while Keeping leakage. 
errors to a minimum. 
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SPECIFICATIONS ADG201A/ADG202A 


(Vop = +15V, Vg = —15V, unless otherwise specified) 


Parameter _ Test Conditions 
ANALOG SWITCH | | 
Analog Signal Range 
Ron —10V<Vs< +10V 
Ips =1.0mA . 


Test Circuit 1 


Ron vs. Vp (Vs) 
Ron Drift 
Ron Match 


Is (OFF) 

OFF Input Leakage 

Ip (OFF) 

OFF Output Leakage 

Ip (ON) 

ON Channel Leakage 

DIGITAL CONTROL 
Vinu; Input High Voltage 
Vin_, Input Low Voltage 
Ix of linn 

DYNAMIC CHARACTERISTICS 
topEN 
ton’ 


torr! 
OFF Isolation 


Vs5=0V, Ips = ImA 
Vp= + 14V; Vs * 14V; Test Circuit 2 


Vp= + 14V; Vs = + 14V; Test Circuit 2 


Vp = + 14V; Test Circuit 3 


Test Circuit 4 

Test Circuit 4 

Vs = 10V(p-p); f = 100kHz 
Ry, = 750; Test Circuit 6 
Channel-to-Channel Crosstalk Test Circuit 7 
Cs (OFF) 
Cp (OFF) 

Cp, Cs (ON) 

Cyn Digital Input Capacitance 
Qiny Charge Injection Rs =00;C, = 1000pF; V5 =0V 
Test Circuit 5 


POWER SUPPLY 
Ipp . 
Ipp 
Isg 


Iss 
Power Dissipation 


Digital Inputs = Vint or Vinn - 


NOTES =. 3 
1Sample tested at 25°C to ensure compliance. 


Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS* 
(Ta = + 25°C unless otherwise stated) 


Power Dissipation (Any Package) 


ee re Up 104 75'C so eg etek ate a he et dnd 470mW 
Veg tOoGND... 0.000000 eee eee ee ee. _25V Derates above +75°C by ............. 6mW/°C 
Analog Inputs! Operating Temperature 
Voltage atS,D 2.2... ee eee. Vsg 20 ate: -  SOueeCI UR Neeson). eb hago ae OE TOF EC 
“Vpp +0.3V Industrial (B Version). .......... — 40°C to + 85°C 
Continuous Current, SorD ............. 30mA Extended (T Version). .... HRN Gos — 55°C to + 125°C 
Pulsed Current Sor D Storage Temperature Range... ...... —65°C to + 150°C 
lms Duration, 10% Duty Cycle .......... 70mA Lead Temperature (Soldering GOSEO) «Se ss os ire ee as & + 300°C 
DigitalInputs! | ne | 
Voltage at-IN i5s..6 #8 bias Go Sarees . . Vss -—2V to NOTE 


a Rise Vpp a 2V or 'Overvoltage at IN, S or D will be clamped by diodes. Current should be 
20mA, Whichever Occurs First limited to the Maximum Rating above. 


*COMMENT: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Exposure to absolute maximum rating conditions for extended periods may affect device reliability. Only one Absolute Maximum Rating may be applied at 


anyonetime. — 7 
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ADG201VADG202A 


CAUTION | | . fare 
ESD (electrostatic discharge) sensitive device. The digital control inputs ‘are diode protect-— W ARNING! 
ed; however, permanent damage may occur on unconnected devices subject to high energy > rar 


electrostatic fields. Unused devices must be stored in conductive foam or shunts. The DEECUYE 
foam should be discharged to the destination socket before devices are removed. ESD SENSITIVE DEVICE 


ORDERING GUIDE 


Temperature 
Range 


— 40°C to + 85°C 


ADG201AKN 


ADG201AKR — 40°C to + 85°C R-16A 
. ADG201AKP — 40°C to + 85°C P-20A NOTES 
ADG201ABQ —40°Cto +85°C | Q-16 | 1 3 
‘ . To order MIL-STD-883, Class B processed parts, add /883B to T grade part 
ADG201ATQ: |. —55°Cto +125°C | Q-16 numbers. See Analog Devices Military Products Databook (1990) for 
ADG201ATE —55°Cto +125°C | E-20A military data sheet. 


2N = Plastic DIP; R = 0.15” Small Outline IC (SOIC); P = Plastic Leaded 


ADG202AKN | —40°Cto +85°C Chi + (PLCC); dip; E 
ADG202AKR | —40°Cto +85°C Oe Fe ies ene Fk Ica 
ADG202AKP | -—40°Cto+85°C | P-20A 
. ADG202ABQ | —40°Cto+85°C | Q-16 
ADG202ATQ | —55°Cto +125°C | Q-16 
ADG202ATE | —55°Cto +125°C | E-20A 


DIP, SOIC . &y LCCC 


Int [1] © 116) IN2 
p1 [2 115} D2 
si [3 | 114] s2 Z ADG201A 
; ADG201A ADG201A . ADG202A 
Vss L¢] ADG202A 113] Voo patty TOP VEW 
TOP vi (Not to Scale 
GND 5 | et ceca: 112 | NC ; (Not to Scale) | 
s4 [6 | 111] $3 
pa [7 | 110} 03 
Ina [8 | | 9} INS 9 10 11 12 13 
‘ ¢ oa Oo 
az:26& 
NC = NOCONNECT | NC = NO CONNECT NC = NO CONNECT | 


_ ADG201A/ADG202A FUNCTIONAL DIAGRAM 


+15V 


Voo 


LEVEL 
SHIFTER TOLEVEL 


SHIFTER 


=  : os oo Figure 1. Typical Digital Input Cell 
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Typical Performance Characteristics 


ADG201A/ADG202A 


The switches are guaranteed functional with reduced single or dual supplies down to 4.5V. 


Vo (Vs) - Volts 


Ron as a Function of Vp (Vs): Dual Supply Voltage 


Le 
Eva & 

HL bs (OFFI, to (OFF) | — 
A AT Let] 


Voo= + 16.5V 
Vss = — 16.5V 


LEAKAGE CURRENT - nA 
se 
a 


——__ 
TEMPERATURE - °C 


Leakage Current as a Function of Temperature (Note: 
Leakage Currents Reduce as the Supply Voltages Reduce) 


SUPPLY VOLTAGE - Volts 


Switching Time vs. Supply Voltage (Dual Supply) 
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Ta= +25°C 


Vp (Vs) - Volts 


Ron as a Function of Vp (Vs): Single Supply Voltage 


vpn mine 


WIZ 22NYili2gazZliLlLvd 222i dZwaedda 
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TRIGGER LEVEL - Volts 


SUPPLY VOLTAGE - Volts 


Trigger Level vs. Power Supply Voltage: Dual or Single 
Supply Voltage 


tswrrcuing — OS 


SUPPLY VOLTAGE - Voits 


Switching Time vs. Supply Voltage (Single Supply) 
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ANALOG 
DEVICES 


~LC?M0S 


_ High Speed, Quad SPST Switch 


FEATURES 

50ns max Switching Time Over Full Temperature 
Range 

Low Ron (302 typ) 

Single Supply Specifications for + 10. 8V to 
+ 16.5V Operation ? 

Extended Plastic Temperature Range 
(—40°C to +85°C) 

Break-Before-Make Switching 

Low Leakage (100pA typ) 

44V Supply max Rating __. 

Available in 16-Lead DIP/SOIC and 
20-Lead LCCC/PLCC Packages — i 

ADG201HS (K, B, T) Replaces HI-201HS 

ADG201HS (J, A, S) Replaces DG271 


GENERAL DESCRIPTION ; 

The ADG201HS is a monolithic CMOS device comprising four 
independently selectable SPST switches. It is designed on an 
enhanced LC?MOS process which gives very fast sy ching 
speeds and low Ron. 


The switches also feature break- atone: oe ritchie action 
for use in multiplexer applications and low charge injection for 
- minimum. transients on the output when switching the digital 
inputs. 


ORDERING GUIDE 


Temperature 
Range 


Package 
Option? 


ADG201HSJN | —40°Cto +85°C | N-16 
ADG201HSKN | —40°Cto +85°C | N-16 
ADG201HSKR | —40°Cto +85°C | R-16 
ADG201HSAQ | —40°Cto + 85°C | Q-16. 
ADG201HSBQ | —40°Cto + 85°C | Q-16 
ADG201HSJP_ | —40°Cto +85°C | P-20A 
ADG201HSKP | —40°Cto + 85°C. | P-20A - 
ADG201HSSQ_ | —55°Cto +125°C | Q-16 
ADG201HSTQ? | —55°Cto + 125°C] Q-16 
ADG201HSTE? | —55°Cto + 125°C | E-20A 


NOTES ‘i 

1To order MIL-STD-883, Class B panne parts, add 
/883B to T grade part numbers. See the Analog Devices 
Military Products Databook (1994) for military data sheet. 

2E = Leadless Ceramic Chip Carrier; N = Narrow Plastic 
DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; — 
R = 0.15” Small Outline IC (SOIC). For outline 
information see Package Information section. 

Standard Military Drawing (SMD) approved by-DESC. 
SMD numbers are _—; 

- 5962-86716012X (ADG201HSTE/883B) 
5962-8671601EX (ADG201HSTQ/883B) _ 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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PRODUCT HIGHLIGHTS 


1. 


50ns max ton and torr: a 

The ADG201HS top grades (K, B, T) have ae 50ns 
max turn-on and turn-off times over the full operating tem- 
perature range. The lower grades (J,A,S) have guaranteed 
75ns switching times over ‘the full operating temperature _ 
range. 


. Single Supply sccneatiotes 


The ADG201HS is fully spécified for appleations which 
require a single positive power supply in the a 10. BY to 
+16.5V range. . 


. Low Leakage: . 


Leakage currents in the range of 100pA make these ‘switches 
suitable for high precision circuits. The added feature of _ 
break-before-make allows for multiple outputs to be tied 
together for multiplexer al while keeping nner ; 
errors to a minimum. Be oy ie 


Switch 
. Condition 
0 | ON 
1 | . OFF 


Truth Table 


REV. B 


SPECIFICATIONS ADG201HS 


sammy y (Yoo = +13.5V to +165, = —12.5V to —16.5V, GND = OV, 
DUAL SUPPL Vin 3V [Logic High Level] or 0.8 V [Logic Low Level] unless otherwise noted) — 


Parameter Version +25°C Tmin-Tmaxt Units Comments 
ANALOG SWITCH 
Analog Signal Range All Vss Vss Vmin 
All Vpp Vpp V max 
Ron All 30 —_ O.typ —10V<Vs + 10V, Ips = 1mA; Test Circuit | 
' All 50 75 - (max . 
Ron Drift ‘All 0.5 = %/Ctyp  —10V<Vs<+10V,Ips=lmA 
Ron Match All 3 - % typ —10V<Vs5< + 10V,Ips=1mA 
Is (OFF), Off Input Leakage? All 0.1 nA typ Vp= + 14V; Vs = ¥14V; Test Circuit 2 
é J,K, A,B 1 20 nA max : = 
S,T 1 60 ’ nA max —— 
Ip (OFF), Off Output Leakage? All 0.1 | nA typ Vp= + 14V; Vs = + 14V; Test Circuit 2 
J,K, A,B 1 20 nA max 
S,T 1 60 nA max 
Ip (ON), On Channel Leakage” All 0.1 nA typ Vp=Vs= + 14V; Test Circuit 3 
J,K,A,B 1 20 nA max ; 
S,T 1 60 nA max 
DIGITAL CONTROL 
Vinn; Input High Voltage All 2.4 2.4 -Vmin 
Vin.» Input Low Voltage __ All 0.8 | 0.8 . Vmax 
Ipvt or Inv All ] 1 pA max 
Cw All 8 8 pF max 
DYNAMIC CHARACTERISTICS use hs 
ton K,B,T 50 - 50 ns max Test Circuit 4 
J,A,S 75 75  nsmax A 
torr! K,B,T - 50 50 nsmax _—_ Test Circuit 4 
J,A,S 75 ey) ns max the 
torr? _ Alb ° —s«A10 = - nstyp Test Circuit 4 
toPEN : All 5 5 ns typ ton-torF1; Test Circuit 4 
Output Settling Time to 0.1% All | 180 - ns typ Vin =3V to OV; Test Circuit 4 
OFF Isolation . All 72 Me ee '  dBtyp Vs =3Vrms, f= 100kHz, Ry = 1k0; 
ee on, Cy = 10pF; Test Circuit 5 
Channel-to-Channel Crosstalk All 86 - dB typ Vs = 3V rms, f= 100kHz, R; = 1kQ;_ 
C, = 10pF; Test Circuit 6 
Qinj, Charge Injection All 10 - pC typ Rs = 00, Vs =0V; Test Circuit 7 
Cs (OFF) All 10 _ pF typ 
Cp (OFF) . All 10. - _ pF typ 
Cp, Cs (ON) All 30 - pF typ 
Cps (OFF) All 0.5 - - pF typ 
POWER SUPPLY ; . 
Ipp All ~ 10 10 mA max 
Iss All 6 6 mA max 
Power Dissipation -All 240 240 mWmax Vpp= +15V,Vss = —15V 
NOTES 


'Temperature ranges are as follows: ADG201HSJ, K; — 40°C to + 85°C 
ADG201HSA, B; — 40°C to + 85°C 
ADG201HSS, T; — 55°C to + 125°C 
Leakage specifications apply withaVp (Vs) of + 14V or with a Vp (Vs) of 0.5V within the supply voltages (Vpp, Vss), whichever is the minimum. 


Specifications subject to change without notice. 
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ADG201HS 


SINGLE SUPPLY (yo= +108v1 +1650, Vas= GHD = OV, Vy = 2V {Logic High Level] or 0.8V [Logic Low Level] unless otherwise noted) 


+25°C 


Units _ 


'The leakage specifications degrade marginally (typically InA at 25°C) with Vp (Vs) = Vss. 


Specifications subject to change without Notice. 
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Parameter Version THT Comments 
ANALOG SWITCH | 
Analog Signal Range Al Vss Vss Vmin 
All Vpp Vpp V max 
Ron All 65 Otyp OV<Vs< + 10V, Ips= 1mA; Test Circuit] — 
All 90 120 0 max 
Ron Drift All 0.5 - %/"Ctyp O0V<Vs<+10V,Ips=ilmA 
Ron Match All 3 - %typ 0V<Vs< + 10V,Ips=1mA | 
I;(OFF), OffInput Leakage! — All 0.1 nA typ Vp= + 10V/+0.5V; Vs= +0.5V/+ 10V; Test Circuit 2 
J,K,A,B 1 20 nA max 
: S,T 1 60 nA max co, i" ag 
Ip (OFF), Off Output Leakage! All 0.1 nA typ Vp= + 10V/+0.5V; Vs= +0.5V/+ 10V; Test Circuit 2 
J,K,A,B 1. 20 nA max 
; S,T 1 60 nA max | 
Ip (ON), On Channel Leakage! All 0.1 nA typ Vp = Vs= + 10V/+0.5V; Test Circuit 3 
J,K,A,B 1 20 - nAmax 
f S,T l 60 nA max 
DIGITAL CONTROL | 
Vinu, Input High Voltage All 2.4 2.4 V min 
Vin , Input Low Voltage All 0.8 0.8 V max 
In or Inn All 1 1 pA max 
Cw All 8 8 pF max 
DYNAMIC CHARACTERISTICS . 
ton K,B,T 50 70 ns max Test Circuit 4 
J,A,S 75 90 . ns max | 
torr! K,B,T 50 70 ns max Test Circuit 4 
J,A,S 75 90 ns max 
torr? All . 150 _— ns typ Test Circuit 4 
topENn All 5 5 ns typ ton—-torr1; Test Circuit 4 
Output Settling Time to 0.1% All. 180 - ns typ Vin = 3V to OV; Test Circuit 4 
OFF Isolation All 72 - dB typ Vs =3Vrms, f= 100kHz, R; = bis 
| _ Cy = 10pF; Test Circuit 5. . 
Channel-to-Channel Crosstalk _ All 86 - dB typ Vs =3Vrms, f= 100kHz, R; = 1k; 
: C, = 10pF; Test Circuit 6 
Qiny, Charge Injection All 10 - pC typ Rs =00, Vs =0V; Test Circuit 7 
Cs (OFF) All 10 - pF typ 
Cp (OFF) . All 10 ~ pF typ 
Cp, Cs(ON) All 30 a pF typ 
Cps (OFF) All 0.5 - pF typ 
POWER SUPPLY 
Power Dissipation All 150 150 mW max Vpp = +15V 
NOTE 


REV. B 


ABSOLUTE MAXIMUM RATINGS* 


(T, = +25°C unless otherwise noted) 
V bi lO" V c6. 3 6.6 Sk & VER Oa haw ees 44V 
VpptoGND ................00% —0.3V, 25V 
Vss to GND 25 2: o 2 Bees is & ate 4 +0.3V, —25V 
Analog Inputs” 
Voltage:atS, Ds 2.3 6tecaw-& Bows Boe es Vss —2V to 
| Vpp +2Vor 
20mA, Whichever Occurs First 
Continuous Current, SorD ............. 20mA 
Pulsed Current S or D 
lms Puranon, 10% pu Cycle: 6 a. soa ee gs 70mA 
Digital Inputs” 
Voltape:atIN -s 6 3 oe hw eee SS Vss —4V to 
Vpp +4Vor 


20mA, Whichever Occurs First 


ADG201HS 


Power Dissipation (Any Package) 


WiptOr 75 Gs oe eee Sie ee eS 470mW 
Derates above + 75°C by ............. 6mW/°C 
Operating Temperature 


—40°C to +85°C 

— 40°C to +85°C 
~55°C to + 125°C 
~ 65°C to + 150°C 
+ 300°C 


eo «© e e# © ee e# @ 


Commerical (J, K Version) 
Industrial (A, B Version) 
Extended (S, T Version) 
Storage Temperature Range. ........ 
Lead Temperature (Soldering 10sec) 


NOTES 

‘If Vss is open circuited with Vpp and GND applied, the Vsg pin will be pulled 
positive, exceeding the Absolute Maximum Ratings. If this possibility exists, 
a Schottky diode from Vss5 to GND (cathode end to GND) ensures that the 
Absolute Maximum Ratings will be observed. 

2Overvoltage at IN, S or D, will be clamped by diodes. Current 
should be limited to the maximum rating above. 


*COMMENT: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended periods may affect device reliability. 


CAUTION: 


ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 


WARNING! 


er a — 


ESD SENSITIVE DEVICE 


PIN CONFIGURATIONS 


DIP, SOIC LCCC PLCC 
Bz?2ag 
3 2 1 20 19 
$14 18 $2 
Vgg 5 ADG201HS 17 Vop ADG201HS 


NC 6 
GND 7 
$4 8 


9 1 
a 2 


NC = NO CONNECT 
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TOP VIEW 
(Not to Scale) 


1 
oO 
2 


NC.= NO CONNECT 


16 NC. 
15 NC 
14 $3 


TOP VIEW 
(Not to Scale) 


12 1 
Oo oO 
za 


NC = NO CONNECT 
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ANALOG 
DEVICES 


“Le2MOs 
Quad SPST Switches. 


| a ~ ADG211A/ADG212A 


FEATURES 
-44V Supply Maximum Rating 

+15V Analog Signal Range 

Low Ron (115Q max) 

Low Leakage (0.5nA typ) | 

Break Before Make Switching 

Single Supply Operation Possible 

Extended Plastic Temperature Range 
(—40°C to + 85°C) 

TTL/CMOS Compatible 

Available in 16-Lead DIP/SOIC and 
20-Lead PLCC Packages 

Superior Second Source: 
ADG211A Replaces DG211 
ADG212A Replaces DG212 


GENERAL DESCRIPTION | 

The ADG211A and ADG212A are monolithic CMOS devices 
comprising four independently selectable switches. They are 
designed on an enhanced LC2MOS process which gives an in- 
creased signal handling capability of + 15V. These switches also 
feature high switching speeds and low Ron. 


The ADG211A and ADG212A consist of four SPST switches. 
They differ only in that the digital control logic is inverted. In 
multiplexer applications, all switches exhibit break-before-make 
switching action when driven simultaneously. Inherent in the 
design is low charge injection for minimum transients when 
switching the digital inputs. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. — 
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ADG211A 


ADG212A 


SWITCHES SHOWN FOR A LOGIC “1” INPUT 


PRODUCT HIGHLIGHTS 


1. 


Extended Signal Range: 

These switches are fabricated on an enhanced LC2MOS 
process, resulting in high breakdown and an increased analog 
signal range of + LSV. 


. Single Supply Operation: 
- For applications where the analog signal is unipolar (OV to 


15V), the switches can be operated from a single + 15V 
supply. 


. Low Leakage: 


Leakage currents in the range of 500pA make these switches 
suitable for high precision circuits. The added feature of 
Break before Make allows for multiple outputs to be tied 
together for multiplexer applications while keeping leakage 
errors to a minimum. 


SWITCH 
CONDITION 


ADG211A 
IN 


Table l. Truth Table 


REV. B 


SPECIFICATIONS 


(Vop = +15 V, Vos = —15 V, V, = 5 V, unless otherwise noted.) 


ADG211AKN 
ADG212AKN 


25°C — 40°C to + 85°C Test Conditions 


Parameter 


ANALOG SWITCH 
Analog Signal Range 
Ron 


Ron vs. Vp (Vs) 
Ron Drift 
Ron Match 


Is (OFF) 
OFF Input Leakage 


Ip (OFF) 
OFF Output Leakage 


Ip (ON) | 
ON Channel Leakage 


DIGITAL CONTROL 
Vinu> Input High Voltage 
Vin, Input Low Voltage 


Tnx oF Linn 
Cyn, Digital Input Capacitance 


DYNAMIC CHARACTERISTICS 
topEN’ 
ton’ 
torr’ 
OFF Isolation 


Channel-to-Channel Crosstalk - 
Cs (OFF) 

Cp (OFF) 

Cs, Cp (ON) 

Quy, Charge Injection 


POWER SUPPLY 
Ipp 
Ipp 
Iss 
Isg 
I, 


NOTE 
Sample tested at 25°C to ensure compliance. 


Specifications subject to change without notice. 
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ADG211A/ADG212A 


—10V<Vss + 10V, Ips = 1mA, 
Test Circuit 1 


Vs = OV, Ips =lmA 
Vp= £14V; Vs = + 14V; Test Circuit 2 


Vp= + 14V; Vs= + 14V; Test Circuit 2 


Vp=Vs= + 14V; Test Circuit 3 7 


TTL Compatibility is Independent of V; 


Test Circuit 4 

Test Circuit 5 

Test Circuit 5 

Vs = 10V(p-p); f = 100kHz 
Ry, = 750; Test Circuit 6 
Test Circuit 7 


Rs = 00; Cy = 1000pF; Vs = 0V 
Test Circuit 8 


Digital Inputs = Voy or Vin 
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ADG211/ADG212A 


ABSOLUTE MAXIMUM RATINGS* 
(T-, = 25°C unless otherwise stated) 


Vpp to Vss 
Vpp toGND ............. Be ten 20 oo ae Deas He — 25V 
VsstoGND......... GiAe ese ares eke Dene ' —25V 
V_LtoGND .............. wee. —0.3V, 25V 
Analog Inputs! : —_ 
Voltage atS,D...:..... Vsg —0.3V to Vpp +0.3V 
Continuous Current, SorD ............. 30mA 
Pulsed Current S or D 
eg an futaie es ete 70mA 


Ims Duration, 10% Duty Cycle 


Digital Inputs! . | a 
Voltage at-IN 2.6. 6a ek KS ESS ... Vogs 

‘ Vpp +2Vor 

20mA, Whichever Occurs First 


—2V to 


Power Dspace (Any Package) 


OP tO RIC 4-5 ca a Sen sar ee Sa Piece rs 

Derates above + 75°C BY ee ities ee eee “6mW/°C | 
Operating Temperature ......... .. 740°C to +85°C 
Storage Temperature Range. ........ — 65°C to + 150°C 
Lead Temperature (Soldering 10sec) ......... + 300°C 
NOTE 


1Overvoltage at IN, S or D will be clamped by diodes. Current should be 
limited to the Maximum Rating above. 


*COMMENT.: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only 
‘and functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum n rating conditions for extended periods may affect device reliability. oaly one Absolute Maximum Rating may 


be applied at any one time. 


.« CAUTION . 
ESD (electrostatic cee sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The. protective 
foam should be discharged to the destination socket before devices are removed. 


WARNING! 
sen 4 


ESD SENSITIVE DEVICE 


PIN CONFIGURATIONS 


DIP, SOIC 


ADG211A 
ADG212A 


‘TOP VIEW 
(Not to Scale) 


ORDERING GUIDE 


Temperature 
Range 


ADG211AKN_ | —40°Cto + 85°C 
ADG211AKR — 40°C to + 85°C R-16A 
ADG211AKP — 40°C to + 85°C P-20A 
ADG212AKN_ | —40°Cto + 85°C N-16 
ADG212AKR — 40°C to + 85°C R-16A 


ADG212AKP — 40°C to + 85°C 


*N = Plastic DIP; R =0.15” Small Outline IC (SOIC); 
P = Plastic Leaded Chip Carrier (PLCC). For outline 
information see Package Information section. 
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ADG211A 


V 
== LS - ADG212A 
Nc | 6 | TOP VIEW 


(Not to Scafe) 


NC = NO CONNECT 
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Typical Performance Characteristics 


ADG211A/ADG212A 


The switches can comfortably operate anywhere in the 10V to 15V single or dual supply range, 
with only a slight degradation in performance. The following graphs show the relevant performance 
curves. The test circuits and test conditions are given in a following section, “Test Circuits. ” 


-20 -15 -10 -5 0 5 10 15 20 
Vp (Vs) - Volts 


Figure 1. Roxy asa Function of Vp (Vs): Dual + 15 Supplies 


Vo (Vs) - Volts 


Figure 3. Roy as a Function of Vp (Vs): Dual +. 10V Supplies 
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Figure 5. Leakage Current as a Function of Temperature 
(Note: Leakage Current Reduces as the Supply Voltages 
Reduce) 
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Ron - Q 


0 
-20 -15 -10 -5 0 5 10 15 20 
Vp (Vs) - Volts 


Figure 2. Roy asa Function of Vp (Vs): Single +15 V Supply 


Ron = 2 


20 -15 -10 -5 0. 5 10 15 20 
Vp (Vs) - Volts 


Figure 4. Rony asa Function of Vp (Vs): Single + 10V Supply 


' 2.5 


1.5 


TRIGGER LEVEL - Volts 


0.5 


SUPPLY VOLTAGE - Volts 


Figure 6. Trigger Levels vs. Power Supply Voltage, Dual or 
Single Supply Voltage | j 
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ANALOG 
DEVICES 


Le2Mos 8-/16-Channel 


High Performance Analog Multiplexers 


FEATURES 
44 V Supply Maximum Ratings 
Vss to Vpp Analog Signal Range 
Low On Resistance (80 {2 max) 
Low Power 
Fast Switching 
ton < 160 ns 
tors < 150 ns 
Break Before Make Switching Action 
Plug-In Upgrade for 
DG506A/ADG506A, DG507A/ADG507A, 
DG526/ADG526A 
ADG406/ADG407 are Plug-In Replacements for 
DG406/DG407 


APPLICATIONS 

Audio and Video Routing 
Automatic Test Equipment 
Data Acquisition Systems 
Battery Powered Systems 
Sample Hold Systems 
Communication Systems 
Avionics 


GENERAL DESCRIPTION 

The ADG406, ADG407 and ADG426 are monolithic CMOS 
analog multiplexers. The ADG406 and ADG426 switch one of 
. sixteen inputs to a common output as determined by the 4-bit 
binary address lines AO, Al, A2 and A3. The ADG426 has on- 
chip address and control latches that facilitate microprocessor 
interfacing. The ADG407 switches one of eight differential 
inputs to a common differential output as determined by the 3- 
bit binary address lines AO, Al and A2. An EN input on all 
devices is used to enable or disable the device. When disabled, 
all channels are switched OFF. 


The ADG406/ADG407/ADG426 are designed on an “eahanied 

LC’MOS process that provides low power dissipation yet gives 
high switching speed and low on resistance. These features 
make the parts suitable for high speed data acquisition systems 
and audio signal switching. Low power dissipation makes the © 
parts suitable for battery powered systems. Each channel 
conducts equally well in both directions when ON and has an 
input signal range which extends to the supplies. In the OFF 
condition, signal levels up to the supplies are blocked. All 
channels exhibit break before make switching action preventing 
momentary shorting when switching channels. Inherent in the 
design is low charge injection for minimum transients when 
switching the digital inputs. 


This is an abridged data sheet, To obtain the most recent version or | 
es data sheet, call our fax retrieval system at 1-800-446-6212. 
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ADG406/ADG407/ADG426 


_ FUNCTIONAL BLOCK DIAGRAMS 


ADG406_ ADG407 


1 OF 16 
DECODER 
weuw 
AO A1 A2 A3 EN 


J} | peEcopEeRY | 
a LATCHES 

weuuwe 
AO Al A2 A3 EN RS 


PRODUCT HIGHLIGHTS _ 

1. Extended Signal Range 
The ADG406/ADG407/ADG426 are fabricated on an 
enhanced LC*MOS process giving an increased signal range 
which extends to the supply rails 


. Low Power peemseen 
. LowR,, 
; Single/Dual Supply Operation 


OI - WwW NW 


. Single Supply Operation 
For applications where the analog signal is unipolar, the 
ADG406/ADG407/ADG426 can be operated from a single 
rail power supply. The parts are fully specified with a single 
+12 V power supply and will remain functional with single 
suppose as low as +5 V. 


REV. 0 


SPECIFICATIONS’ 


DUAL SUPPLY (w= +15 V+ 10%, v.,=—15 V+ 10%, GND = 0 V, unless otherwise noted) 


B Version 


ADG406/ADG407/ADG426 


T Version 


Parameter 


ANALOG SWITCH 
Analog Signal Range 


Ron 
Roy Match 


LEAKAGE CURRENTS 

Source OFF Leakage I, (OFF) 

Drain OFF Leakage I, (OFF) 
ADG406, ADG426 
ADG407 

Channel ON Leakage I}, I; (ON) 
ADG406, ADG426 
ADG407 


DIGITAL INPUTS 
Input High Voltage, Ving 
Input Low Voltage, Vint 
Input Current 


Ini or Tine 
C,, Digital Input Capacitance 


DYNAMIC CHARACTERISTICS’ 


tpRANSITION 


Break Before Make Delay, topgn 
ton (EN, WR) 
torr (EN, RS) 


ADG426 Only 
ty, Write Pulse Width 
ts, Address, Enable Setup Time 
ty, Address, Enable Hold Time 
tas, Reset Pulse Width 

Charge Injection 


OFF Isolation 


Channel-to-Channel Crosstalk 
C, (OFF) 
Cp (OFF) 
ADG406, ADG426 
ADG407 
Cp, Cs (ON) 
ADG406, ADG426 
ADG407 


POWER REQUIREMENTS 


Ipp 


NOTES 


+25°C 


—40°C to 
+85°C 


+25°C 


-55°C to 
+125°C 


"Temperature ranges are as follows: B Versions: -40°C to +85°C; T Versions: —55°C to +125°C. 
*Guaranteed by design, not subject to production test. 


Specifications subject to change without notice. 
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Test Conditions/Comments 


Vp = +10 V, 1, =-1 mA 
Vop = $13.5 Vy Ves = -13.5 V 
V>=0V,1,=-1 mA 


Vop = +16.5 V, Vsx = -16.5 V 

Vp = £10 V, V5= +10 V, Test Circuit 2 
Vp = £10 V, V,= +10 V; 

Test Circuit 3 


Vs = Vy = £10 V3 
Test Circuit 4 


Vin = 0 or Vpp 
f= 1 MHz 


R, = 300 Q, C, = 35 pF; 
V,=+10V, V, = +10 V; 
Test Circuit 5 

R, = 300 Q, C, = 35 pF; 
V, = +5 V, Test Circuit 6 
R, = 300 Q, C, = 35 pF; 
Vs = +5 V, Test Circuit 7 
R, = 300 Q, C, = 35 pF; 
V, = +5 V, Test Circuit 7 


V, = +5 V . 

V; = 0 V, Rs = 0 Q, C,= 1 nF; 

Test Circuit 10 

R, = 1 kQ,f = 100 kHz; 

Ven = 0 V, Test Circuit 11 

R, = 1 kQ, f= 100 kHz, Test Circuit 12 
f= 1 MHz 

f= 1 MHz 


f= 1 MHz 


Vop = $16.5 V5 Ves = -16.5 V 
Vix = 0 V3 Vey = 0V 
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ADG406/ADG407/ADG426 


SINGLE SUPPLY (Vop= +12 V+ 10%, Vcs= 0 V, GND = 0V, unless otherwise noted) 


B Version —s_ | 
40°C to — 
+85°C 


T Version it 
~55°C to 
+125°C 


Parameter — +25°C +25°C 
ANALOG SWITCH 


Analog Signal Range 
Ron 


LEAKAGE CURRENTS | 
. Source OFF Leakage I, (OFF) 


Drain OFF Leakage Ip (OFF) 
ADG406, ADG426 
ADG407 

Channel ON Leakage I,, I; (ON) 
ADG406, ADG426 
ADG407 


DIGITAL INPUTS 
Input High Voltage, Vinz 
Input Low Voltage, Vp. 
Input Current 


Int OF Linn 
Cy, Digital Input Capacitance 


DYNAMIC CHARACTERISTICS’ 


tpRaNsITION 


Break Before Make Delay, topen 
toy (EN, WR) 
torr (EN, RS) 


ADG426 Only 
tw, Write Pulse Width 
ts, Address, Enable Setup Time 
ty, Address, Enable Hold Time 
tps, Reset Pulse Width 

Charge Injection — 


OFF Isolation 
Channel-to-Channel Crosstalk 


C; (OFF) 
_ Cy (OFF) 
ADG406, ADG426 
ADG407 
Cp; Cs (ON) 
ADG406, ADG426 
ADG407 


POWER REQUIREMENTS 


Inp 


Ib 


NOTES 
’Temperature ranges are as follows: B Versions: 40°C to +85°C; T Versions: ~55°C to +125°C. 
*Guaranteed by design, not subject to production test. 


Specifications subject to change without notice. 
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Test Conditions/Comments 


Vp = +3 V, +8.5 V, Ip =—-1 mA; 
Vop = +10.8V 


Vop = +13.2 V 

Vp = 8 V/0.1 V, Vs = 0. 1 V/8 V3 
Test Circuit 2 

Vp = 8 V/0.1 V, V;= 0.1 V/8 V; 
Test Circuit 3 


_Vs= Vp = 8 V/0.1 V, Test Circuit 4 


Vin = 0 or Vpp 
f= 1 MHz 


R, = 300 Q, C, = 35 pF; 
V, = 8 V/0 V, V, = 0 V/8 V; 
Test Circuit 5 

R, = 300 Q, C, = 35 pF; 
V; = +5 V, Test Circuit 6 
R, = 300 Q, C, = 35 pF; 


| V; = +5 V, Test Circuit 7 


R, = 300 Q, C, = 35 pF; 


Vs = +5 V, Test Circuit 7 


V;=+5V 
V; = 6 V, Rs = 0, C, = 1 nF; 


_ Test Circuit 10 


R, = 1 kQ, f = 100 kHz; 
Test Circuit 11 

R, = 1 kQ, f = 100 kHz; 
Test Circuit 12 

f= 1 MHz 

f= 1 MHz 


f= 1 MHz 


Vpp = +13.2 V 
Vin = 0 V3 Vin = 0 V 


Vin = 0 V; Ven = 2.4V 
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ADG406/ADG407/ADG426 


ABSOLUTE MAXIMUM RATINGS’ ORDERING GUIDE 
(T., = +25°C unless otherwise noted) 
Von lO: Wg. ceitintea ae touted coeetean idee +44.V Package Option* 
ViKtOGINID Cees cee wba eked eek -0.3 Vto +25 V ADG406BN | —40°C to +85°C N-28 
VigtO GND 3.05 5iee pit Ged hated Ewen +0.3 V to -25 V ADG406BP 40°C to +85°C P-28A 
Analog, Digital Inputs’. ............ Vsg -2 V to Vpp +2 V 
or 20 mA, Whichever Occurs First ADG407BN | —40°C to +85°C N-28 
Continuous Current, SorD ................0000 20mA ADG407BP | -40°C to +85°C P-28A 
Peak Curtént, :S:0f D’s5 feo ei eho cake Siw es oe 40 mA ADG426BN | —40°C to +85°C N-28 


(Pulsed at 1 ms, 10% Duty Cycle Max) 
Operating Temperature Range 


ADG426BRS | —40°C to +85°C 


Industrial (B Version) ................. ~40°C to +85°C *N = Plastic DIP, P = Plastic Leaded Chip Carrier (PLCC), RS = Shrink Small 
Extended (T Version) ...........-e00- 55°C to +125°C inane Package (SSOP). For outline information see Package Information 
Storage Temperature Range ............. —65°C to +150°C 
Junction Temperature ............ 0c cece eee ees +150°C 
Plastic Package 
0,4. Thermal Impedance ................00 0005 75°C/W 
Lead Temperature, Soldering (10 sec) ........... +260°C 
PLCC Package | 
@,4, Thermal Impedance ..............-. ee eue. 80°C/W 
Lead Temperature, Soldering 
Vapor Phasé (60 SC) sn ci.casc egw thaw wees +215°C 
Infrared: (15 SEC) oar diw pie heaweeeet @asamaes +220°C. 
SSOP Package 
Q,,, Thermal Impedance .............. ea eee 122°C/W 
Lead Temperature, Soldering 
Vapor Phase (60 sec) ......... eee e eee eee +215°C 
Infrared (15 SC) i4-c oc vaesiedebu tate anaes es +220°C 
NOTES 


‘Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. Only 
one absolute maximum rating may be applied at any one time. 

Overvoltages at A, S, D, WR or RS will be clamped by internal diodes. Current 
should be limited to the maximum ratings given. 


CAUTION : 

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 

accumulate on the human body and test equipment and can discharge without detection. WARNING! 
Although these devices feature proprietary ESD protection circuitry, permanent damage may dd AG: 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 


precautions are recommended to avoid performance degradation or loss of functionality. . Bol SENSIENE DEvICE 
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ADGAOG/ADGA0T/ADEA26 
Table I. Truth Table (ADG406) | PIN CONFIGURATIONS 


‘ON SWITCH _ DIP : PLCC 


x |x |x |x |o | NONE eae rit 

0 0 j;0 | 0 1 /1 No TB ia 

0 0 |0 1 |1 2 

O02 Pe soe. HE es Ne (3 26] $8 

0 0 1 1 1 4 sé [4] 125} S7 

0 1 0 1/0 1/1 5 s15 [5 | _ [2a] se | 

0 l 0 | 1 1 | 6 $14 [6 | 123] $5 

0 | 1 |1 |o -}1 | 7 sis [7| ADG406 jo) ss inte | 

: ; : ; / ; ; $12 8 | (Not to Beate 21 S3 rotioscale) 
$11 [9 | 20] S2 

1 0 |0 1 1 10 S10 nl . 

1 0 |1 0 1 11 esti cs 

1 0 1 1 1 12 an [a a 

1 1 0 10 1 | 13 

1/1 /o0 {1 J1 1/14 NC 13} 16} At 

1 1 1 0 1 15 A3 15] A2 

1 1 }1 1 1 16 


X X | X 0 NONE 

0 0 0 l ] 

0 0 ] ] 2 

0 1 0 1 3 ADG407 
TOP VIEW 

: ; : : (Not to since 

1 0 | 1 6 

1 1 0 ] 7 

] ] ] ] 8 


© 
NC = NO CONNECT 


Steere OOCOOOCOOCO i 


X Retains Previous 
Switch Condition 
Xx NONE (Address PIN CONFIGURATION 
and Enable - _DIP/SSOP 
a 2 : | = Latches Cleared) 7 | 
xX |X |X |0 | 0 |1 | NONE 
0 0 1/0 1 0/1 1 
0 0 1 1 0 }1 2 
0 1 0 1 |.0 ] 3 
0 1 1 ] 0 1 4 
1 0 0 1 0 1 5 
1 0 1 1 0 1 6 
1/1 }|o |1 |o Ji J 7 
1 | 1 l 1 0 1 8 TOP VIEW 
0 0 10 1 0 1 9 8 | (Not to Scale) 
0 0 | 1 ] 0 1 10 
0 1 |0 | 0 1 11 
0 1 l 1 0.41 12 
1 0 0 1 0 1 13 
1 0 l 1 0 1 14 
l 1 0 1 0 1 15 
1 1 1 1 0 ] 16 


NC = NO CONNECT 
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TIMING DIAGRAMS (ADG426) 


3V 


| 


OV 


3V 
AO, A1, A2, (A3) 
EN 


ov 


Figure 17. 


Figure 1 shows the timing sequence for latching the switch 
address and enable inputs. The latches are level sensitive; 
therefore, while WR is held low, the latches are transparent and 
the switches respond to the address and enable inputs. This 
input data is latched on the rising edge of WR. 


SWITCH 
OUTPUT. 


OV 


Figure 2. 


Figure 2 shows the Reset Pulse Width, t,., and the Reset Turn 
Off Time, t,,,, (RS). 


‘Note: All digital input signals rise and fall times are measured 
from 10% to 90% of 3 V. t, = t, = 20 ns. 
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ADG406/ADG407/ADG426 


TERMINOLOGY 

Vop Most positive power supply potential. 

Vss Most negative power supply potential in dual 
supplies. In single supply applications, it may 
be connected to ground. 

GND Ground (0 V) reference. 

Ras Ohmic resistance between D and S. 

Roy Match Difference between the Rox of any two 
channels. 

I, (OFF) Source leakage current when the switch is off. 

I, (OFF) Drain leakage current when the switch is off. 

I,, I, CON) Channel leakage current when the switch 
is on. 

Vp (Vs) Analog voltage on terminals D, S. 

C,; (OFF) Channel input capacitance for “OFF” 
condition. 

Cy (OFF) Channel output capacitance for “OFF” 
condition. 

Cp, Cs (ON) “ON” switch capacitance. 

Cre Digital input capacitance. 

ton (EN) Delay time between the 50% and 90% 
points of the digital input and switch “ON” 
condition. 

torr (EN) Delay time between the 50% and 90% 
points of the digital input and switch “OFF” 
condition. | = 

DoeansiiGn Delay time between the 50% and 90% 
points of the digital inputs and the switch 
“ON” condition when switching from one 
address state to another. 

topsn “OFF” time measured between 80% points of 
both switches when switching from one 
address state to another. 

ViNL Maximum input voltage for logic “0.” 

Vin Minimum input voltage for logic “1.” 

Lo (iva) Input current of the digital input. 

Crosstalk A measure of unwanted signal which is 
coupled through from one channel to another 

| as a result of parasitic capacitance. 

Off Isolation A measure of unwanted signal coupling 
through an “OFF” channel. . 

Charge A measure of the glitch impulse 

Injection transferred from the digital input to the analog 
output during switching. 

Lop Positive supply current. 

lee Negative supply current. 
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J ANALOG 
| DEVICES 


L¢2MOS 4/8 Channel 


High Performance Analog Multiplexers 


FEATURES 

44 V Supply Maximum Ratings 

Vss to Vpp Analog Signal Range 

Low On Resistance (100 2 max) 

Low Power (Isuppry < 75 pA) 

Fast Switching 
Break- Before-Make Switching Action 
Plug-in Replacement for DG408/DG409 


APPLICATIONS 

Audio and Video Routing 
Automatic Test Equipment 
Data Acquisition Systems 
Battery Powered Systems 
Sample and Hold Systems 
Communication Systems| 


GENERAL DESCRIPTION | 
The ADG408 and ADG409 are monolithic CMOS analog multi- 


plexers comprising 8 single channels and four differential chan- . 


nels respectively. The ADG408 switches one of eight inputs to a 
common output as determined by the 3-bit binary address lines 
AO, Al and A2. The ADG409 switches one of four differential 
inputs to a common differential output as determined by the .. 
2-bit. binary address lines AO and Al. An EN input on both 
devices is used to enable or disable the device. When disabled, 
all channels are switched OFF. © 


The ADG408/ADG409 are designed on an enhanced LC7MOS 
process which provides low power dissipation yet gives high | 
switching speed and low on resistance. Each channel conducts 
equally well in both directions when ON and has an input signal 
range which extends to the supplies. In the OFF condition, sig- 
nal levels up to the supplies are blocked. All channels exhibit 
break before make switching action preventing momentary _ 
shorting when switching channels. Inherent in the design is low 
_ charge injection for minimum transients when switching the dig- 
ital inputs. 


The ADG408/ADG409 are improved replacements for the 
DG408/DG409 Analog Multiplexers. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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PRODUCT HIGHLIGHTS 

1. Extended Signal Range ' 
The ADG408/ADG409 are fabricated on an aaiaieedc 
LC?MOS process giving an increased signal range that 
extends to the supply rails. 


2. Low Power Dissipation 
- Low Ron. 


Ww 


4. Single Supply Operation 


For applications where the analog signal is unipolar, the Be og 
ADG408/ADG409 can be operated from a single rail power _ 
supply. The parts are fully specified with a single +12 V © 
power supply and will remain functional with single supplies 
as low as +5 V. 
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SPECIFICATIONS 


DUAL SUPPLY’ (Voip = +15 V, Voy = —15 V, GND = 0 V, unless otherwise noted) 


B Version T Version 
—40°C to —55°C to 

Parameter +25°C = + 85°C +25°C =+125°C 
ANALOG SWITCH 

Analog Signal Range Vss to Vpp Vsg tO Vin © 

Ron 

ARon 
LEAKAGE CURRENTS 


Source OFF Leakage I, (OFF) 


Drain OFF Leakage I,, (OFF) 
ADG408 
ADG409 

Channel ON Leakage I,, I; (ON) 
ADG408 
ADG409 


DIGITAL INPUTS 
Input High Voltage, Ving 
Input Low Voltage, Vixy 
Input Current 


line OF Tine 
Cyn, Digital Input Capacitance 


DYNAMIC CHARACTERISTICS? 


trRANSITION 


lopEN 

ton (EN) 

torr (EN) 

Chute Injection 

OFF Isolation 
Channel-to-Channel Crosstalk 


Cs (OFF) 

Cy (OFF) 
ADG408 
ADG409 

Cp, Cs (ON) 
ADG408 
ADG409 


POWER REQUIREMENTS 


Inp 
Iss 


Inp 


NOTES 
1Temperature ranges are as follows: B Versions: —40°C to +85°C; T Versions: —55°C to + 125°C. 
2Guaranteed by design, not subject to production test. 


- §pecifications subject to change without notice. 
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ADG408/ADG409 


Test Conditions/Comments 


= +10 V, I, = -10mA 


= +10 V, -10V 


Vp = +10 V, Vs = ¥10 V; 
Test Circuit 2 
Vp = +10 V; Vs = ¥10V; 
Test Circuit 3 


Vs = Vp = +10 V; 
Test Circuit 4 


Vin = 0or Vop 
f= 1 MHz 


R, = 3000, C, = 35 pF; 


Vs, = £10 V, Vsg = ¥10 V; 
Test Circuit 5 

R,, = 300 0, C,, = 35 pF; 
Vs; = +5 V; Test Circuit 6 
R,, = 300 0, C,, = 35 pF; 
Vs; = +5 V; Test Circuit 7 - 
R,, = 300 0, C,, = 35 pF; 
Vs = +5 V; Test Circuit 7 
Vs, = 0V, Rs =00,C, = 10 nF; 
Test Circuit 8 
R, = 1 kO, f = 100 kHz; 
Ven = 0 V; Test Circuit 9 
R, = 1 kQO, f = 100 kHz; 
Test Circuit 10 | 


f = 1 MHz 
f= 1 MHz 
f= 1 MHz 


Vin = OV, Ven =0V 


Vin = OV; Ven = 2.4V 
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ADG408/ADG409 
SINGLE SUP P Ly' (Voo = +12 V, Veg = OV, GND = OV, unless otherwise noted) 


B Version 
2 —40°C to 
+85°C 


T Version 
~—55°C to 
+ 125°C 


Parameter +25°C 


ANALOG SWITCH 
Analog Signal Range 
Ron 


LEAKAGE CURRENTS 
Source OFF Leakage I, (OFF) 


+25°C 


Drain OFF Leakage I, (OFF) 
ADG408 
ADG409 
Channel ON Leakage Ip; i (ON) 
~ ADG408 
ADG409 


DIGITAL INPUTS 
Input High Voltage, Ving 
_ Input Low Voltage, Viny 
Input Current 


In oF Ly 
Cin, Digital Input Capacitance 


DYNAMIC CHARACTERISTICS? 


tTRANSITION 


topEN | 
ton (EN) 
torr (EN) 
Charge Injection 
OFF Isolation 
_ Channel-to-Channel Crosstalk 


C, (OFF) 
~ Cp (OFF) 
ADG408 
ADG409 
Cp, Cs (ON) 
ADG408 
ADG409 


POWER REQUIREMENTS 
| 5 5 
Re + | 100 100 
| 200 500 200 500 


NOTES 
1Temperature ranges are as follows: B Versions: —40°C to +85°C; T Versions: —55°C to +125°C 
Guaranteed by design, not subject: to: production test. 


Specifications subject to change without notice. 
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Test Conditions/Comments 


Vp = +3 V, +10 V, I, = -1 mA 


Vp = 8 VIOV, Vs = 0 V/8 V; 
Test Circuit 2 


| Vp = 8 VV, Vs = 0 V8 V; 


Test Circuit 3 


V. = Vp = 8 VIO V; 
Test Circuit 4 


Vin = 0 or Vopp 
f = 1 MHz 


R, = 300 QO, C, = 35 pF;: 
Vs; = 8 V/0 V, Vsg = 0 V/8 V; 
Test Circuit 5 


R, = 3000, C, = 35 pF; 
Vs = +5 V; Test Circuit 6 
R,, = 300 O, C,, = 35 pF; 
Vs = +5 V; Test Circuit 7 
R, = 300-0, Cy = 35 pF; 


Vs = +5 V; Test Circuit 7 
V; =0V, Rs = 00, Cy = oer . 
Test Circuit 8 

R, = 1 kO, f = 100 kHz; 
Ven = 0 V; Test Circuit 9 
R, = 1 kO, f = 100 kHz; 
Test Circuit 10 


f= 1 MHz 
f= 1 MHz 
f= 1 MHz 


Vin = 0V; Ven = 0V 
Vin = OV, Ven = 2.4V 
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ABSOLUTE MAXIMUM RATINGS’ 


(T, = +25°C unless otherwise noted) 


M isis lV Get. chase bth toes chas bg aha ata sao MR Bein 6 esha +44V 
Vop to GND Ce —0.3 V to +25 V 
Vee tO GND 5 Cow eeeeeie te Hehakas +0.3 V to -25 V 


Analog, Digital Inputs* ... Vss; ~2 V to Vpp +2 V or 20 mA, 


Whichever Occurs First 


Continuous Current, Sor D .................. 20 mA 
Peak Current, S.or D 
(Pulsed at 1 ms, 10% Duty Cycle max) .......... 40 mA 
Operating Temperature Range 
Industrial (B Version)............... —40°C to +85°C 
Extended (T Version) .............. —55°C to +125°C 
Storage Temperature Range .......... —65°C to + 150°C 
Junction Temperature .................0.0004 + 150°C 
Cerdip Package, Power Dissipation ............. 900 mW 
8;4, Thermal Impedance .................. 76°C/W 
Lead Temperature, Soldering (10 sec) .......... + 300°C 
Plastic Package, Power Dissipation ............. 470 mW 
8;4, Thermal Impedance .................. 117°C/W 
Lead Temperature, Soldering (10 sec) .......... +260°C 
SOIC Package, Power Dissipation.............. 600 mW 
8;4, Thermal Impedance .................. 77°C/W 
Lead Temperature, Soldering 
“Vapor Phase (60 Se¢) : o.0s bed ee we Ba +215°C 
Infrared: (15 sec): 6.s-o0$4 44a see eA OAS +220°C 
CAUTION 


ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. Although 
these devices feature proprietary ESD protection circuitry, permanent damage may occur on 
devices subjected to high energy electrostatic discharges. Therefore, proper ESD precautions are 
recommended to avoid performance degradation or loss of functionality. 
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ADG408/ADG409 


NOTES 

"Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
Only one absolute maximum rating may be applied at any one time. 
?Overvoltages at A; EN, S or D will be clamped by internal diodes. Current 
should be limited to the maximum ratings given. 


ORDERING INFORMATION 


Temperature Range 


Package Option 


ADG408BN —40°C to +85°C N-16 
ADG408BR —40°C to +85°C R-16A 
ADG408TQ —55°C to Q-16 
ADG409BN —40°C to +85°C N-16 
ADG409BR —40°C to +85°C 


ADG409TQ 


NOTES 

1To order MIL-STD-883, Class B processed parts, add /883B to T grade part 
numbers. 

2N = Plastic-DIP; R = 0.15” Small Outline IC (SOIC); Q = Cerdip. For 
outline information see Package Information section. 


—55°C to 


WARNING! 


en 4 


ESD SENSITIVE DEVICE 
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ADG408/ADG409 


PIN CONFIGURATIONS (DIP/SOIC) 


16] At 46] Al 
EN [2] 15] A2 EN [2] ° _ [15] @np 
Vss 14] GND Ves L3, 114] Yop 
$1 [4]. ‘ADG408 13] Voo S1A [4] ADG40s 13] S1B 
TOP VIEW TOP VIEW 
$2 5 | (Not to Scale) 42 ss S2A 5 | (Not to Scale) 42 S2B 
$3 | 6 | 11| S6 S3A [6| _ 141] S3B 
S4 | 7 110] $7 S4A 110] S4B 
D/8|. 19] $8 DA | 8| 9} DB 
_ADG408 Truth Table 

dad Pom | aw | ow SWITCH 

X x Xx | 0 | NONE 

0 0 0 ] ] 

0 | 0 1 l 2 

0 1 0 4 3 

0 ] 1 ] 4 

1 0 0 l 5 

1 0 1 l 6 

1 l 0 ] 7 

1 1 ] l 8 


ADG409 Truth Table 


PAIR 
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ON SWITCH" 


GND 
Ron | 
ARon 


I; (OFF) 
I, (OFF) 
Ip, Is (ON) 
Vp (Vs) 

Cs (OFF) 


Cp (OFF) 


Cin ; 
ton (EN) 


torr (EN) 


UPpRANSITION 


topEN 


Vinu 


Vinu 


Jinn (nua) 


Crosstalk 


Off Isolation 


Charge 
Injection 


Ibp 


Iss 


_ TERMINOLOGY 


Most positive power supply potential. 


_ Most negative power supply potential in dual 
_ supplies. In single supply applications, it may 
_be connected to ground. . | 


Ground (0 V) reference. 


Ohmic resistance between D and S. 


Difference between the Rox of any two 
channels. ; 


Source leakage current when the switch is off. 


Drain leakage current when the switch is off. 


| Channel Jeakage current when the switch is on. 


Analog voltage on terminals D, S. 


Channel input capacitance for “OFF” 
condition. 


‘Channel output capacitance for On - 


condition. 
“ON” switch capacitance. 
Digital input capacitance. 


Delay time between the 50% and 90% points of 
the digital input and switch “ON” condition. 


Delay time between the 50% and 90% points of - 


_ the. digital input and switch “OFF” condition. 
' Delay time between the 50% and 90% points of 


the digital inputs and the switch “ON” 


condition when switching from one adress 


state to another. 


“OFF” time measured between the 80% points 


of both switches when switching from one 


address state to another. 

Maximum input voltage for logic “0.” 
Minimum input voltage for logic “1.” 
Input current of the digital input. 


A measure of unwanted signal which is coupled 
through from one channel to another as a result 
of parasitic capacitance. 


A measure of unwanted signal coupling 
through an “OFF” channel. 


A measure of the glitch impulse transferred 
from the digital input to the analog output 
during switching. 


Positive supply current. 


Negative supply current. 
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Typical Performance Characteristics 


120 


a a a ee 
ea Vop = +12V 


100 


Vop = +10V 
Vss = -10V 


Vp (Vs) — Voits 


Figure 1. Rox as a Function of Vp (V5): Dual Supply Voltage 


Vop = +15V 
Vss = ~-15V 


0 
Vp (Vs) — Volts 


Figure 2. Row as a Function of Vp (Vs) for Different 
Temperatures 


Vop = +15V 
Vss = -15V 


LEAKAGE CURRENT - nA 


oO. 5 
Vp (Vs) — Volts 


Figure 3. Leakage Currents as a Function of Vp (Vs) 
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ADG408/ADG409 


Ron - 2 


Vop = +12V 
~ Vss = OV 
ae, 


5 
Vp (Vs) - Volts 


Figure 4. Ron as a Function of Vp (Vs): Single Supply 


Voltage 


130 


ee 
SEL 


ae 
Z| 


WML 
ALT ETE 


hae 

fees taal 

fee al 

are 

= 
& 100 ae: / _\ 
a 4) ae 
ee ae V7 \|f N 
ga es Se ee 
as ere eas eee a6 
Fo ccaaeaie(  Rsens| e ( eee 
2 ae, ee ee eee eee 
ele Ne Be ee ee 
0 2 4 8 10 12 


6 
Vp (Vs) - Volts 


Figure 5. Ron as a Function of Vp (Vs) for Different 
Temperatures 


LEAKAGE CURRENT -nA | 


6 
Vp (Vs) - Volts 


Figure 6. Leakage Currents as a Function of Vp (Vg) 
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ADG408/ADG409 


= Vin- Volts: . oo Min = Volts 


nate 7. Switching Time vs. Vin (Bipolar Supply) Figure 10. Switching Time vs..Vj,, (Single Supply) 


—— 


9 1 BB ne ae” eee | eee 


VsurpLy ~ . Volts: ; - . .. Mguppry-Volts 
- Figure 8. Switching Time vs. . Single Supply | Figure 11. Switching Time vs. Bipolar Supply 


10. 100. + 1k ~~ ‘10k +~=«100k”=««1M~=—s«1oM~ | 10° 1000 1k 10k 100k 1M 10M 
| | -FREQUENCY-Hz epee FREQUENCY-Hz 
Figure 9. Positive Supply Current vs. Switching Frequency Figure 12. Negative paces Current vs. Switching 
ee ee se ; Frequency | | 
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——-ADG408/ADG409 


Vop = +15V Vop = +15V 


Vss =-15V 


OFF ISOLATION-dB~ 
CROSSTALK-dB - 


k 1k 10k 100k mM 
FREQUENCY - Hz ' "FREQUENCY—Hz 


Figure 13. Off Isolation vs. Frequency Figure 14. Crosstalk vs. Frequency 
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‘ANALOG 
DEVICES 


DI L¢2M0s 
“Precision Quad SPST Switches 


FEATURES 
44 V Supply Maximum Ratings 
+15 V Analog Signal Range 
Low On Resistance (<35 ) 
Ultralow Power Dissipation (35 pW) - 
Fast Switching Times 
ton <175 ns 
tors <145 ns 
Latch-up Proof 
TTL/CMOS Compatible 
Plug-in Replacement for DG411/DG412/DG413 


APPLICATIONS 

Audio and Video Switching 
Automatic Test Equipment 
Precision Data Acquisition 
Battery Powered Systems 
Sample Hold Systems 
Sommunicsion Systems 


GENERAL DESCRIPTION 

The ADG411, ADG412 and ADG413 are monolithic CMOS 
devices comprising four independently selectable switches. They 
are designed on an enhanced LC?MOS, trench isolated process 
which provides low power dissipation yet gives high switching 
speed and low on resistance. Trench isolation gives all the bene- 
fits of dielectric isolation and ensures no latch up even under 
extreme overvoltage conditions. 


The on resistance profile i is very flat over the full analog input - 
range ensuring excellent linearity and low distortion when 
switching audio signals. Fast switching speed coupled with high 
~ signal bandwidth also make the parts suitable for video signal 

~ switching. CMOS construction ensures ultralow power dissipa- 
tion making the parts ideally suited for naae and battery 
powered instruments. 


The ADG411, ADG412 and ADG413 contain four independent 
SPST switches. The ADG411 and ADG412 differ only in that 
the digital control logic is inverted. The ADG411 switches are 
‘turned on with a logic low on the appropriate control input, 
while a logic high is required for the ADG412. The ADG413 
has two switches with digital control logic similar to that of the 
ADG411 while the logic is inverted on the other two switches. 


Each switch conducts equally well in both directions when ON 
and has an input signal range which extends to the supplies. In 
the OFF condition, signal levels up to the supplies are blocked. 
All switches exhibit break before make switching action for use 
in multiplexer applications. Inherent in the design is low charge 
injection for minimum transients when switching the digital 
inputs. 
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ADG411/ADG412/ADG413 


FUNCTIONAL BLOCK DIAGRAMS 


SWITCHES SHOWN FOR A LOGIC “1” INPUT 


PRODUCT HIGHLIGHTS 

1. Extended Signal Range 
The ADG411, ADG412 and ADG413 are fabricated on an 
enhanced LC?MOS, trench isolated process giving an 
increased signal range which extends fully to the supply rails. 


2. Ultralow Power Dissipation 
3. Low Ron 


4. Trench Isolation Guards Against Latch-up 
A dielectric trench separates the P and N channel transistors 
thereby preventing mtn -up even under severe overvoltage 
conditions. 


5. Break Before Make Switching 
This prevents channel shorting when the switches are config- 
ured as a multiplexer. 


6. Single Supply Operation 
For applications where the analog signal is unipolar, the 
ADG411, ADG412 and ADG413 can be operated from a sin- 
gle rail power supply. The parts are fully specified with a 
single +12 V power supply and will remain functional with 
single supplies as low as +5 V. 
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SPECIFICATIONS’ ADG411/ADG412/ADG413 


Dual Supply w,, = +15 v + 10%, Ves = —15 V + 10%, V, = +5 V + 10%, GND = 0 V, unless otherwise noted) 


B Version 
—40°C to 
+25°C +85°C 


T Version 
—55°C to 
+25°C }3=+125°C 


Parameter Units Test Conditions/Comments 


ANALOG SWITCH 
Analog Signal Range 


Vop to Vss Vop to Vss 


Ron Q typ Vp = +8.5 V, I, = —10 mA; 
Vop = + 13.5 V, Vss = —13.5 V 
LEAKAGE CURRENTS Vopp = +16.5 V;, Vsg = —16.5 V 


Source OFF Leakage I, (OFF) Vp = 15.5 V, Vg = ¥15.5 V; 
Test Circuit 2 

Vp = £15.5 V, Vg = ¥15.5 V3 
Test Circuit 2 | 

Vp = Vs = £15.5 V3 

Test Circuit 3 


Drain OFF Leakage I,, (OFF) 


Channel ON Leakage Ip, I; (ON) 


DIGITAL INPUTS 
Input High Voltage, Ving 
Input Low Voltage, Ving 
Input Current — 


linc OF ling Vin = Vunr OF Ving 


DYNAMIC CHARACTERISTICS? 
ton | R,, = 300 9, C,, = 35 pF; 

Vs = +10 V; Test Circuit 4 

R, = 300 0, C,, = 35 pF; 

Vs; = £10 V; Test Circuit 4 

R, = 300 0, C, = 35 pF; 

Vs, = Vs2 = +10 V3; 

Test Circuit 5 

Vs = 0V, Rs = 00, Cy = 10 nF; 

Test Circuit 6 7 

R, = 500, Cy = 5 pF, f = 1 MHz; 

Test Circuit 7 : | 

R, = 500, C, = 5 pF, f = 1 MHz; 

Test Circuit 8 


toFF 


Break-Before-Make Time Delay, tp 
(ADG413 Only) 


Charge Injection 
OFF Isolation 


Channel-to-Channel Crosstalk 


Cy, (OFF) f= 1 MHz 
Cp (OFF) f= 1 MHz 
Cp; Cs (ON) f = 1 MHz 
POWER REQUIREMENTS Vpp = +16.5 V; Vsg = —16.5 V 
Digital Inputs = 0 V or 5 V 
Ipp 
Iss 
I 
NOTES 


1Temperature ranges are as follows: B Versions: —40°C to +85°C; T Versions: —55°C to +125°C. 
2Guaranteed by design, not subject to production test. 


Specifications subject to change without notice. 
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ADG411/AD6412/AD6413 


Single SUPPLY (vy. = +12. + 10%, Vos = OV, V, = +5V 10%, GND = OV, unless otherwise noted) 


B Version uh 
) 40°C to | | 
Parameter — on, +25°C. +85°C , | Test Conditions/Comments _ 
Analog Signal Range ~ 0Vt0 Vip 0 V to Vip by Adu d-. 2, 
Ron | | : 0< Vp < 8.5. V, Ig = —10 mA; 
Vop = +10.8 V | 
LEAKAGE CURRENTS Vop = +13.2V 


Source OFF Leakage. I, (OFF) 

Drain OFF Leakage lb (OFF) | 

Channel ON Leakage I, Is (ON) 
DIGITAL INPUTS 

Input High Voltage, Vingy 


Input Low Voltage, Vin. 
Input Current 


Iwo OF Linn 


DYNAMIC CHARACTERISTICS? 


ton 


loFF 


Break-Before-Make Time Delay, tp | 


(ADG413 Only). 
Charge Injection 
OFF Teolduon 


7 Chanicl-ta Channel Crosstalk 


Vp = 12.2/1 V, Vs = ‘AWi2, 2V; 
Test Circuit 2. 

Vp = 12.2/1 V, V5 = W/2. 2 V: 
Test Circuit 2 

V5 = Ve =412.2 V/+l V: 
Test Circuit 3 


Vin = Vint or Vinn ; 


| R, = 300 0, Cy, = 35 pF; 


Vs = +8 V; Test Circuit4 
R,, = 300 0, C, = 35 pF; 
Vs = +8 V; Test Circuit 4 
R, = 300 0, C, = 35 pF; 
Vs, = Vs2 = +10 V; 


Test Circuit 5 


Vs = 0V, R, = 00, C= 10 nF: 
Test Circuit 6 
R, = 500, C, = 5 pF, f= 1 MHz; 


‘+ Test Circuit 7 


R, = 500, C, = 5 pF, boas 


. Test Circuit. 8 | 


Cy (OFF) f = 1 MHz 
Cy (OFF) f= 1MHz 
Cp, Cs (ON) f= 1 MHz 
POWER REQUIREMENTS Vpp = +13.2V00 
| : Digital Inputs = 0 Vor5 V _ 
Ipp 
I, 
TV, = +5.25V 
NOTES 


'Temperature ranges are as follows: B Versions: 40°C to +85°C; T Versions: —55°C to +125°C. 
2Guaranteed by design, not subject to production test... 


Specifications subject to change without notice. 


Truth Table (ADG411/ADG412) 


Truth Table (ADG413) ~ 


Switch Condition 


ADG411 In 
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ABSOLUTE MAXIMUM RATINGS’ 


(T, = +25°C unless otherwise noted) 


Visit Vee wad eee s ieee Ae ee te Ed +44 V 
Vpp 10 GND 6 en ec ieee beets ts 70.3 V to +25 V 
VectO GND) 3 36a eo Ge ee ed Oe ee ee +0.3 V to -25 V 
Vi-tO GND “25. tere ao hee eee a —-0.3 V to Vpp + 0.3 V 
Analog, Digital Inputs? ........ Vss —2 V to Vpp +2 V or 

30 mA, whichever occurs first 


Continuous Current, S or D 
Peak Current, Sor D ............0. 000 ewes 100 mA 
(Pulsed at 1 ms, 10% Duty Cycle max) 

Operating Temperature Range © 


Industrial (B Version) ............... —40°C to +85°C 

_ Extended (T Version) .............. —55°C to +125°C 
- Storage Temperature Range ........... —65°C to +150°C 
Junction Temperature .............. 0000s +150°C 
Cerdip Package, Power Dissipation ............. 900 mW 
0,4 Thermal Impedance ................04- 76°C/W 


ESD SUSCEPTIBILITY 


ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 volts, which 
readily accumulate on the human body and on test equipment, can discharge without detection. 
Although these devices feature proprietary ESD protection circuitry, permanent damage may still 
occur on these devices. if they are subjected to high energy electrostatic discharges. Therefore, 
proper precautions are recommended to avoid any performance degradation or loss of functionality. 


PIN CONFIGURATION 
(DIP/SOIC) 


- ADG411 
--ADG412 | 
ADG413 


- TOP VIEW 


ADG411/ADG412/ADG413 


Lead Temperature, Soldering CLO SCC)! ieee Gite ont arr + 300°C 
Plastic Package, Power Dissipation ............. 470 mW 
®;, Thermal Impedance .................. 117°C/W 
Lead Temperature, Soldering (10 sec) .......... +260°C 
SOIC Package, Power Dissipation.............. 600 mW 
6,4 Thermal Impedance ................0.. 77°CIW 
Lead Temperature, Soldering 
Vapor Phase (60 sec)... ....... 02020 e eee +215°C 
Initared (15 SC) eu ee eae BAAS GE eS +220°C 
NOTES 


Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
Only one absolute maximum rating may be applied at any one time. 
?Overvoltages at IN, S or D will be clamped by internal diodes. Current should 
be limited to the maximum ratings given. 


WARNING! 


sa a 


ESD SENSITIVE DEVICE 


ORDERING GUIDE 


Temperature Range _ 


Package Option” * 


ADG411BN —40°C to +85°C : 

ADG411BR —40°C to +85°C R-16A. 
ADG411TQ —§5°C to +125°C © Q-16 
ADG412BN —40°C to +85°C (ws s|  N-16 
ADG412BR | ~40°C to +85°C... ~R-16A 
ADG412TQ | | —55°C to + 125°C Q-16 
ADG413BN —40°C to +85°C N-16 


ADG413BR 


—40°C to +85°C 


NOTES 

'To order MIL- STD- 883, Class B Peer parts, add /883B to T grade part 
numbers. 

2N = Plastic DIP; R = 0.15" Small Outline IC (SOIC); Q = Cerdip. 

>For outline information see Package Information section. 


“TERMINOLOGY 


Most positive power supply potential. 

Vss ———C Most. negative power supply potential in dual 
supplies. In single supply applications, it may 
be connected to GND. 


Vi ___'. Logic power supply (+5 V). 

GND Ground (0 V) reference. 

S Source terminal. May be an input or output. 
D Drain terminal. May be an input or output. 
IN Logic control input. 

Ron Ohmic resistance between D and S. 

I; (OFF) Source leakage current with the switch “OFF.” 
Ip (OFF) Drain leakage current with the switch “OFF.” 
Ip» Is (ON) Channel leakage current with the switch “ON.” 
Vp (Vs) Analog voltage on terminals D, S. 

Cs (OFF) “OFF” switch source capacitance. 

Cp (OFF) “OFF” switch drain capacitance. 

Cy, Cs (ON) “ON” switch capacitance. 
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ton Delay between applying the digital control 
input and the output switching on. 
Delay between applying the digital control 
input and the output switching off.. 
tp _ “OFF” time or “ON” time measured between 
: the 90% points of both switches, when switching 
from one address state to another. 


toFF 


Crosstalk A measure of unwanted signal which. is coupled 
through from one channel to another as a result 
of parasitic capacitance. 

Off Isolation | A measure of unwanted signal coupling 
through an “OFF” switch. 

Charge A measure of the glitch impulse transferred 

Injection from the digital input to the mas output 


during switching. 
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-ADG411/ADG412/AD6413 


Typical Performance Graphs 


Vgg = OV 


0 5 10 15 20 
Vp OR Vg - DRAIN OR SOURCE VOLTAGE - V Vp OR Vg - DRAIN OR SOURCE VOLTAGE - Vv 
: Figure J. On Resistance as a Function of Vp (V;) Dual Figure 4, On. Resistance as a Function of Vp (V5) Single 
Supplies 9) | Supply : a . oF 
100mA 


10mA | — V., =-15V —1SW 


1mA 


Ron - 22 
' supply 
8 
> 


Vp OR V, - DRAIN OR SOURCE VOLTAGE - V 7 * . FREQUENCY -~ Hz 


Figure 2, On Resistance as a Function of Vp (V5) for - | Figure 5. Supply Current vs. Input Switching Frequency 
Different Temperatures | | 7 


LEAKAGE CURRENT - nA 
LEAKAGE CURRENT - nA 


aeapeneRR 8G Vp OR Vg ~ DRAIN OR SOURCE VOLTAGE -V 


Figure 3. Leakage Currents as a Function of Temperature | Figure 6. Leakage Currents as a Function of Vp (Vs) 
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OFF ISOLATION - dB 


FREQUENCY - Hz 


Figure 7. Off Isolation vs. Frequency 


CROSSTALK - dB 


FREQUENCY — Hz 


Figure 8. Crosstalk vs. Frequency 


TRENCH ISOLATION | | 

In the ADG411, ADG412 and ADG413, an insulating oxide 
layer (trerich) is placed between the NMOS and the PMOS tran- 
sistors of each CMOS switch. Parasitic junctions, which occur 
between the transistors in Junction Isolated switches, are elimi- 
nated, the result being a completely latch-up proof switch. 


In Junction Isolation, the N and P wells of the PMOS and 
NMOS transistors form a diode which is reverse-biased under 
normal operation. However, during overvoltage conditions, this 
diode becomes forward biased. A Silicon-Controlled Rectifier 
(SCR) type circuit is formed by the two transistors causing a 
significant amplification of the current which, in turn, leads to 
latch-up. With Trench Isolation, this diode is removed, the 
result being a latch-up proof switch. 


Trench Isolation also leads to lower leakage currents. The 
ADG411, ADG412 and ADG413 have a leakage current of 


0.25 nA as compared with a leakage current of several nanoamps 


in non-Trench Isolated switches. Leakage current is an impor- 
tant parameter in sample-and-hold circuits, this current being 
responsible for the discharge of the holding capacitor with time 
causing droop. The ADG411/ADG412/ADG413’s low leakage 


current, along with its fast switching speeds, make it suitable for 


fast and accurate sample-and-hold circuits. 
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ADG411/ADG412/ADG413 


PMOS 


LOCOS 


URIED OXIDE LAYER 


_ SUBSTRATE (BACKGATE) 


Figure 9. Trench Isolation 


APPLICATION 

Figure 10 illustrates a precise, fast sample-and-hold circuit. An 
AD845 is used as the input buffer while the output operational 
amplifier is an AD711. During the track mode, SW1 is closed 
and the output Voy follows the input signal V,,;. In the hold 
mode, SW1 is opened and the signal is held by the hold capaci- 
tor C,,. 


Due to switch and capacitor leakage, the voltage on the hold 
capacitor will decrease with time. The ADG411/ADG412/ 
ADG413 minimizes this droop due to its low leakage specifica- 
tions. The droop rate is further minimized by the use of a 
polystyrene hold capacitor. The droop rate for the circuit shown 
is typically 30 wV/ps. 


A second switch SW2, which operates in parallel with SW1, is 
included in this circuit to reduce pedestal error. Since both | 
switches will be at the same potential, they will have a differen- 
tial effect on the op amp AD711 which will minimize charge 
injection effects. Pedestal error is also reduced by the compensa- 
tion network R, and C,. This compensation network also 
reduces the hold time glitch while optimizing the acquisition 
time. Using the illustrated op amps and component values, the 
pedestal error has a maximum value of 5 mV over the +10 V 
input range. Both the acquisition and settling times are 850 ns. 


+15V +5V 


ADG411/412 
/413 


Figure 10. Fast, Accurate Sample-and-Hold 
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‘ADG411/ADG412/ADG413 


Test Circuits 


V5 —=— 


Test Circuit 1. On Resistance . . : Se Test Circuit 2. Off Leakage a Test Circuit 3. On Leakage 


+15V00 45V 


3V 


Vin ADG411. | 50% foo 
| — | 


Vin ADG412 f son sex 


| 
J 
| 
i | 


~ Moura 
— © 


Rie 
” 300 


Cc 


mL 
i baa 3 


| 
. I 
aisle FAtp tyg e 
Test Circuit 5. Break-Before-Make Time Delay 


5V +5V 
- e 


Test Circuit 6. Charge Injection 
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ADG411/ADG412/AD6413 


415V0 45VO0O” +15V45V. 
e 


~15V CHANNEL TO CHANNEL 
ue . CROSSTALK 
Test Circuit 7. Off Isolation “18V =20XLOG|VeVour | 


Test Circuit 8. Channel-to-Channel Crosstalk 
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| ANALOG 
DEVICES 


——— LeMOS Precision 
Mini-DIP Analog Switch — 
— ADGA4I9 


FEATURES 

44V Supply Maximum Ratings 

Vss to Vpp Analog Signal Range 

Low On Resistance (< 35 Q) 

Ultralow Power Dissipation (< 35 ,.W) 
Fast Transition Time (145 ns max) 
Break-Before-Make Switching Action 
Latch-Up Proof 

Plug-In Replacement for DG419 


APPLICATIONS 

Precision Test Equipment 
Precision Instrumentation 
Battery Powered Systems 
Sample Hold Systems 


GENERAL DESCRIPTION 

The ADG419 is a monolithic CMOS SPDT switch. This 
switch is designed on an enhanced LC?MOS process which pro- 
vides low power dissipation yet gives high switching speed, low 
on resistance and low leakage currents. 


The on resistance profile of the ADG419 is very flat over the full 
analog input range ensuring excellent linearity and low distor- 


tion. The part also exhibits high switching speed and high signal 


bandwidth. CMOS construction ensures ultralow power dissipa- 
tion making the parts ideally suited for portable and battery 
powered instruments. 


Each switch of the ADG419 conducts equally well in both 
directions when ON and has an input signal range which ex- 
tends to the supplies. In the OFF condition, signal levels up to 
the supplies are blocked. The ADG419 exhibits break-before- 
make switching action. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-62 12. 
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FUNCTIONAL BLOCK DIAGRAM 


ADG419 


_ SWITCH SHOWN FOR A 
LOGIC "1" INPUT 


PRODUCT HIGHLIGHTS 

1. Extended Signal Range 
The ADG419 is fabricated on an enhanced LC?7MOS, trench 
isolated process giving an increased signal range that extends 
to the supply rails. 


2. Ultralow Power Dissipation 


3. Low Ron 


4, Trench Isolation Guards Against Latch Up 
A dielectric trench separates the P and N channel transistors 
thereby preventing latch-up even under severe overvoltage 
conditions 


5. Single Supply Operation 
For applications where the analog signal is unipolar, the 
ADG419 can be operated from a single rail power supply. 
The part is fully specified with a single +12 V power supply 
and will remain functional with single supplies as low as 
+5 'V. 
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SPECIFICATIONS' 


ADG419 


Dual Supply (oo= +15 v+ 10%, vo.=—15 V+ 10%, V, = +5 V+ 10%, GND = 0 V, unless otherwise noted) 


Parameter 


ANALOG SWITCH 
Analog Signal Range 


IN 


LEAKAGE CURRENTS 
Source OFF Leakage Is; (OFF) 


Drain OFF Leakage Ip (OFF) 


Channel ON Leakage Ip, Is (ON) 


DIGITAL INPUTS 
Input High Voltage, Vinx 
Input Low Voltage, Vinz 
Input Current 
Iinx or Linn 


DYNAMIC CHARACTERISTICS? 


(TRANSITION 
Break-Before-Make Time 
Delay, tp 

OFF Isolation 
Channel-to-Channel Crosstalk 


C, (OFF) 
Cp, Cs (ON) 


POWER REQUIREMENTS 
Ipp 


Isg 


IL 


NOTES 


‘Temperature ranges are as follows: B Version: -40°C to +85°C; T Version: -55°C to +125°C. 


B Version 
+25°C -40°C to 
85°C 


*Guaranteed by design, not subject to production test. 


Specifications subject to change without notice. 
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Vss to Vop 


T Version 
+25°C = -55°C to 
+125°C 


Vss to Vpp 


Test Conditions/Comments 


Vp = 12.5 V, Is =-10 mA 
Vpp = +13.5 V, Vss = -13.5 V 


Vpp = +16.5 V, Vss = -16.5 V 
Vp = 15.5 V, Vs = ¥15.5 V3 
Test Circuit 2 

Vp =+15.5 V; Vs= +15.5 V; 
Test Circuit 2 

Vs = Vp =+15.5 V; 

Test Circuit 3 


Vin = Vint or Vinn 


Ry = 300 Q, Cy = 35 pF; 
Vs1 =+10 V, Vso = +10 V; 
Test Circuit 4 

R, = 300 Q, Cy = 35 pF; 
Vs} = Vs2 =t10 V3 
Test Circuit 5 

R, = 50 Q, f = 1 MHz; 
Test Circuit 6 . 
R, = 50 Q, f= 1 MHz; 
Test Circuit 7 

f= 1 MHz 

f= 1 MHz 


Vpp = +16.5 V, Vss = -16.5 V 
Vin =O0Vor5V 


VL =+5.5V 
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ADG419 


Single Supply to = +12 V+ 10%, Vos=0V, v= +5 V4 10%, GND =0V, unless otherwise noted) 


B Version 


a EE eae “+#25°C 40°C to 
Parameter . +85°C 
ANALOG SWITCH : 

Analog Signal. Range. 

Ron 
LEAKAGE CURRENT 


Source OFF Leakage Is (OFF) 
Drain OFF Leakage Ip (OFF) 


Channel ON Leakage Ip, Is (ON) 


DIGITAL INPUTS 
Input High Voltage, Ving 
Input Low Voltage, Vinz. 
Input Current 


Ipnx or Linn 


DYNAMIC. CHARACTERISTICS? 
tTRANSITION 


Break-Beforé-Make Time 
Delay, tb 


OFF Isolation 
Channel-to-Channel | Crosstalk 


Cs (OFF) 
Cp, Cs (ON) _ 

POWER REQUIREMENTS . 
Ipp 


I 
NOTES 
‘Temperature ranges are as 5 follows: B Version: 40°C to +85°C; T Version: 55°C to #125°C, 


*Guaranteed by design, not subject to production test. 
Specifications subject to change without notice. 


Table I. Truth Table 


| Switch 2 


ORDERING GUIDE 


Temperature Range 


—40°C to +85°C 
—40°C to +85°C 
—55°C to +125°C 


*N = Plastic DIP, Q = Cerdip, SO = 0.15" Small Outline IC (SOIC). For out- 
line information see Package Information section. 


Package Option* 
N-8 


ADG419BN 
ADG419BR 
ADG419TQ 
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Test Conditions/Comments __ 


Vp = +3 V; +8.5 V, Is =—10 mA 
| Vpp = +10.8 VV. 


Vpp = +13.2 V 

Vp = 12.2 V/1 V, Vs = 1 V/12. 2.V; 
Test Circuit2 .- 

Vp = 12.2 V/1 V, Ns 1 V/12.2 V; 
Test Circuit 2 

Vs = Vp = 12.2 V/1 Vv: 

Test Circuit 3 - 


Vin = VINL or Vinu 


R;, = 300 Q, Cy = 35 pF; 
Vs; = 0 V/8 V, Vso = BONS 
Test Circuit4  . 

R;, = 300 Q, C. = 35 pF; 
Vsi = Vs2 = +8 V; 

Test Circuit 5 

Ry = 50 Q, f= 1 MHz; 
Test Circuit 6. 

R;, = 50 Q,f=1 MHz; 
Test Circuit 7 

f= 1 MHz 

f= 1 MHz 

Vpp = +13.2 V 

Vin =0 Vor 5V 


Vi =+5.5V 


PIN CONFIGURATION 
DIP/SOIC 


GND TOP VIEW IN 
is (Not to Scale) ce 
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ABSOLUTE MAXIMUM RATINGS! © 


(Ta= +25°C unless otherwise noted) : 


Vpp to Vss 

Vop tO GND ‘344 1ghak vesten re ee eeoues -0.3 V to +25 V 
VestO GND: 2308 bhi Saud mas Mike Ged Boers +0.3 V to -25 V 
Vi tO GND. Hiiataatenes ate cates -—0.3 V to Vpp + 0.3 V 


CGE ak, CRS . Vss — 2 V to Vpp + 2 V 
or 30 mA, Whichever Occurs First 
Continuous Current, S orD ....... A decker gitar Be ces Reds 30 mA 
Peak Current, S or D ........... 00. e eee eee ‘..... 100 mA 
(Pulsed at 1 ms, 10% Duty.Cycle Max). | 
Operating Temperature Range 


Analog, Digital Inputs” 


Industrial (B Version) ..........2.0000. —40°C to +85°C 

Extended (I Version) .......... ae ae —-55°C to +125°C 
Storage Temperature Range ............. —65°C to +150°C 
Junetion: Temiperature:o 36 6:he cote ew ee Se ee 150°C 
Cerdip Package, Power Dissipation ....... Gane arene 600 mW 
CAUTION 


ESD felccsate discharge) sensitive device. Electrostatic charges as high as 4000 V readily | 
accumulate on the human body and test equipment and can discharge without detection. 
Although this device features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy ‘electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. . 


TERMINOLOGY = ak | 
Vopp | Most positive power supply potential. — 
Vss Most negative power. supply potential in dual 


supplies. In single supply applications, it 
may be connected to GND. 


Vi Logic power supply (+5 V). 

GND Ground (0 V) reference. 

S Source terminal. May be an yaput or an: 
output. 3 

D oot Drain terminal. May be an input or an 

| output. 

IN ’ Logic control input. . 

Ron Ohmic resistance between D and S. 

Is (OFF) Source leakage current with the switch 
“OFF.” . 

Ip (OFF) Drain leakage current with the switch 
“OFF.” 

Ip, Is (ON) Channel leakage current with the switch 
“ON.” 

Vp (Vs) Analog voltage on terminals D, S. 

Cs (OFF) “OFF” switch source capacitance. 
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aL ciegrn gee Wek ne Cris Aiea Ras he ehda ee arcrine* HAAN 


/ADG419 


Oya, Thermal Impedance ..... bas veneees L10°C/W 


Lead Temperature, Soldering (10 sec) ........... +300°C 
Plastic Package, Power Dissipation ........ Pea kta) 400 mW 
Oya, Thermal Impedance ..................005 100°C/W 
Lead Temperature, Soldering (10 sec) ........... +260°C 
SOIC Package, Power Dissipation ........ wee... . 400 mW 
Oras. Lhermal Impedance: i.4'ecxda er sae ew cas 155°C/W 


Lead Temperature, Soldering — | 
Vapor Phase (60 sec). ..... seeds Pose Ties ).. +215°C 
Infrared (15 sec) ......... Oe th tin te eater Bsc Gi —+220°C 


NOTE 

‘Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. Only 
one absolute maximum rating may be applied at any one time. 

?Overvoltages at IN, S or D will be clamped by internal diodes. Current should be 
limited to the maximum ratings given. 


WARNING! — 


a 


ESD SENSITIVE DEVICE | 


Cp, Cs (ON) 


CTRANSITION 


“ON” switch capacitance. 
Delay time between the 50% and 90% points 
_of the digital inputs and the switch “ON” 
condition when switching from one address 
State. to another. | - 
tp PS ay “OFF” time or “ON” time measured be- 
‘ tween the 90% points of both switches 
when switching from. one address state 
to the other. 
VINL Maximum input voltage for logic “0.” 
Vinu Minimum input voltage for logic “1.” 


Lit Cin) Input current of the digital input. | 


Crosstalk A measure of unwanted signal which is 
. coupled through from one channel to 
another as a result of parasitic capacitance. 
Off Isolation A measure of unwanted signal coupling 
‘through an “OFF” channel. 
Ipp | Positive supply current. 


Isg Negative supply current... 
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s ANALOG 
DEVICES 


L¢2MOS Latchable 4/8 Channel 


High Performance Analog Multiplexers 


_ADG428/ADG429 


FEATURES 
44 V Supply Maximum Ratings 
Vss to Vpp Analog Signal Range 
Low On Resistance (60 2 typ) 
Low Power Consumption (1.6 mW max) 
Low Charge Injection (<4 pc typ) 
Fast Switching 
Break Before make Switching Action 
- Plug-In Replacement for DG428/DG429 


APPLICATIONS — 
Automatic Test Equipment 

- Data Acquisition Systems 
Communication Systems 
Avionics and Military Systems 
Microprocessor Controlled Analog Systems 
Medical Instrumentation 


GENERAL DESCRIPTION . - 

The ADG428 and ADG429 are wionolnhic CMOS analog multi- 
plexers comprising eight single channels and four differential 
channels respectively. On-chip address and control latches facili- 
tate microprocessor interfacing. The ADG428 switches one of. 
eight inputs to a common output as determined by the 3-bit 
binary address lines AO, Al and A2. The ADG429 switches one 
of four differential inputs to a common differential output as 
determined by the 2 bit binary address lines AO and Al. An EN 
input on both devices is used to enable or disable the device. 
When disabled, all channels are switched OFF. All the control 
inputs, address and enable inputs are TTL compatible over the 
full specified operating temperature range. This makes the part 
suitable for bus-controlled systems such as data acquisition sys- 
tems, process controls, avionics and ATEs because the TTL 


compatible address latches simplify the digital interface design _ 


and reduce the board space required. 


The ADG428/ADG429 are designed on an enhanced LC?MOS 
process that provides low power dissipation yet gives high 
switching speed and low on resistance. Each channel conducts 
equally well in both directions when ON and has an input signal 
range that extends to the supplies. In the OFF condition, signal 
levels up to the supplies are blocked. All channels exhibit break 
before make switching action preventing momentary shorting 
when switching channels. Inherent in the design is low charge 
injection for minimum transients when switching the digital 
inputs. . | | 

The ADG428/ADG429 are improved replacements for the 
DG428/DG429 Analog. Multiplexers. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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FUNCTIONAL BLOCK DIAGRAMS 


ADG428 ADG429 


DECODERS/DRIVERS 


PRODUCT HIGHLIGHTS 
1. Extended Signal Range 
The ADG428/ADG429 are fabricated on an enhanced 
LC?MOS process giving an increased. sigh range that 
extends to the supply rails. — . 


. Low Power Dissipation 
Low Ron 


. Single/Dual Supply Operation 


wu Ww nN 


. Single Supply Operation 

For applications where the analog signal is unipolar, the 
ADG428/ADG429 can be operated from a single rail power 
supply. The parts are fully specified with a single +12 V 
power supply and will remain functional with single supplies 
aslowas +S V. © 
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SPECIFICATIONS AD6428/AD6429 


DUAL SUPPLY w,, = +15,v, Vcc = —15 V, GND = 0 V, WR = 0 V, RS = 24 V unless otherwise noted) 


B Version T Version 
—40°C to —55°C to 

Parameter 25°C = + 85°C 25°C) —s- +:125°C Units Test Conditions/Comments 
ANALOG SWITCH 

Analog Signal Range Vss to Vpp Vss to Vop 

Ron: Vp = +10 V, I, = —lmA 

ARon -10V<V,< 10V,I, = -l1mA 
LEAKAGE CURRENTS 


Source OFF Leakage I; (OFF) Vp = +10V, Vs = +10 V3 
Test Circuit 2 
Vp = +10 V, Vs = +10 V; 


Test Circuit 3 


Drain OFF Leakage I, (OFF) 
ADG428 


ADG429 


Vs = Vp = +10 V; 
Test Circuit 4 


Channel ON Leakage Ip, Is (ON) 
ADG428 
ADG429 


DIGITAL INPUTS 
Input High Voltage, Ving 
Input Low Voltage, Vin 
Input Current 


Vin = 0 or Vopp 
f= 1 MHz 


lint or Dinu 
Cin, Digital Input Capacitance 


DYNAMIC CHARACTERISTICS? 


trRANSITION R, = 1 MO, Cy = 35 pF; 
V., = £10 V, Veg = ¥10 V; 


Test Circuit 5 


lopEN Ry = 1 kO, C, = 35 pF; 
a Vs; = +5 V; Test Circuit 6 
ton (EN, WR) R, = 1 kQ, C, = 35 pF; 


+5 V; Test Circuit 7 
R, = 1kQ, C, = 35 pF; 
Vs = +5 V; Test Circuit 7 


torr (EN, RS) 


ty, Write Pulse Width 

ts, Address, Enable Setup Time 
ty;, Address, Enable Hold Time 
tes, Reset Pulse Width 

Charge Injection 


Vs = +5V e 3 

Vs = 0V, Ry = 00, C, = 10 nF; 

Test Circuit 10 

R, = 1 kO, C, = 15 pF, f = 100 kHz; 
Vs = 7 Vams> Ven = 0 V; Test Circuit 11 
R, = 1 kO, C, = 15 pF, f = 100 kHz; 
Test Circuit 12 

f = 1 MHz 

f = 1 MHz 


OFF Isolation 
Channel-to-Channel Crosstalk 


Cy (OFF) 
Cy (OFF) 
ADG428 
ADG429 
Cp, Cs (ON) 
ADG428 
ADG429 


POWER REQUIREMENTS — 


Ibp 


f= 1 MHz 


Vin = 0V; Ven =0V 


Iss 


NOTES 
'Temperature Ranges are as follows: B Versions: —40°C to +85°C; T Versions: —55°C to +125°C. 


2Guaranteed by design, not subject to production test. 
Specifications subject to change without notice. 
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ADG428/ADG429 
SINGLE SUPPLY w,, = 


B Version | 
—40°C to 
+85°C 


T Version 
; —55°C to 
~—+125°C 


Parameter 25°C Units 


ANALOG SWITCH 
Analog Signal Range 
Ron 


25°C 


LEAKAGE CURRENTS 
Source OFF Leakage I; (OFF) 


Drain OFF Leakage Ip (OFF) 
ADG428 


ADG429 


Channel ON Leakage Ip, I; (ON) 
ADG428 


ADG429 


_ DIGITAL INPUTS 

Input High Voltage, Ving 
Input Low Voltage, Vinz 
Input Current 


Dini or linn 
Cyx, Digital Input Capacitance 


DYNAMIC CHARACTERISTICS? 


tPRANSITION 


lopEN 
ton (EN, WR) - 
torr (EN, RS) 


ty, Write Pulse Width 

ts, Address, Enable Setup Time 
tyz, Address, Enable Hold Time 
tps, Reset Pulse Width 

Charge Injection 


~ OFF Isolation 
Channel-to-Channel Crosstalk _ | 


Cs (OFF) 

Cp (OFF) 
ADG428 
ADG429 

Cp; Cs (ON) 
ADG428 
ADG429 


POWER REQUIREMENTS 
Tia 120 
100 


20 
100 


pA typ 
wA max 


NOTES 

- Temperature Ranges are as follows: B Versions: —40°C to +85°C; T Versions: —55°C to +125°C. 
7Guaranteed by design, not subject to production test. 

Specifications subject to change without notice. 
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1 Vp = +10V, Is = 


+12 V, Vox = OV, GND = OV, WR = OY, RS = 2.4 V unless otherwise noted) 


Test Conditions/Comments 


—500 pA 


0V<V,<10V, I, = -1 mA 
Vp = 10 V/0 V, Vs = 0 V/10 V3. 
Test Circuit 2 


Vp = 10 VV, Vs = OOM s 
Test Circuit 3 


Vs = Vp = 10 V/0 V; 
Test Circuit 4 


Vin = 0 or Vpp 
f= 1 MHz 


R,, = 1 MQ, C,, = 35 pF; 

Vs, = 10 V/0 V, Vsg = 0 V/10 V; 
Test Circuit 5 

Ry = 1 kO, C, = 35 pF; 

Vs = +5 V; Test Circuit 6 

R, = 1 kO, C, = 35 pF; 

Vs = +5 V; Test Circuit 7 

R, = 1 kO, C, = 35 pF; 

Vs = +5 V; Test Circuit 7 


Vs =5V 

Vi=6 Vv. Rs = 00, C, = 10 nF; 

Test Circuit 10 

R, = 1kQ, C, = 15 pF, f = 100 kHz; 
Vs = 7 Vems> Ven = 0 V; Test Circuit 11 
R, = 1 kQ, C, = 15 pF, f = 100 kHz; 
Test Circuit 12 

f= 1 MHz 

f= 1 MHz 


f= 1 MHz 


Vin = 0 V; Ven = 0V 
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ADG428/ADG429 


ABSOLUTE MAXIMUM RATINGS? ADG428 PIN CONFIGURATIONS 
7 * Beis unless otherwise noted.) say 
Ti (OVS 26-2 eee ee the oe ee a ee te S Sain 
Visi tOIGND, 651 ene ba ace ae ote —0.3 Vto +25 V eau ce 
Veet: GND. vane ie acd, ede at, 6 ee ee aad +0.3 V to -25 V 
Analog, Digital Inputs? ....... Vss — 2 V to Vpp + 2 Vor 
30 mA, whichever occurs first 
Continuous Current, Sor D ................0.. 30 mA 
Peak Current, Sor D ............... 000 cee 100 mA ADG428 
(Pulsed at 1 ms, 10% Duty Cycle Max) TOP VIEW 
Operating Temperature Range | sre 
Industrial (B Version) ............... —40°C to +85°C 
Extended (T Version) .............. —$5°C to +125°C 
Storage Temperature Range ........... —65°C to +150°C 
Junction Temperature ...............2000 005 +150°C 
Cerdip Package, Power Dissipation ............. 900 mW NC = NO CONNECT 
8;4, Thermal Impedance .................. 73°C/W 
Lead Temperature, Soldering (10 sec) .......... + 300°C 
Plastic Package, Power Dissipation ............. 470 mW ADG429 PIN CONFIGURATIONS 
8;4. Thermal Impedance .................. 115°C/W DIP 
Lead Temperature, Soldering (10 sec) .......... +260°C 
PLCC Package, Power Dissipation ............. 800 mW 
8;4, Thermal Impedance .................. 90°C/W 
Lead Temperature, Soldering 
Vapor Phase (60 sec)... ......-.. 002-0 e eee +215°C 
Infraréd(15Se0) sca.dc wee Wa we ee aes aes +220°C ADG429 
NOTES TOP VIEW 


; : ; (Not to Scale 
1Stresses above those listed under “Absolute Maximum Ratings” may cause 


permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
Only one absolute maximum rating may be applied at any one time. 

2Overvoltages at A, EN, WR, RS, S or D will be clamped by internal diodes. NC = NO CONNECT 
Current should. be limited to the maximum ratings given. 


ORDERING GUIDE 


Temperature Range 


Package Option? 


ADG428BN —40°C to +85°C N-18 
ADG428BP —40°C to +85°C P-20A 
ADG428TQ —55°C to +125°C Q-18 
ADG429BN —40°C to +85°C N-18 
ADG429BP —40°C to +85°C P-20A 
ADG429TQ —55°C to +125°C Q-18 


NOTES 

1To order MIL-STD-883, Class B processed parts, add /883B to T grade part 
numbers. 

2N = Plastic DIP; P = Plastic Leaded Chip Carrier (PLCC); Q = Cerdip. 
For outline information see Package Information section. 


IN a a 
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily | 
accumulate on the human body and test equipment and can discharge without detection. WARNI NG! SS 
Although these devices feature proprietary ESD protection circuitry, permanent damage may TTT Ag: 

occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 

precautions are recommended to avoid performance degradation or loss of functionality. 


ESD SENSITIVE DEVICE. 


REV. A 7 SWITCHES AND MULTIPLEXERS 7-51 


ADG428/ADG429 


Int Cin) 
Crosstalk 


Off Isolation 


Charge 
Injection 


Ipp 


Toe? 


TERMINOLOGY | 
Vpp Most positive power supply potential. 
Vss Most negative power supply potential in dual 
supplies. In single supply applications, it may 
: be connected to ground. — 
GND Ground (0 V) reference. 
Ron Ohmic resistance between D and S. 
ARon ’| Difference between the Ron of any two 
— channels. 
I, (OFF) Source leakage current when the switch is off. 
Ip (OFF) Drain leakage current when the switch is off. 
Ip, I; (ON) Channel leakage current when the switch is 
on. 
Vp (Vs) Analog voltage on terminals D, S. 
C, (OFF) Channel input capacitance for “OFF” 
| condition. 
Cp (OFF) Channel output capacitance for “OFF” 
| condition. 
Cp, Cs (ON)... | “ON” switch capacitance. 
Gn. | Digital input capacitance. | 
ton (EN) Delay time between the 50% and 90% points 
= of the digital input and switch SON: 
| condition. — 
torr (EN) Delay time between the 50% and 90% f points 
of the digital input and switch “OFF” 
condition. 
trransirion | Delay time between the 50% and 90% points 
_. | of the digital inputs and the switch “ON” 
condition when switching from one address 
state to another. 
topeNn “OFF” time measured between 80% points of 
both switches when switching from one 
address state to another. 
VinL Maximum input voltage for logic “0”. 
Vin Minimum input voltage for logic “1”. 


Input current of the digital input. 


A measure of unwanted signal which is 
coupled through from one channel to another 
as a result of parasitic capacitance. 


A measure of unwanted signal coupling 
through an “OFF” channel. 


A measure of the glitch impulse transferred 
from the digital input to the analog output | 
during switching. 

Positive supply current. 

Negative supply current. 
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ADG428 Truth Table - 


A2 Cae a WT ON SWITCH 


Latching 


Maintains Pi Previous 
Switch Condition — 


NONE | 
(Latches Cleared) 


Transparent Operation 
ONE 


- ee OOOO HM 
a — i — i — ie 
— tt et et et tt 
ooo oo coc o& 
ee) 


>.< 
Or: 
0 
} 1 
1 
0 
(0 
] 
] 


ADG429 Truth Table 


Maintains Previous | 
Switch Condition 


NONE ~~... 
(Latches Cleared) 


REV. A 


TIMING DIAGRAMS 


Figure 1. 


Figure 1 shows the timing sequence for latching the switch 


address and enable inputs. The latches are level sensitive; there- 


fore, while WR is held low, the latches are transparent and the 
switches respond to the address and enable inputs. This input 
data is latched on the rising edge of WR. 


Typical Characteristics 


Ron-2 


Vop =+10V 
Vgg = -10V 


0 eae ee ae 

Vsg = -15V Ves = -12V 
ie RS oa 

— ap ZRSES SES 
pH} ——F | 

-15 ae ~5 0 5 10 15 


Vo (Vs) - Volts 


Figure 3. Ron 4 as a Function of Vp (V5): Dual Supply 
Voltage 


Vop = =415V 
Vgg =-15V 


-fN || 

PNT 
iG aa 
ZW LATIN 
PAN ™ TAINS 
EN Ae 
OA Nees a 


15 -10 10 15 
Vo Wie Volts 


Ron -2 


Figure 4. Roy as a Function of Vp (Vs) for Different 
Temperatures 
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aDe428/ADG429 


a torr(RS) ——>} 


| 
SWITCH 0.8Vo 
OUTPUT 1 
ov 


Figure 2. 
Figure 2 shows the Reset Pulse Width, tg,, and the Reset Turn- 
off Time, torr(RS). 


Note: All digital input signals rise and fall times are measured 
from 10% to 90% of 3 V. tr = tf = 20 ns. 


Ron — 2 


Vop = +12V 
; Vgs = OV 


Vp (Vs) - Voits 


Figure 5. Ron as a Function of Vp (V;): Single Supply 
Voltage 


Vop = +12V 
Vgg = OV 


Ron -2 


Vp (Vs) — Volts 


Figure 6. Roy as a Function of Vp (Vs) for Different 
Temperatures 
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ADG428/AD6429 _ 


10 100 1k 10k 100k 1M - 10M 


SWITCHING FREQUENCY - Hz 


Figure 7. Positive Supply Current vs. Switching Frequency 


Vin - Volts | 


Figure 8. Switching Time vs. Vin, (Bipolar Supply) 
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Figure 9. Switching Time vs. Bipolar Supply 
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eee TMT 
Vs = —15V 
ELLA 
| val 
EEA TI 
Mt all 

g EN = OV 

Ne sata 
call 

0 1 1k 


00 10k 100k 1M ' 10M 
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| 
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| Figure 10. Negative Supply Current vs. Switching — 
Frequency 2 | | a 


200 


t 


N 


J | 


Vin —- Volts 


Figure 11. Switching Time vs. Vi, (Single Supply) 
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Figure 12. Switching Time vs. Single Supply 
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Typical Characteristics 


dB 


OFF ISOLATION — 


100 1k 10k 100k 1M 10M 
FREQUENCY — Hz 


Figure 13. OFF Isolation vs. Frequency 


Vop = +15V 
Vs5 =-15V 


LEAKAGE CURRENT —nA 


Vp (Vg) — Voits 


Figure 14. Leakage Currents as a Function of Vp (Vs) 
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ADG428/ADG429 


CROSSTALK - dB 
aS & 8 


~ 
o 


1k 10k 100k 1M 10M 
FREQUENCY - Hz 


Figure 15. Crosstalk vs. Frequency 


Vpp = +12V 
Vss = OV 
Ta = +25°C 
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Figure 16. Leakage Currents as a Function of Vb (Vs) 
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‘ANALOG 
DEVICES 


a 


ol L¢2M0s 
Precision Quad SPST Switches 


FEATURES 
44 V Supply Maximum Ratings : 
+15 V Analog Signal Range 
Low On Resistance (<24 0) © 
Ultralow Power Dissipation (3:9 .W) | 
‘Low Leakage (<0.25 nA) 
Fast Switching Times . 
ton <165 ns 
tore <130 ns 
Latch-up Proof 
Break-Before-Make Switching Action 
TTL/CMOS Compatible 
Plug-in Replacement for DG411/DG412/DG413 


APPLICATIONS 

Audio and Video Switching 
Automatic Test Equipment 
Precision Data Acquisition 
Battery Powered Systems 
Sample Hold Systems 
Communication Systems 


GENERAL DESCRIPTION || 

The ADG431, ADG432 and ADG433 are monolithic CMOS 
devices comprising four independently selectable switches. They 
are designed on an enhanced LC?MOS, trench isolated process 
which provides low power dissipation yet gives high switching 
speed and low on resistance. Trench isolation gives all the bene- 
fits of dielectric isolation and ensures no latch up even under 
extreme overvoltage conditions. 


The on_resistance profile.is very flat over the full analog input 
range ensuring excellent linearity and low distortion when 
switching audio signals. Fast switching speed coupled with high 
signal bandwidth also make the parts suitable for video signal 
switching. CMOS construction ensures ultralow power dissipa- 
tion making the parts ideally suited for portable and battery __ 
powered instruments. 


The. ADG431, ADG432 and ADG433 contain four independent 
SPST switches. The ADG431 and ADG432 differ only in that 
the digital control logic is inverted. The ADG431 switches are 
turned on with a logic low on the appropriate control input, 
while a logic high is required for the ADG432. The ADG433 
has two switches with digital control logic similar to that of the 
ADG431 while the logic is inverted on the other two switches. 


Each switch conducts equally well in both directions when ON 
and has an input signal range which extends to the supplies. In 
the OFF condition, signal levels up to the supplies are blocked. 
All switches exhibit break before make switching action for use 
in multiplexer applications. Inherent in the design is low charge 
injection for minimum transients when switching the digital 
inputs. 
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_ SWITCHES SHOWN FOR A LOGIC “1” INPUT - 


PRODUCT HIGHLIGHTS 

1. Extended Signal Range © 
The ADG431, ADG432 and ADG433 are fabricated on an 
enhanced LC2MOS, trench isolated process giving an 
increased signal range which extends fully to the supply rails. 


2. Ultralow Power Dissipation 
3. Low Ron 


4. Trench Isolation Guards Against Latch-up 
A dielectric trench separates the P and N channel transistors 
thereby preventing latch-up even under severe overvoltage 
conditions. . 


5. Break Before Make Switching 


This prevents channel shorting when the switches are config- 
ured as a multiplexer. 


6. Single Supply Operation 


For applications where the analog signal is unipolar, the 
ADG431, ADG432 and ADG433 can be operated from a sin- 
gle rail power supply. The parts are fully specified with a 
single +12 V power supply and will remain functional with 
single supplies as low as +5 V. 
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SPECIFICATIONS’ ADG431/ADG432/ADG433 


Dual Supply w,, = +15 v + 10%, Vos = —15 V+ 10%, V, = +5 V + 10%, GND = 0V, unless otherwise noted) 


T Version 
—55°C to , 

Parameter +25°C +125°C | i Test Conditions/Comments 
ANALOG SWITCH | 

Analog Signal Range Vpp to Vss Vpp to Vss 

Ron Vp = +8.5 V, I, = —10 mA; 

26 27 Vpp = +13.5 V, Vsg = —13.5 V 

Ron vs. Vp (Vs) 

Ron Drift - , 

Ron Match Vp = OV, I, = -10mA 
LEAKAGE CURRENTS Vpp = +16.5 V, Vss = —16.5 V 


Source OFF Leakage I, (OFF) Vp = £15.5 V, Vg = ¥15.5 V3 
Test Circuit 2 | 

Vp = +15.5 V, Vs = ¥15.5 V; 
Test Circuit 2 _ 
Vp = Vs = £15.5 V; 

Test Circuit 3 


Drain OFF Leakage I, (OFF) 


Channel ON Leakage I, Is (ON) 


DIGITAL INPUTS 
Input High Voltage, Ving 
Input Low Voltage, Viny 
Input Current 


Tint OF Ting Vin = Vint oF Vinn 


Cin Digital Input Capacitance 
DYNAMIC CHARACTERISTICS? 


ton 


Vop = +15 V; Vss = —-15 V 

R,, = 300 0, C,, = 35 pF; 

Vs = +10 V; Test Circuit 4 

R,, = 300 0, C,, = 35 pF; 

Vs = £10 V; Test Circuit 4 

R,, = 300 0, C, = 35 pF; 

Vs, = Vs2 = +10 V; 

Test Circuit 5 

Vs =0V,Rs = 00, CL = 10 nF; 
Test Circuit 6 

R, = 500, Cy = 5 pF, f = 1 MHz; 
Test Circuit 7 

R, = 500, Cy = 5 pF, f= 1 MHz; 
Test Circuit 8 | 


loFF 


Break-Before-Make Time Delay, tp 
(ADG433 Only) 


Charge Injection 
OFF Isolation 


Channel-to-Channel Crosstalk 


Cy, (OFF) f= 1 MHz 

Cp (OFF) f = 1 MHz 

Cp, Cs (ON) f=1MHz | | 
POWER REQUIREMENTS Vpp = +16.5 V; Vsg = —16.5 V 

Digital Inputs = 0 V or 5 V j 

Ipp 

Iss 

I 


Power Dissipation 


NOTES 
1Temperature ranges are as follows: B Versions: —40°C to +85°C; T Versions: —55°C to +125°C. 
?Guaranteed by design, not subject to production test. 


Specifications subject to change without notice. 
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ADG431/ADG432/ADG433 


Single SUD « yp = +12 Vt 10%, Vog = OV, V = +5V 10%, GND = 0, unless otherwise noted) 


B Version | . T Version 
| —40°C to 55°C to | 
Parameter _ +85°C +125°C Test Conditions/Comments | 


- Analog Signal Range V 


Ron Qtyp {0<Vpy<85V, 1, = -10 mA; 
| Q max | Vpp = +10.8 V a4 
Ron Vs. Vp (Vs) % typ: | 
Ron Drift %/°C typ oe 
Ron Match % typ Vp = OV, 1, = —10 mA 
LEAKAGE CURRENTS Vpp = +13.2 V 


Source OFF Leakage I; (OFF) Vea 12.21 V,.Ve= 122%; « 
an | Test Circuit 2 ane - 

Vp = 12.2/1 V, Vs = 12.2 V; 

| Test Circuit 2 | 

Vp = V, = $12.2 W/+1 V; 

| Test Circuit 3 


_ Drain OFF Leakage I (OFF) 


Channel ON Leakage Ip, 1s (ON). 


-. DIGITAL INPUTS 

Input High Voltage, Ving 

Input Low Voltage, Vinr 

Input Current | 
INL or linn Vin 7 Vint — 


Cyn Digital Input Capacitance 
DYNAMIC CHARACTERISTICS? 


ton 


Vpp = +12 V; Vss = 0 V 

R, = 300 0, C, = 35 pF; 

Vs = +8 V; Test Circuit 4 

R, = 300 0, C,, = 35 pF; 

Vs = +8 V; Test Circuit 4 

‘| Ry = 3000, C, = 35 pF; 

Vsi = Vs2 = +10-V; 

Test Circuit 5 

Vs =0V,R, = 00, Cy = 10 nF; 
Test Circuit 6 

R, = 500, Cy = 5 pF, f = 1 ME; 
Test Circuit 7 

R, = 500, C, = 5 pF, f= 1 ME; 
Test Circuit 8 


loFF 


Break-Before-Make Time Delay tp 
ope Only) 


Charge Injection 
OFF Isolation 


Channel-to-Channel Crosstalk 


~ Cy (OFF) f= 1 MHz 
Cy (OFF) f= 1 MHz 
Cp, Cs (ON) i f = 1 MHz 
POWER REQUIREMENTS Vpp = +13.2 V | 
. Digital Inputs = 0 V or 5 V 
Ipp 
I 


Vy, = +5.25V 
Power Dissipation 
NOTES 


'Temperature ranges are as follows: B Versions: —40°C to +85°C; T Versions: —55°C to +125°C. 
2Guaranteed by design, not subject to production test. | 


Specifications subject to change without notice. 
Truth Table (ADG431/ADG432) | . ae . Truth Table (ADG433) 
7 | Switch 2, 3 
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ABSOLUTE MAXIMUM RATINGS' 


(T, = +25°C unless otherwise noted) 


Vig OV Set eet: Bene dd, 97hk ae, wg inten Baas +44V 
Vop 10 GND i4 to es A eh ee ere -0.3 Vto +25 V 
Ves tOIGND? toni a uce es waked eS +0.3 V to —25 V 
VietO GND. 9.35.25 6 set ww il kee —0.3 Vto Vpp + 0.3 V 


Analog, Digital Inputs? ........ Vss —2 V to Vpp +2 V or 
30 mA, whichever occurs first 
Continuous Current, Sor D .............2006. 30 mA 
Peak Current, S or D 
(Pulsed at 1 ms, 10% Duty Cycle max) 
Operating Temperature Range 
Industrial (B Version)............... —40°C to +85°C 
Extended (T Version) 
Storage Temperature Range 
Junction Temperature ..............0202000 + 150°C 
Cerdip Package, Power Dissipation 


8;4, Thermal Impedance 


CAUTION 


ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. Although 
these devices feature proprietary ESD protection circuitry, permanent damage may occur on 
devices subjected to high energy electrostatic discharges. Therefore, proper ESD precautions are 
recommended to avoid performance degradation or loss of functionality. 


PIN CONFIGURATION 
(DIP/SOIC) 


ADG431 
ADG432 
ADG433 


TOP VIEW 


ADG431/ADG432/ADG433 


Lead Temperature, Soldering (10 sec) .......... + 300°C 
Plastic Package, Power Dissipation ............. 470 mW 
®;4, Thermal Impedance .................. 117°C/W 
Lead Temperature, Soldering (10 sec) .......... +260°C 
SOIC Package, Power Dissipation.............. 600 mW 
®;4, Thermal Impedance .................. 77°CIW 
Lead Temperature, Soldering 
Vapor Phase (60 sec)... ....... 02.00. ee eee +215°C 
tHfrareg( TSeSEC) kg bed we weds he BA. MAE ES +220°C 
NOTES 


‘Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
Only one absolute maximum rating may be applied at any one time. 
?Overvoltages at IN, S or D will be clamped by internal diodes. Current should 
be limited to the maximum ratings given. 


WARNING! 


caer 18 


ESD SENSITIVE DEVICE . 


ORDERING GUIDE 


Temperature Range 


Package Option” 


ADG431BN —40°C to _ N-16 
ADG431BR —40°C to +85°C R-16A 
ADG431TQ —§5°C to +125°C Q-16 
ADG432BN —40°C to +85°C N-16 
ADG432BR —40°C to +85°C R-16A 
ADG432TQ ~55°C to +125°C Q-16 


ADG433BN 
ADG433BR 


—40°C to +85°C 
—40°C to 


NOTES 

1To order MIL-STD-883, Class B processed parts, add /883B to T grade part 
numbers. 

2N = Plastic DIP; R = 0.15” Small Outline IC (SOIC); Q = Cerdip. For 
outline information see Package Information section. 


TERMINOLOGY 
Vpp Most positive power supply potential. Cy, (OFF) “OFF” switch source capacitance. 
Vss Most negative power supply potential in dual Cp (OFF) “OFF” switch drain capacitance. 
supplies. In single supply applications, it may be Cp, Cs (ON) “ON” switch capacitance. . 
| connected to GND. Cw Input Capacitance to ground of a digital input. 

Vi | Logic power supply (+5 V). to Delay between applying the digital control input 
GND Ground (0 V) reference. and the output switching on. | 
S Source terminal. May be an input or output. torr Delay between applying the digital control input 
D Drain terminal. May be an input or output. and the output switching off. . 
IN _ Logic control input. tp “OFF” time or “ON” time measured between the 
Ron . Ohmic resistance between D and S. 90% points of both switches, when switching 
Ron Vs. Vp (Vs) ‘The variation in Rox due to a change in the from one address state to another. 

analog input voltage with a constant load current. Crosstalk A measure of unwanted signal which is coupled 
Ron Drift Change in Row vs. temperature. through from one channel to another as a result 
Ron Match Difference between the Rox, of any two switches. , bes of of parasitic capacitance. 
I, (OFF) Source leakage current with the switch “OFF.” Off Isolation A measure of unwanted signal coupling through 
Ip (OFF) Drain leakage current with the switch “OFF.” on ee ne, 
Ips Is (ON) Channel leakage current with the switch “ON.” Charge A measure of the glitch impulse transferred from 
Vp (Vg) - An slop -voltage-on'tecininals DS: Injection the digital input to the analog output during 

switching. 
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ADG431/ADG432/ADG433 
‘Typical Performance Graphs _ 


Voo = +10V 


Vss = OV 


Vop = +15V 
Vss = OV 


0 5 10 . 15 20. 


Vp OR Vg - DRAIN OR SOURCE VOLTAGE - V Vp OR Vg - DRAIN OR SOURCE VOLTAGE -V 
Figure 1. On Resistance as a Function of Vp (Vs) Dual . Figure 4, On Resistance as a Function of Vp (Vs) Single 
_Supplies,. | _ | Supply | 


100mA 


10mA |— Veg =-15V. —1SW 


100nA 
. . . 10 100 Ss tk 10k 100k 1M 10M 
Vp OR Vg - DRAIN OR SOURCE VOLTAGE - V : | | FREQUENCY - Hz_ 
Figure 2. On Resistance as a Function of Vp (Vs) for Figure 5. Supply Current vs. Input Switching Frequency 


Different Temperatures 


0.04 


< , 4 0.02 
J I 
= - 
2 
a a 
0.00 
rs) } 
o o 
a. S 
a 
| a4 —0.02. 
: . . — 40,04 
20 40 60 #80 100 1200 «140 20. | 4 . 
| - TEMPERATURE —"C | " Vp OR Vg - DRAIN OR SOURCE VOLTAGE -V 
Figure 3. Leakage Currents as a Function of Temperature —*Figure 6. Leakage Currents as a Function of Vp (Vs) __ 
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ADG431/ADG432/ADG433 


LOCOS 


OFF ISOLATION - dB 


BURIED OXIDE LAYER 


Figure 7. Off Isolation vs. Frequency SUBSTRATE (BACKGATE) 


Figure 9. Trench Isolation 
APPLICATION 


Figure 10 illustrates a precise, fast sample-and-hold circuit. An 
AD845 is used as the input buffer while the output operational 
amplifier is an AD711. During the track mode, SW1 is closed 
and the output Voy-7 follows the input signal V,,;. In the hold 
mode, SW1 is opened and the signal is held by the hold capaci- 
tor Cy;. 


FREQUENCY - Hz 


CROSSTALK - dB 


Due to switch and capacitor leakage, the voltage on the hold 
capacitor will decrease with time. The ADG431/ADG432/ 
ADG433 minimizes this droop due to its low leakage specifica- 
tions. The droop rate is further minimized by the use of a 
polystyrene hold capacitor. The droop rate for the circuit shown 
is typically 30 wV/ps. 


FREQUENCY -— Hz 


A second switch SW2, which operates in parallel with SW1, is 


Figure 8. Crosstalk vs. Frequency included in this circuit to reduce pedestal error. Since both 

switches will be at the same potential, they will have a differen- 
TRENCH ISOLATION tial effect on the op amp AD711 which will minimize charge 
In the ADG431, ADG432 and ADG433, an insulating oxide injection effects. Pedestal error is also reduced by the compensa- 
layer (trench) is placed between the NMOS and the PMOS tran- tion network R, and C,. This compensation network also 
sistors of each CMOS switch. Parasitic junctions, which occur reduces the hold time glitch while optimizing the acquisition 
between the transistors in Junction Isolated switches, are elimi- time. Using the illustrated op amps and component values, the 
nated, the result being a completely latch-up proof switch. pedestal error has a maximum value of 5 mV over the +10 V 
In Junction Isolation, the N and P wells of the PMOS and input range. Both the acquisition and settling times are 850 ns. 


NMOS transistors form a diode which is reverse-biased under 
normal operation. However, during overvoltage conditions, this 
diode becomes forward biased. A Silicon-Controlled Rectifier 
(SCR) type circuit is formed by the two transistors causing a 
significant amplification of the current which, in turn, leads to 
latch-up. With Trench Isolation, this diode is removed, the 
result being a latch-up proof switch. 


Trench Isolation also leads to lower leakage currents. The 
ADG431, ADG432 and ADG433 have a leakage current of 

0.25 nA as compared with a leakage current of several nanoamps 
in non-Trench Isolated switches. Leakage current is an impor- 
tant parameter in sample-and-hold circuits, this current being | 
responsible for the discharge of the holding capacitor with time Figure 10. Fast, Accurate Sample-and-Hold 
causing droop. The ADG431/ADG432/ADG433’s low leakage 

current, along with its fast switching speeds, make it suitable for 

fast and accurate sample-and-hold circuits. 
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-ADG431/AD6432/ADG433 
‘Test Circuits. 


Ip (OFF) 


Vga 5 =" 
Test Circuit 1. On Resistance §=—__ Test Circuit 2. Off Leakage ~ | Test Circuit 3. On Leakage 
“415V +5V | 
av 
Vin ADG431 { ox f so 
| , | 
3V 


, ale > << 
| ton torr 
Test Circuit 4. Switching Times 
+15V— +5V 
OV st 
Vin 50% 50% 
ov | 


Test Circuit 5. Break-Before-Make Time Delay 


+415V-4.5V 
@ : @ 


— Qing = OL X AVour 


Test Circuit 6. Charge Injection 
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ADG431/ADG432/ADG433 


CHANNEL TO CHANNEL 
CROSSTALK 
=20X LOG|Vs/Vourt | 


-15V 


-15V 


Test Circuit 7. Off Isolation Test Circuit 8. Channel-to-Channel Crosstalk 
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ANALOG 
DEVICES 


LC’MOS Quad SPST Switches 
ADG441/ADG442/ADG444 


FEATURES | a 
44 V Supply Maximum Ratiags 
Vss to Vpp Analog Signal Range 
Low On Resistance (< 70 ©) 
Low ARon (9Q max) . 
Low Ron Match (3 Q max) 
Low Power Dissipation 
Fast Switching Times 
ton < 110 ns 
torr < 60 ns 
Low Leakage Currents ( 3 nA max) 
Low Charge Injection (6 pC max) 
Break-Before-Make cee Action 
Latch-Up Proof 
Plug-In Upgrade for 
DG201A/ADG201A, DG202A/ADG202A, 
DG211/ADG211A 
Plug in Replacement for DG441/DG442/DG444 


APPLICATIONS 

Audio and Video Switching 
Automatic Test Equipment 
Precision Data Acquisition 
Battery Powered Systems 
Sample Hold Systems 
Communication Systems . 


GENERAL DESCRIPTION 

The ADG441, ADG442 and ADG444 are monolithic CMOS 
devices comprising four independently selectable switches. They 
are designed on an enhanced LC’MOS process that provides 
low power dissipation yet gives high switching speed and low on 
resistance. 


The on resistance profile is very flat over the full analog input 
range ensuring good linearity and low distortion when switching 
audio signals. High switching speed also makes the parts suit- 
able for video signal switching. CMOS construction ensures 
ultralow power dissipation making the parts ideally suited for 
portable and battery powered instruments. 


The ADG441, ADG442 and ADG444 contain four indepen- 
dent SPST switches. Each switch of the ADG441 and ADG444 
turns on when a logic low is applied to the appropriate control 
input. The ADG442 switches are turned on with a logic high on 
the appropriate control input. The ADG441 and ADG444 
switches differ in that the ADG444 requires a 5 V logic power 
supply which is applied to the V, pin. The ADG441 and 
ADG442 do not have a V, pin, the logic power supply being 
generated internally by an on-chip voltage generator. 


This is an abridged data sheet. To obtain the most recent version oe 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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FUNCTIONAL BLOCK DIAGRAMS 


ADG441 


ADG444 


SWITCHES SHOWN FOR A LOGIC "1" INPUT 


Each switch conducts equally well in both directions when ON 
and has an input signal range that extends to the power sup- 
plies. In the OFF condition, signal levels up to the supplies are 
blocked. All switches exhibit break-before-make switching action 
for use in multiplexer applications. Inherent in the design is low 
charge injection for minimum transients when switching aS 
digital inputs. 


PRODUCT HIGHLIGHTS 

1. Extended Signal Range - 
The ADG441/ADG442/ADG444 are fabricated on an en- 
hanced LC?MOS, trench-isolated process, giving an in- 
creased signal range that extends to the supply rails. 


2. Low Power Dissipation 


3. Low Ron 


4. Trench Isolation Guards Against Latch Up 
A dielectric trench separates the P and N channel transistors 
thereby preventing latch up even under severe overvoltage 
conditions. 


5. Break-Before-Make Switching 


This prevents channel shorting when the switches are config- 
ured as a multiplexer. 

6. Single Supply Operation 
For applications where the analog signal is unipolar, the 
ADG441/ADG442/ADG444 can be operated from a single 
rail power supply. The parts are fully specified with a single 
+12 V power supply. 
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SPECIFICATIONS! 


ADG441/ADG442/ADG444 


Dual Supply (v,, = +15 v+ 10%, ves=—15 V+ 10%, V, = +5 V+ 10% (ADG444), GND = 0 V, unless otherwise noted) 


Parameter 


ANALOG SWITCH 
Analog Signal Range 
Ron 


ARon 
Ron Match 


LEAKAGE CURRENTS 
Source OFF Leakage I; (OFF) 


Drain OFF Leakage Ip (OFF) 


Channel ON Leakage Ip, Is (ON) 


DIGITAL INPUTS 
Input High Voltage, Viny 
Input Low Voltage, Vint 
Input Current 
iy or linn 


DYNAMIC CHARACTERISTICS? 
ton 
loFF 
topEN 


Charge Injection 


OFF Isolation 
Channel-to-Channel Crosstalk 


Cs (OFF) 
Cp (OFF) 
Cp, Cs (ON) 


POWER REQUIREMENTS 


Ip | 
ADG441/ADG442 
ADG444 - 


Iss 


I, (ADG444 Only) 


NOTES 


B Version 


T Version 
~40°C to -55°C to 
+85°C 425°C 3 —s_ #125°C Units Test Conditions/Comments 


+25°C 


Vss to Vpp Vss to Vpp 


2.4 
0.8 


_ +0.00001 +0.00001 


+0.5 


‘Temperature ranges are as follows: B Versions: -40°C to +85°C; T Versions: -55°C to +125°C. 
2Guaranteed by design, not subject to production test. 


Specifications subject to change without notice. 
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Vp = +8.5 V, Is =-10 mA 
Vpp = +13.5 V, Vss =-13.5V 
~B5 VS Vp +8.5V 


Vp = 0 V, Is =-10 mA 


Vpp = +16.5 V, Vss = -16.5 V 
Vp = 15.5 V, Vs = 15.5 V; 
Test Circuit 2 

Vp = £15.5 V, V5 = +15.5 V; 
Test Circuit 2 


Vs = Vp = £15.5 V; 


Test Circuit 3 


Vin = Vint or Vinu 


Ry = 1 kQ, Cy = 35 pF; 

Vs = +10 V; Test Circuit 4 
R, = 1 kQ, C, = 35 pF; 

Vs = +10 V; Test Circuit 4 
Ry = 1 kQ, Cy = 35 pF; | 
Vs = 0 V, Rs = 0 Q, Cy= 1 nF; 
Vpp = +15 V; Vss = -15 V3__ 
Test Circuit 5 

Ry = 50 Q, C. = 5 pF; 

f= 1 MHz; Test Circuit 6 
R, = 50 Q, Cy = 5 pF; 

f= 1 MHz; Test Circuit 7 


Vpp = +16.5 V, Vss =-16.5V 
Digital Inputs = 0 Vor5 V 


VL =+5.5V 
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- ADGA41/ADG442/ADG444- 


Single Supply (ao= =+12V+ 10%, Vsg= OV,V. = 45 V+ 10% (AD6444), GND = 0 V, unless otherwise e noted) ee 


B Version 
* =40°C to 

Parameter ‘| +25°C -+85°C 
ANALOG SWITCH 

Analog Signal Range 

Ron 

ARon 

Ron Match 


LEAKAGE CURRENT ; 
Source OFF Leakage Is (OFF) 


Drain OFF Leakage Ip (OFF) . 


Channel ON Leakage Ip, Is (ON) - 


DIGITAL INPUTS 


Input High Voltage, Ving ; 2.4 
Input Low Voltage, Vint 0.8 


Input Current 
Tint or Ip 


- +0.00001 


_ 7 . +0.5 
DYNAMIC CHARACTERISTICS? 
ton | 


tOFF | 


topEN 
Charge Injection 


OFF Isolation 
Channel-to-Channel Crosstalk 


Cs (OFF) 
Cp (OFF) 
Cp, Cs (ON) 

POWER REQUIREMENTS 


Ipp 
ADG441/ADG442 
ADG444 


I, (ADG444 Only) 


NOTES 


‘Temperature ranges are-as follows: B Versions: 40°C to +85°C; T Versions: ~55°C to +125°C. 


*Guaranteed by design, not subject to production test. 
Specifications subject to change without notice. 


Table I. Truth Table 


ADG441/ADG444 
IN 


ADG442 Switch 


Condition 
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425°C ° 


T Version 
55°C to 


Vp = +3 V, +8 V, arenes 
Vpp = +10.8 V 
43.VS Vp <t8V 


Vp = 6V, Ir =-10mA 


Vop = = +13.2 Vv “4 , 
Vp = 12.2 V/1 V, Ve= 1 V/12.2 V; 
Test Circuit 2 
Vp = 12.2 V/1 V, Vs = 1 V/12.2 V; 
Test Circuit 2 

“Vs = Vp = 12.2 V/1 V; 
Test Circuit 3 


2.4 
0.8 


~+0.00001 


Vin = Vint oF Vinn | 
+0.5 


R, = l kQ, Cy = 35 pF; 

Vs = +8 V; Test Circuit 4 

Ry = l kQ, CL = 35 pF; 

Vs = +8 V; Test Circuit 4 

Ry, = 1 kQ, Cy = 35 pF; 

Vs = 6 V, Rs = 0Q, Cy = 1 nF; 
Vpp = +12 V, Vss = 0 V3 

Test Circuit 5 

R;, = 50 Q, Cr =5 pF, f=] MHz; 
Test Circuit 6 

Ry = 50 Q, Cy = 5 pF, f =1 MHz; 
Test Circuit 7 

f= 1 MHz 

f= 1 MHz 

f=1MHz | 


Vpp = +13.2V 
Digital Inputs = 0 us or a he 


Vi =+5.5V 


-40°C to +85°C. 


ADG441BN 


ADG441BR | -40°C to +85°C R-16A 
ADG441TQ =| -55°C to +125°C Q-16 
ADG442BN _ | -40°C to +85°C N-16 
ADG442BR -40°C to +85°C R-16A 
ADG444BN | -40°C to +85°C N-16 


ADG444BR —40°C to +85°C 


NOTES 

1To order MIL-STD-883, Class B processed parts, add /883B to T grade part 
numbers. 

2NJ = Plastic DIP, R = 0.15" Small Outline IC (SOIC), Q = Cerdip. For outline 
information see Package Information section. 
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ABSOLUTE MAXIMUM RATINGS! 


(T, = +25°C unless otherwise noted) 


Vopp to Vee. tented cones Bed hg Gi 2h ib Sette He oan e nD ahaa at We carat ts +44 V 
VpptoGND ..... dahon aunt oecconstaviacansiatance -0.3°V to +25 V 
Vss to GND | Scheteaceae atten name ate gee tee G5 ..+0.3 V to -25 V 
V; to GND Se oe aren ae ae eee ere Seer —0.3 V to Vpp + 0.3 V 


Analog, Digital Inputs?’ ............ Vss -— 2 Vto Vpp + 2 V 
or 30 mA, Whichever Occurs First 
Continuous Current, SorD ...................-. 30 mA 
Peak Current, Sor D ........... cc cece eee e ees 100 mA 
(Pulsed at 1 ms, 10% Duty Cycle Max) 
Operating Temperature Range 
Industrial (B Version) .................. —40°C to +85°C 
Extended (T Version) ................ ~55°C to +125°C 
Storage Temperature Range’ ............. —65°C to +150°C 


Junction Temperature .........0.....00 cee eee +150°C 
Cerdip Package, Power Dissipation CC eee ee 900 mW 
Qj,, Thermal Impedance ....................... 76°C/W 
Lead Temperature, Soldering (10 sec) ............. +300°C 
Plastic Package, Power Dissipation ............... 470 mW 
Oya, Thermal Impedance ...................4.. 177°C/W 
Lead Temperature, Soldering (10 sec) ............. +260°C 
SOIC Package, Power Dissipation ............... .600 mW 
Oya, Thermal Impedance ....................... 77°C/W 
Lead Temperature, Soldering 

Vapor Phase (60 sec) ............. 200 eeee +215°C 

Infrared (15 Se): $c idee 0 2 eae Saeed EBA OS +220°C 


NOTES 

‘Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. Only 
one absolute maximum rating may be applied at any one time. 

Overvoltages at IN, S or D will be clamped by internal diodes. Current should be 
limited to the maximum ratings given. 


CAUTION 


ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although these devices feature proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 


ADG44U/ADG442 PIN CONFIGURATION (DIP/SOIC) 


IN1 |1/@ 16] IN2 
D1 | 2 15| D2 
s1/3] ADG441 |14] s2 
Vss [4 13] Voo 
GND [5 hoes 12] NC 
sa /6| 11] $3 
D4 | 7 | 10] D3 


NC = NO CONNECT 
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Ron 

Ron Match 
I; (OFF) 
Ip (OFF) 


Ip, Is (ON) 
Vp (Vs) 

Cs (OFF) 
Cp (OFF) 
Cp, Cs (ON) 


ton 
torr . 
loPEN 


Crosstalk 


Off Isolation 


Charge 
Injection 


ADG441/ADG442/ADG444 


TERMINOLOGY 


Most Positive Power Supply Potential. 
Most Negative Power Supply Potential in dual | 


supplies. In single supply applications, it may be 
connected to ground. 


Logic Power Supply (+5 V). 

Ground (0 V) Reference. 

Source Terminal. May be an input or output. 
Drain Terminal. May be an input or output. 
Logic Control Input. 

Ohmic resistance between D and S. 

Difference between the Ron of any two channels. 
Source leakage current with the switch “OFF.” 
Drain leakage current with the switch “OFF.” 
Channel leakage current with the switch “ON.” 
Analog voltage on terminals D, S. 

“OFF” Switch Source Capacitance. 

“OFF” Switch Drain Capacitance. 

“ON” Switch Capacitance. 

Delay between applying the digital control — 
input and the output switching on. 

Delay between applying the digital control 
input and the output switching off. 
Break-Before-Make Delay when switches are 
configured as a multiplexer. 

A measure of unwanted signal which is coupled 


through from one channel to another as a result 
of parasitic capacitance. — 


A measure of unwanted signal coupling through 
an “OFF” switch. 


A measure of the glitch impulse transferred from 
the digital input to the analog output during 
switching. 


WARNING! 


=r 


ESD SENSITIVE DEVICE 


ADG444 PIN CONFIGURATION (DIP/SOIC) 


IN1 | 1/¢@ 16] IN2 
Dt | 2| 15] D2 
$1 | 3] 14} S2 
Vss [4 | 13] Vop 
GND [5 Piven 12] Vb 
S4 | 6 | 11] $3 
D4 110] D3 
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ADG441/ADG442/ADG444 


TRENCH ISOLATION 

In the ADG441, ADG442 and ADG444, an insulating oxide 
layer (trench) is placed between the NMOS and the PMOS 
transistors of each CMOS switch. Parasitic junctions, which oc- 
cur between the transistors in junction isolated switches, are 
eliminated, the result being a completely latch-up proof switch. 


In junction isolation, the N and P wells of the PMOS and 
NMOS transistors form a diode that is reverse-biased under | 
normal operation. However, during overvoltage conditions, this 
diode becomes forward biased. A silicon-controlled rectifier 
(SCR) type circuit is formed by the two transistors causing a sig- 
nificant amplification of the current which, in turn, leads to 
latch up. With trench isolation, this diode is removed, the result 
being a latch-up proof switch. | 


LOCOS 


Trench isolation also leads to lower leakage currents. The 
ADG441, ADG442 and ADG444 have a leakage current 

of 0.5 nA as compared with a leakage current of several 
nanoamperes in non-trench isolated switches. Leakage current is 
an important parameter in sample-and-hold circuits, this current 
being responsible for the discharge of the holding capacitor with . 
time causing droop. The ADG441/ADG442/ADG444’s low | | _ Figure 1. Trench Isolation 
leakage current, along with its fast switching speeds, make it 

suitable for fast and accurate sample-and-hold.-circuits. 


Typical Performance Characteristics 


‘Vp(Vs)-Vots Mpg) = Vote 


Figure 2. Ron asa Function of Vp (Vs): Dual Supply Figure 3. Ron as a Function of Vp (Vs): Single Supply 
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0 
Vp (Vg) - Volts 


Figure 4. Roy as a Function of Vp (Vs) for Different 
Temperatures 


Vop = +15V 
Veg =~15V 
T, = 425°C 


LEAKAGE CURRENT — nA 


Vg; Vp - Voits 


Figure 5. Leakage Currents as a Function of Vg (Vp) 


DD = 4+15V 
Veg =-15V 


50 
1k 10k 100k 1M 10M 
FREQUENCY -— Hz 


Figure 6. Crosstalk and Off Isolation vs. Frequency 
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ADG441/ADG442/ADG444 


6 
Vp (Vg) - Volts 


Figure 7. Ron as a Function of Vp (Vs) for Different 


Temperatures | 


0.010 


LEAKAGE CURRENT - nA 


Vos Vp ~ Volts 


Figure 8. Leakage Currents as a Function of Vs (Vp) 


-20 
15 -12 9 6 3 0 3 6 9 12 15 
V, - Volts 


Figure 9. Charge Injection vs. Source Voltage 


SWITCHES AND MULTIPLEXERS 7-69 


“ANALOG 
DEVICES 


CMOS 


4/8 Channel Analog Multiplexers 


FEATURES | 
44V Supply Maximum Rating 
Vss to Vpp Analog Signal Range 
Single/Dual Supply Specifications | 
Wide Supply Ranges (10.8V to 16.5V) | 
Extended Plastic Temperature Range 
(—40°C to + 85°C) 
Low Power Dissipation (28mW max) 
Low Leakage (20pA typ) 
Available in 16-Lead DIP/SOIC and 
20-Lead PLCC/LCCC Packages 
Superior Alternative to: 
DG508A, HI-508 
DG509A, HI-509 


GENERAL DESCRIPTION 7 

The ADGS08A and ADGS09A are CMOS ‘norolithic analog 
multiplexers with 8 channels and dual 4 channels respectively. 
The ADG508A switches one of 8 inputs to a common output 
depending on-the state of three binary addresses and an enable 
input. The ADGSO9A switches one of 4 differential inputs toa 
common differential output depending on the state of two binary 
addresses and an enable input. Both devices have TTL and SV 
CMOS logic compatible digital inputs. . 


The ADG508A and ADGS5O9A are designed on an enhanced 
LC?MOS process which gives an increased signal capability of 
Vss to Vpp and enables operation over a wide range of supply 
voltages. The devices can comfortably operate anywhere in the 
10.8V to 16.5V single or dual supply range. These multiplexers 
also feature neh switching speeds and low Ron. 


PRODUCT HIGHLIGHTS | 

1. Single/Dual Supply Specifications with a Wide Tolerance: 
The devices are specified in the 10.8V to 16.5V range for 
both single and dual supplies. 


2. Extended Signal Range: 
_ The enhanced LC?MOS processing results in a high breakdown 
and an increased analog signal range of Vss to Vpp. 


3. Break- Before-Make Switching: 
Switches are guaranteed break-before-make so that input 
signals are protected against momentary shorting. 


4. Low Leakage: | 
Leakage currents in the range of 20pA make these multiplexers 
suitable for high precision circuits. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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“| PECODER 


_ AO Al A2 EN. AO At EN 


- ORDERING GUIDE 


| Temperature - 
Range . 


~ADGSO8AKN | —40°Cto + 35°C 
ADGSO8AKR | —40°Cto +85°C | R-16A 

- ADGSO8AKP | —40°Cto +85°C | P-20A 
ADGS5SO8ABQ | —40°Cto +85°C | Q-16 
ADGS08ATQ | —55°Cto +125°C | Q-16 

_ ADGSO8ATE | —55°Cto +125°C | 
ADGSO9AKN. | —40°Cto +85°C 


ADG509AKR — 40°C to + 85°C 


~~ ADGSO9AKP: — 40°C to + 85°C: | P-20A 
ADG509ABQ — 40°C to + 85°C | Q-16 
-ADGS09ATQ — 55°C to + 125°C | Q-16 


ADGSO9ATE 


— 55°C to + sib keds 


» NOTES 
- 1To order MIL-STD-883, Class B. peer parts, add. 


/883B to part number. See Analog Devices Military 
Products Databook (1990) for military data sheet. 


- 28 = Leadless Ceramic Chip Carrier (LCCC); N = 


Plastic DIP; P = Plastic Leaded Chip Carrier (PLCC); 
Q = Cerdip; R = 0.15” Small Outline IC (SOIC). 
For outline information see Package Information section. 


REV. B 


SPECIFICATIONS 


DUAL SUPPLY (Vop = +10.8V to +16.5V, Vs. = —10.8V to —16.5V unless otherwise noted.) 


Parameter 


ANALOG SWITCH 
Analog Signal Range 


Ron 


Ron Drift 
Ron Match 


Is (OFF), Off Input Leakage 


Ip (OFF), Off Output Leakage 
ADGSO8A_ 
ADGS09A 


Ip (ON), On Channel Leakage 
ADGS08A 
ADGS509A 

IpiFF> Differential Off Output 
Leakage (ADGS09A only) 

DIGITAL CONTROL 
Vinu, Input High Voltage 
Vin; Input Low Voltage 


Inv or Inn 
Cw Digital Input Capacitance 


DYNAMIC CHARACTERISTICS 


UTRANSITION’ 
topEN’ 

ton (EN)! 
torr (EN)! 
OFF Isolation 


Cs (OFF) 
Cp (OFF) 
ADGS08A 
ADGS09A 
Qinyj, Charge Injection 
POWER SUPPLY 
Ipp . 


Iss 


Power Dissipation. 


NOTE 


'Sample tested at 25°C to ensure compliance. | 


ADGS508A 


ADGS509A 
K Version 


— 40°C to} 


+25°C = +85°C 


Specifications subject to change without notice. 
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ADGS508A 
ADGS509A 
B Version 
—40°Cto 
+25°C +85°C 


ADGS08A 
ADGS509A 
T Version 


—55°Cto 
+25°C +125°C | Units 


SWITCHES AND MULTIPLEXERS 


ADG508A/ADG509A 


Comments 


—10V<Vs + 10V, Ips = 1mA; Test Circuit 1 


Vpp = 15V( + 10%), Vss= — 15V(+ 10%) 
Vpp = 15V( + 5%), Vss = — 15V( + 5%) 
Vs=0,Ips= 1mA : | 
—10V<Vs< + 10V, Ips=1mA. 

V1= +10V, V2= + 10V; Test Circuit 2 


V1= +10V, V2= ¥10V; Test Circuit 3 


V1=V2= + 10V; Test Circuit 4 
V1 = + 10V, V2= + 10V; Test Circuit 5 


Vin=0to Vpp 


V1= + 10V, V2 = + 10V; Test Circuit 6 
Test Circuit 7 

Test Circuit 8 

Test Circuit 8 

Ven=0.8V, Ry = 1k0,C=15pF, 


Vs; =7V rms, f = 100kHz 
Ven =0.8V 


Ven =0.8V 


Rs=00,Vs=0;TestCircuit9 
Vin=Vinw or Vines 


Vin= Vinx or Vinn 
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ADG508A/ADG509A 


SINGLE SUPPLY (v,, = +10.8v to +16,5v, vos = GND = OV uniess otherwise note 


 ADGS08A ADGS508A 
-ADGS509A ADGS09A __ 
K Version BVersion | 
— 40°C to . ~40°Cto 


Parameter +25°C =+85°C +25°C =+85°C 
ANALOG SWITCH 


Analog Signal Range 
Ron 


Ron Drift 
Ron Match 


Is (OFF), Off Input Leakage 


Ip (OFF), Off Output Leakage 
ADGS508A 
ADGS09A 
Ip (ON), On Channel Leakage 
ADGS08A 
ADGS09A 
Ipirr, Differential Off Output 
Leakage (ADGSO9A only) 
DIGITAL CONTROL | 
Vinup Input High Voltage 
Vin, Input Low Voltage 
Ty or linn 
Cyy Digital Input Capacitance 
DYNAMIC CHARACTERISTICS 
tTRANSITION 


1 
topEN 


ton (EN)! 
torr(EN)! 
OFF Isolation 


Cs (OFF) 
Cp (OFF) 
ADG508A 
ADGS09A 
Qin, Charge Injection 
POWER SUPPLY 
Ipp 


Power Dissipation 


NOTE . 
'Sample tested at 25°C to ensure compliance. 
Specifications subject to change without notice. 


TERMINOLOGY 
| Ron | 


Ohmic resistance between terminals D and S 


Ron Match Difference between the Ron of any two channels 
Ron Drift Change in Ron versus temperature 
I; (OFF) Source terminal leakage current when the switch 
is off 
Ip (OFF) Drain terminal leakage current when the switch 
| is off 
Ip (ON) Leakage current that flows from the closed switch 
into the body 
Vs (Vp) Analog voltage on terminal S or D 
_ Cg (OFF) Channel input capacitance for “OFF” condition 
Cp (OFF) Channel output capacitance for “OFF” 


condition 
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ADGS508A. 


ADGS509A 
T Version 


—55°Cto. 


+25°C = +125°C_ 


. Cw 
torr (EN) 


tTRANSITION — 


topEN 


VINL 

Vinn 

Ine Cin) 
Vpp 

Vss 

Ipp 

Iss 


Comments — 


GND£<Vs< + 10V, Ips = 0.5mA; Test Circuit 1 


Vs = 0, Ips =0.5mA 
GND<Vs= + 10V, Ips =0.5mA 
V1= + 10V/GND, V2=GND/ + 10V, 
Test Circuit 2 


V1= + 10V/GND, V2=GND/ + 10V; 
Test Circuit 3 


V1=V2= + 10V/GND; 
Test Circuit 4 


V1 = + 10V/GND, V2=GND/ + 10V; 
Test Circuit 5 


Vin = 0 to Vpp 


ee cap: V2=GND/ + 10V; Test Circuit 6 
Test Circuit 7 
Test Circuit 8 
Test Circuit 8 


VEN = 0.8V, R, = 1kQ, Cy = ISpF, 
Vs = 3.5V rms, f= 100kHz 


VEN = 0.8V 
Ven = 0.8V. 


Rs =00, Vs=0V; Test Circuit 9 


Vin = Vint oF Vinu 


Digital input capacitance | 

Delay time between the 50% and 10% points of 
the digital input and switch “OFF” condition 
Delay time between the 50% and 90% points of 
the digital inputs and switch “ON” condition 
when switching from one address state to 
another 

“OFF” time measured between 50% points of 
both switches when switching from one address 
state to another “ s 
Maximum input voltage for Logic “0” 
Minimum input voltage for Logic “1” 

Input current of the digital input 

Most positive voltage supply 

Most negative voltage supply 

Positive supply current 

Negative supply current 
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ABSOLUTE MAXIMUM RATINGS! 
(Ta= +25°C unless otherwise noted) 


Vpp to NGS Uns. Go Se ow ea Be 44V 
Vopito0 GND: 6 ae ww bk Be a RR 25V 
Vss toGND....... ee —25V 
Analog Inputs” | 
Voltage atS,;D .......... Vss —2V to Vpp +2V or 
. 20mA, Whichever Occurs First 
Continuous Current, Sor D ........-+.--.--. 20mA 
Pulsed Current S or D 
Ims Duration, 10% Duty Cycle .......... 40mA 
Digital Inputs” 
Voltage at BEN? oe Boos hes Vss —4V to Vpp +4V or 


20mA, Whichever Occurs First 

Power Dissipation (Any Package) 
Upto 75°C 5 ee oe eee OS OS 470mW 
Derates above +75°C by .........--28-. 6mW/°C 


——_-_ —- —=— © ©O © & 
—-— ee COCO = = © & 964 


on An UN fF WY DN = 


X = Don’t Care ADG508A 


CAUTION 


ADGS08A/ADGSO9A 


Operating Temperature 
~Commercial (K Version) ......... — 40°C to + 85°C 
Industrial (B Version). .......... — 40°C to + 85°C 
Extended (T Version). .......... — 55°C to + 125°C 
Storage Temperature Range. ........ — 65°C to + 150°C 
Lead Temperature (Soldering, 10sec) ......... + 300°C 
NOTES 


1Stresses above ‘those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

2Overvoltage at A, EN, S or D will be clamped by diodes. Current should be lim- 
ited to the Maximum Rating above. 


X = Don’t Care 
ADG509A 


ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electrostatic 
fields. Unused devices must be stored in conductive foam or shunts. The protective foam should be 


discharged to the destination socket before devices are removed. 


WARNING! 


ar 1 


ESD SENSITIVE DEVICE 


PIN CONFIGURATIONS 


DIP, SOIC 


ADG508A 
TOP VIEW 
(Not to Scale) 


ADG509A 
TOP VIEW 
(Not to Scale) 


REV. B 


LCCC 


ADG508A 
TOP VIEW 
(Not to Scale) 


ADG50SA 
TOP VIEW 
(Not to Scate) 


ADG508A 
TOP VIEW 
16 NC : (Not to Scale) 


= NO CONNECT 


18 Vop 


17 S18 
ADG509A 
16 NC TOP VIEW 
(Not to Scale) 
15 $2B 


14 S3B 


< 
o 


q oO a oO ; 
bs = © $ NC = NO.CONNECT 
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Lo"Mos 4/8 Channel Fault-Protected 
Analog Multiplexers 


~ ADG508F/ADG5O9F/ADGS28F/ADGS29F ; 


| ANALOG 
DEVICES _ 


FEATURES 
Wide Supply Ranges (10. 8 Vto 16. 5 V) 
Low On Resistance (300 0 max) 
Fast Switching Times 
ton 300'ns max _ 
torr 300 ns max 
Low Power Dissipation (3.3 mW max) 
Fault and Overvoltage Protection 
All Switches OFF with Power Supply OFF | 
ON Channel Turns OFF if Overvoltage Occurs 
Latch-Up Proof Construction 
Break-Before-Make Construction 
TTL and CMOS Compatible Inputs 
Superior Alternative to 
MAX358/MAX359 
DG458/DG459 


APPLICATIONS 

Data Acquisition Systems 

Industrial and Process Control Systems — 
Avionics Test Equipment 

Signal Routing Between Systems | 

High Reliability Control Systems 


GENERAL DESCRIPTION 
The ADG508F, ADG509F, ADG528F and ADG529F are 
CMOS analog multiplexers comprising eight single channels 
and four differential channels respectively which have. fault pro- 
tection. Using a series n-channel, p-channel, n-channel - | 
MOSFET structure, both device and signal source protection 
is provided i in the event of an ‘overvoltage or power loss. The 
multiplexer can withstand continuous overvoltage inputs up to: 
+35 V. During fault conditions, the multiplexer input (or out- 
put) appears as an open circuit and only a few nanoamperes of 
leakage current will flow. This protects not only the multiplexer 
and the circuitry driven by the multiplexer, but also protects the 
sensors or signal sources that drive the multiplexer. 


The ADG508F/ADG509F/ADG528F/ADG529F are designed 


on an enhanced LC?MOS, trench-isolated process that provides | 
low power dissipation yet gives high switching speed and low on 


resistance. All channels exhibit break-before-make switching ac- 
tion preventing momentary shorting when switching channels. 


The ADG508F and ADG528F switch one of eight inputs to a 


common output as determined by the 3-bit binary address lines © 


AO, Al and A2. The ADG509F and ADG529F switch one of 


four differential inputs to a common differential output as deter- 


mined by the 2-bit binary address lines AO and Al. The 
ADG528F and ADG529F have on-chip address and control 
latches that facilitate microprocessor interfacing. An EN input 
on each device is used to enable or disable the device: When 
disabled, all channels are switched OFF. 


This is a preliminary data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


FUNCTIONAL saa DIAGRAMS 


7 ee | 


ADG508F 


, DECODER/.. 
' LATCHES ~ 


ae DECODER’ .. 
& LATCHES | 


. AO Al A2 EN RS AO A1 EN RS 


PRODUCT HIGHLIGHTS 
1. Fault Protection 
~The ADG508F/ADGS509F/ADG528F/ADG529F can with- 
stand continuous voltage inputs up to +35 V.. When a fault 
occurs, due to the power supplies being turned off or due to 
an overvoltage being applied to the ADG508F/ADG509F/ 
~ADG528F/ADG529F, all the channels are turned off and 
only a leakage current of a few nanoamperes flows. 


2. Dual Supply Specifications with a Wide Tolerance 


' .The devices are specified in the 10.8 V to 16.5 V range. 


3. Low Ron | 
4. Fast Switching Times 


~~ 5, Break-Before-Make Switching 


Switches are guaranteed Sa Gr eer 0) hati input 
signals are protected against momentary shorting. 


6. Trench Isolation Guards Against Latch Up... 
A dielectric trench separates the p and n-channel MOSFETs 
rey preventing ore 


This information applies to a product under development. Its characteristics and specifications are subieet to cena: without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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SPECIFICATIONS' 


Parameter 


ANALOG SWITCH 
Analog Signal Range 


Ron 


Ron Drift 
Ron Match 


LEAKAGE CURRENTS 
Source OFF Leakage Is (OFF) 


Drain OFF Leakage Ip (OFF) 
ADG508F/ADG528F 
ADG509F/ADG529F 

Channel ON Leakage Ip, Is (ON) 
ADG508F/ADG528F 
ADG509F/ADG529F 

FAULT 

Output Leakage Current 
(With Overvoltage) 

Input Leakage Current 
(With Overvoltage) 

Input Leakage Current 
(With Power Supplies Off) 


DIGITAL INPUTS . 

Input High Voltage, Vinu 

Input Low Voltage, Vint 

Input Current . 

Ix oF Tine 

Cy; Digital Input Capacitance 
DYNAMIC CHARACTERISTICS? 

tTRANSITION 


topEN 
ton (EN) 
torr (EN) 


tserr, Settling Time 
0.1% 
0.01% 
tw, Write Pulse Width 
ts, Address, Enable Setup Time 
try, Address, Enable Hold Time 
trs, Reset Pulse Width 
Charge Injection 
OFF Isolation 


Channel-to-Channel Crosstalk 


Cs (OFF) 

Cp (OFF) 
ADG508F/ADG528F 
~ ADG509F/ADG529F 


POWER REQUIREMENTS 
Ipp 


Iss 


NOTES 


B Version 
-40°C to 
+25°C +85°C 


ADGS08F/ADGS09F/ADG528F/ADG529F 


Dual Supply oo = +108 v to +16.5 V, Vos = -108 V to -16.5 V, GND = 0 V, unless otherwise noted) 


Test Conditions/Comments 


T Version 
~5§5°C to 
+25°C +125°C 


'Temperature ranges are as follows: B Versions: -40°C to +85°C; T Versions: -55°C to +125°C. 
*Guaranteed by design, not subject to production test. 


Specifications subject to change without notice. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 


V min 
V max 
Q. max 


Q typ 


%/°C typ 


-10 V<Vs < +10 V, Is = 1 mA; 

Vpp = +15 Vt 5%, Vss =-15 Vt 5% 
-5>V<Vs<t5 V, Is = 1 mA; 
Vpp = +15 V+ 10%, Vsg =-15 Vt ne 
Vs = 0 V; Ips = 1 mA 
-10V<Vs<+10V,Is =1mA 
Vpp = +15 Vt 10%, Vss =-15 V+ 10% 


Vp = +10 V, Vs= TION: 
Test Circuit 2 
Vp = £10 V, Vs = =10V; 
Test Circuit 3 


Vs = Vp = 10 V; 
Test Circuit 4 


Vs = +33V, Vp =0V 
Vs = +25 V, Vp = £25 V 


Vs = +25 V, Vp = Ven = 0V; 
Vin = 0 Vor5 V 


Vin = 0or Vpp 
f=1MHz _ 


R, = 1 MQ, Cy, = 35 pF; 

Vs: = £10 V, Vsg = +10 V; Test Circuit 5 
R, = 1 kQ, Cy = 35 pF; 

Vs = +5 V; Test Circuit 6 

R, = 1 kQ, Cy = 35 pF; 

Vs = +5 V; Test Circuit 7 

R, = 1 kQ, Cy = 35 pF; 

Vs = +5 V; Test Circuit 7 


Vs =0V, Rs = 
Ry = 1 kQ, Cy = 15 pF, f = 100 kHz; 
Vs = 7 Vrms; Test Circuit 9 

Ry = 1 kQ, Cy = 15 pF, f = 100 kHz; 
Test Circuit 11 

f= 1 MHz 

f= 1 MHz 


Vin = Vint or Vinu 


Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. — 
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0 Q, C,= 1 nF; Test Circuit 8 


ADG508F/ADG509F/ADG528F/ADG529F 


ABSOLUTE MAXIMUM RATINGS* 


~ (Ta = +25°C unless ele noted) 


NinprtOr Vee. “os aes owe weed tee RES ee RSE Sree alg 3 +44 Vv 
-Vpp to OND. ce ee eds tates ea ees —0.3 Vto +25 V 
Vss tO GND s$045.40055 48005 PRES ees .. +0.3 V to -25 V 
Ven Va Digital Input......... ia uate Vss -4 V to Vpp + 4 V 
Vs, Analog Input Overvoltage with Power ON. .... Vss— 20 V 
to Vpp + 20 V 
Vs, Analog Input Overvoltage with Power OFF 
A GRR Ree Swear Peach aa ame hee Game -35Vto+35V 
Continuous Curent SOR? 3443 ore dnh Gea amon ees 20 mA 
Peak Current, S or D 
(Pulsed at 1 ms, 10% Duty Cycle max) ........... 40 mA 
Operating Temperature Range 
Industrial (B Version) ...............05. —40°C to +85°C 
Extended (T Version) ..... rey eee —55°C to +125°C 
Storage Temperature Range ............. —65°C to +150°C 
Junction Temperature ............ ee ee Sere +150°C 
Ceae Package, Power Dissipation ............... 900 mW 
— Oya, Thermal Impedance ............ 0.0.0.0 ae, 76°C/W 
Lead Temperature, Soldering (10 sec) ........... +300°C 
Plastic Package, Power Dissipation ............... 470 mW 
Oya, Thermal Impedance ......+......... saan 117°C/W 
Lead Temperature, Soldering (10 sec) ........ oss 260°C 
SOIC Package, Power Dissipation ........... ere 600 mW 
Oya, Thermal Impedance. ..... eee re ne are 77°C/W 


Lead Temperature, Soldering 
Vapor Phase (60 sec) ........... cee eeee 
Infrared (15 sec) ..... ee re ee ee ere 
PLCC Package, Power Dissipation ...... err ee 
Qj4, Thermal Impedance . 
Lead Temperature, Soldering _ 
Vapor Phase (60 sec) ...........00000- sath Bes 
Infrared (15 ey ere ne ee re ere art 


+. 


*Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
Only one absolute maximum rating may be applied at any one time. 


CAUTION 


PIN CONFIGURATION S 


no [a] 16] At 
EN | 2| 15] a2 7 
Yes 1) a ADGSO8F 
ae pate ao 13} Yoo TOP VIEW 
$2 | 5 | (Not to Scale) [12] $5 (Not to Scale) 
$3 | 6| 11] S6 

$4 10] S7 

D[8| 19 | S8 


ra | ADG509F 13] S1B 
TOP VIEW 
S2A 5 | (Not to Scale) 12 | Ss 


SIA TOP VIEW $1B 
ie (Not to Scale) ' i 


S2A | 6 | 13| S2B 
S3A 12] S3B 
S4A | 8 | 11] S4B 
DA | 9| 10] DB 


NC = NO CONNECT 


ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although these devices feature proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 


ADGS509F 


TOP VIEW 
(Not to Scale) | 


ADG528F 
TOP VIEW 
(Not to Scale) 


ADG529F 


. TOP VIEW . 
(Not to Scale) 


WARNING! 
ee wa 


ESD SENSITIVE DEVICE 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 


Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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ADGS08F/ADGS09F/ADGS28F/ADGS29F 


ORDERING GUIDE . Table I. ADGSO8F Truth Table 


Temperature Range | Package Option’ | oat | AO | EN ON SWITCH 
ADG508FBN | —40°C to +85°C N-16 . . . : 
ADG508FBR | -40°C to +85°C R-16A ; ; 
ADGS508FBP | -40°C to +85°C P-20A ; ; ; 
ADG508FTQ | —55°C to +125°C Q-16 . ' i ; 
ADG509FBN ~40°C to +85°C N-16 1 0 0 1 
ADG509FBR 40°C to +85°C R-16A J 0 1 ] 
ADG509FBP | -40°C to +85°C P-20A ; : 
ADG509FTQ | -55°C to +125°C Q-16 
ADG528FBN | -40°C to +85°C N-18 | OE 
ADG528FBP | -40°C to +85°C P-20A Table Il. ADGS09F Truth Table 


ADG528FTQ —55°C to +125°C Q-18 


ADG529FBN —40°C to +85°C N-18 
ADG529FBP —40°C to +85°C P-20A 
ADG529FTQ —55°C to +125°C 


NOTES . 

1To order MIL-STD-883, Class B processed parts, add /883B to T grade part 
numbers. 

2N = Plastic DIP; P = Plastic Leaded Chip Carrier (PLCC); Q = Cerdip; 
R = 0.15" Small Outline IC (SOIC). For outline information see Package 
Information section. 


Table III. ADG: 


: 

xX X ».4 Retains Previous Switch Condition 

xX xX X NONE (Address and Enable 
Latches Cleared) 

xX Xx xX 0 0 1 NONE 

0 0 0 1 0 1 1 

0 0 1 l 0 l 2 

0 1 0 1 0 1 3 

0 l 1 l 0 ] 4 

1 0 0 l 0 1 5 

1 0 1 1 0 ] 6 

l 1 0 1 0 l 7 

1 1 1 l 0 1 8 


X = Don't Care 


Table IV. ADG529F Truth Table 


ON 
SWITCH PAIR 


Retains Previous Switch Condition 
NONE (Address and Enable 
Latches Cleared) 

NONE 

1 


me OOK MM 


2 
3 
4 


X = Don't Care 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. | 
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DEVICES | 


Ol LC?M0s 


_Precision 5 V/3 V Quad SPST Switches 


FEATURES 
+3 V, +5 V or +5 V Power Supplies 
Ultralow Power Dissipation (<0.5 .W) 
Low Leakage (<100 pA) 
Low On Resistance (<50 2) 
' Fast Switching Times 
Low Charge Injection 
Latch-Up Proof | 
TTL/CMOS Compatible oo 
16-Pin DIP or SOIC Package 


APPLICATIONS 
Battery Powered Instruments 
Single Supply Systems 
Remote Powered Equipment 
_ +5 V Supply Systems | 
Computer Peripherals such as Disk Drives 
Precision Instrumentation 
Audio and Video Switching 
Automatic Test Equipment 
Precision Data Acquisition 
Sample Hold Systems 
Communication Systems 


Compatible with +5 V Supply DACs and ADCs such as 


AD7840/8, AD7870/1/2/4/5/6/8 | 


GENERAL DESCRIPTION — 

The ADG511,.ADG512 and ADG513 are ‘monolithic CMOS ICs 
containing four independently selectable analog switches. These 
switches feature low, well-controlled on resistance and wide ana- 
log signal range, making them ideal for precision analog signal. 
switching. 


These switch arrays are fabricated using Analog Devices’ 
advanced linear compatible CMOS (LC7MOS) process which 
offers the additional benefits of low leakage currents, ultralow 


power dissipation and low capacitance for fast switching speeds - - 


with minimum charge injection. These features make the 


ADGS511, ADG512 and ADGS513 the optimum choice for a wide _ 


variety of signal switching tasks in precision analog signal pro- 
cessing and data acquisition systems. 


The ability to operate from single +3 V, +5-V or 45 V bipolar 
supplies make the ADG511, ADG512 and ADGS513 perfect for 
use in battery-operated instruments, 4-20 mA loop systems and 
with the new generation of DACs and ADCs from Analog 
Devices. The use of 5 V supplies and reduced operating cur- 
rents give much lower power dissipation than devices operating 
from +15 V supplies. 


This is an abridged data sheet. To obtain the most recent version or __| 
complete data sheet, call our = retrieval system at 1- 800- 446-6212. : 
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SWITCHES.SHOWN FOR A LOGIC “1” INPUT 


The ADGS11, ADGS12 and ADGS13 contain four independent 
SPST switches. The ADG511 and ADG512 differ only in that 


_..~ the digital control logic is inverted. The ADG511 switch is 
‘turned on with a logic low on the appropriate control input, 
while a logic high is required for the ADG512. The ADG513 


contains two switches whose digital control logic is similar to 
that of the ADGS511 while the logic i is inverted in the remaining 


two switches. 


PRODUCT HIGHLIGHTS 

1. +5 Volt Single Supply Operation 
The ADGS511/ADG512/ADG513 offers high performance, 
including low on resistance and wide signal range, fully spec- 
ified and guaranteed with +3 V, +5 V as well as +5 V sup- 
ply rails. 


2. Ultralow Power Dissipation 
CMOS construction ensures ultralow power dissipation. 


3. Low Ron 


4. Trench Isolation Guards Against Latch-up _ 
A dielectric trench separates the P and N channel transistors 
thereby preventing latch-up even under severe overvoltage 
conditions. 


- 5. Break Before Make Switching | 


Switches are guaranteed to have break-before-make opera- 
tion. This allows multiple outputs to be tied together for 
multiplexer applications without the possibility of momentary 
shorting between unas: 
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SPECIFICATIONS' 6511/65 12/AD E513 


Dual Supply w,, = +5 V + 10%, Vos = —5 V + 10%, GND = 0V, unless otherwise noted) 


B Version T Version 
-40°C to |. —55°C to 
Parameter . 2 +25°C 3 +85°C +25°C: 3 =—44+-:125°C Test Conditions/Comments 
ANALOG SWITCH > 
Analog Signal Range Vpp to Vss Vpp to Vss 
Vpp = +4,5 V, Vss _ —4,5 V 
LEAKAGE CURRENTS Vpp = +5.5 V; Vsg = —5.5 V 


Source OFF Leakage I, (OFF) Vp = +4.5. V5, Vs = ¥4.5 V; 
Test Circuit 2 

Vp = +4.5 V,.Vs5 = ¥4.5 V3 
Test Circuit 2 

Vp = Vs = £4.5 V3: - 

Test Circuit 3 


Drain OFF Leakage I, (OFF) 


Channel ON Leakage Ip, I; (ON) 


DIGITAL INPUTS 
Input High Voltage, Viney 
Input Low Voltage, Vin 
Input Current 


Dt or Ting Vin = Von Or Ving | 


DYNAMIC CHARACTERISTICS? 


Vs = £3 V; Test Circuit 4 


tage Ry = 300 Q, C. = 35 pF; 
| oo Vs = +3 V; Test Circuit 4 
Break-Before-Make Time R, = 300 0, Cy = 35 pF; 


Delay, tp (ADG513:Only) 
Charge Injection. 


Vsi = Vs2 = +3 V; Test Circuit 5 
Vs = 0V, Rs = 00, Cy. = 10 nF; : 
Test Circuit 6 


OFF Isolation. 1R, = 500, C, = 5 pF, f= 1 MHz; 
oe Test Circuit 7 
Channel-to-Channel Crosstalk R, = 500, C, = 5 pF, f = 1 MHz; 
, Test Circuit 8 
C, (OFF) f = 1 MHz 
C, (OFF) = 1 MHz 
Cp; Cs (ON) f = 1 MHz 
POWER REQUIREMENTS 
Vop - +4,5/5.5 +4,5/5.5 
Vss —4,5/-5.5 ~—4,5/—5.5 
Ipp Vop = +5.5 V; Vsg = —5.5 V 
- Digital Inputs = 0 V or 5 V 
Iss 
NOTES 


‘Temperature ranges are as follows: B Versions —40°C to +85°C; T Versions —55°C to +125°C. 
2Guaranteed by design, not subject to production test. 


Specifications subject to change without notice. 
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DIGITAL INPUTS 


ADG511/ADG512/ADG513—SPECIFICATIONS' 


Single Supply «,, = +5 V + 10%, Veg = 0 V, GND = 0 V, unless otherwise noted) 


_T Version 
—55°C to 


B Version 
| - 40°C to 
~+25°C = + 85°C 


Parameter | +25°C = +125°C Test Conditions/Comments 
ANALOG SWITCH - 
Analog Signal Range 
Ron =’ Vp = 3.5,V, Is = -10 mA; 
7 Vpp = +4.5V 
LEAKAGE CURRENTS Vpp = +5.5V 


Vp = 4.5/1 V, Vs = 1/4.5 V; 
~ | Test Circuit 2 

Vp = 4.5/1 V, Vs =: V4.5 V3 
_'| Test Circuit 2 

| Vp = Vg = +4.5 V/+1 V3; 
Test Circuit 3 


Source OFF Leakage I; (OFF) » 
Drain OFF Leakage I,, (OFF) 


Channel ON Leakage Ip, Is; (ON) | 


Input High Voltage, Ving 
Input Low Voltage, Vinz 
Input Current 


lin OF Jing Vin = Vint oF Ving 


DYNAMIC CHARACTERISTICS? , | ; ee 
Vs = +2 V; Test Circuit 4 


torr R, = 300 0, C,, = 35 pF; 
: | Vs = +2 V; Test Circuit 4 
Break-Before-Make Time R, = 300 0, C,, = 35 pF; 


Delay, tp (ADGS513. only) 
Charge Injection’ 


| Vsi = Vs2 = +2 V3 Test Circuit 5 
Vs = 0V, Rs = 00, C, = 10 nF; 
Test Circuit 6 

R, = 50 0, C,, = 5 pF, f = 1 MHz; 
Test Circuit 7— 

R, = 500, C, = 5 pF, i= 1 MHz; 
Test Circuit 8 | 


OFF Isolation 


Channel-to-Channel Crosstalk 


Cy, (OFF) f= 1 MHz 

Cp (OFF) | f= 1 MHz © 

Cp, Cs (ON) f = 1 MHz 
POWER REQUIREMENTS | 

Vpp 

! Digital Inputs =0Vor5 V 
NOTES 


1Temperature ranges are as follows: B Versions eG: to +85°C; T Versions —55°C to +125°C. 
2Guaranteed by design, not subject to production test. 


Specifications subject to change without notice. 
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Single Supply (v,, = +33 V + 10%, Vos = 0 V, GND = 0V, unless otherwise noted) 


Parameter 


ANALOG SWITCH 
Analog Signal Range 


B Version 
0°C to 
+70°C 


ADGS11/ADG512/ADG513 


Test Conditions/Comments 


Ron Vp = 1.5 V, I, = —1 mA; 
| Vop = +3 V 
LEAKAGE CURRENTS Vop = +3.6 V 


Source OFF Leakage I, (OFF) 
Drain OFF Leakage I,, (OFF) 


Channel ON Leakage I,,, Is; (ON) 


DIGITAL INPUTS 
Input High Voltage, Vinzy 
Input Low Voltage, Vinr 
Input Current 


Tt OF Ting 


DYNAMIC CHARACTERISTICS? 


Vp = 2.6/1 V;, Vs 
Test Circuit 2 

Vu = 2.6/1 V, Vs = 12.6 V; 
Test Circuit 2 

Vp = Vs = +2.6 V/+1 V; 
Test Circuit 3 


1/2.6 V; 


Vin = Vint oF Ving 


R, = 3009, C, = 35 pF; 


ton 
Vs = +1 V3; Test Circuit 4 
torr R,, = 300 ©, C, = 35 pF; 
Vs = +1 V; Test Circuit 4 
Break-Before-Make Time R, = 300 0, C,, = 35 pF; 


Delay, tp (ADGS513 only) 
Charge Injection 


OFF Isolation 


Channel-to-Channel Crosstalk 


Vs, = Vs2 = +1 V3; Test Circuit 5 
Vs = 0V, Rs = 00, C, = 10 nF; 
Test Circuit 6 

R, = 500, Cy = 5 pF, f = 1 MHz; 
Test Circuit 7 

R, = 500, C, = 5 pF, f = 1 MHz; 
Test Circuit 8 | 


Cys (OFF) f = 1 MHz 
Cp (OFF) f = 1 MHz 
Cp, Cs (ON) f = 1 MHz 
POWER REQUIREMENTS 
Vpp 
Digital Inputs = 0 V or 3 V 
NOTES 


1Temperature range is as follows: B Version 0°C to +70°C. 
?Guaranteed by design, not subject to production test. 


Specifications subject to change without notice. 
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ADG511/ADG512/ADG513 


ABSOLUTE MAXIMUM RATINGS* 
(T, = +25°C unless otherwise noted) . 


Wisi 10 Ves: ag be be eis Sass eerie oa erate ae +44V 
VoptO GND ted sea eie eine sad tes —0.3 Vto +25 V 
Vise TOGGN DD nig oto tase cal og ee arate wes +0.3 Vto —-25V _ 
Analog, Digital Inputs’ ........ Vss -2 V to Vpp +2 V or 
30 mA, whichever occurs first 
Continuous Current, Sor D .............0.20005% 30 mA 


Peak Current, SorD ............ A ates CECA A 100 mA 
(Pulsed at 1 ms, 10% Duty Cycle max) 
Operating Temperature Range 


Industrial (B Version) ............... 40°C to +85°C 
Extended (T Version) ......... tae Jb ahs —55°C to +125°C 
Storage Temperature Range ........... —65°C to + 150°C 
Junction Temperature ...........0 00000 eeee +150°C 
Cerdip Package, Power Dissipation ............. 900 mW 
6;, Thermal Impedance ............... oe. 76°C/W 
Lead Temperature, Soldering (10 sec) .......... +300°C 


ESD SUSCEPTIBILITY 


ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 volts, which 
readily accumulate on the human body and on test equipment, can discharge without. detection. 
Although the ADG511/ADG512/ADG513 features proprietary ESD protection circuitry, 
permanent damage may still occur on these devices if they are subjected. to high energy 
electrostatic discharges. Therefore, proper ESD precautions are recommended to avoid any 


performance degradation or loss of functionality. 


Plastic Package, Power Dissipation ............. 470 mW 
0;, Thermal Impedance ............ eee ee LITCIW 
Lead Temperature, Soldering (10 sec) .......... +260°C 

SOIC Package, Power Dissipation.............. 600 mW 
8;4 Thermal Impedance ................0-4. 77°CiW 
Lead Temperature, Soldering 

Vapor Phase (60 sec)............. ee eee +215°C 
Trifrared (1D: SG): gown lg bia delice 4 ww wk SOAs +220°C 
NOTES 


*Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
Only one absolute maximum rating may be applied at any one time. 

1Overvoltages at IN, S or D will be clamped by internal diodes. Current should 
be limited to the maximum ratings given. 


WARNING! 


ae 


ESD SENSITIVE DEVICE 


ORDERING GUIDE 


Temperature Range 


Package Option? 


- ADGS11BN —40°C to +85°C N-16 
ADGS11BR_ ~40°C to +85°C R-16A 
ADGS511TQ —§5°C to +125°C Q-16 
ADGS12BN —40°C to +85°C N-16 

- ADGS12BR ~40°C to +85°C R-16A 
ADG512TQ ~55°C to +125°C Q-16 
ADG513BN | —40°C to +85°C N-16 
ADG513BR | —40°C to +85°C R-16A 


NOTES 
'To order MIL-STD-883, Class B processed parts, add /883B to T grade part 
-numbers. 
?3.3 V specifications apply over 0°C to +70°C temperature range. 

°>N = Plastic DIP; R = 0.15” Small: Outline IC (SOIC); Q = Cerdip. For 
outline information see Package Information section. 
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-REV.0- 


GND 5 | (Not to Scale) 


ADGS11 


PIN CONFIGURATION 
(DIP/SOIC) 


ADGS511 
si[3] apa@si2_ [14] s2 


TOP VIEW 


NC = NO CONNECT 


Truth Table (ADG511/ADG512) 


ADG512 | Switch 
In Condition 


] ON 
0 OFF 


Truth Table (ADG513) 


TERMINOLOGY 


IN 
Ron 

Is (OFF) 
Ip (OFF) 
I, Is (ON) 
Vp (Vs) 

Cs (OFF) 


Cy (OFF) 
Cp, Cs (ON) 


Crosstalk 


Off Isolation 


Charge Injection 


ADGS11/ADG512/ADG513 


Most positive power supply potential. 

Most negative power supply potential in 
dual supplies. In single supply applications, 
it may be connected to GND. 


Ground (0 V) reference. 


Source terminal. May be an input or output. 
Drain terminal. May be an input or output. 


Logic control input. 


Ohmic resistance between D and S. 
Source leakage current with the switch 


“OFF.” 


Drain leakage current with the switch 


“OFF.” 


Channel leakage current with the switch 


“ON.” 


Analog voltage on terminals D, S. 
“OFF” switch source capacitance. 
“OFF” switch drain capacitance. 


“ON” switch capacitance. 


Delay between applying the digital control 
input and the output switching on. 

Delay between applying the digital control 
input and the output switching off. 

“OFF” or “ON” time measured between 
the 90% points of both switches when 
switching from one address state to another. 
A measure of unwanted signal which is 
coupled through from one channel to 
another as a result of parasitic capacitance. 


A measure of unwanted signal coupling 


through an “OFF” switch. 


A measure of the glitch impulse transferred 
from the digital input to the analog output 


during switching. 
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ADG511/ADG51 2/ADG513—Typical Performance Graphs 


5 4 3 2 + 0 1 2 3 4 & 
Vp OR Vs - DRAIN OR SOURCE VOLTAGE ~V 


Figure 1. On Resistance as a Function of Vp (Vs) Dual 
Supplies 


5 -4 3 2 --41 0 1 #2 #3 4 =«§5 
Vp OR V, — DRAIN OR SOURCE VOLTAGE - V 


Figure 2. On Resistance as a Function of Vp (V5) for 
Different Temperatures 
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Vp OR Vg - DRAIN oF SOURCE VOLTAGE ~V 


Figure 3. On Resistance as a Function of Vp (Vs) Single 
Supply ae 


10mA 


10 100 1k 10k 100k 1M 10M 
FREQUENCY - Hz 


Figure 4. Supply Current vs. Input Switching Frequency 
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ADG511/ADG512/ADG513 


x 


< < 
é 
- 
5 a 
ra ra 
a 3 0.000 
Z : 
5 : ~0.002 
0.004 
0.006 
25 35 45 55 65 75 85 95 105 115 125 5 4 3 2 -++ 0 14 2 3 4 #5 
TEMPERATURE -°C | Vp OF Vg - DRAIN OR SOURCE VOLTAGE -V 
Figure 5. Leakage Currents as a Function of Temperature Figure 7. Leakage Currents as a Function of Vp (Vs) 


OFF ISOLATION — dB 
CROSSTALK — dB 


100 1k 10k 100k 1M 10M 


FREQUENCY - Hz 100 1k 10k 100k 1M 10M 


FREQUENCY -— Hz 


Figure 6. Off Isolation vs. Frequency Figure 8. Crosstalk vs. Frequency 


REV. 0 : SWITCHES'AND MULTIPLEXERS 7-85 


ADG511/ADG512/ADG513 


TRENCH ISOLATION 

In the ADG511/ADG512/ADG513, an insulating oxide layer 
(trench) is placed between the NMOS and the PMOS transistors 
of each CMOS switch. Parasitic junctions, which occur between 
the transistors in Junction Isolated switches, are eliminated. The 
result is a completely latch-up proof switch. 


In Junction Isolation, the N and P wells of the PMOS and 
NMOS transistors form a diode which is reverse-biased under 
normal operation. However, during overvoltage conditions, this 
diode becomes forward biased. A Silicon-Controlled Rectifier 
(SCR) type circuit is formed by the two transistors causing a 
significant amplification of the current which, in turn, leads to 
latch-up. With Trench Isolation, this diode is removed, the 
result being a latch-up proof switch. 


Trench Isolation also leads to lower leakage currents. ‘The 

-~ADGS511/ADG512/ADG513 has a leakage current of 0.1 nA as 
compared with a leakage current of several nanoamps in non- 
Trench Isolated switches. Leakage current is an important 
parameter in sample-and-hold circuits, this current being 
responsible for the discharge of the holding capacitor with time 
causing droop. The ADGS511/ADG512/ADG513’s low leakage 
current, along with its fast switching speeds, make it suitable for 
fast and accurate sample-and-hold circuits. 


PMOS 


NMOS 


Locos | 


BURIED OXIDE LAYER 


_ care [ 


Figure 9. Trench Isolation 
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APPLICATION 
Figure 10 illustrates a precise sample-and- hold circuit. An 


_AD845 is used as the input buffer while the output operational 


amplifier is an OP-07. During the track mode, SW1 is closed 
and the output Voy7 follows the input signal V;,. In the hold 
mode, SW1 1 is opened ane the signal is held by the hold capaci- 
tor Cy. 


Due to switch and capacitor leakage, the seins on the hold 
capacitor will decrease with time. The ADG511/ADG512/ 
ADG513 minimizes this droop due to its low leakage specifica- 
tions. The droop rate is further minimized by the use of a 
polystyrene hold capacitor. The droop rate for the circuit shown 
is typically 15 wV/ps. 


A second switch SW2, which operates in saeailas with SWI, iS 
included in this circuit to reduce pedestal error. Since both 
switches will be at the same potential, they will have a differen- 
tial effect on the op amp OP-07 which will minimize charge 
injection effects. Pedestal error is also reduced by the compensa- 
tion network Rc and Cg. This compensation network also 
reduces the hold time glitch while optimizing the acquisition 
time. Using the illustrated op amps and component values, the 
pedestal error has a maximum value of 5 mV over the +3 V 
input range. The acquisition time is 2.5 ys while the settling 
time is 1.85 ys. 


ADGS11/ 
512/513 


Figure 10. Accurate Sample-and-Hold 
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ANALOG  8-Chan/Dual 4-Chan JFET Analog Multiplexers 
DEVICES (Overvoltage & Power Supply Loss Protected) 


FEATURES 


JFET Switches Rather Than CMOS 

Low “ON” Resistance ...................... 2202 Typ 

Highly Resistant to Static Discharge Damage 

No SCR Latch-Up Problems 

Digital Inputs Compatible With TTL and CMOS 

125° C Temperature Tested Dice Available 

MUX-08 Pin Compatible With DG508, HI-508A, 1H5108, 

1H6108, LF11508/12508/13508, AD7506 

© MUX-24 Pin Compatible With DG509, HI-509A, 1H5208, 
1H6208, LF11509/12509/13509, AD 7507 

e Available in Surface Mount Packages 


® Available in Die Form 


ORDERING INFORMATION ' 


MUX08/MUX24 


Fabricated with Precision Monolithics’ high performance 
Bipolar-JFET technology, these devices offer low, constant 
“ON” resistance, low leakage currents and fast settling time 
with low crosstalk to satisfy a wide variety of applications. 
These multiplexers do not suffer from latch-up or static 
charge blow-out problems associated with similar CMOS 
parts. The digital inputs are designed to operate from both 
TTL and CMOS levels while always providing a definite 
break-before-make action without the need for external pull- 
up resistors over the full operating temperature range. 


For single sixteen-channel and dual eight-channel models, 
refer to the MUX-16/MUX-28 data sheet. 


PIN CONNECTIONS 


Ao [1] 
[2 | 
PACKAGE OPERATING saa 
25°C ON CERDIP PLASTIC Lcc TEMPERATURE sia 
RESISTANCE 16-PIN 16-PIN 20-CONTACT RANGE a 
MUX08AQ* - - MIL S3A 
220Q MUX08EQ - - IND S4A 
- MUXO8EP - COM DRAIN A 
MUXO8BQ°* © = MUXO08BRC/883 MiL 16-PIN CERDIP (Q-Suffix) 
3000 MUX08FQ m= 2 IND rm | 
- MUXO8EP = XIND 16-PIN PLASTIC DIP (P-Suffix) q oe 
us z 
= MUX08FSt* - XIND 16-PIN SO (S-Suffix) FAERIE 
MUX24AQ° = pire MIL | 
2202 MUX24EQ = es IND - 
aa MUX24EP = COM 20-CONTACT LCC 
. MUX24FQ = ™ IND 
3002 7 MUX24FP S | XIND 
= MUX24FStt - XIND 


* For devices processed in total compliance to MIL-STD-883, add (889 after part 
number. Consult factory for 883 data sheet. 

t Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 

tt For availability and burn-in information on SO and PLCC packages, contact 
your local sales office. 


GENERAL DESCRIPTION 


The MUX-08 is a monolithic eight-channel analog multi- 
plexer which connects a single output to one of the eight 
analog inputs depending upon the state of a 3-bit binary 
address. 


The MUX-24 is a monolithic four-channel differential analog 
multiplexer configured in a double pole, four-position (plus 
OFF) electronic switch array. A two-bit binary input address 
connects a pair of independent analog inputs from each 
four-channel input section to the corresponding pair of 
independent analog outputs. 


All switches in the MUX-08/MUX-24 are turned OFF by 
applying logic “0” to the ENABLE pin, thereby providing a 
package select function. 


DRAIN S1A S2A S3A S4A SIIB S2B S3B S4B DRAIN 
A B 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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MUX08/MUX24 


ABSOLUTE MAXIMUM RATINGS (Note 1), wet te 4 “Analog = veiaee: ee v- supehy ~20V. to Vs Seuss +20V | 
Operating Temperature. Range . . ba huh | ~ Maximum Current Through Any Pin ... wre QOMA 
_ MUX-08/24-AQ, BQ, BRC ........... sssssaseessee 55°C tO +125°C aaa Se 
_ MUX-02/24-EQ, FQ secineinetey slave Scccsdtensteanedes ~25°Cto485°C eS 
MUX-08/24-EP ...2...cssssscsassenscssccssccssesssesseecessanes O°Cto+70°C =—«_1E-Finktermenc OW (Gy 
MUX-08/24-FP, FS .....cc.scsssssesssssesssesecseeseeess —40°C to +85°C 9 =—s_—_16-Pin Plastic DIP (P) ___ 8 __ 8 °C/W 
Junction Temperature (T) suteautesasentetivens teats —65°C to +150°C 20-Contact LCC (RC) 96 © 
Storage temperature Range., asdceuasesensasnbectsant _ 65°C to +150°C 16-Pin SO(S) , 111 . 35 en, ©) 
PS UthiN ics sissceen coo eti nites snnedsesthevennes pean —65°C to +125°C i ath 
Lead Temperature (Soldering, 60 sec). beduduaucacraesssetecsseits 300°C Absolute maximum ratings apply to both DICE and packaged parts, unless 
Maximum Junction Temperature .........c.cscsscccsceessisveeee 150°C otherwise noted. | 
V+ Supply to V— Supply .............cccssccsneessccesessecssetessseeeeseres BGV.<. “2 Bia orec ive It wore case. mourning conditions, i.8., 8,4 1s specified for 
+ Supply PP! y | device in socket for CerDIP, P-DIP, and LCC packages; ©. A is apectio? for: 
Logic Input Voltage... sa (AV or V-) to V+ Supply device soldered to printed circuit board for SO package. | 


ELECTRICAL caanseceiencs at V+ = +15V, V-=-15V and Ta = 25°C, unless otherwise noted. 


MUX-08A/E MUX-08B/F 
i 2 a - | : MUX-24A/E © _ MUX-24B/F 
PARAMETER : SYMBOL CONDITIONS ‘ MIN TYP MAX. ‘MIN TYP MAX _ UNITS 
“ON” Resistance Ron Vg & 10V, 1g S 200pA ttt — 220 300 — 300 400 4 one} 
Ron With Applied Voltage ARon —10V < Vg < 10V, Ig = 200pA _ 1 5 _ 30 7 % 
Ron Match Between Switches Roy Match. Vg = OV, Ig = 200uA . oo 7 15 - 9 2 8 © 
7 ; | | 440 4104 °«O +10 +104 — ae 
Analog Voit Ra Va. Not : a 
nalog Voltage 7 nge A (Note 6) Sa oe 10-15 _ 2hs5 - V 
Source Current ‘Switch “OFF") © Is.iore, Vs = 10V, Vp =~ 10V (Note 1) - — 001 10 — 001 20 - nA 
ae . = MUX-08 — 01 10 = 04. 20° °° = 
i t (Switch “OFF” ‘= 10V, Vp =-1 1 s i, nets 
Drain Current ‘Swite! OFF") D OFF: Vs. = 10V, Vp OV (Note 1) MUX-24 ee eee 995 20 | nA 
; toNON @ eek ce, MUX-08 — 01 10 — o1. 20 
Leaka tS h “ON” oy Vp =1 Note 1 
SES OU CRN Erie Aeaaaky iw Oe tes mee i, MUX-24.. — 0.05 10 — 005° 20 ne 
Digital Input Current: ln. Vin = 0.4V to 15V0 me 10 re ee pA 
Digital “0” Enabie Current | Neen Ven = 0.4V | — 4 10 — 4 10 A 
Digital Input Capacitance Cog © °° = © _ 3 _ - 3 — pF 
ae te tpt Ss (Notes 2, 5) Figure 1 — 15 21 — 15 24 
SMIEn NG TELE TTRAN in (Test Circuit) —~ 10 13 Be Or 8 fe 
10V Step to 0.10% = 220 = — 22 = 
Output Settling Time ts 10V Step to 0.05% - a ee = 270 us 
7 10V Step to'0.02% = _— 3.4 =a ee ne 7 
Break-Before-Make Delay . topen » Figure 3 (Test Circuit) . — 0.8 ca = 1.0 _ . a ys 
en ~ (Note 5) Figure 2 bio ie 
“ON” | . 2 1 2 = i s 
eerie ‘on (EN) (Test Circuit) | a | . Z 
ie arte eae | 7 (Note 5) Figure 2 MUX-08 — 01 04 —- o2 04 
mils: Melia meee 'OFFIEN) (Test Circuit) MUX-24 — 02 05 — 03 .06.:' iB 
, ; (Note 4) Figure 5 MUX-08 “— 60 = ee. 
“OFF” dB 
OFF” tsolation 7 | ISO ore (Test Circuit) MUX-24° =» =. 66: cae o = 66 mex. oniet 
fs | | (Note 3) Figure 4 MUX-08 S2- <4Gs - ~ m0 — 
tal T dB 
Cieenak r (Test Circuit) MUX-24 — 7 — - 6 — | 
| Switch “OFF” MUX-08 — 25. — 5 = (25% = 
. ’ F 
Source Capacitance Cs ior) ‘Vg =0V,Vp=0V MUX-24:- ees. abe og 5 aes a ees ai S 
: - - Switch “OFF” MUX-08 —. Te = a , 
. . , ’ ; ; ; F 
Drain Capacitance . | Co.0OFF) Vg = OV, Vp = OV MUX-24  : 4 a _ 4 _ p 
Poe 5 asus MUX-08 — 03 — —~ 03 = ae 
Input to Output Capacitance. DSiOFF) (Note ) MUX-24 — 045 = — 045 _ a pr 
eres nel Current . ; va=48V oe 10 12 = 6 2 aaa 
( | igital Inputs | *§ V+=5V _ Be 8 ae en 5 : 
Logic “9” or “4 a) . : « ° a 
Negative Supply Current V+ =-15V _ 3.0 3.8 er 20 3.8 
(All Digital Inputs = 25 _ _ 18 mA 


. V+ =-5V — 
Logic “9” or “4") 
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MUX08/MUX24 


ELECTRICAL CHARACTERISTICS at V+ = 15V, V- = -15V and -55°C < Ta < 125°C, unless otherwise noted. | 


MUX-08A/ MUX-08B/ 
MUX-24A MUX-24B 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
“ON” Resistance Ron Vg = 10V, Ig S 200HA ae — 400 on — 500 nF 0 
ARon With Applied Voltage ARon -10V < Vg < 10V, Ig = 200nA —~— 15 — - 45 — % 
Ron Match Between Switches Ron Match Vg. = OV, Ig = 200uA — 10K % 
+10 +10.4 — +10 +10.4 _ : 
Analog Voltage Range Vv 
g Voltage Rang A iNete's) 10 -15 .— “10-15, 0 — ‘3 
Source Current (Switch “OFF”) Is (OFF) Vs = 10V, Vp = — 10V (Notes 1, 7) aa _ 25 _ _ 50 “ nA 
Vg = 10V, Vp = -10V MUX-08 —_ _ 100 —  —  §00 
Drain Current (Switch “OFF” | S pie, : 
ea )  IDIOFF) (Notes 1, 7) MUX-24 — — 50 —- — §00 we 
] | MUX-08 —- — 100 — — 500° 
Leakage Current (Switch “ON” LON Vp = 10V (N 1,7 4 are ae 
etait de b Shean 2 MUX-24 — — 50 5. ee B00! 2 MS 
Digital “1” Input Voltage Vics (Note6) | 2 5 = a 
Digital “0” Input Voltage = == Vy, (Note 6) * —- — 07 — — O07 | 
Digital Input Current tf Vin = 0.4V to 15V a ee. . $0 as ee BO pA 
Digital “O” Enable Current NiNL (EN) Ven = 0.4V _ _ 20 aa, ~~ fore 20 pA 
Positive Supply Current — I+ ae ee Inputs Logic — — 15 = = 15 mA 
Negative Supply Current — i AClgital Inpule — Se Ei SY | Se | mA 


Logic *Q” or “4 ” 


ELECTRICAL CHARACTERISTICS at V+ = 15V, V— =—-15V and 25°C < T, +85°C for MUX-08EQ/FQ and MUX-24EQ/FQ; 
o°C <T, <+70°C for MUX-O8EP and MUX-24EP; 40°C < T, < +85°C for MUX-O8FP/FS and MUX-24FP/FS, unless otherwise noted. 


MUX-08E/ (MUX-08F/ 
, | oo MUX-24E MUX-24F 7 
' PARAMETER SYMBOL CONDITIONS . MIN TYP MAX MIN TYP MAX UNITS 
“ON” Resistance Ron VgS10V,1g<200pA meme 00 = ..— 500 A 
ARon With Applied Voltage. ARon -10V < Vg < 10V, Ig = 200nA _ 1.5 _ "om 4G | % 
Ron Match Between Switches Ron Match Vg = OV, Ig = 200nA _— 10 = = 45 = % 
: +10 +10.4 — +10 +10.4 — 
Anal 
nalog Voltage Range Va (Note 6) 10-15 _ -~10 -15 a V 
Source Current (Switch “OFF”) Is (OFF) Vg = 10V, Vp = -10V (Notes 1, 7) = _ 10 - = 10 nA — 
Vs = 10V, Vp = -10V MUX-08 _ — 100 _ — 100 
Drain C t itch “ ” s »YD 
t urrent (Switch “OFF ) Ip (OFF) (Notes 1, 7) MUX-24 = a 50 - ae _ 50 nA 
: ID (ON MUX-08 _— — 100 _ — 100 
L k “ ” ( ) =: 
eakage Current (Switch “ON”) i (ecu Vp = 10V (Notes 1, 7) MUX-24 _ _ 50 ia oo, 50 nA 
Digital “1” Input Voltage ViNH (Note 6) 2 - — | 2 — _ 
Digital “0” Input Voltage Vie (Note 6) —- — O08 © st ten 0.8 
“Digital Input Current oly. Vy = 0.4V to 15V —-— = 20° | —- — 20 pA 
Digital “0” Enable Current licen) Ven =0.4V - oo: ae = ia Oy uA 
rare All Digital Inputs Logi es _ 
Positive Supply Current I+ . oe ae _ _ 15 =. 15 mA 
; ) All Digital Inputs a : —. : 
Negative Supply puisle 7 I | Logic “0” or “1” ie - | mA 
NOTES: | 4. “OFF” isolation is measured by driving channel 8 with ALL channels “OFF”. 
1. Conditions applied to leakage tests insure worst case leakages. Exceed- R, = 1kN, C, = 10pF, Vg = 5V RMS, f = 500kHz. Cog is computed from the 
ing 11V on the analog input may cause an “OFF” channel to turn “ON”. OFF isolation measurement. 
2. Ry = 10MN, C, = 10pF. . 5. Sample tested. 
3. Crosstalk is measured by driving channel 8 with channel 4 “ON”. ‘6. Guaranteed by leakage current and Roj tests. 
R, = 1M, C, = 10pF, Vg = 5V RMS, f = 500kHz. 7. Leakage tests are performed only on military temperature grades at 125°C. 


REV. A SWITCHES AND MULTIPLEXERS 7-89 


ANALOG 


16-Channel/Dual 8-Channel JFET 


DEVICES _ Analog Multiplexers (Overvoltage Protected) 
| __MUX16/MUX28 


FEATURES 


e JFET Switches Rather Than CMOS | 
© Highly Resistant To Static Discharge Damage | 
© No SCR Latch-up Problems 
© Low “ON” Resistance — 2900 Typical 
@ Low Leakage Current | 
© Digital Inputs Compatible With TTL and CMOS 
® Break-Before-Make Action : 
@ 125°C Temperature-Tested Dice Avaliable 
© Overvoitage Protected | 
© Supply Loss Protection 
© MUX-16 Pin Compatible With DGS506, HI-506A, AD7506 
© MUX-28 Pin Compatible With DG507, HI-507A, AD7507 
ad _ Available In Die Form 
ORDERING INFORMATION ' 
? PACKAGE OPERATING 
25°C CERDIP Loc PLASTIC 9 TEMPERATURE 
RESISTANCE  28-PIN 28-CONTACT  28-PIN RANGE 
2902 © MUXIGAT* — = - MIL 
2902 MUX16ET - - IND 
400Q — MUX16BT* MUX16BTC/883 -—sisg, MIL 
4002 © MUX16FT - ses MUX16FP) © XIND > 
4002 - _ ~'MUX16FPC  —-—- XIND 
2902 MUX28AT" — — : MiL 
2902 MUX28ET = - | IND 
4002 MUX28BT* MUX28BTC/883 - MIL 
400Q MUX28FT = - MUX28FP XIND 
- 4002 -. - MUX28FPC ~ XIND 


* -Fordevices SSrose baal in total compliance to MIL-STD-883, add /883 after part 
number. Consult factory for 883 data sheet. 


t Burn-in is available on commercial and industrial temperature range parts in: 


CerDIP, plastic DIP, and TO-can packages. 


FUNCTIONAL DIAGRAMS | 


MUX-16 


: @ -@ @ ° e O- O O e 
“DRAIN Sg Sig S41 S42 S13 Sq S15 S16 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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GENERAL DESCRIPTION 


The MUX-16 is a monolithic 16-channel aiaies multiplexer 
which connects a single output to 1 of the 16 analog inputs 
depending upon the state of a 4-bit binary address. Discon- 
nection of the output is provided by a logical “O” at the 
ENABLE input, therepy providing a Peano selection 
function. 


The. MUX-28 is a monolithic 8-channel differential analog 
multiplexer configured in a double pole, 8-position (plus 
OFF) electronic switch array. A 3-bit binary input address 
connects a pair of independent analog inputs from each 
8-channel input section to the corresponding pair of inde- 
pendent analog outputs. Disconnection of both inputs is 
provided by a logical “0” at the ENABLE input, inerepy offer- 
inga package select function.. 


Fabricated with Precision Monolithics high performance 
Bipolar-JFET technology, these devices offer low, constant 
“ON” resistance. Performance advantages include low leak- 


- age currents and fast settling time with low crosstalk to 


satisfy a wide variety of applications. These multiplexers do 
not suffer from latch-up or static discharge blow-out prob- 
lems associated with similar CMOS parts. The digital inputs 
are designed to operate from both TTL and CMOS levels 
while always providing a definite break-before-make action 
without the need for external pull-up resistors. For single 
8-channel and dual 4-channel models, refer to the 

MUX-08/MUX-24 data sheet. : | 


MUX-28 - 


DRAIN A Sia S2A S3a Saa Son Sea S70 Sea 
¢ 


1 OF 8 DECODERS 


-O ©. e O OO O e : O UO 


REV. A. 


PIN CONNECTIONS & TRUTH TABLES 


Ve 
DRAIN 8 
N.C. 


28-PIN PLASTIC DIP 
(P-Suffix) 


28-PIN CERDIP 
(T-Suffix) 


MUX-16 


"ON" 


L NONE 


cjrejeo|je[e[r[e|elxp> 


2 A, A 
xX X 
LoL 
L oH 
HL 
H H 
LoL 
L oH 
HL 
H H 


ol ee ee 
ZiTFSTITizcicriziz 
COinNIioialal@alin | — 


HLL 


» EN CHANNEL A, A, A, A, EN CHANNEL A, A, 


L 


MUX16/MUX28 


MUX-16BTC/883 
LCC 
(TC-Suffix) 
PLCC 
(PC-Suffix) 


MUX-28 


"ON" 


H 


pos ee Oe Oe Oe ee eee 
TypTyeryr Ly TIcic lxK 
Dry TDeer TIC cic lx 


ABSOLUTE MAXIMUM RATINGS (Note 1) 
Operating Temperature Range, 


MUX-16/28-AT, BT, BTC 
MUX-16/28-ET 00.0... cccssccccccesscsccerssseersrcesees 


@evscevssoosesescsccscooconas 


Junction Temperature (T))............csssscssssesssees —65°C to +150°C 
Storage Temperature Range 
Lead Temperature (Soldering, 60 sec) 


Maximum Junction Temperature 


V+ Supply to V— Supply 


Logic Input Voltage............. 


Analog Input Voltage........ 


(V— or —4V) to V+ Supply 
V— Supply —20V to V+ Supply +20V | 


-55°C to +125°C 
. 25°C to +85°C 
—40°C to +85°C 


65°C to +150°C 
300°C 


36V 


. "ON" 


A, EN CHANNEL 


PAIR 
NONE 
MUX-28BTC/883 

LCC 
(TC-Suffix) 
PLCC 
(PC-Suffix) 


L 
H 
H 
H 
H 
H 
H 
H 
H 


Oini o;rn; alas nm] — 


Maximum Current Through Any Pint o.....c.ccscsssscscesesseeeee 25mA 

PACKAGE TYPE | @,(Note2) =§ @> UNITS 
28-Pin Hermetic DIP (T) §5 15 “CW 
28-Pin Plastic DIP (P) 56 30 °C/W 
28-Contact LCC (TC) 86 35 °C/W 
28-Contact PLCC (PC) 70 33 °C/W 
NOTES: 


1. Ratings apply to both DICE and packaged parts, unless stheawlée noted. 

2. a is specified for worst case mounting conditions, i.e., @,, is specified for 
davice i in socket for CerDIP, P-DIP, and LCC packages; en is specified for 
device soldered to printed circuit board for PLCC package. 


ELECTRICAL CHARACTERISTICS at Vs = +15V and Ta, = 25°C, unless otherwise noted. 


PARAMETER 
“ON” Resistance | 
ARon With Applied Voltage — 


Ron Match Between Switches 
Analog Voltage Range 


Source Current (Switch “OFF”) 


Drain Current (Switch “OFF”) 


Leakage Current (Switch “ON”) 


Digital Input Current 


REV. A 


SYMBOL 


Ron 
Ron Match 


Va 
Is (OFF) 
Ip (OFF) 


Ip (ON) 
+lg (ON) 


in 


CONDITIONS 

Vs < 10V, Ig $ 200pA 

-10V < Vg $ 10V, Ig = 200nA 
Vg = OV, Ig = 200A 


(Note 6) 


Vs = 10V, Vp = —10V (Note 1) 


Vs = 10V, V5 = —10V (Note 1) 


Vp = 10V (Note 1) 


Vin = 0.4V to 15V 


MUX-16A/E MUX-16B/F 
MU X-28A/E MUX-28B/F | 
MIN TYP MAX MIN TYP MAX UNITS 
— 290 380 — 400 580 Oe: 
— 15 5 — 15 5 % 
= 7 15 as 9 20 % 
+10 +11 = +10 +11 a2 ? 
~10 -15 =n -10 -15 “et 
— 001 1 — 0.01 2 nA 
MUX-16 — 02 =. 69 2 Z 
MUX-28 2A —~ 041 2 m 
MUX-16 — 02 — 02 2 Z 
MUX-28 =. “04 — O01 2 q 
oa 1 10 = 1 10 yA 
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ELECTRICAL CHARACTERISTICS at Vg = +15V and T, = +25°C, unless otherwise noted. Continued ° 


MUX-16A/E MUX-16B/F 
. : ; ee 6 MUX-28A/E | MUX-28B/F 
PARAMETER _ SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
Oigital "0" Enable Current we (EN) Ven = 0.4V 7 _ 4 10 - 4. 10 pA 
Digital Input Capacitance Cy, - 3 - - id pF 
gest ee t (Notes 2,5) Figure 1 - 1.4 2.0 - 1.8: 2.5 ? 
PHL y : 
Switching Time (aay) ee (Test Circuits) a ae ae - 16 22 us 
‘ : 10V Step to 0.10% - 2.6 - - 2.7, - 
Output Settling Time: t, 10V Step to 0.05% - 3.2 _ - 3.4 - us 
. 10V Step to 0.02% . - 4.0 - ~ 7.2 - 
Break-Before-Make Delay —topey Figure 3 | oS _ 0.7 - ~ 1 - us 
"ON" (Note 5) Figure 2 - ; : 
Enable Delay "ON tow cen) (Test Circuits) 1 2 - 1.2 ee : ps 
‘OEE (Note 5) Figure 2 MUX-16 - 0.25 0.5 - 0.25 0.5 
ape Delay OFF torr (EN) (Test Circuits) | -——— MUX.28 - 025 05 - 02 o6 #8 
" * : (Note 4) Figure 4 
"OFF" Isolation ISOoee (Test Circuits) - 66 - - 66 - / - dB 
(Note 3) Figure 5 bw 7 : : | 
Crosstalk CT (Test Circuits) . 75 aan - 75 oo dB 
| Switch "OFF," | 
Source Capacitance Cy, (OFF) Vg = OV, V, = OV - 2.5 . — - 2.5 = pF 
. “a Switch "OFF," MUX-16 © - 13 - - 13 - . 
Pisin Capacitance ©o (FF) Vg = OV, V, = OV MUX-28 a - s | - ia 
Input to Output Capacitance Cy orp) (Note 4) - O15 0 = = ONG = pF 
Positive Supply Current — V+=15V , ios = . . 4 i . ani 
(All Digital Inputs I+ . mA 
Logic "0" or "1") V+ =5V mux 16 i es ~ a : a 
. MUX-28 - 12 - - 7 ad 
Negative Supply Current . V-=-15V aes - | : : ze a 
(All Digital inputs - MUX-16 f° wa ae = 3 _ mA 
Logic "0" or “1") V-=-5V 
MUX-28 - 4 7 - 2.5 = 
NOTES: _ . 4. "OFF" isolation is measured by driving channel 8 (8B) with ALL channels OFF. 
ne Conditions applied to leakage tests insure worst case leakages. ~- : R, = 1kQ, Cc. = 10pF, V, =5V RMS, f = 500kHz. Cpsis compe from the OFF 
2. R= 10MQ, Cc, = 10pF. isolation measurement. 
3. ‘Crosstalk i is measured by driving channel 8 (8B*) with channel 7 (7B*) ON. 5. Sample tested. | | 
RL = 1MQ, Cc, = 10pF, Vg = 5V RMS, f = 500kHz. pe tere: 6. Guaranteed by leakage current and R_,, tests. 


ELECTRICAL CHARACTERISTICS atV, = = 5V, _55°C. sT,s+1 25°C for MUX-1 6AT/BT/BTC and MUX-28AT/BT/BTC: -25°C 
sT,s +85°C for MUX-1 6ET and MUX-28ET; S40°C <T, <+85°C for MUX-1 6 FT/FP/FPC and MUX-28FT/FP/FPC, unless Giiomwiee 
noted. 


MUX-16A/E ‘MUX-16B/F | 

a estas a | e% | 7 MUX-28A/E...—S MUX-28B/F: . 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
"ON" Resistance mee Vg © 10,1, < 200nA - - 500 - = 800 Q 
ARG ny With Applied Voltage ARG -10V « Vs s 10V, Ig =200npA - -2 - - £§5 = & 
Ron Match Between Switches A, " Matoh Vg = OV, I, = a —_ = 10 - 6 - £% 
Analog Voltage Range My (Note 6) oe a 0 ee _ ae 
Source Current (Switch"OFF"). Ig (OFF) Vg = 10V, V_ =—10V (Note 1) - _- 25 - - 50 nA 
Drain Current (Switch “OFF") Ip rr) Vg = 10V, V, =—10V (Note 1) | = =. “75 a = 250 | nA 
gerade : ae Vp = 10V (Note 1) - - 75 - = = 250 
~ Digital "1" input Voltage Vinn (Note 6) ; 2 - - 2 - = NM 
Digital "0" Input Voltage Vin - (Note 6) ~_ - 0.7 - . = O07... V 
Digital Input Current diy Vin = 0.4V to 15V . ate - 20 - - 20 pA 
Digital "0" Enable Current le (EN) Ven = 0.4V ead . - - 20 - - 20 pA 
Positive Supply Current | All Digital Inputs Logic "0" or 7 ’ - - 24 c- - 24 mA 
Negative Supply Current I- All Digital Inputs Logic "0" or "1" - - 8.2 os = 62. mA 
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ANALOG 
DEVICES 


Quad SPST JFET 
_ Analog Switch 


FEATURES 


® Two Normally Open and Two Normally Closed SPST 
Switches with Disable 

® Switches can be Easily Configured as a Dual SPDT or 
a DPDT 

© Highly Resistant to Static Discharge Destruction 

e Higher Resistance to Radiation Than Analog Switches 
Designed with MOS Devices 

e Guaranteed Ron Matching ................... 10% Max 

® Guaranteed Switching Speeds . Ton = 500ns Max 

Torr = 400ns Max 


e Guaranteed Break-Before-Make Switching 
@ Low “ON” Resistance...................0002- 8020 Max 
@ Low Ron Variation from Analog Input Voitage ....... 5% 
@ Low Total Harmonic Distortion .................. 0.01% 
© Low Leakage Currents at High Temperature: 
Te 1297 6 cp iicens eenaies 100nA Max 
Wa O89 6 eis crceees ees bee bun 30nA Max 


© Digital inputs TTL/CMOS Compatible and Independent 
of V+ 
@ Improved Specifications and Pin Compatible to LF-11333/ 
_ 13333 
® Dual or Single Power Supply Operation 
© Available in Die Form 


PIN CONNECTIONS 


Switches are shown in the logic “0” 
input state and DIS = “1” 


TOP VIEW - 


16-PIN DIP SW-06BRC/883 
(Qor P-Suffix) LCC PACKAGE 
(S-Suffix) 
TRUTH TABLE 
| | : SWITCH STATE 
DISABLE LOGIC _ CHANNELS CHANNELS 
INPUT INPUT 1&2 3&4 
Ren RP i ee 
0 . x OFF OFF 
1orNC 0 OFF ON 
1orNC 1 ON OFF 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


REV.A 


GENERAL DESCRIPTION 


The SW-06 is a four channel single-pole, single-throw analog 
switch that employs both bipolar and ion-implanted FET 
devices. The SW-06 FET switches use bipolar digital logic 
inputs which are more resistant to static electricity than 
CMOS devices. Ruggedness and reliability are inherent in 
the SW-06 design and construction technology. 


Increased reliability is complemented by excellent electrical 
specifications. Potential error sources are reduced by min- 
imizing “ON” resistance and controlling leakage currents at 
high temperatures. The switching FET exhibits minimal Ron 
variation over a 20V analog signal range and with power 
supply voltage changes. Operation from a single positive 
power supply voitage is possible. With V+ = 36V, V-= OV, the 
analog signal range will extend from ground to +32V. ° 

PNP logic inputs are TTL and CMOS compatible to allow the 
SW-06 to upgrade existing designs. The logic “0” and logic 
“1” input currents are at micro-ampere levels reducing load- 
ing on CMOS and TTL logic. oe 


FUNCTIONAL DIAGRAM 


DIS © . 
ORDERING INFORMATION ' 
OPERATING 
PLASTIC CERDIP LCC TEMPERATURE | 
16-PIN 16-PIN 20-CONTACT RANGE 
. - SWO6BQ* SWO6BRC/883 MIL 
SWO6GP SWO6FQ ~ AIND | 
SWO6GS - | _ XIND 


e 


—+ 


For devices processed in total compliance to MIL-STD-883, add /883 after part 


number. Consult factory for 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 
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swo6 


ABSOLUTE MAXIMUM RATINGS (Note 1) SS Maximum Current Through a 


Operating Temperature Range Any Pin Including Switch........2......00.. seh duacseddiatsiu SOMA 
SW-O6BQ, BRC .......cccceesceees estscieeeseesere “55°C tO +125°C PACKAGE TYPE On (Note 2) Cs UNITS 
SW OGRE) secs reicyecesas opteseatccenses veteaaccencas avon —40°C to +85°C . : 

SW-O6GP, GS ......ccecesessssesesseseesesessecessseeeen —40°C to +85°C eNO Wn Ferme ONE CC) aca OO 
Storage Temperature Range............. nae =65°Cio4 150°C: © ON en tes ee ee 
Lead Temperature (Soldering, 60 sec) ......... Iissic steel . 300°C 20-Contact LCC (RC) 98 38) °C/W 
Maximum Junction Temperature .............cseeeeeee Gasedods .150°C | —16-PinSOL(S) 98 ___30 °C/W 
V+ Supply To V- SUPDIY seescrcces eect ieenreran nce eeiee tase 36V NOTES: 

V+ Supply to Ground........ aol nated dese een enna 36V 1. Absolute maximum ratings apply to both DICE and packaged parts, unless 

otherwise noted. 

Logic Input Voltage eh Mee ate. G cai (-4V or V-) to V+ Supply 2. @,, is specified for worst case mounting conditions, i.e., IN is specified for 

Analog Input Voltage Range .* - | device in socket for CerDIP, P-DIP, and LCC packages; @,, is specified for 
Continuous ............... Sherry V— Supply to V+ Supply +20V device soldered to printed circuit board for SO package. at 


| ELECTRICAL CHARACTERISTICS at V+ = 15V, V- = -15V and T , = 25°C, unless otherwise noted. 


~SW-06B —  §W-06F — SW-06G 
PARAMETER ~ SYMBOL CONDITIONS - MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 
| : Vs = OV, Ig = 1mA = 6 80 se 100 ~ 70 | 
“ON” Resistance ‘Ron 2 oe . is . ce ie n 
Vg.= +10V, Ig = 1MA _ 65 80 = 65 100 — 100 150 
Ron Match Between ae 
Ron Match Vc =OV, Io =1 A 1 _ 1 _ 2 — _— 
Switches Ron Me 's = OV, Ig = 100A (Note 1) 5 0 | 5 0 | 20 . % 
eee a radia Lae Fa Ig =1mA +10 «+11 _ +10 +11 — +10 «+11 — 
Analog Voltage Range V Note 8 
Na Is=1m a! a -10 -15 - “10-15 _ 10-18 a . 
Analog CurrentRange |, © Vs=+10V S40). A5> = a a ee 5 10 — ma 
ARon vs Applied | . 4, ; . 
AR —10V S Ve < 10V, Ilo = 1.0MA _ 5 15 —_ 10 - 20 _ 10 Y 
Voltage ON S | : aa | 20  % 
Source Current in _ Vg = 10V, Vp = -10V 
{ _ 0.3 2.0 _ 0.3 2.0 _ 0.3 10 A 
“OFF” Condition S(OFF) (Note 5) i 
Drain Current in Vg = 10V, Vp = -10V BAS ot 
\ _ 0.3 2.0 _— 0.3 2.0 _ 0.3 10 “nA 
“OFF” Condition D(OFF) (Note 5) | x“ 
Source Current in ] Vs =Vp = +10V 
aes BION + ne — 03 20 — 03 20 — 03 10 nA 
ON” Condition ID(ON) (Note 5) 
Logical “1” | t Full Te t R 
gi npu Vin ull Temperature Range a6 _ = = _ a 56 = " ; 
Voltage (Notes 6,8) | 
Logical “0” Input . Vin ‘Full Temperature Range 7 - ae - = O8 _ at. Hele r 
Voltage (Notes 6, 8) 
Logical “1” Input Vin = 2.0V to 15.0V j . 
gi pu . thes IN ted bee ae 5. _ — 5 is Se — . 10 pA 
Current (Note 4) | : 
Logical “0” Input LINE Vin = 0.8V — 15 5.0 — 15 5.0 = 15 10.0 uA 


Turn-On-Time ion ser owbcning Nimes | — 340 500 — 340 600 — 340 700 ns 
Test Circuit (Notes 6, 9) 


Turn-Off-Time ipge See een — 200 400 — .200 400 — 200 500 ns 
Test Circuit (Notes 6, 9) 


Break-Before-Make 


ton-t Not : 50 140 — 50 «140 — 50 140 = 
Time ON torr (Note 3) | | | | ns 
Source Capacitance Cgiorr) Vg = OV (Note 5). —_ — 70 — — 7.0 _ _ 70000 = pF 
Drain Capacitance Cporr) Vg = OV (Note 5) —- 6 - * = -85 = eae eee 
hannel “ON” Cc | | 7 | 
liana DION)+ - Vg=Vp=0V(Note5) “ 15 a — 15 7 = 15 = pF 
Capacitance a Cs (on) 
Vs = 5Vams: Ry = 6800, 
“OFF” Isolation Iso(orr) > Mt 58 _ _ 58 _ = 58 = dB 


C, = 7pF, f = S00kHz (Note 5) 


. ee Vs = 5Vams: Ry = 6800, 
Crossta ‘ Cr Cy = 7pF, f = 500kHz (Note 5). : 
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SW06 


ELECTRICAL CHARACTERISTICS at V+ = 15V, V- =—15V and T, = 25°C, unless otherwise noted. Continued 


SW-06B SW-06F SW-06G 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 
Positive Supply i All Channels "OFF", 

Current DIS = "0" (Note 5) - 5.0 6.0 5.0 9.0 -_ 6.0 9.0 mA 
Negative Supply - All Channels "OFF", 

oe DIS = "0" (Note 5) - 3.0 5.0 - 4.0 7.0 - 4.0 7.0 mA 

All Channels "ON" 

Ground Current le ener - 3.0 4.0 _ 3.0 4.0 — 3.0 5.0 mA 


"OFF" (Note 5) 


ELECTRICAL CHARACTERISTICS at V+ = 15V, V— = —15V, -55°C < T, S$ +125°C for SW-06BQ, —40°C < T, < +85°C for 
SW-06FQ and —40°C < qT, < +85°C for SW-O6GP/GS, unless otherwise noted. 


SW-06B SW-06F SW-06G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 
Temperature Range Ta Operating -55 _ 125 -25 _ 85 0 — 70 °C 
Vg = OV, lg = 1. — 7 1 — 7 _ 
“ON” Resistance Ron = ae 4 : ay ik es 9. 
Vg = +10V, Ig = 1.0mMA —_ 80 110 _ 80 125 _ 80 175 
Ron Match Between: a. Match Ve'= OV, 1¢=100uA (Note 1) 6 20 6 25 10 9 
Switches on : 1S eM ore ~ ~ 7 si 
lo = 1.0MA +10 +14 — +10 +11 _ +1 + — 
Analog Voltage Range Va > i‘ (Note 8) : vi Vv 
Is = 1.0MA -10 -15 _ -10 -1§ _ -10 -15 _ 
Analog Current Ranges Ia Vg = +10.0V 7 12 = 5 11 — _ 11 — mA 
ARoy With Applied -10V < Ve < + 10V, 
hi ce ARon _ 10 _ om 12 — _ 15 — % 
Voltage Ig = 1.0mMA 
Ve = 10V, Vp = -10V, 
Source Curene | T= anc Operating tart 60 30 60 nA 
“OFF” Condition S(OFF) A ee g Pp. 
(Notes 5, 7) 
Vo = 10V, Vp = -10V, 
ey ue | a ars oneiia 60 30 60 nA 
“OFF” Condition (OFF) A paki oTemp 
(Notes 5, 7) 
. ’ Vs = Vp = +10V, 
Leakage Current in | + 
. sas Condition na Ta, = Max. Operating Temp. = = 100 = = 30 = = 60 nA 
DION) (Notes 5, 7) 
Logical “1" | t Vin = 2.0V to 15.0V 
gica npu line IN = 2.0V to 15 _ = 10 _ 10 Ls _ 15 uA 
Current (Note 4) 
Logical “O” Input 
| Vin = 0.8V _ 4 10 _ 4 10 = 5 15 A 
Current INS 1" ‘i 
See Switching Time 
Turn-On-Time t _ 440 900 _ 500 900 — — 1000 ns 
ON Test Circuit (Notes 2, 6) 
See Switching Time 
Turn-Off-Time t = 300 500 _ 330 500 — _ 500 ns 
rpiiliedl OFF Test Circuit (Notes 2, 6) 
Break-Before-Make 
ton-t Note 3 _— 70 —_— _ 70 — _ 50 _ ns 
Time on-torr = ( ) 
All Channels “OFF” 
iti | + _ _ 9.0 _ _ 13.5 ~ _ 13.5 mA 
Positive Supp y Current | DIS = “O" (Note 5) ) 
All Channels “OFF” 
Negative Supply Current i- — _ 75 — — 10.5 _ — 10.5 mA 
? ad DIS = “0” (Note 5) 
All Channels “ON” or “OFF” 
‘Ground Current Ig = = 6.0 = _ 7.5 = — 75 mA 
(Note 5) 
NOTES: | 4. Current tested at Vj, = 2.0V. This is worst case condition. 
1. Vg = OV, Ils = 100uA. Specified as a percentage of Rayerace where: 5. Switch being tested ON or OFF as indicated, Vij = 2.0V or Ving = 0.8V, 
logic truth table. 
Roni + Rona t Rong tR wea 
R AVERAGE = _ se ca ide 6. Also applies to disable pin. 
; di: Parameter tested only at T, = + 125°C for military grade device. 
2. Guaranteed by design. : 8. Guaranteed by Ron and leakage tests. For normal operation maximum 
3. Switch is guaranteed by design to provide break-before-make analog signal voltages should be restricted to less than (V+) ~4V. 
operation. 9. Sample tested. 
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Selection Tree — Voltage References and Regulators 


VOLTAGE 


REFERENCES & REGULATORS 


FIXED SELECTABLE ADJUSTABLE 
OUTPUT OUTPUT | OUTPUT 
| | ADM663 (Fixed +5 \; +1.6 V to +16 V V Adj ): 
AD584 ADM666_ (Fixed +5 V; +1.6 V to +16 V Adj. 
Q2.5V,5.0V,7.5V w/Low Battery Monitor) 


10 V) ADM663A (Fixed +3.3 V or +5 V; 
- —+1.6 V to +16 V Adj.) 


| ADME663A (Fixed +3.3 V or +5 V; ie 
ADS588 : : +1. 6 V to +16 V Adj. w/Low nee Monitor 
G5V &+10V,-5V a | a 
&-10Vort5V) . 


1.23 Volts 2.5 Volts 5.0 Volts 10 Volts | 


+10 Volts : 
AD589 (Ip =10 A) | AD580 AD586 AD581 = ~—-—S AD688_~ 
| AD680 REF02 AD587 ey 
REF43 REF195 REFO1 
AD1403/A Le 


Low Drop Output | 
2.5 Volts or Voltage (Ig = 46 WA) 
3 Volts | 


REF190 (Adj.2V  REF194 (+4.5V) 

to6V)  REFI95.(+5.0V) | 
REF191 (+2.048 V) REF196 (43.3V) _ 
REF192 (+2.5V) REF198 (+4.096 V) 
REF193 (+3.0 V) 


AD780 
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Voltage References 


Output Initial Temp 

Voltage Accuracy Stability Package Temp 
Model Vv % FS max ppm/°C max Options Ranges? Page® Comments 
AD589 +1.235 1.2-2.8 10-100 H . C, M/ 8-22 Two Terminal, 1.2 V Reference 
REF191 +2.048 2-10 mV 5-25 N,R I 8-61 45 pA Supply Current, 0.6 V Dropout @ 10 mA Out 
REF192 +2.5 2-10 mV 5-25 N,R I 8-61 45 pA Supply Current, 0.6 V Dropout @ 10 mA Out 
AD780 +2.5/+3.0 0.03-0.04 3 N,Q, R I, M 8-30 Ultrahigh Precision +2.5 V/+3.0 V Bandgap Reference 
AD680 +2.5 0.2-0.4 20-30 N, R, T C,I 8-24 Low Cost, Low Power 2.5 V Reference 
AD580 +2.5 0.4-3 10-85 H C, M/y 85 Precision, Three Terminal, 2.5 V Reference 
AD1403/AD1403A +2.5 0.4-1 25-40 N I 8-38 Second Source, 2.5 V Reference 
REF43 +2.5 0.6-1 10—25 H, N,Q, R I, M/, 8-58 Precision Bandgap Reference 
REF03 +225 0.6 50 N,R I CII 6-99 Low Cost Bandgap Reference 
REF193 +3.0 10 mV 25 N,R I 8-61 45 pA Supply Current, 0.6 V Dropout @ 10 mA Out 
REF196 +3.3 10 mV 25 N,R I 8-61 45 pA Supply Current, 0.6 V Dropout @ 10 mA Out 
REF198 +4.096 2-10 mV 5—25 N, R I 8-61 45 pA Supply Current, 0.6 V Dropout @ 10 mA Out 
REF194 +4.5 2-10 mV 5-25 N,R I 8-61 45 pA Supply Current, 0.6 V Dropout @ 10 mA Out 
AD586 +5 0.04-0.4 5-25 Q,R C, M/p 8-13 Precision, Buried Zener 5 V Reference 
REF195 +5.0 2-10 mV 5-25 N,R I 8-61 45 pA Supply Current, 0.6 V Dropout @ 10 mA Out 
REF02 +5 0.3-2.0 8.5—250 E,H,N,Q,R C,I,M/,~ 855 Precision Bandgap Reference, Adjustable 
AD2710 +10 0.01 1-5 N C CII 6-79 —-Ultrahigh Precision 10 V Reference 
AD2700 +10 0.025-0.05 3-10 D C, M/p CII 6-75 _— Very High Precision 10 V Reference 
AD587 +10 0.05-0.1 5-20 Q, R C, M/p 8-16 Precision 10 V Buried Zener Reference 
AD581 +10 0.05-0.3 5-30 H C, M/, 8-7 Three Terminal 10 V Bandgap Reference 
REF0O1 +10 0.3-1.0 8.5-65 E,H,N,Q,R C,I,M/, 852 Precision Bandgap Reference 
AD2712 +10 0.01 1-5 N C CII 6-79 —_Ultrahigh Precision +10 V Reference 
AD688 +10 0.02—0.05 1.5-6 Q I, M/ 8-27 High Precision Monolithic +10 V Reference 
AD2702 +10 0.025-0.05 3-10 D C, M/p CII 6-75 ~=Very High Precision +10 V Reference 
AD2701 —10 ~0.025-0.05 3-10 D C, M/py CII 6-75 Very High Precision —10 V Reference 
ADS588 Selectable 0.01 1.5-6 E, N, Q C,I,M/, 819 Ultrahigh Precision, Monolithic Programmable Reference 
AD584 Selectable 0.05-0.3 5-30 E, H C, M/p,; 8-9 Precision, Programmable Bandgap Reference 
REF190 Adjustable 10mV 5-25 N,R I 8-61 45 pA Supply Current, 0.6 V Dropout @ 10 mA Out 
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'Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can;‘J = J-Leaded Ceramic Package; 

M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline “SOIC” Package; RS = SSOP—Shrink Small Outline Package; S = Plastic 
Quad Flatpack; ST = Thin Quad Flatpack;.T = TO-92; U = TSOP—Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In-Line “SIP” Package; Z = Ceramic Leaded Chip Carrier. 
?Temperature Ranges: C = Commercial, 0°C to +70°C; I = Industrial, —40°C to +85°C (Some older products —25°C to +85°C); M = Military, —55°C to +125°C. If a device has military grade offerings, the M 
temperature designator will be followed by: / to indicate 883B, , for JAN, , for SMD, and ; for space level. 

3CII = Data Converter Reference Manual, Volume II. All other entries refer to this volume. 

Boldface Type: Data sheet information in this volume. 
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Selection Guides—Voltage References and Regulators 
Voltage Regulators 


Output | Output Package Temp 
Model Voltage . Current Functions Options' Ranges? Page Comments 
ADM663_ — +5: V Fixed, 1.3 to +16 V Adjustable | 40 + + Qutput Boost Temperature Output Shutdown N, R I 840 MAX663 Replacement 
ADM666 _—-+5 V Fixed, 1.3 to +16 V Adjustable 40 Low Battery Detect Shutdown “ N, R I 8-40 MAX666 Replacement 
ADM663A_ +3.3 V or +5 V Fixed, 1.3 to +16 V Adjustable 100 Output Boost Temperature Output Shutdown N,R,RS I. - 846 Higher Output Replacement 
RS I - - 846 Higher Output Replacement 


ADM666A_ +3.3 V or 5 V Fixed, 1.3 to +16 V Adjustable 100 Low Battery Detect Shutdown N, R, 


1Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; J = J-Leaded Ceramic Package; 
_M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline “SOIC” Package; RS = SSOP—Shrink Small Outline Package; S = Plastic . 
Quad Flatpack; ST = Thin Quad Flatpack; T = TO-92; U = TSOP—Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In-Line “SIP” Package; Z = Ceramic Leaded Chip Carrier. 

Temperature Ranges: C = Commercial, 0°C to +70°C; I = Industrial, —40°C to +85°C (Some older products —25°C to +85°C); M = Military, —55°C to +125°C. If a device has military grade offerings, the M 
temperature designator will be followed by: / to indicate 883B, , for JAN, , for SMD, and g for space level. 

Boldface Type: Data sheet information in this volume. 


ANALOG 
DEVICES 


High Precision 
2.5V IC Reference 


AD580* 


FUNCTIONAL BLOCK DIAGRAM! 
TO-52 


FEATURES 

Laser Trimmed to High Accuracy: 2.500V +0.4% 
3-Terminal Device: Voltage In/Voltage Out 

Excellent Temperature Stability: 10ppm/C (AD580M, U) 
Excellent Long Term Stability: 250uV (25uV/Month) 
Low Quiescent Current: 1.5mA max 

Small, Hermetic IC Package: TO-52 Can 

MIL-STD-883 Compliant Versions Available 


PRODUCT DESCRIPTION 

The AD580 is a three-terminal, low cost, temperature compen- 
sated, bandgap voltage reference which provides a fixed 2.5V 
output for inputs between 4.5V and 30V. A unique combin- 
ation of advanced circuit design and laser-wafer-trimmed 
thin-film resistors provide the AD580 with an initial tolerance 
of 0.4%, a temperature stability of better than 10ppm/°C 
and long-term stability of better than 250uV. In addition, 

the low quiescent current drain of 1.5mA max offers a clear 
advantage over classical zener techniques. 


The AD580 is recommended as a stable reference for all 8-, 

10- and 12-bit D-to-A converters that require an external refer- 
ence. In addition, the wide input range of the AD580 allows 
operation with 5 volt logic supplies making the AD5 80 ideal 
for digital panel meter applications or whenever only a single 
logic power supply is available. 


The AD580J, K, L and M are specified for operation over the 
0 to +70°C temperature range; the AD580S, T and U are speci- 
fied for operation over the extended temperature range of 
-55°C to +125°C. 


*Protected by Patent Nos. 3,887,863; RE30, 586. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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PRODUCT HIGHLIGHTS 


1. 


Laser-trimming of the thin-film resistors minimizes the 
AD580 output error. For example, the AD580L output 
tolerance is +10mV. 


. The three-terminal voltage in/voltage out operation of the 


AD580 provides regulated output voltage without any 
external components. 


. The AD580 provides a stable 2.5V output voltage for 


input voltages between 4.5V and 30V. The capability to 
provide a stable output voltage using a 5-volt input makes 
the AD580 an ideal choice for systems that contain a 
single logic power supply. 


. Thin film resistor technology and tightly controlled bipolar 


processing provide the AD580 with temperature stabilities 
to 10ppm/ C and long term stability better than 250uV. 


. The low quiescent current drain of the AD580 makes it 


ideal for CMOS and other low power applications. 


. The AD580 is available in versions compliant with MIL-STD- 


883. Refer to the Analog Devices Military Products Databook 
or current AD580/883B data sheet for detailed specifications. 


AD580 CHIP DIMENSIONS 
AND PAD LAYOUT 


Dimensions shown in inches and (mm). 


}+}—____—_—. 0.075 (1.90) —————+| 


NOTE 
*BOTH Eour PADS MUST BE CONNECTED TO THE OUTPUT. 


The AD580 is also available in chip form. Consult the factory 
for specifications and applications information. 
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AD580—SPECIF ICATIONS (@ Ey = wae +25°C) 


Model 


OUTPUT VOLTAGE TOLERANCE 
(Error from Nominal 2.500 Volt Output) 


OUTPUT VOLTAGE CHANGE 


LINE REGULATION 
7V<Vin<30V 
4.5V<Vin<7V 

LOAD REGULATION 
AI = 10mA 

QUIESCENT CURRENT 

NOISE (0.1Hz to 10Hz) 


STABILITY 
Long Term 
Per Month 


TEMPERATURE PERFORMANCE 
Specified 
Operating 


Storage 


PACKAGE OPTION * 
TO-52(H-03A) ADS80JH ADS80KH AD580LH ADS80MH 


Model ADSSOS ADS80T ADS580U | 
Min Typ ‘Max Min Typ Max Min Typ Max Units | 
OUTPUT VOLTAGETOLERANCE | | os ~ 
(Error from Nominal 2.500 Volt Output) |: ‘ +25 mV 


OUTPUT VOLTAGE CHANGE 


LINE REGULATION 
7V=Vin=30V 
4.5V<Vn<7V 

LOAD REGULATION 
AI = 10mA 

QUIESCENT CURRENT 

NOISE(0.1Hzto10Hz) 

STABILITY 
Long Term . 

Per Month ‘° 

TEMPERATURE PERFORMANCE 
Specified 
Operating 
Storage 

PACKAGE OPTION * 


TO-52(H-03A) ADS80SH" 


NOTE 

* H = Metal Can. For outline information see Package Information section. 
Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at final electri- 
cal test. Results from those tests are used to calculate outgoing quality levels. All 
min and max specifications are guaranteed, although only those shown in 
boldface are tested on all production units. 
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. ADS80TH 


°C 
4 : : =e 
ADS80UH _~— 


ABSOLUTE MAXIMUM RATINGS 
Input Voltage: « 400.44.483 vee Sie es aes OV 
Power Dissipation @ +25°C - 

Ambient Temperature ............--04-- 350mW 
Derate above +25°C 2... cee ee eee ee ee ee 28mW/C 
Lead Temperature (Soldering, 10sec) ..... be i icicahtnae ace 300°C 
Thermal Resistance : 

Junction-to-Case 2.6... 2... ee eee eee ee eee » 100C/(W 

Junction-to-Ambient ...........0 000002 » 360°C/(W 
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ANALOG 
DEVICES 


High Precision 
10V IC Reference 


= D581" 


FEATURES 
Laser-Trimmed to High Accuracy: 
10.000 Volts +5mV (L and U) 
Trimmed Temperature Coefficient: 
5ppm/°C max, 0 to + 70°C (L) 
10ppm/°C max, —55°C to + 125°C (U) 
Excellent Long-Term Stability: 
25ppm/1000 hrs. (Noncumulative) 
Negative 10 Volt Reference Capability — 
Low Quiescent Current: 1.0mA max = 
10mA Current Output Capability 
3-Terminal TO-5 Package 
MIL-STD-883 Compliant Versions Available 


PRODUCT DESCRIPTION 

The AD581 is a three-terminal, temperature compensated, 
monolithic band-gap voltage reference which provides a pre- 
cise 10.00 volt output from an unregulated input level from 
12 to 30 volts. Laser Wafer Trimming (LWT) is used to trim 
both the initial error at +25°C as well as the temperature | - 
coefficient, which results in high precision performance pre- 
viously available only in expensive hybrids or oven- regulated 
modules. The 5mV initial error tolerance and 5ppm/“C guar- 
anteed temperature coefficient of the AD581L represent the 
best performance combination available in a monolithic volt- | 
age reference. 


The band-gap circuit design used in the AD581 offers several 
advantages over classical Zener breakdown diode techniques. 
Most important, no external components are required to 
achieve full accuracy and stability of significance to low power 
systems. In addition, total supply current:to the device, includ- 
ing the output buffer amplifier (which can supply up to 10mA) 
is typically. 750uA. The long-term stability of the band-gap 
design is equivalent or superior to selected Zener reference 
diodes. 


The AD581 is recommended for use as a reference for 8-, 10-: 
or 12-bit D/A converters which require an external precision ref- 
erence. The device is also ideal for all types of A/D converters 
up to 14 bit accuracy, either successive approximation or inte- 
grating designs, and in general.can offer better performance . 
than that provided by standard self-contained references. 


The jAD581J, K, and L are specified for operation | from 0 to 
+70° C; the AD581S, T, and U are specified for the -55°C to 
+125°C range. All grades are packaged ina hermetically- _ 
sealed three-terminal TO-5 metal can. 


*Covered by Patent Nos. 3,887,863; RE 30,586 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


REV.A 


FUNCTIONAL BLOCK DIAGRAM 


TO-5 
BOTTOM VIEW 


PRODUCT HIGHLIGHTS a 
1. Laser trimming of both initial accuracy and temperature 
coefficient results in very low errors over temperature with- 
out the use of external components. The AD581L has a 
| maximum deviation from 10.000 volts of +7.25mV from 
- 0to +70°C, while the AD581U guarantees +15mV maximum 
total error without external trims from -55°C to +125°C. 


2. Since the laser trimming is done on the wafer prior to sepa- 
ration into individual chips, the AD581 will be extremely 
valuable to hybrid designers for its ease of use, lack of | 
required external trims, and inherent high performance. 


3. The AD581 can also be operated in a two-terminal “Zener” 
mode to provide a precision negative 10 volt reference with 
just one external resistor to the unregulated supply. The per- 
formance in this mode is nearly equal to that of the stand- 
ard three- terminal configuration. 


4. Advanced circuit design using the band-gap concept allows 
the AD581 to give full performance with an unregulated in- 
put voltage down to 13 volts. With an external resistor, the 
device will operate with a supply as low as 11.4 volts. 


5. The AD581 is available in versions compliant with MIL-STD- 
883. Refer to the Analog Devices Military Products Databook 
or current AD581/883B data sheet for detailed specifications. 
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ADS81—SPECIFICATIONS (@ Vy = +15V and 25°C) 


a . ADS581J ADS81K ADSSIL 
Model Min Typ Max Min Typ Max i Typ . -Max 


OUTPUT VOLTAGE TOLERANCE 
(Error from nominal 10,000V output) 


OUTPUT VOLTAGE CHANGE 
Maximum Deviation from + 25°C 
Value, Tin tO Tmax 

(Temperature Coefficient) 


LINE REGULATION _ . . 
15V<Vn<30V 3.0 

-. (0.002) 

13V<Vp<15V 1.0 

(0.005) 


LOAD REGULATION | 
0<IoyTr=5mA . pv/ mA 

QUIESCENT CURRENT 0.75 1.0 0.75 1.0 mA 

TURN-ON SETTLING TINE TOO. a ae 


NOISE (0.1 to 10Hz) 
‘LONG-TERM STABILITY 
SHORT-CIRCUIT CURRENT 


OUTPUT CURRENT 
Source @ + 25°C 
Source Tymin to Tmax 
Sink Twin tO Tmax 
Sink — 55°C to + 85°C 
TEMPERATURE RANGE 
Specified . ee +70 
Operating +150 


PACKAGE OPTION! 
TO-5 (H-03B) ADS581JH AD581KH ~ ADS81LH 


| rte a ain | 
Model Units 
mV 


(Error from nominal 10,000V output) en 


OUTPUT VOLTAGE CHANGE 
Maximum Deviation from + 25°C 
Value, Tin tO Tmax 

(Temperature Coefficient) 

LINE REGULATION 

1SVsVmw=30V 


BV<Vin<15V 
LOAD REGULATION 


0<IouT=5mA 
QUIESCENT CURRENT 


NOISE (0.1 to 10Hz) 


LONG-TERM STABILITY 
. SHORT-CIRCUIT CURRENT 
OUTPUT CURRENT 
Source @ + 25°C 
Source T min tO Tmax 
Sink Tynin tO Tmax 
Sink — 55°C to + 85°C 
TEMPERATURE RANGE on 
Specified . : 
Operating - 65 ; — Fi |. 
-PACKAGE OPTION! . 
TO-5 (H-03B) AD581SH ADS581TH , ADS581UH ~ 
NOTES | | 
'H = Hermetic Metal Can. For outline intoemiation sec Backage ABSOLUTE MAXIMUM RATINGS 
. Information section. ; Input Voltage Vix to Ground ........ be A eae gs. 4OV 
Spectticaions subject to change withournouce, Power Dissipation @ +2S5°C ........... : 600mW 
Specifications shown in boldface are tested on all production units at final electri- Operating Junction Temperature Range . bs 55°C t to + 150°C 
cal test. Results from those tests are used to calculate outgoing quality levels. All — dT 8 J Sol nae 10 8 _— 300°C 
min and max specifications are guaranteed, although only those shown in ead Temperature (Soldering, 10sec) ..... tees 
boldface are tested on all production units. | Thermal Resistance . = a8 
| | Junction-to-Ambient ... 6... 2... eee -150°C/W 
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ANALOG 
DEVICES 


Pin Programmable 
Precision Voltage Reference 


AD584* 


FEATURES 

Four Programmable Output Voltages: 
10.000V, 7.500V, 5.000V, 2.500V 

Laser-Trimmed to High Accuracies 

No External Components Required 

Trimmed Temperature Coefficient: 
Sppm/°C max, 0 to + 70°C (AD584L) 
15ppm/°C max, —55°C to + 125°C (AD584T) 

Zero Output Strobe Terminal Provided 

Two Terminal Negative Reference 
Capability (5V & Above) 

Output Sources or Sinks Current 

Low Quiescent Current: 1.0mA max 

10mA Current Output Capability 

MIL-STD-883 Compliant Versions Available 


PRODUCT DESCRIPTION 

The ADS 84 is an eight-terminal precision voltage reference 
offering pin-programmable selection of four popular output 
voltages: 10.000V, 7.500V, 5.000V and 2.500V. Other out- 
put voltages, above, below or between the four standard out- 
puts, are available by the addition of external resistors. Input 
voltage may vary between 4.5 and 30 volts. 


Laser Wafer Trimming (LWT) is used to adjust the pin-program- 
mable output levels and temperature coefficients, resulting in 
the most flexible high precision voltage reference available in 
monolithic form. 


In addition to the programmable output voltages, the AD584 
offers a unique strobe terminal which permits the device to be 
turned on or off. When the AD58¢4 is used as a power supply 
reference, the supply can be switched off with a single, low- 
power signal. In the “off” state the current drain by the 
AD584 is reduced to about 100A. In the “‘on’’ state the total 
supply current is typically 750uA including the output buffer 
amplifier. 


The AD584 is recommended for use as a reference for 8-, 10- 
or 12-bit D/A converters which require an external precision ref- 
erence. The device is also ideal for all types of A/D converters 
of up to 14 bit accuracy, either successive approximation or 
integrating designs, and in general can offer better performance 
than that provided by standard self-contained refe rences. 


The ADS 84], K and L are specified for operation from 0 to 
+70" C; the AD584S and T are specified for the -55 °C to 
+125°C range..All grades are packaged in a hermetically 
sealed eight-terminal TO-99 metal can; the AD584J and K are 
also available in an 8-pin plastic DIP. — 


*Protected by U.S. Patent No. 3,887,863; RE 30, 586 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


REV. A 


PIN CONFIGURATIONS 


8-Pin TO-99 


8-Pin DIP 


TOP VIEW 


(Not to Scale) TOP VIEW 


(Not to Scale) 


PRODUCT HIGHLIGHTS 


1. 


The flexibility of the AD584 eliminates the need to om 7 
in and inventory several different voltage references. Further- 
more one AD584 can serve as several references simultane- 
ously when buffered properly. 


. Laser trimming of both initial accuracy and temperature 


coefficient results in very low errors over temperature with- 
out the use of external components. The AD584LH has a 
maximum deviation from 10.000 volts of +7.25mV from 

0 to +70°C. 


. The AD584 can be operated in a two-terminal “‘Zener”’ 


mode at 5 volts output and above. By connecting the input 
and the output, the AD584 can be used in this “Zener”’ 
configuration as a negative reference. 


. The output of the AD584 is configured to sink or source 


currents. This means that small reverse currents can be 
tolerated in circuits using the AD584 without damage to 
the reference and without disturbing the output voltage 
(10V, 7.5V and 5V outputs). 


. The AD58¢4 is available in versions compliant with MIL- 


STD-883. Refer to the Analog Devices Military Products 
Databook or current AD5 Sreeee data sheet for de- 
tailed specifications. 
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AD584— SPECIFICATIONS cau, = 157 an 270 


Model 


OUTPUT VOLTAGE TOLERANCE 
Maximum Error! for Nominal 
Outputs of: 
10.000V 
7.500V 
5.000V 
2.500V 


OUTPUT VOLTAGE CHANGE 
Maximum Deviation from + 25°C 
Value, T min tO Tmax 
10.000, 7.500, 5.000V Outputs 
2.500V Output 
Differential Temperature 
Coefficients Between Outputs. 


QUIESCENT CURRENT... 
_ Temperature Variation 


TURN-ON SETTLING TIME T00.1% 


NOISE 
(0.1 to 10Hz) 


LONG-TERM STABILITY 
SHORT-CIRCUIT CURRENT 


LINE REGULATION (No Load) 
1SV<Vi~<30V _ 
(Vout + 2.5V)=Vin= 15V é 


LOAD REGULATION des 
0<Iour=5mA, All Outputs 


OUTPUT CURRENT 
Vin2Vout +2,5V | 
Source @ + 25°C 
Source T min to T max 
TEMPERATURE RANGE 
Operating 
Storage 


PACKAGE OPTION? oss 
TO-99(H-08A) Se le 
Plastic(N-8) os | 


” ADS84JH 
ADS84JN 


NOTES 

At Pin 1. ; 

2Calculated as average over the operating temperature range. 

3H = Hermetic Metal Can; N = Plastic DIP. For package outline information see 
Package Information section. 


Specifications subject to change, sithioatas notice. 


Specifications shown in boldface are tested on nall production units at final electri- 
cal test. Results from those tests are used to calculate outgoing quality levels. All 
min and max specifications are guaranteed, although only those shown in 
boldface are tested on all production units. 


ABSOLUTE MAX RATINGS 
Input Voltage Vy to Ground ............... 40V 
Power Dissipation @ +25°C ..........-28-4 600m W 
Operating Junction Temperature Range . . —55°C to +125°C 
Lead Temperature (Soldering 10sec) ......... + 300°C 
Thermal Resistance 

Junction-to-Ambient (H-08A) ........... 150°C/W 
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-ADS84KH 


eVpP 


re ee os 


‘ADS84LH — 
ADS84KN 8 


METALIZATION PHOTOGRAPH 


Dimensions shown in inches and arom) 


5Vv* 2.5V* on 


‘BOTH 10V PADS MUST BE CONNECTED TO THE OUTPUT. 

*INTERCONNECTIONS REQUIRED; SEE PIN peo FOR INFORMATION. 

**NOT BROUGHT OUT IN PACKAGE DEVIC 

PAD ena ren To mm NUMBERS Fon THE TO ~ 8- PIN mer ‘AL FAKAGE: 


REV. A 


ADS84 


Model AD584S AD584T 
Min Typ Max Min Typ Max Units 


OUTPUT VOLTAGE TOLERANCE 
Maximum Error! for Nominal 


Outputs of: 
10.000V +30 +10 mV 
7.500V +20 +8 mV 
5.000V +15 +6 mV 
2.500V +7.5 +3.5 mV 
OUTPUT VOLTAGE CHANGE | 
Maximum Deviation from + 25°C 
Value, Tmin tO Tmax” 
10.000, 7.500, 5.000V Outputs 30 15 ppm/°C 
2.500V Output 30 20 ppm/°C 
Differential Temperature . 
Coefficients Between Outputs 5 3 ppm/°C 
QUIESCENT CURRENT 0.75 1.0 0.75 1.0 mA 
Temperature Variation 1.5 1.5 pA/°C 
TURN-ON SETTLING TIME TO0.1% 200 200 ws 
NOISE 
(0.1 to 10Hz) 50 50 LV p-p 
LONG-TERM STABILITY ppn/l000 Fis. 
SHORT-CIRCUIT CURRENT mA 
LINE REGULATION (No Load) 
1SV<=Vw3=30V 0.002 ' 0.002 %/V 
(Vout +2.5V)SVin=15V 0.005 0.005 %/V 
LOAD REGULATION 
0<Ioyr<5mA, All Outputs 20 50 20 50 ppm/mA 
OUTPUT CURRENT 
Vin=Vout +2.5V 
Source @ + 25°C 10 10 mA 
Source Tmin tO Tmax 5 5 mA 
Sink Tin tO Tmax 5 5 mA 
TEMPERATURE RANGE 
Operating — 55 + 125 ~55 + 125 °C 
Storage — 65 +175 — 65 +175 °C 
PACKAGE OPTION? | 
TO-99 (H-08A). | AD584SH AD584TH 
NOTES 
At Pin 1. 


Calculated as average over the operating temperature range. 
34 = Hermetic Metal Can. For package outline information see Package Information section. 


Specifications subject to change without notice. 


Specifications shown in boldface are tested on all production units at final electri- 
cal test. Results from those tests are used to calculate outgoing quality levels. All 
min and max specifications are guaranteed, although only those shown in 
boldface are tested on all production units. 
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AD584 


APPLYING THE AD584 . . 

- With power applied to pins 8 and 4 and all other pins open the 
AD584 will produce a buffered nominal 10.0V output between 
pins 1 and 4 (see Figure 1). The stabilized output voltage 

may be reduced to 7.5V, 5.0V or 2.5V by connecting the 
programming pins as follows: 


OUTPUT VOLTAGE PIN PROGRAMMING 
7.5V Join the 2.5V and 5.0V pins (2) 
and (3). 
5.0V Connect the 5.0V pin (2) to the 
output pin (1). 
2.5V Connect the 2.5V pin (3) to the 


output pin (1). 


The options shown above are available without the use of any 
additional components. Multiple outputs using only one 
AD584, are also possible by simply buffering each voltage 
programming pin with a unity-gain noninverting op amp. 


VsuPPLY 


“THE 2.5V TAP IS USED INTERNALLY AS A BIAS POINT 
AND SHOULD NOT BE CHANGED BY MORE THAN 100mV 
iN ANY TRIM CONFIGURATION. 


Figure 1. Variable Output Options 


The AD584 can also be programmed over a wide range of out- 
put voltages, including voltages greater than 10V, by the ad- 
dition of one or more external resistors. Figure 1 illustrates 
the general adjustment procedure, with approximate values 
given for the internal resistors of the AD584. The AD584 may 
be modeled as an op amp with a noninverting feedback con- 
nection, driven by a high stability 1.215 volt bandgap refer- 
ence (see Figure 3 for schematic). _ 


When the feedback ratio is adjusted with external resistors, the 
output amplifier can be made to multiply the reference voltage 
by almost any convenient amount, making popular outputs of 
10.24V, 5.12V, 2.56V or 6.3V easy to obtain. The most gener- 
al adjustment (which gives the greatest range and poorest reso- 
lution) uses R1 and R2 alone (see Figure 1). As R1 is adjusted 
to its upper limit the 2.5V pin 3 will be connected to the out- 
put, which will reduce to 2.5V. As R1 is adjusted to its lower 
limit, the output voltage will rise to a value limited by R2. For 
example, if R2 is about 6k{2, the upper limit of the output 
range will be about 20V even for large values of Ri. R2 should 
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not be omitted; its value should be chosen to limit the output 
to a value which can be tolerated by the load circuits. If R2 is 
zero, adjusting R1 to its lower limit will result in a loss of 
control over the output voltage. If precision voltages are re- 
quired to be set at levels other than the standard outputs, the 
20% absolute tolerance in the internal resistor ladder must be 
accounted for. 


Alternatively, the output voltage can be raised by loading the 
2.5V tap with R3 alone. The output voltage can be lowered by 
connecting R4 alone. Either of these resistors can be a fixed 
resistor selected by test or an adjustable resistor. In all cases 
the resistors should have a low temperature coefficient to 
match the AD584 internal resistors, which have a negative T.C. 
less than 60ppm/°C. If both R3 and R4 are used, these resistors 
should have matched temperature coefficients. | 


When only small adjustments or trims are required, the circuit 
of Figure 2 offers better resolution over a limited trim range. 
The circuit can be programmed to 5.0V, 7.5V or 10V and | 
adjusted by means of R1 over a range of about t200mV. To 
trim the 2.5V output option, R2 (Figure 2) can be reconnected 
to the bandgap reference (pin 6). In this configuration, the 
adjustment should be limited to 100mV in order to avoid © 
affecting the performance of the AD584. | 


Figure 3. Schematic Diagram 


REV. A 


ANALOG 
DEVICES 


High Precision 
OV Reference 


AD586 


FEATURES 
Laser Trimmed to High Accuracy: 
5.000V +2.0mV (M Grade) 
Trimmed Temperature Coefficient: 
2ppm/°C max, 0 to +70°C (M Grade) 
5ppm/°C max, — 40°C to + 85°C (B Grade) 
10ppm/°C max, —55°C to + 125°C (T Grade) 
Low Noise, 100nV/V/Hz 
Noise Reduction Capability 
Output Trim Capability 
MIL-STD-883 Compliant Versions Available 
Industrial Temperature Range SOICs Available 
Output Capable of Sourcing or Sinking 10mA 


PRODUCT DESCRIPTION 

The ADS586 represents a major advance in the state-of-the-art in 
monolithic voltage references. Using a proprietary ion-implanted 
buried Zener diode and laser wafer trimming of high stability 
thin-film resistors, the AD586 provides outstanding performance 
at low cost. 


The ADS586 offers much higher performance than most other 
SV references. Because the AD586 uses an industry standard 
pinout, many systems can be upgraded instantly with the AD5S86. 
The buried Zener approach to reference design provides lower 
noise and drift than bandgap voltage references. The AD586 
offers a noise reduction pin which can be used to further reduce 
the noise level generated by the buried Zener. 


The AD586 is recommended for use as a reference for 8-, 10-, 
12-, 14- or 16-bit D/A converters which require an external 
precision reference. The device is also ideal for successive ap- 
proximation or integrating A/D converters with up to 14 bits of 
accuracy and, in general, can offer better performance than the 
standard on-chip references. 


The AD586J, K, L and M are specified for operation from 0 to 
+ 70°C, the ADS86A and B are specified for — 40°C to +85°C 
operation, and the AD586S and T are specified for — 55°C to 

+ 125°C operation. The ADS586J, K, L and M are available in 
an 8-pin plastic DIP. The AD586J, K, L, A and B are available 
in an 8-pin plastic surface mount small outline (SO) package. 
The AD586J, K, L, S and T are available in an 8-pin cerdip 
package. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


REV. B 


FUNCTIONAL BLOCK DIAGRAM 


+Vin NOISE REDUCTION 


GROUND 


NOTE: PINS 1, 3 & 7 ARE INTERNAL TEST POINTS. 
MAKE NO CONNECTIONS TO THESE POINTS. 


PRODUCT HIGHLIGHTS 


L. 


Laser trimming of both initial accuracy and temperature 
coefficients results in very low errors over temperature without 
the use of external components. The AD586M has a maximum 
deviation from 5.000V of +2.45mV between 0 and +70°C, 
and the AD586T guarantees +7.5mV maximum total error 
between —55°C and + 125°C. 


. For applications requiring higher precision, an optional fine- 


trim connection is provided. 


. Any system using an industry standard pinout reference can 


be upgraded instantly with the AD586. 


. Output noise of the AD5S86 is very low, typically 44.V p-p. A 


noise reduction pin is provided for additional noise filtering 
using an external capacitor. 


. The ADS86 is available in versions compliant with MIL-STD- 


883. Refer to the Analog Devices Military Products Databook 
or current AD586/883B data sheet for detailed specifications. 
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AD586 — SPECIFICATIONS (T, = +25°C, V,, = +15V unless otherwise hescal — ne 
= 
Min Typ Max /|Min Typ Max Min =o Max Min Typ Max Vite | 


4.980 5.020 | 4.995 5.010 | 4.9975 5.0025] V 


Model 
Output Voltage 


Output Voltage Drift? 
Oto +70°C 
—$5°C to + 125°C - 


Gain Adjustment 


Line Regulation! 
10.8V < + Vin <36V 

Fein tO Tnx 
11.4V < + Viy <36V 

Trin tO Tax 


Load Regulation! 
Sourcing 0 < Ioyr <10mA 
25°C 
Tin tO T max 
Sinking — 10 < Ioy7 <O0mA 
25°C 
Quiescent Current 
Power Consumption 


Output Noise 
0.1Hz to 10Hz 
Spectral Density, 100Hz 


Long-Term Stability 


Temperature Range 
Specified Performance” 


Operating Performance? 


NOTES — ; 

i Maxtieieh output voltage drift is guaranteed fot all packages and grades. Cerdip packaged parts are also 100% production tested. 

? Lower row shows specified performance for A and B grades. 

>The operating temperature ranged is defined as the empress extremes at which the device will still function. Parts may deviate from their specified performance outside their specified temperature range. 
Specifications subject to change without notice. 


Specifications in boldface are tested on all production units at final electrical test. Result from those tests are used to calculate outgoing quality levels, All min and max specifications are saa 
although only those shown in boldface are tested on all eens units unless otherwise specified. 


ABSOLUTE MAXIMUM RATINGS* CONNECTION DIAGRAM — 


Vin To Ground > «a6: at ot he Bem he: EE Ga GOS ih ae OM ) (Top View). 
Power Dissipation (25°C) ........ EA beet aes 500mW . * * 


Storage Temperature ...... eee. 6 — 65°C to + 150°C | 
Lead Temp (Soldering, 10sec) ............. 300°C | TP* _ [8 | NoIse REDUCTION 
Package Thermal Resistance a | +Vinnf 2] ADS5S86— | TP 
Ore it serie rtesnee nts eect alae Bae eee 22°C/W , TOP VIEW 
Gh bated eae oe es qcia deed 1ocwoOt” Te [3] Norte Somel, U6] Vous 
Output Protection: Outpat safe for indefinite short to ground or GND| 4 | | 5 | TRIM 
Vin: . | 
*Stresses above those listed under “Absolute Maximum Ratings” may “4 *TP DENOTES FACTORY TEST POINT. 
cause permanent damage to the device. This is a stress rating only and NO CONNECTIONS SHOULD BE MADE 


functional operation of the device at these or any other conditions above TO THESE PINS. 


those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 
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AD586 


: T The following specifications are tested at the die level for ADS86JCHIPS. These die are probed at 25°C only. 
DIE SPECIFICATIONS (Ty = +25°C, Vy = +15V unless otherwise specified) 


DIELAYOUT 


AD586JCHIPS NOISE 
REDUCTION Te 


Parameter Min Typ Max 


Output Voltage 


Gain Adjustment asec 
Line Regulation 
10.8V <+ Vin <36V 


Load Regulation 
Sourcing 0<Ioyr <10mA | 
Sinking — 10<Ioyr<0mA 


i: 
neg 
a: 


Quiescent Current 


Short-Circuit Current-to-Ground 
7 Vin " GROUND 


NOTES Die Size: 0.096 x 0.061 Inches 
'Both Vout pads should be connected to the output. 

Die Thickness: The standard thickness of Analog Devices Bipolar dice is 24 mils + 2 mils. 

Die Dimensions: The dimensions given havea tolerance of + 2 mils. . 

Backing: The standard backside surface is silicon (not plated). Analog Devices does not recommend gold-backed dice 

for most applications. 

Edges: A diamond saw is used to separate wafers into dice thus providing perpendicular edges half-way through the die. 


-Incontrast to scribed dice, this technique provides a more uniform die shape and size. The perpendicular edges facilitate 
handling (such as tweezer pick-up) while the uniform shape and size simplifies substrate design and die attach. 


Top Surface: The standard top surface of the die is covered by a layer of glassivation. All areas are covered except 
bonding pads and scribe lines. r 
Surface Metalization: The metalization to Analog Devices bipolar dice is aluminum. Minimum thickness is 10,000A. 
Bonding Pads: All bonding pads have a minimum size of 4 mils by 4 mils. The passivation windows have 3.5 mils 

by 3.5 mils minimum. : a : 


ORDERING GUIDE 


Temp. 
Coefficient 


~ADS586JN Oto +70 
ADS586JQ Oto +70 Q-8 
AD586JR Oto +70. R-8 
ADS86KN Oto +70 N-8 
AD586KQ Oto +70 Q-8 
ADS586KR Oto +70 R-8 
AD586LN Oto +70 N-8 
AD586LR Oto +70 R-8 
AD586MN Oto +70 N-8 
AD586AR —40to +85 | N-8 
ADS586BR —-40to+85 | N-8 
AD586LQ Oto +70 Q-8 
AD586SQ —55to +125] Q-8 
AD586TQ —55to +125] Q-8 
AD586JCHIPS Oto +70 


NOTES 

1For details on grade and package offerings screened in accordance with 
MIL-STD-883, refer to the Analog Devices Military Products Databook 
or current AD586/883B data sheet. 

2N = Plastic DIP; Q = Cerdip; R = Small Outline IC (SOIC). For outline 
information see Package Information section. 
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ANALOG 
DEVICES 


High Precision 
10V Reference 


FEATURES. 

Laser Trimmed to High Accuracy: 
10.000V +5mV (L and U Grades) 

Trimmed Temperature Coefficient: 
S5ppm/°C max, (L and U Grades) 

Noise Reduction Capability 

Low Quiescent Current: 4mA max 

Output Trim Capability 

pL OSes vompnent Versions Available 


PRODUCT DESCRIPTION ! 
The ADS587 represents a major advance in the state-of-the-art in 
monolithic voltage references. Using a proprietary ion-implanted 
buried Zener diode and laser wafer trimming of high stability 
thin-film resistors, the AD587 provides outstanding performance 
at low cost. 


The ADS587 offers much higher performance than most other 
10V references. Because the AD587 uses an industry standard 
pinout, many systems can be upgraded instantly with the ADS87. 
The buried Zener approach to reference design provides lower 
noisé and drift than band-gap voltage references. The ADS87 
offers a noise reduction pin which can be used to further reduce 
the noise level generated by the buried Zener. 


The ADS87 is recommended for use as a reference for 8-, 10-, 
12-, 14- or 16-bit D/A converters which require an external 
precision reference. The device is also ideal for successive ap- 
proximation or integrating A/D converters with up to 14 bits of 
accuracy and, in general, can offer better performance than the 
standard on-chip references. 


The AD587J, K and L are specified for operation from 0 to 
+ 70°C, and the ADS87S, T and U are specified for —55°C to 


+ 125°C operation. All grades are available in 8-pin cerdip. The 


J and K versions are also available in an 8-pin Small Outline IC 
(SOIC) package for surface mount applications, while the J, K 
and L grades also come in an 8-pin plastic package. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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FUNCTIONAL BLOCK DIAGRAM. 


NOISE 
+Vin REDUCTION | 


GROUND 


NOTE: PINS 1,3 & 7 ARE INTERNAL TEST POINTS. 
NO CONNECTIONS TO THESE POINTS. 


PRODUCT HIGHLIGHTS 

1. Laser trimming of both initial accuracy and temperature 
coefficients results in very low errors over temperature without 
the use of external components. The AD587L has a maximum 
deviation from 10.000V of +8.5mV between 0 and + 70°C, 
and the AD587U guarantees + 14mV maximum total error 
between —55°C and + 125°C. 


2. For applications requiring higher precision, an optional fine- 
trim connection is provided. 

3. Any system using an industry standard pinout 10 volt reference 
can be upgraded instantly with the AD587. 

4. Output noise of the AD587 is very low, typically 4V p-p. A 
noise reduction pin is provided for additional noise filtering 
using an external capacitor. 


5. The ADS587 is available in versions compliant with MIL-STD- 
883. Refer to the Analog Devices Military Products Databook 
or current AD587/883B data sheet for detailed specifications. 


REV. B 


SPECIFICATIONS (T, = +25°C, Vy = +15 V unless otherwise noted) 


AD587J/S AD587K/T AD587L/U | 
Min Typ Max Min Typ Max Min Typ Max Units 


9.990 10.010 | 9.995 10.005 | 9.995 10.005 | V 


Model 
Output Voltage 


Output Voltage Drift! 
Oto + 70°C 
— 55°C to + 125°C 


Gain Adjustment 


Line Regulation! 
13.5V < + Vin $36V 
eiatO:. ay 
Load Regulation! 
Sourcing 0 < Iony7 <10mA 
eaelO Tavs 
Sinking — 10 < Ioy7 <OmA? 
TaintO laws 
Quiescent Current 
Power Dissipation 


Output Noise 
0.1Hz to 10Hz 
Spectral Density, 100Hz 


Long-Term Stability 


Short-Circuit Current-to-Ground 


Short-Circuit Current-to-Vin 


Temperature Range 


Specified Performance (J, K, L) 
Operating Performance (J, K, L)?. 
Specified Performance (S, T, U) 
Operating Performance (S, T, uy. 


NOTES 


1Spec is guaranteed for all packages and grades. Cerdip packaged parts are 100% production tested. 
?Load Regulation (Sinking) specification for SOIC (R) package is + 2002V/mA. 


3The operating temperature ranged is defined as the temperatures extremes at which the device will still function. 


Parts may deviate from their specified performance outside their specified temperature range. 


Specifications subject to change without notice. 


Model! 
ADS587JQ | 


~AD587JR 


AD587JN 


- ADS87KQ 


REV. B 


AD587KR 
AD587KN 
ADS87LQ 
ADS587LN 
ADS587SQ 

ADS587TQ 
ADS587UQ 


AD587JCHIPS 


NOTES 


Temp. 
Coefficient 


ORDERING GUIDE 


Oto +70 
Oto +70 
Oto +70 | 
Oto +70 
Oto +70 
Oto +70 
Oto +70 
Oto +70 
—55to +125 
—55to +125 
—55to +125 
Oto +70 


Package | 
Options? 


'For details on grade and package offerings screened in accordance with MIL-STD-883, 


refer to the Analog Devices Military Products Databook or current AD587/883B 


data sheet. 


2N = Plastic DIP; Q = Cerdip; R = SOIC. For outline information see Package 


Information section. 
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ADS87 


ppm/°C 


% 


w.V p-p 
nV/V Hz 


+ ppm/1000Hr 


mA 


| mA 


°C 
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AD587 a 
ABSOLUTE MAXIMUM RATINGS* 
VintoGround ...... A aise eran, eed Aidala tae Uy teense sft 36V 


Power Dissipation (25°C) ............... 500mW 
Storage Temperature ............ — 65°C to + 150°C 
Lead Temp (Soldering, 10sec) ............. 300°C 
Package Thermal Resistance 
Oo... ee ae tbe ih Satya yh Sh abn segs ME SS 22°C/W 
OAs Si iets Shes a re Bg 2 te Fe gs Sh 110°C/W 


Output Protection: Output safe for indefinite short to ground and 
momentary short to Vin. 


*Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
- implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


~ CONNECTION DIAGRAM 


NOISE 
REDUCTION | 


AD587 TP* 
TOP VIEW 


(Not to Scale) | 6 | Vour 


*TP DENOTES FACTORY TEST POINT. NO CONNECTIONS 
SHOULD BE MADE TO THESE PINS. = 


The following specifications are tested at the die level for ADS87JCHIPS. These die are probed at 25°C only. 
DIE SPECIFICATIONS (Ty = +25°C, Vy = +15V unless otherwise noted) | 


| ADS587JCHIPS 
Parameter Min Typ Max Units 


Output Voltage | 9.990 10.010 | V 


Gain Adjustment 


Line Regulation 
13.5V<+ Vin <36V +pV/V 


Load Regulation . 
Sourcing 0<Ioy7 <10mA 100 pV/mA 
Sinking — 10<Ioyr <OmA 100 wV/mA 

Quiescent Caren mA 

Short-Circuit Current-to-Ground i ae mA 


Short-Circuit Current-to-Voyr 


NOTES ; 
'Both Vout pads should be connected to the output. 
?Sense and force grounds must be tied together. 


DIE LAYOUT 


NOISE . 
REDUCTION 


NO CONNECT 
NO CONNECT 
NO CONNECT 
SENSE 
GROUND? 
r FORCE 
" NO CONNECT NOCONNECT SENSE Shou 
GROUND 


Die Size: 0.081 x 0.060 inches 


Die Thickness: The standard thickness of Analog Devices Bipolar dice is 24 mils + 2 mils. 
Die Dimensions: The dimensions given have a tolerance of + 2 mils. 
Backing: The standard backside surface is silicon (not plated). Analog Devices does not recommend gold-backed dice 


for most applications. 


Edges: A diamond saw is used to separate wafers into dice thus providing perpendicular edges half-way through the die. 


In contrast to scribed dice, this technique provides a more uniform die shape and size. The perpendicular edges facilitate 
handling (such as tweezer pick-up) while the uniform shape and size simplifies substrate design and die attach. 


Top Surface: The standard top surface of the die is covered by a layer of glassivation. All areas are covered except 


bonding pads and scribe lines. 


Surface Metalization: The metalization to Analog Devices bipolar dice is aluminum. Minimum thickness is 10,000A. 
Bonding Pads: All bonding pads have a minimum size of 4 mils by 4 mils, The passivation windows have 3.5 mils 


by 3.5 mils minimum. 
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REV. B 


ANALOG 
DEVICES 


High Precision Voltage Reference 


AD588* 


FEATURES 
Low Drift — 1.5ppm/°C 
Low Initial Error — 1mV 
Pin-Programmable Output 

+10V, +5V, +5V Tracking, —5V, —10V 
Flexible Output Force and Sense Terminals 
High Impedance Ground Sense 
Machine-Insertable DIP Packaging 
MIL-STD-883 Compliant Versions Available 


PRODUCT DESCRIPTION 

The AD588 represents a major advance in the state-of-the-art in 
monolithic voltage references. Low initial error and low temper- 
ature drift give the AD588 absolute accuracy performance previ- 
ously not available in monolithic form. The AD588 uses a prop- 
rietary ion-implanted buried Zener diode, and laser-wafer-drift- 
trimming of high stability thin-film resistors to provide outstanding 
performance at low cost. 


The AD588 includes the basic reference cell and three additional 
amplifiers which provide pin-programmable output ranges. The 
amplifiers are laser-trimmed for low offset and low drift to 
maintain the accuracy of the reference. The amplifiers are confi- 
gured to allow Kelvin connections to the load and/or boosters 
for driving long lines or high-current loads, delivering the full 
accuracy of the AD588 where it is required in the application 
circuit. 

The low initial error allows the AD588 to be used as a system 
reference in precision measurement applications requiring 12-bit 
absolute accuracy. In such systems, the AD588 can provide a 
known voltage for system calibration in software and the low 
drift allows compensation for the drift of other components in a 
system. Manual system calibration and the cost of periodic 
recalibration can therefore be eliminated. Furthermore, the 
mechanical instability of a trimming potentiometer and the 
potential for improper calibration can be eliminated by using 
the AD588 in conjunction autocalibration software. 


The AD588 is available in seven versions. The ADS88 JQ and 
KQ grades are packaged in a 16-pin cerdip and are specified for 
0 to + 70°C operation. ADS88AD and BD grades are packaged 
in a 16-pin side-brazed ceramic DIP and are specified for the 


*Covered by Patent Number 4,644,253 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


REV. A 


FUNCTIONAL BLOCK DIAGRAMS 


3 OUT 
SENSE 


NOISE 
REDUCTION ViticH A3 IN 


GAIN GND GND Viow BAL Vcr A4IN 
ADJ SENSE SENSE ADJ. 
+IN —IN 


— 25°C to + 85°C industrial temperature range. The ceramic 
AD588SD and TD grades are specified for the full military/aeros- 
pace temperature range. For military surface mount applications, 
the AD588SE and TE grades will also be available in 20-pin 
LCC packages. 


PRODUCT HIGHLIGHTS 

1. The AD588 offers 12-bit absolute accuracy without any user 
adjustments. Optional fine-trim connections are provided for 
applications requiring higher precision. The fine-trimming 
does not alter the operating conditions of the Zener or the 
buffer amplifiers and thus does not increase the temperature 
drift. | 


2. Output noise of the AD588 is very low — typically 6yV p-p. 
A pin is provided for additional noise filtering using an external 
capacitor. 


3. A precision +5V tracking mode with Kelvin output connec- 
tions is available with no external components. Tracking 
error is less than one millivolt and a fine-trim is available for 
applications requiring exact symmetry between the +5V and 
—5V outputs. 

4. Pin strapping capability allows configuration of a wide variety 
of outputs: +5V, +5V & +10V, —5V & —10V dual outputs 
or +5V, —5V, +10V, —10V single outputs. 

5. Extensive temperature testing at — 55°C, — 25°C, 0, +25°C, 
+ 50°C, + 70°C, +85°C and + 125°C ensures that the specified 
temperature coefficient is truly representative of device 
performance. 
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AD588 — SPECIFICATIONS (typical @ +25°C, +10V output, Vs = = + 15¥ unless otherwise noted’ 


ADS588SD 


AD588JQ/AD/TD ADS88KQ/BD 


See _ 7 — Min- Typ _ Max ‘Min Typ Max | Min — Typ Max | Units 
OUTPUT VOLTAGE ERROR | - 
+10V, —10V Outputs mV 
+5V, —5V Outputs mV 
+5V TRACKING MODE 
Symmetry Error mV | 
OUTPUT VOLTAGE DRIFT 
Oto + 70°C (J, K, B) ppm/°C 
— 25°C to + 85°C (A, B) ppm/°C 
— 55°C to + 125°C (S, T) ppm/°C 
GAIN ADJ AND BAL ADJ? — 
Trim Range - mV 
Input Resistance kQ), 
LINE REGULATION 
TA t6 Ts wV/V 
LOAD REGULATION 
T min tO Tmax 
+ 10V Output, 0<Ioy7r<10mA pV/mA 
—10V Output, — 10<Ioy7<OmA wV/mA 
SUPPLY CURRENT 
Beer to yee mA 
Power Dissipation 180 300 180 300 180 300. mW. 


OUTPUT NOISE (Any Output) 3 
0.1 to 10Hz pV p-p 
Spectral Density, 100Hz ion nV/V Hz 

oo iL SI DOR SEAL ORI F —— 


BUFFER AMPLIFIERS | 


wV 


Offset Voltage | 
Offset Voltage Drift pV/C 
Bias Current nA | 
Open Loop Gain dB 


Output Current A3, A4 
Common Mode Rejection (A3, sa 
Vem=1Vp-p 
Short-Circuit Current 
TEMPERATURE RANGE 
Specified Performance 
J, K Grades 
A, B Grades 
S, T Grades 


mA 


dB 
mA 


NOTES . es - | 
‘Output Configuration , | _ ORDERING GUIDE 


+10V Figure 2a 

-10V Figure 2c Temperature | Temperature 
+5V, —5V,+5V Figure 2b - ‘Coefficient Range °C 
Specifications tested using + 10V configuration unless otherwise indicated. 


Gain and balance adjustments guaranteed capable of trimming output voltage AD588AD — —25to +85 | Ceramic(D-16) 
error and symmetry error to zero. AD588BD —25to +85? | Ceramic (D-16) 
3TestConditions: — | Sas , AD588SD = —55t0 +125 | Ceramic (D-16) 
+10VOutput —Vs= — 15V, 13.5V<+Vs<18V AD588TD —55to +125 | Ceramic (D-16) 
—10VOutput - 18V<—Vs< —13.5V, + V5= 15V- AD588JQ Oto +70 ‘Cerdip (Q-16) 
+5V Output +Vs= +18V, —Vs= —18V AD588KQ 


+Vg= +10.8V, -Vs= — 10.8V Recah 


‘Cerdip (Q-16) 


Specifications subject to change without notice. NOTES 

Specifications shown in boldface are tested on all production units at final 1For details on grade and package offerings screened in accordance with MIL-STD-883, 
electrical test. Results from those tests are used to calculate outgoing quality refer to the Analog Devices Military Products Databook or current AD588/883B 
levels. All min and max specifications are guaranteed, although only those jaata sheet. : ; : 

shown in boldface are tested on all production units. For outline information see Package Information section. 


3Temperature coefficient specified from 0 to + 70°C. 
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ABSOLUTE MAXIMUM RATINGS* 


EVEMO ONG: Oo 6 OS ee Ew 4 G8 ek Ge we Seca 36V 
Power Dissipation (+ 25°C) 

Dy Package™ 8503s a. id. ac igs Se BAR a oh Sang Bie 600mW 
Storage Temperature ............ — 65°C to + 150°C 
Lead Temperature (Soldering, 10sec) .......... 300°C 
Package Thermal Resistance 

DiGiAQIG) 3S ain oe ee eS Re em ale S 90/25°C/W 


Output Protection: All outputs safe if shorted to ground 


*Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


APPLYING THE AD588 

The AD588 can be configured to provide + 10V and — 10V 
reference outputs as shown in Figures 2a and 2c respectively. It 
can also be used to provide +5V, —5V or a +SV tracking 
reference as shown in Figure 2b. Table I details the appropriate 
pin connections for each output range. In each case, pin 9 is 
connected to system ground and power is applied to pins 2 

and 16. 


The architecture of the AD588 provides ground sense and un- 
committed output buffer amplifiers which offer the user a great 
deal of functional flexibility. The AD588 is specified and tested 
in the configurations shown in Figure 2. The user may choose 
to take advantage of the many other configuration options available 
with the AD588. However, performance in these configurations 
is not guaranteed to meet the extremely stringent data sheet 
specifications. 


As indicated in Table I, a +5V buffered output can be provided 
using amplifier A4 in the + 10V configuration (Figure 2a). A 

~5V buffered output can be provided using amplifier A3 in the 
— 10V configuration (Figure 2c). Specifications are not guaranteed 
for the + 5V or —5V outputs in these configurations. Performance 
will be similar to that specified for the + 10V or — 10V outputs. 


As indicated in Table I, unbuffered outputs are available at pins 
6, 8 and 11. Loading of these unbuffered outputs will impair 
circuit performance. 


Amplifiers A3 and A4 can be used interchangeably. However, 
the AD588 is tested (and the specifications are guaranteed) with 
the amplifiers connected as indicated in Figure 2 and Table I. 


Applying the AD588 


PIN CONFIGURATIONS 
DIP 


A3 OUT FORCE | 1| @ 


AD588 
TOP VIEW 
(Not to Scale) 


VuicH | 44 | Vet 


NOISE 7 
REDUCTION /10 | GND SENSE —IN 


| 9 | GND SENSE +1N 


LCC 

rs) o 

fs Cg 

2 2 

kK b 

2 a] 
wn O wv O 
> moo ¢ 
+ {<€ 2 | <x 
3 2 #1 #20 19 


A3 OUT SENSE 4 18 A4 OUT SENSE 


AZ IN5 17 AG IN 
REG TOP VIEW lee 

GAIN ADJ 7 (Not to Scale) 15 BAL ADJ 
VuicH 8 14 Vey 


9 10 11 12 13 
2 2: © w Ww 
fo) ” ” 
es * gz 22 
w S n+ BT 
rodnr =) fa) 
[tT] a 2 
2a oO oO 


NC = NO CONNECT 


When either A3 or A4 is unused, its output force and sense pins 
should be connected and the input tied to ground. 


Two outputs of the same voltage may be obtained by connecting 
both A3 and Aé4 to the appropriate unbuffered output on pin 6, 
8 or 11. Performance in these dual output configurations will 
typically meet data sheet specifications. 


Connect Buffered 
Pin 10 Unbuffered! Output on Pins Output Buffered Output on Pins 
Range -—10V -—5V OV +5V +10V | Connections —-10V -—S5V OV +5V +10V 
+10V 11-13 & 14-15 - - - 15 - 
6-4 & 3-1 - - - - l 
—S5Vor +5V 8-13 & 14-15 a 5b - ei e 
6-4 & 3-1 _ ee ssi 1 5 
—10V 8-13 & 14-15 15 —_ - ~ _ 
11-4 & 3-1 = sis re 
A ED 


“Unbuffered” outputs should not be loaded. 


Table l. AD588 Connections | 
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ANALOG 
DEVICES 


Two-Terminal IC 
1.2V Reference 


FEATURES | 
Superior Replacement for Other 1.2V References 
Wide Operating Range: 50uA to 5mA 
Low Power: 60uW Total Pp at 50uA 
Low Temperature Coefficient: 
10ppm/C max, 0 to +70°C (AD589M) 
25ppm/°C max, -55°C to +125°C (AD589U) 
Two-Terminal “‘Zener’’ Operation 
Low Output Impedance: 0.6{2 
No Frequency Compensation Required 
Low Cost | 
MIL-STD-883 Compliant Versions Available 


PRODUCT DESCRIPTION 
The AD589 is a two-terminal, low cost, temperature com- 
pensated bandgap voltage reference which provides a fixed 
1.23V output verses for input currents between SOMA and 
5.0mA. 


The high stability of the AD589 is primarily dependent upon 


the matching and thermal tracking of the on-chip components. 


Analog Devices’ precision bipolar processing and thin-film 
technology combine to provide excellent performance at 
low cost. 


Additionally, the active circuit stoic: an output impedance 
ten times lower than typical low-TC zener diodes. This fea- 
ture allows operation with no external components required 
to maintain full accuracy under changing load conditions. 

The AD5839 is available in seven versions. The AD589J, K, L 
and M grades are specified for 0 to +70 C operation, while 
the S, T and U grades are rated for the full -55°C to +125 °C 
temperature range. All grades are available in a metal can 
(H-02A) package. The AD589J is also available in an 

8-pin SOIC package. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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AD589 


FUNCTIONAL BLOCK DIAGRAMS 


SOIC (R-8) METAL CAN (H-02A) 
V+ 
V- 
: BOTTOM VIEW 
TOP VIEW | 
PRODUCT HIGHLIGHTS 


1. The AD589 is a two-terminal device which delivers a 
a constant reference voltage for a wide range of input 
current. | 


2 Output impedance of 0.6Q and temperature coefficients 
as low as 10ppm/” C insure stable. output voltage over a 
wide range of operating conditions. 


3.:- The AD589 can be operated as a positive or negative 
reference. “Floating” operation is also possible. 


4, The AD589 will operate with total currerit as low as 50UA 
(60uW total power dissipation), ideal for pareely powered 
instrument applications. 


5. The AD589 is an exact replacement for other 1.2V ref- 
erences, offering superior temperature performance and. 
reduced sensitivity to capacitive loading. 


6. The AD589 is available in versions compliant with MIL- 
STD- 883. Refer to the Analog Devices Military Products 
Databook or current AD589/883B data sheet oe detailed 
specifications. 


REV. A 


SPECIFICATIONS (typical @ |, = 500A and T, = +25°C unless otherwise noted) AD589 


Model ADS589JH/JR ADS589KH AD589LH AD589MH 
Min Typ § Max Min Typ Min Typ § Max Min Typ 
1. 


= 
R 
= 


Units 


OPERATING TEMPERATURE +70 


0 +70 +70 | °C 


OUTPUT VOLTAGE, Ta = + 25°C 1.200 1.235 1.250 1.200 1.235 1.250 1.200 235 1.250 1.200 1.235 1.250; V 
OUTPUT VOLTAGE CHANGE vs. 
CURRENT 
(S0nA — SmA) 5 5 5 5 mV 
RMS NOISE VOLTAGE 
10Hz<f<10kHz 5 5 5 5 LV 
Cc canoer 


OPERATING CURRENT? 0.05 0.05 mA 
OPERATING TEMPERATURE -55 +125 | —55 +125 | —55 +125 | °C 


PACKAGE OPTION? 
Metal Can (H-02A) AD589SH AD589TH ADS89UH 


NOTES 

'See following page for explanation of temperature coefficient measurement method. 

?Optimum performance is obtained at currents below 500A. For current operation below 200A, stray shunt capacitances should be limited to 20pF 
or increased to 1 wF. If strays can not be avoided, operation at 500A and a shunt capacitor of at least 1000pF are recommended. 
3H = Hermetic Metal Can; R = SOIC. For outline information see Package Information section. ° 

Specifications shown in boldface are tested on all production units at final electrical test. 


Specifications subject to change without notice.. _ ADS589 CHIP DIMENSIONS AND PAD LAYOUT 


PACKAGE OPTION? 

Metal Can (H-02A) ADS89JH AD589KH AD589LH AD589MH 

SOIC (R-8) AD589JR 
Model AD589SH AD589TH cs 

Min Typ § Max Min Typ Max Min Max Units 

OUTPUT VOLTAGE, Ta = + 25°C 1.200 1.235 1.250 1.200 1.235 1.250 1.200 1.235 1.250 V 
OUTPUT VOLTAGE CHANGE vs. 

CURRENT 

(SOwA ~- SmA) 5 ‘| mV 

DYNAMIC OUTPUT IMPEDANCE eC E 
RMS NOISE VOLTAGE 

10Hz<f< 10kHz 5 pV 

ee as 


ABSOLUTE MAXIMUM RATINGS 


CUPPENE ¢ 6.6 oe seek chee tees OR Gt ete OR Bes 10mA 
Reverse Current... .......-...00000004 10mA 
Power Dissipation’ ................-- 125mW 
Storage Temperature Range. ....... — 65°C to + 175°C 
Operating Junction Temperature Range . —55°C to + 150°C 
Lead Temperature (Soldering, 10sec) ........ + 300°C 
NOTE 


‘Absolute maximum power dissipation is limited by maximum current 
through the device. Maximum rating at elevated temperatures must be 


computed assuming T;<150°C, and 0,4 =400=C/W. | | 
0.060 
(1.524) 


THE AD589 IS AVAILABLE IN CHIP FORM WITH 
FULLY TESTED AND GUARANTEED SPECIFI- 
CATIONS. CONSULT FACTORY FOR AVAILABLE 
GRADES AND PRICING. 
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@ ANALOG 
DEVICES 


Low Power, Low Cost 
2.9 V Reference 


FEATURES | | 
Low Quiescent Current: 250 pA max 
Laser Trimmed to High Accuracy: 
2.5 V +5 mV max (AN, AR Grade) 
- Trimmed Temperature Coefficient: 
20 ppm/°C max (AN, AR Grade) 
Low Noise: 8 nV p-p from 0.1 to 10 Hz 
250 nV/ Vz Wideband 
Temperature Output Pin (N, R Packages) 
Available in Three Package Styles: 
8-Pin Plastic DIP, 8-Pin SOIC and 3-Pin TO-92 


PRODUCT DESCRIPTION 

The AD680 is a bandgap voltage reference which provides a 
fixed 2.5 V output from inputs between 4.5 V and 36 V. The 
architecture of the AD680 enables the reference to be operated 
at a very low quiescent current while still realizing excellent dc 
characteristics and noise performance. Trimming of the high 
stability thin-film resistors is performed for initial accuracy and 


temperature coefficient, resulting in low errors over temperature. 


The precision dc characteristics of the AD680 make it ideal for | 


use as a reference for D/A converters which require an external 
precision reference. The device is also ideal for A/D converters 
and, in general, can offer better performance than the standard 
on-chip references. 


Based upon the low quiescent current of the AD680, which 
rivals that of many incomplete two-terminal references, the 
AD680 is recommended for low power si aca such as 
hand-held battery equipment. | , 


A temperature output pin is provided on the 8-pin package ver- 
sions of the AD680. The temperature output pin provides an 
output voltage that varies linearly with temperature and allows 


the AD680 to be configured as a temperature transducer while. | 


providing a stable 2.5 V output. 


The AD680 is available i in five grades. The AD680AN i is speci- 
fied for. operation from —40°C to +85°C, while the AD680JN 
is specified for 0°C to +70°C operation. Both the AD680AN 
and AD680JN are available in 8-pin plastic DIP packages. 

The AD680AR is specified for operation | from —40°C to +85°C, 
while the AD680JR i is ‘specified for 0°C to +70°C operation. 


Both are available in an 8-pin Small Outline IC (SOIC) package. 


The AD680JT i iS specified for 0°C to +70°C operation and is 
available i ina 3-pin TO-92 package: | 


“Protected by U.S. Patent Nos. 4, 902, 959; 4, 250, 445 and 4 857,862. 


This is an abridged data sheet. To obtain the most recent version or - 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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AD680* 


CONNECTION DIAGRAMS 


AD680 


BOTTOM VIEW 
(Not to Scale) 


Be 


*Vin. Vour GND 


TOP VIEW 
(Not to Scale) © 


NC = NO CONNECT 


*TP DENOTES FACTORY TEST POINT. 
~ NO CONNECTIONS SHOULD BE MADE 
TO THESE PINS. 


PRODUCT HIGHLIGHTS | 

1. The AD680 bandgap reference operates on a very low quies- 
cent current which rivals that of many two-terminal refer- 
ences. This makes the complete, higher accuracy AD680 
ideal for use in power sensitive applications. 


2. Laser trimming of both initial accuracy and temperature 
coefficients results in low errors over temperature without the 
use of external components. The AD680AN and AD680AR | 
have a maximum variation of 6.25 mV between — 40°C and 
+85°C. 


3. The AD680 noise is low, typically 8 pV p-p from 0.1 to - 


10 Hz. Spectral density is also low, typically 250 nV/\/Hz. 


4, The temperature output pin on the 8-pin package versions | 
enables the AD680 to be configured as atemperature 
transducer. 


5. Plastic DIP packaging provides machine insertability, while 
SOIC packaging provides surface mount capability. TO-92 

- packaging offers a cost effective alternative to two-terminal 
references, offering a complete solution in the same package 
in which two-terminal references are usually found. | 
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SPECIFICATIONS (T, = +25°C, Vi, = +5 V unless otherwise specified) AD680 
AD680AN/AR AD680JT 
Model Min Typ Max Min Typ Max Min Typ Max Units 


OUTPUT VOLTAGE 2.495 2.505 | 2.490 2.510 | 2.490 2.510 | V 


OUTPUT VOLTAGE DRIFT’ 


0°C to +70°C 10 10 25 10 30 ppm/°C 
—40°C to +85°C 20 | 25 25 
LINE REGULATION 
45Vs +Vw=s15V | 40 V/V 
(@ dedi to teas) 40 
ISVs +Vin = 36V 40 
(@ ch estas to Tae) 40 
LOAD REGULATION 
0< Iou7 < 10 mA 80 100 ~ * x * wV/mA 
(@ aan to ee) 80 100 * * x * 
QUIESCENT CURRENT 195 250 x _ pA 
(@ Tain to ferry 280 * 
OUTPUT NOISE 
0.1 to 10 Hz 8 10 LV p-p 8 
Spectral Density, 100 Hz 250 nV/\/Hz 
SHORT CIRCUIT CURRENT 
TO GROUND : 25 50 mA 
TEMPERATURE PIN 
Voltage Output @ 25°C | mV 
Temperature Sensitivity mV/°C 
Output Current pA 
Output Resistance kQ, 
TEMPERATURE RANGE 
Specified Performance —40 +85 0 +70 0 | +70 °C 
Operating Performance? —40 +85 —40 +85 —40 +85 
NOTES 


‘Maximum output voltage drift is guaranteed for all packages. 

?The operating temperature range is defined as the temperature extremes at which the device will still function. Parts may deviate from their specified perfor- 
mance outside their specified temperature range. 

*Same as AD680AN/AR specification. 

Specifications subject to change without notice. 

Specifications in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. All min 
and max specifications are guaranteed. 
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AD680 


ABSOLUTE MAXIMUM RATINGS* 


Vice to Ground 2.2 when noes ére ees oe nei 36 V 


Power Dissipation (25°C) ............. hee eak 500 mW 
Storage Temperature ................ —65°C to +125°C 
Lead Temperature (Soldering, 10 sec)............. 300°C 
Package Thermal Resistance 

Oya CAML Packages): i032: reo Reh wad eis a 120°C/W 


Output Protection: Output safe for indefinite short to ground 
and momentary short to Vj)x. 


*Stresses above those listed under ‘“‘Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not implied. Expo- 
sure to absolute maximum rating conditions for extended periods may affect 
device reliability. 


8-Pin Plastic DIP 
and 
8-Pin SOIC Packages 


TOP VIEW 
(Not to Scale) 


NC = NO CONNECT 


*TP DENOTES FACTORY TEST POINT. 
NO CONNECTIONS SHOULD BE MADE 
TO THESE PINS. 


TO-92 Package 


AD680 


BOTTOM VIEW 
(Not to Scale) 


Heo 


Figure 1. Connection Diagrams 


THEORY OF OPERATION | 


_ Bandgap references are the high performance solution for low 


supply voltage operation. A typical precision bandgap will con- 
sist of a reference core and buffer amplifier. Based on a new, 
patented bandgap reference design (Figure 2), the AD680 
merges the amplifier and the core bandgap function to produce 
a compact, complete precision reference. Central to the device is 
a high gain amplifier with an intentionally large Proportional To 
Absolute Temperature (PTAT) input offset. This offset is con-. 
trolled by the area ratio-of the amplifier input pair, Ql and Q2, 
and is developed across resistor Rl. Transistor Q12’s base emit- 


_ ter voltage has a Complementary To Absolute Temperature 


(CTAT) characteristic. Resistor R2 and the parallel combination 
of R3 and R4 “multiply” the PTAT voltage across Rl. Trim- 


ming resistors R3 and R4 to the proper ratio produces a temper- 


ature invariant 2.5 V at the output. The result is an accurate, 
stable output voltage accomplished with a minimum number of 
components. | 


+V;, N 


Figure 2. AD680 Schematic Diagram 


An additional feature with this approach is the ability to 
minimize the noise while maintaining very low overall power 
dissipation for the entire circuit. Frequently it is difficult to » 
independently control the dominant noise sources for bandgap 
references: bandgap transistor noise and resistor thermal noise. 
By properly choosing the operating currents of Q1 and Q2 and 
separately sizing Rl, low wideband noise is realized while main- 
taining 1 mW typical power dissipation. 


ORDERING GUIDE 


Initial 
Error 
mV 


Temperature 
Coeff. 
ppm/°C 


Temperature 
Range 


Package 
Description 


Package 
Option* 


AD680JN 0°C to +70°C Plastic 

AD680JR 0°C to +70°C SOIC R-8 
AD680JT 0°C to +70°C TO-92 TO-92 
AD680AN —40°C to +85°C | Plastic N-8 


AD680AR 


—40°C to +85°C 


SOIC 


*N = Plastic DIP Package; R = SOIC Package; T = TO-92 Package. For outline information see 
Package Information section. 
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REV. B 


ANALOG 
DEVICES 


High Precision 
+10 V Reference 


AD688* 


FEATURES 

+10 V Tracking Outputs 

Kelvin Connections 

Low Tracking Error — 1.5 mV 

Low Initial Error — 2.0 mV 

Low Drift — 1.5 ppm/°C 

Low Noise — 6 pV p-p 

Flexible Output Force and Sense Terminals 
High Impedance Ground Sense 

Machine Insertable DIP Packaging 
MIL-STD-883 Compliant Versions Available 


PRODUCT DESCRIPTION 

The AD688 is a high precision +10 V tracking reference. Low 
tracking error, low initial error and low temperature drift give 
the AD688 reference absolute +10 V accuracy performance 
previously unavailable in monolithic form. The AD688 uses a 
proprietary ion-implanted buried Zener diode, and laser-wafer- 
drift-trimming of high stability thin-film resistors to provide 
outstanding performance at low cost. 


The AD688 includes the basic reference cell and three additional 
amplifiers. The amplifiers are laser-trimmed for low offset and 
low drift and maintain the accuracy of the reference. The ampli- 
fiers are configured to allow Kelvin connections to the load 
and/or boosters for driving long lines or high current loads, de- 
livering the full accuracy of the AD688 where it is required in 
the application circuit. 


The low initial error allows the AD688 to be used as a system 
reference in precision measurement applications requiring 12-bit 
absolute accuracy. In such systems, the AD688 can provide a 
known voltage for system calibration and the cost of periodic 
recalibration can therefore be eliminated. Furthermore, the me- 
chanical instability of a trimming potentiometer and the poten- 
tial for improper calibration can be eliminated by using the 
AD688 and calibration software. 


The AD688 is available in three versions. The AD688AQ and 
BQ grades are packaged in 16-pin cerdip (0.3”) packages and are 
specified for operation from —40°C to +85°C. The AD688SQ 
grade is specified for operation from —55°C to +125°C. 


*Protected by Patent Number 4,644,253. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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FUNCTIONAL BLOCK DIAGRAM 


NOISE +10V OUT 
REDUCTION Vince A3. IN SENSE 


GAIN GND NC Viow BAL NC A4IN 
ADJ ee ne ADJ 
PRODUCT HIGHLIGHTS 


1. The AD688 offers precision tracking +10 V Kelvin output 
connections with no external components. Tracking error is 
less than 1.5 mV and a fine-trim is available for applications 
requiring exact symmetry between the +10 V and —10 V 
outputs. 


2. The AD688 offers 12-bit absolute accuracy without any user 
adjustments. Optional fine-trim connections are provided for 
applications requiring higher precision. The fine-trimming 
does not alter the operating conditions of the Zener or the 
buffer amplifiers and thus does not increase the temperature 
drift. 


3. Output noise of the AD688 is low — typically 6 pV p-p. A 
pin is provided for broadband noise filtering using an exter- 
nal capacitor. | 


4. The AD688 is available in versions compliant with MIL- 
STD-883. Refer to the Analog Devices Military Products 
Databook or current AD688/883B data sheet for detailed 
specifications. 
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AD688 — SPECIFICATIONS (typical @ +25°C, +10 V output, V, = +15 V unless otherwise noted!) 


ae 


OUTPUT VOLTAGE ERROR 
+10V, —10V Outputs 


+10V TRACKING ERROR 


OUTPUT VOLTAGE DRIFT 
+10V, —10V Outputs 
0 to +70°C (A, B) 
—40°C to +85°C (A, B) 
—55°C to +125°C (S) 


GAIN ADJ AND BAL ADJ? 
Trim Range 
Input Resistance 


LINE REGULATION 
y eer to | ee 


LOAD REGULATION 
a aie to eee 
+10 V Output, 0<I5y7< 10 mA 
—10 V Output, —10<I5y7<0 mA 


SUPPLY CURRENT 
Veith to Taiax 
Power Dissipation — 


~ OUTPUT NOISE (ANY OUTPUT) 
0.1 Hz to 10 Hz 
Spectral Density, 100 Hz 


LONG TERM STABILITY (@ +25°C) 


BUFFER AMPLIFIERS 
Offset Voltage 
Offset Voltage Drift 
Bias Current — 
Open Loop Gain | 
~ Output Current A3, A4 — 
Common Mode Rejection (A3, A4) © 
Vom =1V pp. 
Short-Circuit Current 
TEMPERATURE RANGE | 
Specified Performance 
A, B Grades 
S Grade 


NOTES 


are 


Typ |. | Units 


ee ov 


—|. 5 +1.5 mV . 


ppm/°C 
ppm/°C 
ppm/°C 


mV 
kD. 


V/V 


wV/mA 
wV/mA 


mA 
mW 


pV p-p_ 
nV/\/Hz 


ppm/1000 hours 


1See Figure 2a for output configuration. Specifications tested using +10 V output unless otherwise indicated. 
Gain and balance adjustments guaranteed capable of trimming output voltage error and symmetry error to zero. 


Test Condition: +V, = +18 V, -V; = -18 V; +Vs = +13.5 V, -Vs5 = 


~13.5 V. 


Specifications shown in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality eich: 


All min and max specifications are guaranteed. 


_ Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS* 


EV (OPEV 6. iu, eae ay a buhigon ete. wie eS oars gees 36 V 
Power Dissipation (+ 25°C) | 

O Package: ond a eis Be ee OS ee Eee eee 600 mW 
Storage Temperature ..............64.- — 65°C to +150°C 
Lead Temperature (Soldering, 10 Seconds) eee eee « $300°C 
Package Thermal Resistance | 

OG GG) ects a BS RRR Ae Rete 120/35°C/W 


Output Protection: All outputs safe if shorted to ground 
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*Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specifications is not implied. Exposure 
to absolute maximum rating conditions for extended periods may affect 
reliability. 
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AD688 


ORDERING GUIDE 


Temperature 
Coefficient 


Temperature 
Range —- °C 


AD688AQ 5 mV —40 to +85 

AD688BQ —40 to +85° Q-16 
AD688SQ —55 to +125 Q-16 
AD688/883B —55 to +125 % 


NOTE 

For details on grade and package offerings screened in accordance with MIL-STD-883, 
refer to the Analog Devices Military Products Databook or current AD688/883B data sheet. 
?Q = Cerdip. For outline information see Package Information section. 

?Temperature coefficient specified from 0 to +70°C. 

*Refer to AD688/883B military data sheet. 


PIN CONFIGURATION 


+10V OUT FORCE | 1| @ Vs 


~10V OUT FORCE 


AD688 


TOP VIEW 
(Not to Scale) 


| 9 | GND SENSE +IN 


NC = NO CONNECT . 


NC PINS ARE USED AS TEST POINTS BY THE 
FACTORY. TO ENSURE PROPER OPERATION, DO 
NOT CONNECT ANYTHING TO THESE PINS. 


THEORY OF OPERATION 

The AD688 consists of a buried Zener diode reference, amplifi- 
ers and associated thin-film resistors as shown in the block 
diagram of Figure 1. The temperature compensation circuitry 
provides the device with a temperature coefficient of 1.5 ppm/°C 
or less. 


Amplifier Al performs several functions. Al primarily acts to 
amplify the Zener voltage to the required 20 volts. In addition, 
Al also provides for external adjustment of the 20 V output 
through Pin 5, the GAIN ADJUST. Using the bias compensa- 
tion resistor between the Zener output and the noninverting in- 
put to Al, a capacitor can be added at the NOISE 
REDUCTION pin (Pin 7) to form a low pass filter and reduce 
the noise contribution of the Zener to the circuit. Two matched 
12 kQ nominal thin-film resistors (R4 and R5) divide the 20 V 
output in half. | 


Ground sensing for the circuit is provided by Amplifier A2. The 
noninverting input (Pin 9) senses the system ground and forces 
the midpoint of resistors R4 and R5 to be a virtual ground. Pin 
12 (BALANCE ADJUST) can be used for fine adjustment of 
this midpoint transfer. | 
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Amplifiers A3 and A4 are internally compensated and are used 
to buffer the voltages at Pins 6 and 8 as well as to provide a full 
Kelvin output. Thus, the AD688 has a full Kelvin capability by 
providing the means to sense a system ground and provide 
forced and sensed outputs referenced to that ground. 


NOISE +10V OUT 
REDUCTION Vuicn AZ IN 


SENSE 


FORCE 


SENSE 


GAIN GND NC Viow BAL NC A4IN 
ADJ SENSE ADJ 
+IN 


Figure 1. AD688 Functional Block Diagram 
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ANALOG 
DEVICES 


2.5 W/3.0 V 
High Precision Reference 


FEATURES | 
Pin-Programmable 2.5 V or 3.0 V Output 
Ultralow Drift: 3 ppm/°C max 

High Accuracy: 2.5 V or 3.0 V + 1 mV max 
Low Noise: 100 nV/V/Hz 

Noise Reduction Capability 

Low Quiescent Current: 1mA max 
Output Trim Capability 

Plug-In Upgrade for Present References 
Temperature Output Pin 

Series or Shunt Mode Operation (+2.5 V, +3.0 V) 


PRODUCT DESCRIPTION 

The AD780 is an ultrahigh precision bandgap reference voltage 
which provides a 2.5 V or 3.0 V output from inputs between 
4.0 V and 36 V. Low initial error and temperature drift com- 
bined with low output noise and the ability to drive any value of 
capacitance make the AD780 the ideal choice for enhancing the 
performance of high resolution ADCs and DACs and for any 
general purpose precision reference application. A unique low 
headroom design facilitates a 3.0 V output from a 5.0 V + 10% 
input, providing a 20% boost to the dynamic range of an ADC, 
over performance with existing 2.5 V references. 


The AD780 can be used to source or sink up to 10 mA and can 
be used in series or shunt mode, thus allowing positive or nega- 
tive output voltages without external components. This makes it 
suitable for virtually any high performance reference application. 
Unlike some competing references, the AD780 has no “region of 
possible instability.” The part is stable under all load conditions 
when a 1 pF bypass capacitor is used on the supply. 


A temperature output pin is provided on the AD780. This pro- 
vides an output voltage that varies linearly with temperature, 
allowing the AD780 to be configured as a temperature trans- 
ducer while providing a stable 2.5 V or 3.0 V output. 


The AD780 is a pin-compatible performance upgrade for the 
LT1019(A)-2.5 and the AD680. The latter is targeted toward 
low power applications. 


The AD780 is available in two aes in plastic DIP, SOIC and 
cerdip packages. The AD780AN, AD780AR, AD780BN and 
AD780BR are specified for operation from —40°C to +85°C. 
The AD780SQ and AD780SQ/883B are specified for —55°C to 
+125°C operation. | 
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FUNCTIONAL BLOCK DIAGRAM 


+ViNn NC 


GND O/P SELECT 
2.5V -NC 
3.0V - GND 


NC = NO CONNECT 


PRODUCT HIGHLIGHTS 
1. The AD780 provides a pin-programmable 2.5 V or 3.0 V 
output from a 4 V to 36 V input. 


2. Laser trimming of both initial accuracy and temperature coef- 
ficients results in low errors over temperature without the use 
of external components. The AD780BN has a maximum vari- 
ation of 0.8 mV from —40°C to +85°C. : 


3. For applications requiring even higher accuracy, an epncnal 
fine-trim connection is provided. 


4. The AD780 noise is extremely low, typically 4 uV p-p from 


0.1 Hz to 10 Hz and a wideband spectral noise density of 
typically 100 nV/\/Hz. This can be further reduced if 
desired, by simply using two external capacitors. 


5. The temperature output pin enables the AD780 to be config- 
ured as a temperature transducer while providing a stable 
output reference voltage. 
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SPECIFICATIONS (Ty = +25°C, V,, = +5 V unless otherwise noted) 


AD780AN/AR/SQ 
Min Typ 


Parameter 


OUTPUT VOLTAGE 
2.5 V Out 
3.0 V Out 


OUTPUT VOLTAGE DRIFT’ 
—40°C to +85°C 
—55°C to +125°C 


LINE REGULATION 
2.5 V Output, 4 V = +Vyy = 36V 


Twin to Tyax 


3.0 V Output, 4.5 V = +V,, = 36 V 
Tin to Tyax 
LOAD REGULATION, SERIES MODE 
Sourcing 0 < Ipnyy; < 10 mA 


Tin to Tyax 

Sinking —10 < Ioyr < 0 mA 
—40°C to +85°C 
—55°C to +125°C 


LOAD REGULATION, SHUNT MODE 
1 < Iggunr < 10 mA 


QUIESCENT CURRENT, 2.5 V SERIES MODE’ 
—40°C to +85°C 
—55°C to +125°C 


MINIMUM SHUNT CURRENT 


OUTPUT NOISE 
0.1 Hz to 10 Hz 
Spectral Density, 100 Hz 


LONG TERM STABILITY? 
TRIM RANGE 


TEMPERATURE PIN 
Voltage Output @ 25°C 
Temperature Sensitivity 
Output Resistance 


SHORT CIRCUIT CURRENT TO GROUND 


TEMPERATURE RANGE 
Specified Performance (A, B) 
Operating Performance (A, B)* 
Specified Performance (S) 
Operating Performance (S) 


NOTES 


1Maximum output voltage drift is guaranteed for all packages. 


Max 


Min 


AD780BN/BR 
Typ 


3.0 V mode typically adds 100 A to the quiescent current. Also, Iq increases by 2 A/V above an input voltage of 5 V. 
>The long term stability specification is noncumulative. The drift in subsequent 1000 hr. periods is significantly lower than in the first 1000 hr. period. 
‘The operating temperature range is defined as the temperature extremes at which the device will still function. Parts may deviate from their specified perfor- 


mance outside their specified temperature range. 
*Same as AD780AN/AR/SQ specification. 


Specifications subject to change without notice. 


CAUTION 


ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the AD780 features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 
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Max 


WARNING! 


Wa 


Ser 


ESD SENSITIVE DEVICE 


AD780 


Units 


Volts 
Volts 


ppm/°C 
ppm/°C 


wV/V 


V/V 


wV/mA 
wV/mA 
wV/mA 
wV/mA 
wV/mA 


wV/mA 


mA 
mA 


mA 


HV pp 
nV/\/Hz 


+ppm/1000 Hr 
+% 
mV 


mV/°C 
kO, 


mA 


°C 
°C 
°C 
°C 
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AD780 


ABSOLUTE MAXIMUM RATINGS* 


Vig 10 Ground sos 24h en-eiscesnewe oa tek eee es 3ON 
Trim Pin to Ground) 6064 66 ewe ee ee ...36V 
Temp Pin to Ground ............ tg oh gen Benth canes SOON. 
Power Dissipation (25°C) ................... 500 mW 
Storage Temperature ................ —65°C to +150°C 
Lead Temperature (Soldering, 10 sec) ............. 300°C 


Output Protection: Output safe for indefinite short to. ground 
and momentary short to V,y. : : 7 
ESD Classification ............ neh rake Class 1 (1000 V) 


*Stresses above those listed under “Absolute Maximum Ratings” may cause — 


permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any conditions above those indicated in the 
operational specification is not implied. Exposure to absolute maximum 
specifications for extended periods may affect device reliability. 


PIN CONFIGURATION 
8-Pin Plastic DIP, SOIC and Cerdip Packages 


2.5/3.0V SELECT 
(NC OR GND) 


NC 


TOP VIEW 
Vout 
(Not to Scale) [6 | Vou 


NC = NO CONNECT 


DIE LAYOUT 


GND TEMP Vin 
| | 


— GND 


' ‘TRIM Vout 2.5/3.0V SELECT 


DIE SIZE = 0.096 x 0.067 INCHES 


NOTES 

Both Voyr pads should be Gonieatd to the output. 

Die Thickness: The standard thickness of Analog Devices Bipolar dice is 
24 mils +2 mils. 

Die Dimensions: The dimensions given ave a tolerance of +2 mils. 
Backing: The standard backside surface is silicon (not plated). Analog 
Devices does not recommend gold-backed dice for most applications. 
Edges: A diamond saw is used to separate wafers into dice thus providing 
perpendicular edges half-way through the die. 


In contrast to scribed dice, this technique provides a more uniform die shape 
and size. The perpendicular edges facilitate handling (such as tweezer pick-up) 
while the uniform shape and size simplifies substrate design and die attach. 
Top Surface: The standard top surface of the die is covered by a layer of 
glassivation. All areas are covered except bonding pads and scribe lines. 
Surface Metalization: The: metalization to Analog Devices bipolar dice is 
aluminum. Minimum thickness is 10, 000A. 

Bonding Pads: All bonding pads have a minimum size of 4. 0 mils by 6.0 mais. 
The passivation windows have a 3.6 mils by 5.6 mils minimum size. 
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ORDERING GUIDE 


Temperature | Temperature — _ | Package 
Coefficient | Range Option* 


AD780AN —40°C to +85°C 

AD780AR —40°C to +85°C | R-8 
AD780BN —40°C to +85°C’ | N-8 
AD780BR —40°C to +85°C | R-8 
AD780SQ —55°C to +125°C | Q-8 


AD780SQ/883B 5 mV —55°C to +125°C_ 


*For outline information see Package Information section. 


THEORY OF OPERATION 

Bandgap references are the high performance solution for low 
supply voltage and low power voltage reference applications. In 
this technique a voltage with a positive temperature coefficient is 
combined with the negative coefficient of a transistor’s Vbe to 
produce a constant bandgap voltage. 


In the AD780, the bandgap cell contains two npn transistors 

(Q6 and Q7) which differ in emitter area by 12x. The differ- 
ence in their Vbe’s produces a PTAT current in R5. This in 
turn produces a PTAT voltage across R4, which when combined 
with the Vbe of Q7, produces a voltage Vbg that does not vary 
with temperature. Precision laser trimming of the resistors and _ 
other patented circuit techniques are used to further enhalice the 
drift performance. 


+Vin NC 


GND O/P SELECT 
2.5V - NC 
3.0V - GND 


NC = NO CONNECT 
Figure 1. Schematic Diagram 


The output voltage of the AD780 is determined by the configu- 

ration of resistors R13, R14 and R15 in the amplifier’s feedback 
loop. This sets the output to either 2.5 V or 3.0 V ae a on 
whether R15 (Pin 8) is grounded or not connected. 


A unique feature of the AD780 is the low headroom design of 
the high gain amplifier which produces a precision 3 V output 
from an input voltage as low as 4.5 V (or 2.5 V from a 4.0 V 
input). The amplifier design also allows the part to work with 
Vin = Vour when current is forced into the output terminal. 


= This allows the AD780 to work as a two terminal shunt regula- 


tor providing a —2.5 V or —3.0 V reference voltage output 
without external components. 
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The PTAT voltage is also used to provide the user with a ther- 
mometer output voltage (at Pin 3) which increases at a rate of 
approximately 2 mV/°C. 


The AD780’s NC Pin 7 is a 20 k(Q resistor to V+ which is used 
solely for production test purposes. Users who are currently 
using the LT1019 self-heater pin (Pin 7) must take into account 
the different load on the heater supply. 


APPLYING THE AD780 

The AD780 can be used without any external components to 
achieve specified performance. If power is supplied to Pin 2 and 
Pin 4 is grounded, Pin 6 provides a 2.5 V or 3.0 V output 
depending on whether Pin 8 is left unconnected or grounded. 


A bypass capacitor of 1 pF (Vj, to GND) should be used if the 
load capacitance in the application is expected to be greater than 
1 nF. The AD780 in 2.5 V mode typically draws 700 A of Iq 
at 5 V. This increases by ~2 »A/V up to 36 V. 


1pF 


TRIM R POT. 


(3) TEMP 
O/P SELECT 
2.5V - NC 


GND 3.0V-GND 


(NC =NOCONNECT \/ 
Figure 2. Optional Fine Trim Circuit 


Initial error can be nulled using a single 25 kO potentiometer 
connected between Voyy, Trim and GND. This is a coarse trim 
with an adjustment range of +4% and is only included here for 
compatibility purposes with other references. A fine trim can be 
implemented by inserting a large value resistor (e.g. 1-5 MQ) in 
series with the wiper of the potentiometer. See Figure 2 above. 
The trim range, expressed as a fraction of the output, is simply 
greater than or equal to 2.1 kO/Ryy 1 for either the 2.5 V or 
3.0 V mode. 


The external null resistor affects the overall temperature coeffi- 
cient by a factor equal to the percentage of Voy7 nulled. 


For example a 1 mV (.03%) shift in the output caused by the 
trim circuit, with a 100 ppm/°C null resistor will add less than 
0.06 ppm/°C to the output drift (0.03% x 200 ppm/°C, since the 
resistors internal to the AD780 also have temperature coeffi- 
cients of less than 100 ppm/°C). 


NOISE PERFORMANCE 

The impressive noise performance of the AD780 can be further 
improved if desired by the addition of two capacitors: a load 
capacitor Cl] between the output and ground, and a compensa- 
tion capacitor C2 between the TEMP pin and ground. Suitable 
values are shown in Figure 3. 
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COMPENSATION CAP, C2 - nF 


TN TT 


Pot tT TTT ET 
es SS SO ON a TY RE Sa HH 


PT TIAL TT 
TE LLIN LT 
i a 0 


Bee RS mall 
| ot tT tih Et 
ee eee 
a a 
Ril CHa we 


0.1 
0.1 1 10 100 


LOAD CAPACITOR, C1 - uF 


Figure 3. Compensation and Load Capacitor 
Combinations 


Cl and C2 also improve the settling performance of the AD780 
when subjected to load transients. The improvement in noise 
performance is shown in Figures 4, 5 and 6 following. 


AMPLIFIER GAIN = 100 NO AMPLIFIER 


100UV 


0.1 TO 10Hz 10Hz TO 10kHz 


Figure 4. Stand-Alone Noise Performance 


NC = NOCONNECT \/ 


Figure 5. Noise Reduction Circuit 
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NOISE COMPARISON 

The wideband noise performance of the AD780 can also be 
expressed in ppm. The typical performance with Cl, C2 is 
0.6 ppm and without external capacitors is 1.2 ppm. _ 


This performance is respectively 7x and 3x. lower than the 
specified performance of the LT1019. 


NO AMPLIFIER 


10Hz TO 10kHz 


Figure 6. Reduced Noise Performance with C1 = 100 al 
C2 = 100 nF . : | 


TEMPERATURE PERFORMANCE 


The AD780 provides superior performance over temperature by 


means of a combination of patented circuit design. techniques, 
precision thin film resistors and drift trimming. Temperature | 
performance is specified in terms of ppm/°C, but because of 
nonlinearity in the temperature characteristic, the Box-Test 
method is used to test and specify the part. The nonlinearity . 
takes the form of the characteristic ‘S-shaped curve shown in 


Figure 7. The Box-Test. method forms a: rectangular box around ; 


this curve, enclosing the maximum and minimum output volt- | 
__ ages over the specified temperature range. The specified drift is 
equal to the slope of the diagonal of this box. 


ERROR - mV 


0.8 — 
60 -40 -20 0 20 40 60 80 100 120 140 
TEMPERATURE - °C 


Figure 7. Typical AD780BN Temperature Drift 


TEMPERATURE OUTPUT PIN 

The AD780 provides a “TEMP” output (Pin 3) that varies lin- 
early with temperature. This output can be used to monitor 
changes in system ambient temperature and to initiate calibra- 
tion of the system if desired. 


The voltage V-remp is 560 mV at 25°C, and the temperature 
coefficient is approximately 2 mV/°C. Figure 8 following shows 
the typical V--;mp characteristic curve over temperature. 
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VOLTAGE — Vout 


TEMPERATURE - ce 


Figure 8. Temperature Pin Transfer Characteristic S 


Since the TEMP voltage i is acquired from the bandgap core cir- 
cuit, current pulled from this pin will have an effect.on Vout. 
Care must be taken to buffer the TEMP output with a suitable 
op amp, e.g., an AD OP-07, AD820 or AD711 (all of which 
would result in less than a 100 wV change in Voyr). The rela- 
tionship between Ipgqp and Vour is as follows: 


AVour = 5.8 mV/pA X Ipemp (2.5 V range) _ 
or 
AVour = 6.9 mV/pA X IpEmp (3.0 V range) — 


TEMPERATURE TRANSDUCER CIRCUIT _ 

The circuit shown in Figure 9.is.a temperature transducer which 
amplifies the TEMP output voltage by a gain of a little over 5 to 
provide a wider full scale output range. The trimpot can be used 
to adjust the output so it varies exactly by 10 mV/°C. 


To minimize resistance changes with temperature, resistors with 
low temperature coefficients, such as metal film resistors should 
be used. | 


+5V 


1pF 


O 10mv/°C 


Figure 9. Differential Temperature Transducer — 
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SUPPLY CURRENT OVER TEMPERATURE 

The AD780’s quiescent current will vary slightly over tempera- 
ture and input supply range. The test limit is 1 mA over the 
industrial and 1.3 mA over the military temperature range. Typ- 
ical performance with input voltage and temperature variation is 
shown in Figure 10 following. 


0.85 


-55°C 


QUIESCENT CURRENT —- mA 


INPUT VOLTAGE - Volts 
Figure 10. Typical Supply Current over Temperature 


TURN-ON TIME 

The time required for the output voltage to reach its final value 
within a specified error band is defined as the turn-on settling 
time. The two major factors that affect this are the active circuit 
settling time and the time for the thermal gradients on the chip 
to stabilize. Typical settling performance is shown in Figure 11 
following. The AD780 settles to within 0.1% of its final value 
within 10 ys. 


10us/DIV 


Figure 11. Turn-On Settling Time Performance 


DYNAMIC PERFORMANCE 
The output stage of the AD780 has been designed to provide 
superior static and dynamic load regulation. 


Figure 12 shows the performance of the AD780 while driving a 
0 mA to 10 mA load. 
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AD780 


OUTPUT CHANGE — 50mV/DIV 


10ys/DIV 


Figure 12b. Settling Under Transient Resistive Load 


The dynamic load may be resistive and capacitive. For example 
the load may be connected via a long capacitive cable. Figure 13 
following shows the performance of the AD780 driving a 

1000 pF, 0 mA to 10 mA load. 


+ViN 


Figure 13a. Capacitive Load Transient Response Test 
Circuit 
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Figure 13b. Settling Under Dynamic Capacitive Load 


LINE REGULATION 

Line regulation is a measure of the change in output voltage due 
~ toa specified change in input voltage. It is intended to simulate 
worst case unregulated supply conditions and is measured in 
V/V. Figure 14 shows typical performance with 4.0 V < Vi, 
< 15.0 V. 


INPUT VOLTAGE - Volts 


Figure 14. Output Voltage Change vs. Input Voltage 


PRECISION REFERENCE FOR HIGH RESOLUTION 

+5 V DATA CONVERTERS | 

The AD780 is ideally suited to be the reference for most +5 V 
high resolution ADCs. The AD780 is stable under any capaci- 
tive load, it has superior dynamic load performance, and the 
3.0 V output provides the converter with maximum dynamic 
range without requiring an additional and expensive buffer 
amplifier. One of the many ADCs that the AD780 is suited for 
is the AD7884, a 16-bit, high speed sampling ADC. (See Figure 
15.) This part previously needed a precision 5.0 V reference, 
resistor divider and buffer amplifier to do this function. 
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+5V | 
e 


1pF 


AD780 
( ) Vrer +S 


2.5/3.0V 
GND SELECT 


AD7884 


Figure 15. Precision 3.0 V Reference for the AD7884 
16-Bit, High Speed ADC 


The AD780 is also ideal for use with higher resolution convert- 
ers such as the AD7710/AD7711/AD7712. (See Figure 16.) 
While these parts are specified with a 2.5 V internal reference, 
the AD780 in 3 V mode can be used to improve the absolute 
accuracy, temperature stability and dynamic range. It is shown 
following with the two optional noise reduction capacitors. . 


+5V_ 
e@ 


1yF 


AD780 


AD7710 


2.5/3.0V 
GND SELECT 


Figure 16. Precision 2.5 V or 3.0 V Reference for the 
AD7710 High Resolution, Sigma-Delta ADC 


+4.5 V REFERENCE FROM +5 V SUPPLY 

Some +5 V high resolution ADCs can accommodate reference 
voltages up to +4.5 V. The AD780 can be used to provide a 
precision +4.5 V reference voltage from a +5 V supply using 
the circuit shown following in Figure 17. This circuit will pro- _ 
vide a regulated +4.5 V output from a supply voltage as low as 
+4.7 V. The high quality tantalum 10 wF capacitor in parallel 
with the ceramic 0.1 wF capacitor and the 3.9 © resistor ensure 
a low output impedance up to around 50 MHz. 
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VsSuPPLY 


AD780 


A precise —2.5 V (or —3.0 V) reference capable of supplying up 


to 100 mA to a load can be implemented with the AD780 in 
series mode using the bootstrap circuit following. 


0.01% 


Figure 17. +4.5 V Reference from a Single +5 V Supply 


NEGATIVE (-2.5 V OR —3.0 V) REFERENCE 

The AD780 can produce a negative output voltage in shunt 
mode, simply by connecting the input and output to ground and 
connecting the AD780’s GND pin to a negative supply via a 
bias resistor as shown in Figure 18. 


(3) TEMP 


O/P SELECT 
2.5V —NC 
3.0V - GND 


GND 


—2.5Vout 


Vout — (V-) 
~ I +s MIN 


NOTE: IL = LOAD CURRENT 
Is MIN = MINIMUM SHUNT CURRENT 
V- NC = NO CONNECT 


Figure 18. Negative (—2.5 V) Shunt Mode Reference 
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~2.5V (I, < 100mA) 


1000pF 


Figure 19. —2.5 V High Load Current Reference 
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§ ANALOG 
DEVICES 


FEATURES 

Improved, Lower Cost, Replacements for Standard 1403, 1403A 
3-Terminal Device: Voltage In/Voltage Out 

Laser Trimmed to High Accuracy: 2.500V +10mV (AD1403A) 
Excellent Temperature Stability: 25ppm/°C (AD1403A) 

Low Quiescent Current: 1.5mA max 

10mA Current Output Capability 

Low Cost 

Convenient Mini-DIP Package 


PRODUCT DESCRIPTION 

The AD1403 and AD1403A are improved three-terminal, low 
cost, temperature compensated, bandgap voltage references 
that provide a fixed 2.5V output voltage for inputs between 
4.5V and 40V. A unique combination of advanced circuit de- 
sign and laser-wafer-trimmed thin-film resistors provides the 
AD1403/AD1403A with an initial tolerance of +10mV and a 
temperature stability of better than 25ppm/°C. In addition, 
the low quiescent current drain of 1.5mA (max) offers a clear 
advantage over classical Zener techniques. 


The AD1403 or AD1403A is recommended as a stable refer- 
ence for all 8-, 10- and 12-bit D-to-A converters that require 
an external reference. In addition, the wide input range of the 
AD1403/AD1403A allows operation with 5 volt logic supplies, 
making these devices ideal for digital panel meter applications 
and when only a single logic supply is available. 


The AD1403 and AD1403A are specified for operation over 
the 0 to +70°C temperature range. The AD580 series of 2.5 

volt precision IC references is recommended for applications 
where operation over the -55°C to +125°C range is required. 


*Protected by U.S. Patent Numbers: 3,887,863, RE30,586. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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Low Cost, Precision 
2.9V IC References 


_ aD1403/AD1403A* | 


FUNCTIONAL BLOCK DIAGRAM | 


8 PIN MINI-DIP 


PRODUCT HIGHLIGHTS 

1. The AD1403A offers improved initial tolerance over the 
industry-standard 1403A: +10mV versus t25mV at a 
lower cost. 

2. The three-terminal voltage in/voltage out operation of the 
AD1403/AD1403A provides a regulated output vorge 
without any external components. : 

3. The AD1403/AD1403A provides a stable 2.5V output 
voltage for input voltages between 4.5V and 40V making 
these devices ideal for systems that contain a single logic 
supply. 

4. Thin film resistor technology and tightly controlled bipolar 
processing provide the AD1403A with temperature stabili- 
ties of 25ppm/°C. 

5. The low 1.5mA maximum puiescent current drain of the — 
AD 1403 and AD1403A makes them ideal for CMOS and 
other low power applications. | 


REV. A. 


SPECIFICATIONS (Viy = 15V, T, = 25°C unless otherwise noted.) AD1403/AD1403A 


Line Regulation 
(15V<Vin“40V) 


Output Voltage | | 
(Io = OmA) Vo 
AD1403_ 2.475 2.500 2.525 V 
AD1403A | 2.490 2.500 2.510 
Temperature Coefficient of Output Voltage | AVo/AT ppm/°C 
AD1403 10 40 
AD1403A 10 25 
Output Voltage Change, 0 to +70°C AVo mV 
AD1403 7.0 
AD1403A 4.4 | 
mV 
1.2 4.5 | 
0.6 3.0 


Regin 
(4.5<VinS15V) . . | 
Load Regulation Regioad 
(OmA<Ig<10mA) 
Quiescent Current | 
(Ig = OmA) . . 


Specifications subject to change without notice. 


MAXIMUM RATINGS (T, = 25°C unless otherwise noted) 


Rating Unit 
Input Voltage Package 
Storage Temperature -25 to 100 Option* — 


N-8 


AD1403 
AD1403A 


Junction Temperature 


+25mV 
+10mV 


*N = Plastic DIP. For outline information see Package Information section. 


Operating Ambient 
Temperature Range 


COM 


Figure 1. Simplified AD1403 Schematic 
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FEATURES Re 
5 V Fixed or +1.3 V to +16 V Adjustable 
Low Power CMOS: 12 ,.A max Quiescent Current 
40 mA Output Current 
_ Current Limiting | 
Pin Compatible with MAX663/666 
+2 V to +16.5 V Operating Range 
Low Battery Detector ADM666 
No Overshoot on Power-Up 


APPLICATIONS 
Handheld Instruments 
LCD Display Systems 
Pagers 

Remote Data Acquisition 


GENERAL DESCRIPTION 

The ADM663/ADM666 are precision voltage regulators featur- 
ing a maximum quiescent current of 12 pA. They can be used to 
give a fixed +5 V output with no additional external compo- 
nents or can be adjusted from 1.3 V to 16 V using two external 
resistors. Fixed or adjustable operation is automatically selected 
via the Vsgr input. The low quiescent current makes these de- 
vices especially suitable for battery powered systems. The input 
voltage range is 2 V to 16.5 V and an output current up to 

40 mA is provided. The ADM663 can directly drive an external 
pass transistor for currents in excess of 40 mA. Additional fea- 
tures include current limiting and low power shutdown. Ther- 
mal shutdown circuitry is also included for additional safety. 


The ADM666 features additional low battery monitoring 
circuitry to detect for low battery voltages. 


The ADM663/ADM666 are pin-compatible replacements for 
the MAX663/666. Both are available in 8-pin DIP and in nar- 
row surface mount (SOIC) packages. 


ORDERING GUIDE 


Temperature Range 


Package Option* 


ADM663AN > -40°C to +85°C N-8 
ADM663AR ~40°C to +85°C R-8 
ADM666AN —40°C to +85°C 
ADM666AR 40°C to +85°C 


*For outline information see Package Information section. 
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+5 V Fixed, Adjustable 
DEVICES —____ Micropower Linear Voltage Regulators 


REV.0 


SPEC FI CATI 0 NS (Vin = +9 V, Vour = + 5 V, Ty = + 25°C unless otherwise noted) 


Parameter Typ 


Input Voltage, Vin 
Quiescent Current, Ig 


Output Voltage, Vour 
Line Regulation, AVoy7/AVin 
Load Regulation, AVoyt/Alour 


Reference Voltage, Vspr 
Reference Tempco, AVsp7/AT 
Vspr Internal Threshold, Vga 


Vspr Input Current, Iser 
Shutdown Input Voltage, Vsypn 


Shutdown Input Current, Iszpn 

SENSE Input Threshold, Voy1t—Vsensz 

SENSE Input Resistance, Rsgnsg 

Input-Output Saturation Resistance, Rsat 
ADM663 Vout 


Output Current from VouT(2) Iout 
Minimum Load Current, I, (urn) 


LBI Input Threshold, V;p; 

LBI Input Current, Ip; 

LBO Output Saturation Resistance, Rsat 
LBO Output Leakage Current 

Vrc Open Circuit Voltage, Vrc 

Vrc Sink Current, Itc 

Vrc Temperature Coefficient 


Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS* 
(T,= +25°C unless otherwise noted) 
Input Voltage, Vix 
Terminal Voltage 
(ADM663) Pins 1, 3, 5, 6, 7 
“She ie teciach ates Bg seh te ye (GND — 0.3 V) to (Vin + 0.3 V) 
(ADM666) Pins 1, 2, 3, 5, 6 
ee ee Se mere Serre (GND — 0.3 V) to (Vyy + 0.3 V) 
(ADM663) Pin2 ....... (GND - 0.3 V) to (Vour; + 0.3 V) 
(ADM666) Pin 7 | (GND - 0.3 V) to +16.5 V 
Output Source Current | 


(ADM663, ADM666) Pin2.................05. 50 mA 
(ADM663) Pit 3. ecw eicginiG Se eee Bee 25 mA 
Output Sink Current, 
(ADM663, ADM666) Pin7 ..............00 000s -20 mA 
REV. 0 


ADM663/ADM666 


Max Test Conditions/Comments 


Ta = Twin to Tmax 

No Load, Vin = +16.5 V 

Ta = +25°C 

Ta = Tun to Tmax 

Ta = Ty to Tmax» Vser = GND 
+2 V< Vy < +15 V; Vout = VREF 
ADM663, 1 mA § Ioy72 $ 20 MA 
ADM663, 50 WA § Ionut; $5 MA 
ADM666, 1 mA < I9nyz7 § 20 mA 
Vout = Vser 

Ta = Tain to Tomax 

Vsser < Vrva for +5 V Out; 

Vset > Vrya for Adj. Out 

Ta = Tain to Tmax 

VsHDN High = Output Off 

Vsypn Low = Output On 


= 
> 


V 
V 
nA 


Current Limit Threshold 


<< 
te) 


Vin = +2V, lout =l1mA 
Vin = +9 V, lout =2mA 
Vin = +15 V; lout =5mA 
+3 V < Vin § +16.5 V, Vin-Vout = +1.5 V 
Ta = +25°C 

Ta = Tun to Tmax 
ADM666 

ADM666 

ADM666, Isat =2mA 
ADM666, LBI = 1.4 V 
ADM663 

ADM663 

ADM663 


Power Dissipation, N-8 ......... 2... ce eee eee eee 625 mW 
(Derate 8.3 mW/°C above +50°C) 
Oya. Thermal Impedance ............... eres ass 120°C/W 
Power Dissipation R-8 ......... 2... cee eee ee eee 450 mW 
(Derate 6 mW/°C above +50°C) 
Oya, Thermal Impedance .................005. 170°C/W 


Operating Temperature Range 
Industrial (A Version) 
Storage Temperature Range 


Lead Temperature (Soldering, 10 sec) ............. +300°C 
Vapor Phase:(60 Sec)! ova aveades aan was +215°C 
Mritrared (19 S€@)iasa cade esha cece sa +220°C 

ESD Rating 4 4ctuun eel eanne la wkke tube osteo >5000 V 


*This is a stress rating only and functional operation of the device at these or any 
other conditions above those indicated in the operation sections of this specifica- 
tion is not implied. Exposure to absolute maximum rating conditions for extended 
periods of time may affect reliability. 
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DIP & SOIC PIN CONFIGURATIONS 


= Vin 
Voura [2 ADM663 7 | Vre 
VE TOP VIEW y 
au 13 (Not to Scale) 6] Vser 
GND ,| 4 | |5 | SHDN 


SENSE [7]. 


SENSE | 1] 8] Vin 
Vour [2] ADM666 [7] LBO 


TOP VIEW Vv 
- eI (Not to a ie ad 
~ GND [4] |5 | SHDN 


LBI 


GENERAL INFORMATION 

The ADM663/ADM666 contains a micropower bandgap refer- 
ence voltage source, an error amplifier Al, two comparators 
C1, C2 and a series pass output transistor. A P-channel FET 
and an NPN transistor are used on the ADM663 while the 
ADM666 uses an NPN eutpuns transistor. 


CIRCUIT DESCRIPTION | | 

The internal bandgap reference is trimmed to 1.3 V+ 30 mV. 
This is used as a reference input to the error amplifier Al. The 
feedback signal from the regulator output is supplied to the 
other input by an on-chip voltage divider or by two external re- 
sistors. When Vsgr is at ground, the internal divider provides 
the error amplifier’s feedback signal giving a +5 V output. When 
Vszr is at more than 50 mV above ground, the error amplifier's 
input is switched directly to the Vsrr pin, and external resistors 
are used to set the output voltage. The external resistors are — 
selected so that the desired output voltage gives 1.3 V at Vgpr. 


Comparator C1 monitors the output current via the SENSE © 
input. This input, referenced to Voy), monitors the voltage 
drop across a load sense resistor. If the voltage drop exceeds 
0.5 V, then the error amplifier A, i is disabled and the output. 
current is limited. 


The. ADM663 has an additional amplifier, A2, which provides a 
temperature-proportional output, Vrc. If this is summed into 
the inverting input of the error amplifier, a negative temperature 
coefficient results at the output. This is useful when powering 
liquid crystal displays over wide temperature ranges. 


The ADM666 has an additional comparator, C3 which com- 
pares the voltage on the Low Battery Input, LBI, pin to the in- 
ternal +1.3 V reference. The output from the comparator drives 
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PIN FUNCTION DESCRIPTION 


Mnemonic | Function 


Voura) (2) Voltage Regulator Output(s) 


Vin Voltage Regulator Input 
SENSE Current Limit Sense Input. (Referenced to 
| Vout), If not used it should be connected to _ 
7 Vout) | 
GND Ground Pin. Must be connected to0V 
LBI Low Battery Detect Input. Compared with 1.3 V. 
LBO . Low Battery Detect Output. Open Drain Output - 
SHDN Digital Input. May be used to disable the device 
so that the power consumption is minimized 
Vser Voltage Setting Input. Connect to GND for +5 V 
output or connect to resistive divider for adjust _ 
able output 
Vrc Temperature-Proportional Voltage for negative | | 


TC Output 


an open drain FET connected to the Low Battery Output pin, | 
LBO. The Low Battery Threshold may be set using a suitable 
voltage divider connected to LBI. When the voltage on LBI falls 
below 1.3 V, the open drain output LBO is pulled low. 


Both the ADM663 and the ADM666 contain a shutdown 
(SHDN) input which can be used to disable the error amplifier . 
and hence the voltage output. The quiescent current in shut- | 
down is less than 12 aia 


Figure 1. ADM663 Functional Block Diagram 


REV. 0 


¥ Vout 


ADM666 


Vin Y 


SHDN Q 


GND Q 


Figure 2. ADM666 Functional Block Diagram 


Circuit Configurations 

For a fixed +5 V output the Vsgr input is grounded and no ex- 
ternal resistors are necessary. This basic configuration is shown 
in Figure 3. Current limiting is not being utilized so the SENSE 
input is connected to Vourz). The input voltage can range from 
+6 V to +16 V and output currents up to 40 mA are available 
provided that the maximum package power dissipation is not 
exceeded. | 


Vin SENSE 


ADM663 
ADM666 (UT) 


- +6V TO +16V 
INPUT 


+5V 
OUTPUT 
GND Vge, SHDN . 


Figure 3. ADM663/ADM666 Fixed +5 V Output 


Output Voltage Setting 
If Vspr is not connected to GND, the output voltage is set ac- _ 
cording to the following equation. 


R1+ R2 
Rl 
The resistor values may be selected by firstly choosing a 


value for R1 and then selecting R2 according to the following 
equation. 


V our = V ser x where V ser =1.30V 


zs Vour 

R2= Rix 130 7 
The input leakage current on Vsgr is 10 nA maximum. This al- 
lows large resistor values to be chosen for Rl and R2 with little 
degradation in accuracy. For example, a 1 MQ resistor may be 
selected for Rl and then R2 may be calculated accordingly. 
The tolerance on Vsgr is guaranteed at less than +30 mV so in 
most applications, fixed resistors will be suitable. 


REV. 0 


ADM663/ADM666 


+1.3V TO +15V 
OUTPUT 


Vin SENSE 


ADM663 — Vour) 
ADM666 


SHDN 


+2V TO +16V 
INPUT 


Figure 4. ADM663/ADM666 Adjustable Output 


Current Limiting 

Current limiting may be achieved by using an external current 
sense resistor in series with Vout). When the voltage across 
the sense resistor exceeds the internal 0.5 V threshold, current 
limiting is activated. The sense resistor is therefore chosen such 
that the voltage across it will be 0. 5 V when the desired current 
limit is reached. 


0.5 
A, CL 


Ros = 


where Rc, is the current sense resistor, lox i is the maximum 
current limit. 


The value chosen for Rc, should also ensure fiat che current is’ 
limited to less than the 50 mA absolute maximum rating and 
also that the power dissipation will also be within the package 
maximum ratings. 


If current limiting is employed, there will be.an additional volt- 
age drop across the sense resistor which must be considered 
when determining the regulators dropout voltage. 


If current limiting is not used, the SENSE input ‘should be con- 
nected to Vout). 


Shutdown Input (SHDN) 

The SHDN input allows the regulator to be switched off with a 
logic level signal. This will disable the output and reduce the 
current drain to a low quiescent (12 WA maximum) current. 
This is very useful for low power applications. The SHDN input 
should be driven with a CMOS logic level signal since the input 
threshold is 0.3 V. In TTL systems, an open collector driver 
with a pull-up resistor may be used. 


If the shutdown function is not being used, then SHDN should 
be connected to GND. 


Low Supply or Low Battery Detection 7 

The ADM666 contains on-chip circuitry for low power supply 
or battery detection. If the voltage on the LBI pin falls below the 
internal 1.3 V reference, then the open drain output LBO will 
go low. The low threshold voltage may be set to any voltage 
above 1.3 V by appropriate resistor divider selection. 


. | 
R3= R4x| 42 -] 
(eae 


where R3 and R4 are the resistive divider resistors and Vpatr is 
the desired low voltage threshold. 
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ADM663/ADM666 


Since the LBI input leakage current is less than 10 nA, large val- 
ues may be selected for R3 and R4 in order to minimize loading. 


For example, a 6 V low threshold, may be set using 10 MQ for 
R3 and 2.7 MQ for R4. 


+2V TO +16V 
INPUT 


Vie” SENSE +1.3V TO +15V 


OUTPUT 


ApmMesc6) = YX 


LBI 


4 SHDN np LBO 


Figure 5. ADM666 Adjustable Output with Low Battery 
Detection 


. High Current Operation 


The ADM663 contains an additional output, Vour:, suitable 
for directly driving the base ofan external NPN transistor. Fig- 
ure 6 shows a configuration which can be used to provide +5 V 
with boosted current drive. A 1 Q current ena resistor limits 
the current at 0.5 A. 


Vin 


1,0Q 
SHUTDOWN 


+5V, 0.5A 


+ 
10pF T OUTPUT 


Figure 6. ADM663 Boosted Output Current (0.5 A) 


Temperature Proportional Output 
The ADM663 contains a Vc output with a positive tempera- . 


ture coefficient of +2.5 mV/°C. This may be connected to the 


summing junction of the error amplifier (Vsg7) through a resis- 


tor resulting in a negative temperature coefficient at the output 


of the regulator. 


This is especially useful in multiplexed LCD displays to com- 
pensate for the inherent negative temperature coefficient of the 
LCD threshold. At 25°C the voltage at the VTC output is typi- 
cally 0.9 V. The equations for setting both the output voltage 
and the tempco are given below. If this function is not being 
used, then Vc should be left unconnected. 
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Figure 7. ADM663 Temperature Proportional Output 


| R2), R2 
Vour =V ser X G + Ri R\,@ aa (V ser = Vr) 


—R2 
R32 x TVC rc 


where V ser = +1. 3 V5 Vic = +0.9 V; TCV ro= +2, 5 mV/°C 


TCV our = 


APPLICATION HINTS 

Input-Output (Dropout Voltage) | 

A regulator’s minimum input-output differential or dropout 
voltage determines the lowest input voltage for a particular out- 
put voltage. The ADM663/ADM666 dropout voltage is 0.8 V at 
its rated output current. For example when used as a fixed +5 V 
regulator the minimum input voltage is +5.8 V. At lower output 
currents, (Iour < 5 mA), on the ADM663, Vout; may be used 
as the output driver in order to achieve lower dropout voltages. 
Please refer to Figure 9. In this case the dropout voltage de- 
pends on the voltage drop across the internal FET transistor. 
This may be calculated by multiplying the FET’s saturation re- 
sistance by the output current. As the current limit circuitry is 
referenced to Voura: Vour2 should be connected to Vout. For 
high current operation Voyr2 should be used alone and Voyr: 
left unconnected. 


Bypass Capacitors 

The high frequency performance of the ADM663/ADM666 
may be improved by decoupling the output using a filter capaci- 
tor. A capacitor value of 10 uF is suitable. 


An input capacitor helps reduce noise and improves dynamic 
performance. A suitable input capacitor of 0. 1 uF or greater 
may be used. 
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Typical Performance Characteristics—ADM663/ADM666 


eee 


VinDC = +9V 
Vin P-P = +2V 

bh le = +5V 
A= 425°C 


win ch 
‘Nt 
20 THI TN Nt 
01 0.1 1 10 


60 


PSRR — dB 
b 
=) 


0 
0 
0. 100 1000 =: 10000 2 4 6 8 10 12 14 16 
FREQUENCY - Hz Vin - Volts 
Figure 8. Power Supply Rejection Ratio vs. Frequency Figure 10. Quiescent Current vs. Input Voltage 


(Vin — Voyr) — Volts 
Vin as Vout! - Volts 


0 2 4 6 8 0 12 14 16 18 2 0 10 20 30 40 50 

lou, MA loura - MA | 
Figure 9. Voyr; Input-Output Differential vs. Output Figure 11. Vour2) Input-Output Differential vs. Output 
Current Current 
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[ANALOG ___ Tri-Mode: +3.3 V, +5 V, Adjustable 
DEVICES —_ Micropower Linear Voltage Regulators 


ADM663A/ADMG666A* 


FEATURES — 7 | . FUNCTIONAL BLOCK DIAGRAMS 

Tri-Mode Operation a | af | a MS 
3.3 V, 5 V Fixed or +1.3 V to +16 V Adjustable 

Low Power CMOS: 9 1A max Quiescent Current 

High Current 100 mA Output 

Low Dropout Voltage 

Upgrade for ADM663/ADM666 

“Small” 0.1 uF Output Capacitor (0805 Style) | 

+2 V to +16.5 V Operating Range | 

Low Battery Detector ADM666A 

No Overshoot on Power-Up 

Thermal Shutdown 


APPLICATIONS — 

Handheld Instruments 

LCD Display Systems 

Pagers 

Battery Operated Equipment 


GENERAL DESCRIPTION — 

The ADM663A/ADM660A are precision linear voltage regula- 
tors featuring a maximum quiescent current of 9 WA. They can 
be used to give a fixed +3.3 V or +5 V output with no additional 
external components or can be adjusted from 1.3 V to 16 V 
using two external resistors. Fixed or adjustable operation is au- 
tomatically selected via the Vsgy input. The low quiescent cur- 
rent makes these devices especially suitable for battery powered 
systems. The input voltage range is 2 V to 16.5 V, and an out- 
put current up to 100 mA is provided. Current limiting may be. 
set using a single external resistor. For additional safety, an 
internal thermal shutdown circuit monitors the internal die 
temperature. 


The ADM666A features additional low battery monitoring cir- 
cuitry to detect for low battery voltages. 


The ADM663A/ADM666A are pin compatible enhancements 
for the ADM663/ADM666. Improvements include an addi- 

tional 3.3 V output range, higher output current, and operation ADM666A 
with a small output capacitor. 


The ADM663A/ADM666A are available in an 8-pin DIP and 
narrow surface mount (SOIC) packages. 


*Patent pending. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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SPEC FI CATI 0 NS (Vin = +9 V, Ty = Tain to Twax, unless otherwise noted) 
Typ Mix 


Parameter Min 
Input Voltage, Vin 

Quiescent Current, Ig 

Output Voltage, Vout(2) (+5 V Mode) 
Output Voltage, Vout(2) (+3.3 V Mode) 
Dropout Voltage, Vpo 

Dropout Voltage, Vpo 

Line Regulation (AVoyt(2)/AVin) 

Load Regulation 


AVouta)3(AVoute2/Aloutea) 


AVouti3(AVout:/Alour1) 
Reference Voltage, Vsgr 
Reference Tempco (AVspr7/AT) 
Vsgr Internal Threshold 

VFA Low 

Vrva High 
VseEt Input Current, Ispr 
Shutdown Input Voltage, Vsupn 


Shutdown Input Current, Istpn 

SENSE Input Threshold, Vout - VSENSE 

SENSE Input Resistance, Rsgnsx 

Input-Output Saturation Resistance, Rsar 
ADM663A, Vour: 


Output Current, Iouray 
Minimum Load Current, I, (MIN) 
LBI Input Threshold 

Low Going 

High Going 

Hysteresis 
LBI Input Current, I,.p; 
LBO Output Saturation Resistance, Rsar 
LBO Output Leakage Current 
Vrc Open Circuit Voltage, Vrc 
Vrc Sink Current, Itc 
Vrc Temperature Coefficient 


Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS* 
(T, = +25°C unless otherwise noted) 
Input Voltage, Vin 
Terminal Voltage 
(ADM663A) Pins 1, 3, 5, 6, 7 

ee ae eee ee ee (GND - 0.3 V) to (Vin + 0.3 V) 
(ADM666A) Pins 1, 2, 3, 5, 6 

a ee ee ee eae (GND - 0.3 V) to (Vin + 0.3 V) 


(ADM663A) Pin2........ (GND - 0.3 V) to (Vour: + 0.3 V) 
(ADM666A) Pin7 .............. (GND - 0.3 V) to +16.5 V 
Output Source Current 

(ADM663A, ADM666A) Pin 2 .................. 100 mA 
(ADM663A) Pin3........... ica a tess setae eng IA 25 mA 
Output Sink Current, Pin 7 ......... 0... eee ee -20 mA 
Power Dissipation, N-8 ......... 0.00: eee eee eee 800 mW 


(Derate 8.3 mW/°C above +30°C) 
Q;4, Thermal Impedance 
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ADM663A/ADM666A 
Test Conditions/Comments 


No Load, Vin = +16.5 V 

VsEt = GND | 

Vser = Vin 

lout = 40 mA, Vout =+14.5V 

lout = 100 mA, Vout =+14.5V 

+2V< Vin <+15 V, Vout = Vrer 

Vin 7 (Vout +3 V), ImASs outa) <100 mA 
Vset = GND (Fixed +5 V Output) 

Vser = Vin (Fixed +3.3 V Output) 

Vsger = Resistive Divider (Adjustable Output) 
ADM663A, 50 WA < lout <10mA 

Ta = +25°C, Vour = Vser 


Vsgpr < VEA Low for +5 V Output 
Vsrr > Veva High for +3.3 V Output 


VsHDN High = Output Off 
Vsypn Low = Output On 


Current Limit Threshold 


Vin =4+2V, lout =l1mA 

Vin = +9 V; lout =10mA 

Vin = +15 V, lout =10mA 

+3.V < Vin $ +16.5 V, Vin - Vout = +1.5 V 


ADM666A 
ADM666A 
ADM666A 
ADM666A 
ADM666A, Isat =2mA 
ADM666A, LBI = 1.4 V 
ADM663A 
ADM663A 
ADM663A 


Power Dissipation, R-8 
(Derate 6 mW/°C above +30°C) 
Oras Thermal Impedance: wi... .20ss<aue eee eae 8 170°C/W 
Operating Temperature Range 
Industrial (A Version) 


Storage Temperature Range ............ —65°C to +150°C 
Lead Temperature (Soldering, 10 sec) ............. +300°C 
Vapor Phase (60 se¢) coco mes ee ee op aeaw eared +215°C 
Inirared (Cl) S€C) vive eoia Mahe teen ya ea es +220°C 
PSD) Rane” 4 65 ate hie 8 aw oe wers a bald wane aaa aan >5000 V 


*This is a stress rating only and functional operation of the device at these or any 
other conditions above those indicated in the operation sections of this specifica- 
tion is not implied. Exposure to absolute maximum rating conditions for extended 
periods of time may affect reliability. 
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PIN FUNCTION DESCRIPTION 


Function 


Mnemonic 

VouT(1) (2) Voltage Regulator Output(s). 

Vin Voltage Regulator Input. 

SENSE Current Limit Sense Input. (Referenced to 
Vout).) If not used, it should be connected to 
VouTi2). 

GND Ground Pin. Must be connected to 0 V. 

LBI Low Battery Detect Input. Compared with 1.3 V. 

LBO Low Battery Detect Output. Open Drain Output. 

SHDN Digital Input. May be used to disable the device 
so that the power consumption is minimized. 

VsgEr Voltage Setting Input. Connect to GND for 
+5 V output, to Vy for +3.3 V output or 
connect to external resistive divider for 
adjustable output. 

Vrtc Temperature-Proportional Voltage for negative 


TC Output. 


PIN CONFIGURATIONS 
DIP & SOIC 


SENSE | 1 |e Vin 
Vours [2| ADM663A [7] V,. 


V TOP VIEW y 
oun 13) (Not to Scale) g aa 


GND [4 | 15 | SHDN 


DIP & SOIC 


SENSE [1] ¢ 


Vour |2.| ADM666A 


LBI TOP VIEW Vv 
Ea (Not to Scale) S| Vser 


GND [4 | 


ORDERING GUIDE 


Temperature | 
Range 


ADM663AAN ~40°C to +85°C 
ADM663AAR 40°C to +85°C R-8 
ADM666AAN -40°C to +85°C N-8 


ADM666AAR —40°C to +85°C 


*For outline information see Package Information section. 


8-48 VOLTAGE REFERENCES AND REGULATORS 


TERMINOLOGY 
Dropout Voltage: The input/output er differential at 


_ which the regulator no longer maintains regulation against fur- 


ther reductions in input voltage. It is measured when the output 
decreases 100 mV from its nominal value. The nominal value is 
the measured value with Vin = Vout +2 V. 


Line Regulation: The change in output voltage as_a result of 


a change in the input voltage. It is specified as a percentage 
change in output voltage for an input voltage change. 


AYour (100) 


OUT 


Line Reg = 


Load Regulation: The change in output voltage for a change 
in Output current. 


Load Reg (Q) = AVYour 
lout 


Quiescent Current: The input bias current which flows when 
the regulator output is unloaded or when the regulator is in 


-shutdown. 


Sense Input Threshold: Current limit sense voltage. This | 
is the voltage ae to Vourg)) at which current limiting | 
occurs. 


Input-Output Satnmaion Resistance (ADM663A): This is a 
measure of the internal MOS transistor effective resistance in se- 
ries with Vour:. The minimum input-output voltage differential 
at low currents may be calculated by multiplying the load cur- * 
rent by the saturation resistance. 


Thermal Limiting: This feature monitors the internal die tem- 
perature and disables the output when an internal temperature 
of 125°C is reached. 


Maximum Power Dissipation: The maximum total device 
dissipation for which the regulator will continue to operate 
within specifications. . 
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GENERAL INFORMATION 

The ADM663A/ADM666A contains a micropower bandgap 
reference voltage source; an error amplifier, Al; three compara- 
tors, Cl, C2, C3, and a series pass output transistor. A P-chan- 
nel FET and an NPN transistor are used on the ADM663A 
while the ADM666A uses an NPN output transistor. 


CIRCUIT DESCRIPTION 

The internal bandgap reference is trimmed to 1.3 V+ 30 mV. 
This is used as a reference input to the error amplifier Al. The 
feedback signal from the regulator output is supplied to the 
other input by an on-chip voltage divider or by two external re- 
sistors. When Vsprz is at ground, the internal divider tap between 
R1 and R2, provides the error amplifier’s feedback signal giving 
a +5 V output. When Vsgr is at Vy, the internal divider tap be- 
tween R2 and R3 provides the error amplifier’s feedback signal 
giving a +3.3 V output. When Vspr is at more than 50 mV. 
above ground and less than 50 mV below Vy, the error ampli- 
fier’s input is switched directly to the Vsgr pin, and external 
resistors are used to set the output voltage. The external resis- 
tors are selected so that the desired output voltage gives 1.3 V 
at Vspr. 


Comparator Cl monitors the output current via the SENSE in- 
put. This input, referenced to Vout), monitors the voltage 
drop across a load sense resistor. If the voltage drop exceeds 
0.5 V, then the error amplifier Al is disabled and the output 
current is limited. 


The ADM663A has an additional amplifier, A2, which provides 
a temperature. proportional output, Vrc. If this is summed into 
the inverting input of the error amplifier, a negative temperature 
coefficient results at the output. This is useful when powering 
liquid crystal displays over wide temperature ranges. 


The ADM666A has an additional comparator, C4, that com- 
pares the voltage on the low battery input, LBI, pin to the inter- 
nal +1.3 V reference. The output from the comparator drives an 
open drain FET connected to the low battery output pin, LBO. 
The low battery threshold may be set using a suitable voltage 
divider connected to LBI. When the voltage on LBI falls below 
1.3 V, the open drain output LBO 1s pulled low. 


Vset 


D 
E 
Cc 
oO 
D 
E 
R 


ADM663A 


Figure 1. ADM663A Functional Block Diagram 
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ADM663A/ADM666A 


Both the ADM663A and the ADM666A contain a shutdown 
(SHDN) input that can be used to disable the error amplifier 
and hence the voltage output. The power consumption in shut- 
down reduces to less than 9 pA. 


ADM666A 


Figure 2. ADM666A Functional Block Diagram 


Circuit Configurations 

For a fixed +5 V output the Very input is grounded and no ex- 
ternal resistors are necessary. This basic configuration is shown 
in Figure 3. For a fixed +3.3 V output, the Vsgr input is con- 
nected to Vy as shown in Figure 4. Current limiting is not be- 
ing utilized so the SENSE input is connected to Vout). 


Vin SENSE 


ADM663A 
ADM666A 


Vser GND SHDN 


+6V TO +16V 
INPUT 


_ Vout) 
+5V 
OUTPUT — 


Figure 3. A Fixed +5 V Output 


Vin 


ADM663A 
ADM666A 


Vser GND SHDN 


SENSE 
+4.5V TO +16V 
INPUT 


Youre +3.3V 
OUTPUT 


Figure 4. A Fixed +3.3 V Output 


Output Voltage Setting 
If Vsgr is not connected to GND or to Vyy, the output voltage is 
set according to the OHOWIE equation: 


(RI + R2) 


V our = Vie x RI 


where VsET = 1.30 V. 
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The resistor values may be selected by first choosing a value for 
RI and then selecting R2 according to the following equation: 


a Vour - 

oe Rix 1.30 7 
The input leakage current on Vsgr is 10 nA maximum. This al- 
lows large resistor values to be chosen for R1 and R2 with little 
degradation in accuracy. For example, a 1 MQ resistor may be 
selected for Rl, and then R2 may be calculated accordingly. 
The tolerance on Vsgr is guaranteed at less than +30 mV so in 
most applications, fixed resistors will be suitable. 


Vin SENSE +1.3V TO +15V 


+2V TO +16V OUTPUT 


INPUT 


Vout(2) 


ADM663A 
ADM666A 


SHDN 


Figure 5. Adjustable Output 


Table I. Output Voltage Selection 


Current Limiting 

Current limiting may be achieved by using an external current 
sense resistor in series with Vout). When the voltage across 
the sense resistor exceeds the internal 0.5 V threshold, current 
limiting is activated. The sense resistor is therefore chosen such 
that the voltage across it will be 0.5 V when the desired current 
limit is reached. | 

0.5 


Roy = 7 
CL 


where Rc, is the current sense resistor, Icx is the maximum 
current limit. . 


The value chosen for Rey should also « ensure that the current is 
limited to less than the 100 mA absolute maximum rating and 
also that the power dissipation will also be within the package 
maximum ratings. 


If current limiting is employed, there will be an additional volt- 
age drop across the sense resistor that must be considered when 
determining the regulators dropout voltage. 


If current limiting is not used, the SENSE input should be con- 
nected to Vout). 


Shutdown Input (SHDN) 
The SHDN input allows the regulator to be turned off with a 
logic level signal. This will disable the output and reduce 
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the current drain to a low quiescent (9 LA maximum) current. 
This is very useful for low power applications. The SHDN input 
should be driven with a CMOS logic level signal since the input 


_ threshold is 0.3 V. In TTL systems, an open collector driver 


with a pull-up resistor may be used. 


If the shutdown function is not being used, then it should be 
connected to GND. 


Low Supply or Low Battery Detection 

The ADM666A contains on-chip circuitry for low power supply 
or battery detection. If the voltage on the LBI pin falls below the 
internal 1.3 V reference, then the open drain output LBO will 
go low. The low threshold voltage may be set to any voltage 
above 1.3 V by appropriate resistor divider selection. 


y | 
R3 = R4| —B4Tr _} 
ca 


where R3 and R4 are the resistive divider resistors and Vpatr is 
the desired low voltage threshold. 


Since the LBI input leakage current is less than 10 nA, large val- 
ues may be selected for R3 and R4 in order to minimize loading. 
For example, a 6 V low threshold may be set using 10 MQ for 
R3 and 2.7 M Q for R4. 


+2V TO +16V 
INPUT 


Vin SENSE +1.3V TO +15V 


OUTPUT 


 apMes6A XT 


SHDN np LBO 


OUTPUT 


| Figure 6. ADM666A Adjustable Output with Low Battery — 
Detection 


High Current Operation - 

The ADM663A contains an additional output, Vouri, aiiebie 
for directly driving the base of an external NPN transistor. Fig- 
ure 7 shows a configuration which can be used to provide +5 V 
with boosted current drive. A 1 Q current sensing resistor limits 


the current at 0.5 A. 
Vin _ 2N 4237 


Voutt 


. Vv 
Apm663A °"?? 
SHUTDOWN 


+ +5V, 0.5A 
10uF T OUTPUT 


Figure 7. ADM663A Boosted Output Current (0.5 A) 
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Temperature Proportional Output 

The ADM663A contains a Vrc output with a positive tempera- 
ture coefficient of +2.5 mV/°C. This may be connected to the 
summing junction of the error amplifier (Vsg7) through a resis- 
tor resulting in a negative temperature coefficient at the output 
of the regulator. This is especially useful in multiplexed LCD 
displays to compensate for the inherent negative temperature 
coefficient of the LCD threshold. At +25°C the voltage at the 
VTC output is typically 0.9 V. The equations for setting both 
the output voltage and the tempco are given below. If this func- 
tion is not being used, then Vyc should be left unconnected. 


R2 R2 
Vour = Vser( + @) ar (Vser —Vrc) 


TCV out = = (TCV 7c) 


where Vspr = +1.3 V, Vrc = +0.9 V, TCV re = +2.5 mvV/°C 


SENSE 


Voute 
ADM663A 


Vset 


Figure 8. ADM663A Temperature Proportional Output 


APPLICATION HINTS 

Input-Output (Dropout Voltage) . 

A regulator’s minimum input-output differential or dropout 
voltage determines the lowest input voltage for a particular out- 
put voltage. The ADM663A/ADM666A dropout voltage is 1 V 
at its rated output current. For example when used as a fixed 
+5 V regulator, the minimum input voltage is +6 V. At lower 
output currents (Ioy7r < 10 mA) on the ADM663A, Vout; may 
be used as the output driver in order to achieve lower dropout 
voltages. In this case the dropout voltage depends on the voltage 
drop across the internal FET transistor. This may be calculated 
by multiplying the FET’s saturation resistance by the output 
current, for example with Vjy = 9 V, Rsay = 20 Q. Therefore, 
the dropout voltage for 5 mA is 100 mV. As the current limit 
circuitry is referenced to Vout2,; Vout2 should be connected to 
Vouti. For high current operation Voyr2 should be used alone 
and Vout; left unconnected. 


Vin SENSE 


+6V TO +16V 
INPUT ADM663A Vout 
+5V 
Vouti OUTPUT 
Vser GND SHDN 


Figure 9. Low Current, Low Dropout Configuration 


Thermal Considerations 

The ADM663A/ADM666A can supply up to 100 mA load cur- 
rent and can operate with input voltages up to 16.5 V, but the 
package power dissipation and hence the die temperature must 
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be kept within the maximum limits. The package power dissi- 
pation is calculated from the product of the voltage differential 


across the regulator times the current being supplied to the load. 


The power dissipation must be kept within the maximum limits 
given in the Absolute Maximum Ratings section. 


Pp = (Vin-Vour) U1) 


The die temperature is dependent on both the ambient tempera- 


ture and on the power being dissipated by the device. The 


ADM663A/ADM666A contains an internal thermal limiting cir- 


cuit which will shut down the regulator if the internal die tem- 
perature exceeds 125°C. Therefore, care must be taken to 
ensure that, under normal operating conditions, the die tem- 
perature is kept below the thermal limit. 


Ty= T4 + Pp (83,4) 
This may be expressed in terms of power dissipation as follows: 
Pp = (T3— T4)/( 34) 
where: 
T; = Die Junction Temperature (°C) 
T, = Ambient Temperature (°C) 
Pp = Power Dissipation (W) 
654 = Junction to Ambient Thermal Resistance (°C/W) 
If the device is being operated at the maximum permitted ambi- 
ent temperature of 85°C the maximum power dissipation per- 
mitted is: 
Pp (max) = (T3 (max) — T4)/(@z,) 
Pp (max) = (125 — 85)/(®ya) 
= 40/0,4 

654 = 120°C/W for the 8-pin DIP (N-8) package 
654 = 170°C/W for the 8-pin SOIC (R-8) package 
Therefore, for a maximum ambient temperature of 85°C 

Pp (max) = 333 mW for N-8 

Pp (max) = 235 mW for R-8 
At lower ambient temperatures the maximum permitted power 


dissipation increases accordingly up to the maximum limits 
specified in the absolute maximum specifications. 


The thermal impedance (0,,) figures given are measured in still 
air conditions and are reduced considerably where fan assisted 
cooling is employed. Other techniques for reducing the thermal 
impedance include large contact pads on the printed circuit 
board and wide traces. The copper will act as a heat exchanger 
thereby reducing the effective thermal impedance. 

Bypass Capacitors 

The high frequency performance of the ADM663A/ADM666A 
may be improved by decoupling the ouput using a filter capaci- 
tor. A capacitor of 0.1 UF is suitable. 

An input capacitor helps reduce noise, improves dynamic per- 
formance and reduces the input dV/dt at the regulator input. A 
suitable input capacitor is 0.1 WF or greater. 
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ANALOG ~ - _ +10V Precision 
DEVICES _ ___ Voltage Reference 
ee on oe g __REFOL 


FEATURES | +10V output which can be adjusted over a +3% range’ with 


© 10 Volt Output ........... ht ents tf hes +0.3% Max minimal effect on temperature stability. Single-supply opera- 
© Adjustment Range ........ Peas tet eaten de an +3% Min tion over an input voltage range of 12V to 40V, low current 
e Excellent Temperature Stability ....... 8.5ppm/°C Max drain of 1mA, and excellent temperature stability are achieved 
© Low Noise ............. Pe ae ee Ee re 30uVp-p Max with an improved bandgap design. Low cost, low noise, and 
© Low Supply Current ........... Ba teioas Gtotoet ... 1.4mA Max low power make the REF-01 an excellent choice whenever a 
© Wide Input Voltage Range .......... ero 12V to 40V stable voltage reference is required. Applications include D/A 
© High Load-Driving Capability ................... 20mA and A/D converters, portable instrumentation, and digital 
e No External Components voltmeters. Full military temperature range devices with 
® Short-Circuit Proof | screening to MIL-STD-883 are available. For guaranteed 
e MIL-STD-883 Screening Available long-term drift see the REF-10 data sheet. 
e Available in Die Form PIN CONNECTIONS 
ORDERING INFORMATION ' No. 
| PACKAGE : owe. LY 18 | nc. 
7°80 oo _SCOPERRATING N.C. 1 7 NC. vin [2] N.C. 
AV, MAX CERDIP PLASTIC LCC TEMPERATURE N.C. /6 ] Vout 
(mv) = TO-99 8-PIN 8&PIN 20-CONTACT RANGE | Vin 2 6 VouT GND [a rs ] TRIM 
30 REFO1AJ* REFO1AZ* _ — MIL 
230 REFOIEJ ~—_-REFOIEZ = = COM NC. 3 O 5 TRIM EPOXY MINI-DIP 
+50 REFOI*  REFOIZ* —- .  REFOIRC/883 MIL a (P-Suffix) 
+50 . REFOIHJ REFOIHZ REFOIHP — COM reer 8-PIN HERMETIC DIP 
#100 REFOICJ #REFOICZ — — COM (Z-Suftix) 
+100 — — REFO1CP —~ XIND 
+100 _ — _ REFOICSTt | _ XIND 8-PIN SO: 
* For devices processed in total compliance to MIL-STD-883, add /883 after part (S-Suffix) 
number. Consult factory for 883 data sheet. . 
t Burn-inis available on commercial and industrial temperature range parts in 
CerDiP, plastic DIP, and TO-can packages. . 
tt For availability and burn-in information on SO and PLCC packages, contact | ae 
your local sales office. 


7 | (RC-Suffix) 
GENERAL DESCRIPTION _ 
The REF-01 precision voltage reference provides a stable 


SIMPLIFIED SCHEMATIC 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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REFO1 


ABSOLUTE MAXIMUM RATINGS (Note 1) Junction Temperature (T ) oie re eee —65°C to +150°C 
Input Voltage Lead Temperature (Soldering, 60 S@C) ................ceseeeeee 300°C 
oe a, ee Qn(NOTE2) ej UNITS 
Output Short-Circuit Duration TO-89 (J) 170 24 ____ °C/W 
(to Ground OF Vin) acesciewiasi tied ecvccwinaisnntieewess Indefinite 8-Pin Hermetic DIP (Z) 162 26 °C/W 
Storage Temperature Range 8-Pin Plastic DIP (P) 110 50 °C/W 
J, RC, and Z Packages .0....... eee eeeeeeeeees —65° C to +150°C 20-Contact LCC (RC) 120 40 °C/W 
P PACKAGE: batelo aati ahed veOoreeeeuene tates —65°C to +125°C “g-PinSO(S) 4160 #444 °° °CW 
Operating Temperature Range "20-ContactPLCC(PC) 80 39 °CW 
REF-01A, REF-01, REF-0O1RC.....0.0 0. —55°C to +125°C ee ee ee ee ee 
REF-01E, REF-01H se 7 | 
, ’ 1. Absolute maximum ratings apply to both DICE and packaged parts, unless 
REF-01 CJ, REF-01 Gli oer ioe 0°C to +70°C otherwise noted. 
REF-01CP, REF-01CS 2.0 eee ee eee —40°C to +85°C 2. @,, is specified for worst case mounting conditions, i.e., 8, is specified for 


device in socket for TO, CerDIP, P-DIP, and LCC packages; 8, ais specified 
for device soldered to printed circuit board for SO and PLCC packages. 


ELECTRICAL CHARACTERISTICS at Vy =+15V, Ta = 25°C, unless otherwise noted. 


| REF-01A/E REF-01/H 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX 

Output Voltage Vo I, =0 997 10.00 10.03 9.95 10.00 10.05 

Output Adjustment Range AVerim Rp = 10kn +3.0 +3. _ +30 +33 — % 
Output Voltage Noise Cnp-p 0.1Hz to 10Hz (Note 6) — 20 30 _ 20 30 Vp-p 
Line Regulation (Note 4) Vin = 13V to 33V _ 0.006 0.010 - 0.006 © 0.010 %/V 
Load Regulation (Note 4) 1, =O to 10mA — 0.005 0.008 — 0.006 0.010 %/mA 
Turn-on Settling Time ton To +0.1% of final value — 5 — - 5 — us 
Quiescent Supply Current Isy No Load . _— 10 °&#1.4 —- — 1.0 1.4 mA 
Load Current I 10 2d _ 10 21 _ mA 
Sink Current Is (Note 7) -0.3 -0.5 — -0.3 -0.5 = | mA 
Short-Circuit Current Isc Vo=0 = 30 -_ = 30 a mA. 


ELECTRICAL CHARACTERISTICS at Vin = +15V, -55°C < Ta <+125°C for REF-01 A/E, and 0°C <T, < +70°C for REF-01 H and 


IL = OmA, unless otherwise noted. 
Be SS NR SR 9 I NT I TE TEST IED TEESE DEEN ET YI SEE EEE ES EEE OE DE EL LTE EEL LYE 


REF-01A/E REF-01/H 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
Ouput Voitage Change with AV o°cC<T,as+70°C _ 0.02 0.06 _ 0.07 0.17 % 
Temperature (Notes 1, 2) wad -58°C < Ta S+125°C — 0.06 0.15 — 0.18 =: 0.45. 
Output Voltage —- 30 88 — 100 250 m/c 
' Temperature Coefficient TGYO eNotes) : PP 
Change in Vo Temperature | 
Coefficient with Output Rp =10kN _ 0.7 — _— 0.7 _ ppm/% 
Adjustment 
Line Regulation o°C<Tas+70°C _~ 0.007 0.012 _ 0.007 0.012 %/V 
(Vin = 13V to 33V) (Note 4) a ~§5°C < Ta S$ + 125°C _ 0.009 0.015 _ 0.009 0.015 
Load Regulation 0°C <T,<+70°C — 0.006 0.010 — 0.007 0.012 ag 
(I, =0 to 8mA) (Note 4) -§5°C<T,s+125°C _ 0.007 0.012 — 0.009 0.015 
NOTES: | AVox (0° to +70°C) 
1. AVorzis defined as the absolute difference between the maximum TCVo (0° to +70°C) = — 36 
output voltage and the minimum output voltage over the specified | 
temperature range expressed as a percentage of 10V: . AVot (-55° to + 125°C) 
Vax ~ VIN and TCVo (-55° to + 125°C) = 80°C 


AVor =| FOV [> 100 ae | 
Line and Load Regulation specifications include the effect of self heating. 


Guaranteed by design. 
Sample tested. 
During sink current test the device meets the output voltage specified. 


2. AVor specification applies trimmed to + 10.000V or untrimmed. 
3. TCVo is defined as AVoz divided by the temperature range, i.e., 


NOS 
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ELECTRICAL CHARACTERISTICS at Vin = +15V, ee 25°C, unless otherwise noted. 


: fe 2% : | REF-01C | 
| PARAMETER . ae: SYMBOL CONDITIONS MIN TYP MAX . UNITS 
Output Voltage a Vg 1, =OmA_ i 9.90 10.00 10.10 Vv 
Output Adjustment Range AVerim Rp = 10kn +27 +33 as % 
Output Voltage Noise ___&np-p 0.1Hz to 10Hz (Note 6) = 25 35 —_ Vp-p 
Line Regulation (Note 4) | | Vin = 13V to 30V — 009 008 - HV 
Load Regulation (Note 4, 1, =Oto 8mA | = 0.006 0.015 %/mA 
Turn-on Settling Time _ ton To +0.1% of final value _ 5 — MS 
Quiescent Supply Current - Igy . _ NoLoad _ — 1.0 1.6 mA 
Load Current | | I 8 21 sa mA 
Sink Current + ce} _ . lg (Note 7) -0.3 -0.5 — mA 
Short-Circuit Current "Ig Vo=0 _ 30 _ mA 


ELECTRICAL CHARACTERISTICS at Vin = +15V°C <= T, < +70°C for REF-01CJ, CZ, -40°C < Te <= +85°C for REF-01CP,CS, 
unless otherwise noted. 


| . REF-01C 
PARAMETER ., ' SYMBOL CONDITIONS MIN TYP MAX UNITS 
Ouput Voltage Change | AVor (Notes 1 and 2) _ _ 0.14 0.45 . |  % 
_ with Temperature > rs 
Output Voltage ; oe : | we , 
Temperature Coefficient . TEVo iNetee) — S Ppm/ c 
Change in Vo Temperature ; 
Coefficient with Output Rp = 10kN — 0.7 — ppm/% 
Adjustment ; 
Line Regulation (Note 4) Vin = 13V to 30V_ _ 0.011 0.018  %/V 
Load Regulation (Note 4) _ IL=Oto5mA —_— 0.008 0.018 . %/mMA 
NOTES: 
1. AVoris defined as the absolute difference between the maximum output TCV,= AVot 
voltage and the minimum output voltage over the specified temperature 0 70°C 
range expressed as a percentage of 10V: 4. Line and Load Regulation specifications include the effect of self 
AVor= =| ViMIN | x 100 heating. 
5. Guaranteed by design. 


6. Sample tested. 


. AVor specificati i i +10. i : . fi 
2 Vor epectication applige samme? 102 10-000N oF unl mes During sink current test the device meets the output voltage specified. 


3. TCVo is defined as AVoz divided by the temperature range, i.e., 


N 


OUTPUT ADJUSTMENT oe 7 BURN-IN CIRCUIT 


also be set to exactly me or to 10.240V for binary 


applications. - 
The REF-01 trim terminal can be used to adjust the output Adjustment of the output does not significantly affect the 
voltage over a 10V +300mV range. This feature allows the temperature performance of the device. The temperature 
system designer to trim system errors by setting the refer- coefficient change is approximately 0. 7 ppm/°C for 100mV of 
ence to a voltage other than 10V. Of course, the output can output adjustment. 


8-54 VOLTAGE REFERENCES AND REGULATORS | . REV.B 


ANALOG 
DEVICES 


FEATURES 

e 5 Volt Output ........................008. +0.3% Max 
e Temperature Voltage Output ................ 2.1mV/°C 
e Adjustment Range .......................05. +3% Min 
e Excellent Temperature Stability ....... 8.5ppm/°C Max 
@ LowNoise ............. 0... cc ccc eee es 15uVp-p Max 
© Low Supply Current ....................... 1.4mA Max 
e Wide Input Voitage Range .................. 7V to 40V 
@ High Load-Driving Capability ................... 20mA 
e No External Components 

© Short-Circuit Proof 

e MIL-STD-883 Screening Available 

e Available in Die Form 


ORDERING INFORMATION ' 
PACKAGE 


T, = 25°C OPERATING 

Vog MAX CERDIP _—— PLASTIC LCC TEMPERATURE 
(mV) = TO-99 _—8- PIN 8-PIN 20-CONTACT RANGE 
+15 REFO2AJ* REFO2AZ* = s MIL 
+15 REFO2EJ REFO2EZ = = COM 
+25 REFO2J* REFO2Z* ~ _ REFO2RC/883 MIL 
+25 REFO2HJ REFO2HZ REFO2HP 7 COM 
+50 REFO2CJ REFO2CZ = 7 COM 
+50 = 2 REFO2CP : XIND 
+50 a z REFO2CStt _ XIND 

+100 REFO2DJ REFO2DZ REFO20P _ COM 


* For devices processed in total compliance to MIL-STD-883, add /883 after part 
number. Consult factory for 883 data sheet. 

t Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages.. 

tt For availability and burn-in information on SO and PLCC packages, contact 
your local sales office. . 


SIMPLIFIED SCHEMATIC 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


REV. B 


+9V Precision Voltage 


Reference/Temperature Transducer 


GENERAL DESCRIPTION 


The REF-02 precision voltage reference provides a stable 
+5V output which can be adjusted over a +6% range with 
minimal effect on temperature stability. Single-supply operation 
over an input voltage range of 7V to 40V, low current drain of 
1mA, and excellent temperature stability are achieved with an 
improved bandgap design. Low cost, low noise, and low 
power make the REF-02 an excellent choice whenever a 
stable voltage reference is required. Applications include 
D/A and A/D converters, portable instrumentation, and 
digital voltmeters. The versatility of the REF-02 is enhanced 
by its use as a monolithic temperature transducer. For + 10V 
references, see the REF-01 and REF-10 data sheets. 


PIN CONNECTIONS 
N.C. 
8 
N.C. 1 7 N.C 
VIN 2 6 VOUT 
TEMP 3 5 TRIM 
geen 


CASE 


TO-99 (J-Suffix) 


REF-02RC/883 
LCC (RC-Suffix) 


8-PIN HERMETIC DIP 
(Z-Suffix) 
EPOXY MINI-DIP 
(P-Suffix) | 
8-PIN SO 
(S-Suffix) 


o INPUT 
2 


0 OUTPUT 
6 
R12 = 6.1kQ 
= 
ied a TRIM 
5 
“ GROUND 
4 
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ABSOLUTE MAXIMUM RATINGS tele vn. Junction Temperature (T )- sees bk ip iearnees —65°C to +150°C 


Input Voltage | , e § — — _ 
REF-02A, E, H, RC, All DICE slg ie esctee cerns ... 40V PACKAGE TYPE 6, (NOTE 4) Se MINIS: 
| REF- 02C,D seseenseseeaecneensensennenseeaccnnenseatennssssensssseneaseensesses 30V TO-99 (J) | 170 24 °C/W 
ee it Duration Ye 8-Pin Hermetic DIP (2) 162 26 °C/W 
See bamoreterian Indefinite 8-Pin Plastic DIP (P) 7. 110 50 °C/W 
J, RC, and Z Packages ...........ccceseccseceeseeees —65°C to +1 50°C a ee ee 
P'PACKA0GS «. sLccstystssacececessients otuiecebooctens —65°C to +125°C Oa a ee 
Operating Temperature Range 20-Contact PLCC (PO) ON 
REF-02A, REF-02, REF-02RC.................. —55°C to +125°C NOTES: 
REF-02E. REF-02H 0°Cto +70°C 1. ‘Absolute maximum ratings apply to both DICE and packaged parts, unless other- 
- SPM UN aakeaugoenecbapuiduaceesuoctSounclevtaese wise inoled 
REF-02CJ,CZ, REF-02D ............ss000: ae 0°C to +70°C 2. @, is specified for worst case mounting conditions, i.e., 8, is specified for device 
REPO2ZCR CS Greist deieaacldiecie —40°C to +85°C in'socket for TO, CerDIP, P-DIP, and LCC packages; ®,, “is specified for device 


Lead Temperature (Soldering, 60 SeC) 0.0... ceeseeseeseeee 300°C soldered to Spano circuit board for SO and PLCC packages. 


ELECTRICAL CHARACTERISTICS at Viq = +15V, Ta = +25°C, unless otherwise noted. 


: 7 : REF-02A/E | -REF-02/H 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
Output Voltage Vo a -. 4.985 5.000 5.015 4.975 5.000 5.025 Vv 
Output Adjustment Range AVtrim Rp = 10kN +3 = «=—6 6 as +3 +6 = % 
Output Voltage Noise | Cnp-p 0.1Hz to 10Hz (Note 7) = 10 15 a 10 15 Vp-p 
Line Regulation (Note 2) Vin = 8V to 33V — 0.006 0.010 oes 0.006 0.010 “%/V 
Load Regulation (Note 2)’ 1, =O to 10mA — 0.005 0.010 — 0.006 0.010 %/mA 
Turn-on Settling Time ton To +0.1% of final value ae 5 oa: = 5 _ us 
Quiescent Supply Current Isy No Load — 1.0 1.4 —_ 1.0 1.4 mA 
Load Current | I 10 21 = 10 21 = mA 
Sink Current ls (Note 8) -03  -05 = -03 -05 = mA 
Short-Circuit Current Isc Vo=0 _ 30 _ i 30 — mA 


Temperature Voitage Output — Vr (Note 3) — 630 — = 630 _ mV 


ELECTRICAL CHARACTERISTICS at Vin =+15V, -55°C < Ta S$ +125°C for REF-02A and REF-02, 0°C< < Tas +70°C for 
REF-02E and REF-02H, IL =OmA, unless otherwise noted. 


~ 3 | REF-02A/E REF-02/H 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Ouput Voltage Change with AV o°CsTas+70°C —_ 0.02 0.06 — 0.07 ~=0.17 % 
Temperature (Notes 4, 5) oT -§5°C < Ta S$ +125°C — 0.06 0.15 _ 0.18 0.45 

Output Voltage . " 
Temperature Coefficient Teo inote®) : : si e e ppm e 

Change in Vo Temperature 
Coefficient with Output Rp = 10kN _ 0.7 _ _ 0.7 _ ppm/% 
Adjustment . 

Line Regulation | 0°C < Tas +70°C BS — 0.007 0.012 _ 0.007 0.012 %/V 
(Vin = 8 to 33V) (Note 2) -§5°C < Ta < +125°C _ 0.009 0.015 — 0.009 0.015 

Load Regulation _ 0°C < Tas +70°C —_ 0.006 0.010 — 0.007 0.012 %/mA 
(I, = 0 to &MA) (Note 2) . -§§°C < Tas +125°C — 0.007 0.012 — 0.009 0.015 

Temperature Voltage Output TCV, (Note 3) ZS 2.1 ae = 21 en mv/°C 


Temperature Coefficient 


NOTES: 

1. Guaranteed by design. AVor specification applies trimmed to +5.000V or untrimmed. 
2. Line and Load Regulation specifications include the effect of self heating. 6. TCVois defined as AVoz divided by the temperature range, ie., 
3. Limit current in or out of pin 3 to SONA and capacitance on pin 3 to 30pF. 

4 


a 


. AVoz7 is defined as the absolute difference between the maximum output a AVort 
voltage and the minimum output voltage over the specified temperature . — TCVo= 7 
range expressed as a percentage of 5V. 
: 7. Sample Tested. . 
AVor = Ya Van x 100 _ 8. During sink current test the driver meets the output voltage specified. 
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ELECTRICAL CHARACTERISTICS at Vin = +15V, Ta = 25°C, unless otherwise noted. 


| REF-02C REF-02D 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
Output Voltage Vo 1, =OmA 4.950 5.000 5.050 4.900 5.000 5.100 V 
Output Adjustment Range AVirim Ro = 10kN +2.7 +6.0 _ +2.0 +6.0 —_ % 
‘Output Voltage Noise Cnp-p 0.1Hz to 10Hz (Note 7) —_ 12 18 _ 12 — uVp-p 
Line Regulation (Note 2) Vin = 8V to 30V — 0.009 0.015 — 0.010 0.04 %/V 
Load Regulation (Note 2) : _ ; ‘ ae ~ me sa cs. RAE - ies %/mA 
Turn-on Settling Time ton To +0.1% of final value —_ 5 - _ 5 _ us 
Quiescent Supply Current Isy No Load _ 1.0 1.6 — 1.0 2.0 mA 
Load Current I 8 21 —_— 8 21 _ mA 
Sink Current Is ‘Note 8) -0.3 -0.5 = -0.3 -0.5 _ mA 
Short-Circuit Current Isc Vo =0 ea 30 = — 30 | _ mA 
Temperature Voltage Output Vr ‘Note 3) _ 630 _— _ 630 —_— mV 


ELECTRICAL CHARACTERISTICS at Vig = +15V: l= OmA, 0°C <T, = +70°C for REF-02CJ, CZ, DJ, DZ, DP; —40°C < T, =< +85°C 
for REF-02CP, CS; unless otherwise noted. 


| REF-02C REF-02D 

PARAMETER SYMBOL ‘CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
cupet voles Change wit) AVor (Notes 4 and 5) — 014 045 — 0.49 17 % 

Temperature 
Output Voltage . 

_ 20 65 _ 70 250 °C 

Temperature Coefficient TEN iNOIe 2) per 
Change in Vo Temperature 

Coefficient With Output Rp = 10k —_ 0.7 — ~ 0.7 = ppm/% 

Adjustment eo 
Line Regulation (Note 2) Vin = 8V to 30V — 0.011 0.018 = 0.012 0.05 %/V 
Load Regulation (Note 2) 1, =O to SmA — 0.008 0.018 — 0.016 0.05 %/mA 
Temperature Voltage Output TCV; (Note 3) _ 24 _ = 214 _ mV/°C 


Temperature Coefficient 


NOTES: 

1. Guaranteed by design. 

Line and Load Regulation specifications include the effect of self heating. 
Limit current in or out of pin 3 to 50nA and capacitance on pin 3 to 30pF. 
AVoz is defined as the absolute difference between the maximum output 
voltage and the minimum output voltage over the specified temperature 
range expressed as a percentage of 5V. 


* ON 


me 4 
AVor= Vmax YIN]. 199 


5. AVorz specification applies trimmed to +5.000V or untrimmed. 
6. TCVois defined as AVoz divided by the temperature range, i.e., 


AVot 


TCVo = 70° C 


7. Sample Tested. 
During sink current test the device meets the output voltage specified. 


0 
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FEATURES : : 
@ +2.5 Volt Output .......................066 £0.05% Max 
@ Low Temperature Coefficient ........ .... 10ppm/°C Max 
e Excellent Regulation . 
Load Regulation ..................... 20ppm/mA Max 
Line Regulation ........................ 2ppm/V Max 
@ Supply Current .................... Beatin 450uA Max 
@ Temperature Voltage Output.................. +1.9mV/°C 
© Operating Voltage Range ................ +4.5V to +40V 
e Extended Industrial Temp Range......... -40°C to +85°C 
© Available in Die Form 
ORDERING INFORMATION ' 

PACKAGE OPERATING 
| CERDIP = PLASTIC LCC | TEMPERATURE 
TCV, 10-99 8PIN = 8-PIN 20-CONTACT RANGE 
10  REF43BJ* REF43BZ° -  REF43BRC/883* MIL 
10 REF43FJ REF43FZ . - - XIND 
25 REF43GJ. REF43GZ REF43GP = XIND 
25 = = REF43GS - XIND 


* Fordevices processed in total compliance to MIL-STD-883, add /883 after part 
number. Consult factory for 883 data sheet. 

t Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 


GENERAL DESCRIPTION 


The REF-43 is a low-power precision reference providing a 
stable +2.5V output independent of variations in supply voltage, 
load conditions or ambient temperature. It is suitable as a 
reference level for 8, 10 and 12-bit data acquisition systems, or 
wherever a stable, known voltage is required. 


‘SIMPLIFIED SCHEMATIC 


TEMP O 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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_+2.5V Low Power Precision 
_ 3 Voltage Reference 


Tight output tolerances and low thermal drift are assured by 
zener-zap trimming of both output voltage and its temperature 
- coefficient. A unique curvature correction circuit reduces the 
thermal curvature which is characteristic of many previous 


bandgap references. 


PIN CONNECTIONS 


GROUND 
(CASE) 
REF-43BRC/883 | TO-99 
20-CONTACT LCC (J-Suffix) 
(RC-Suftix) : 
8-PIN CERDIP 
TEST’ [1 | | 8 | TEST* (Z-Suffix) 
Vin [21 N.C. 8-PIN PLASTIC DIP 
TEMP | 3 | re} Vout (P-Suffix) 
GND [4] [s] TRIM 8-PIN SO 
| (S-Suffix) 


*RESERVED FOR FACTORY TESTING. 
MAKE NO ELECTRICAL CONNECTION TO THESE PINS. 


O Your 


REV. C 


The REF-43 may be operated with supply voltages from +4.5V 
to +40V. The output voltage changes by less than 178yuV from 
one extreme of supply voltage to the other. With only 450A 
maximum quiescent current, the REF-43 is ideally suited to 
applications where power dissipation must be minimized, as in 
precision battery-powered equipment. The low supply current 
minimizes drift due to self-heating after power-up. 


A temperature output provides a means of determining system 
ambient temperature. Applications of the REF-43 include A/D 
and D/A conversion, 4-20mA transmitter/receiver operation, log 
amplifiers, and power-supply regulators. 


For a low-cost 2.5V reference available in small-outline pack- 
ages consult the REF-03 data sheet. 


ABSOLUTE MAXIMUM RATINGS (Note 1) 
Supply Voltage 
Output Short-Circuit Duration 


40V 


POOR OH HES SSSEEOTEHOHSSEAHOOHE EES OOOH SHSHESHEHAEHOESEHEEEEOHOSEEEES 


Cece eseesscssesseveseveesasennesene 


REF43 


Operating Temperature Range 


REP=43B (I, Z) icecsseserceieeeds ands scsincsdscacderaxes -55°C to +125°C 

RER-43SF (I, 2) ccccastica cides aiscittteeete —40°C to +85°C 

REF-43G6 (52. Pe S) sasscesesesecctiunseecoareeiietasess —40°C to +85°C 
Storage Temperature Range .................00 —65°C to +175°C 
Junction Temperature Range ..................00. —65°C to +175°C 
Lead Temperature (Soldering, 10 S@C) ..............cccceeeeeee 300°C 
PACKAGE TYPE 6), (Note 2) Gc UNITS 
TO-99 (J) 150 18 °C/W 
8-Pin Hermetic DIP (Z) 148 16 oC 
8-Pin Plastic DIP (P) 103 43 °C/W 
20-Contact LCC (RC) 98 38 °C/W 
8-Pin SO (S) 158 43 °C/W 
NOTES: 


1. Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. 

68, is specified for worst case mounting conditions, i.e., 8; A is specified for 
device in socket for TO, CerDIP, P-DIP, and LCC packages; 8 , is specified 
for device soldered to printed circuit board for SO package. 


2. 


ELECTRICAL CHARACTERISTICS at Vix = +5V, |_| = OmA, Ta = 25°C unless otherwise noted. 


REF-43B REF-43F REF-43G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 
munpur vonage No Load — 004 °& Of — 0.02 0.06 — 004 1 % 
Tolerance 
Output Voltage Vo No Load 2.4975 2.5000 2.5025 2.4985 2.5000 2.5015 2.4975 2.5000 2.5025 V 
Output Voltage 10Hz to 1kHz 
— 7 10 — 7 10 — 7 10 V 
Noise °nRMS (Note 1) HNRMS 
‘ ; VIN = +4.5V 
— 8 2 — 0.8 2 —_ 0.8 2 m/V 
Line Regulation to +40V 0 pp 
Load Regulation enon a 14 20 a 14 20 = 14 20  ppm/mA 
to 10mA 
pantera ice No Load — 340 450 — 340 460 — 340 450 yA 
Supply Current 
poo culen " (Note 2) 10 20 = 10 20 = 10 20 = mA 
(Sourcing) 
Load Current 
| Note 3 — -1.2 _ _ -1.2 — _ -1.2 _ mA 
(Sinking) 7 Noles) 
Short-Circuit fs Output Shorted = 60 _ _ 60 = _ 60 _ aa 
Output Current to Ground 
Temperature 
Voltage VTEMP _ 567 — — 567 —_ _ 567 = mV 
Output 
Vout Adjust _ = +95 _ — +95 — — +95 = mV 
Range 
Long-Term ; 
Vo/T Note 4 — 1 — —_— 1 — — 1 —  ppm/month 
Output Drift evorine ADO 
NOTES: 


1. Guaranteed but not tested. 

2. Guaranteed by load regulation test. 

3. Output remains within 2.5V +2.5mV. 

4. Calculated from accelerated life tests at T, = 150°C. 
Activation energy = 0.7eV. 
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ELECTRICAL CHARACTERISTICS at Vin = +5V, lL = OMA, -55°C < ine <+1 25°C for the REF-43B and —40°C < Ta < +85°C for the 
REF- 43F/G, unless otherwise noted. | 


3 REF-43B.. + REF-43F a -REF-43G 
PARAMETER SYMBOL. CONDITIONS ~ MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 
Peper Oleg? No Load ; - 04 02 -~ 006 O12 ++ O14. 02 % 
Tolerance - . . 
Output Voltage Vo NoLoad 2.495 2500 2.505 2.497 2500 2503 2.495 2500 2.505 V 
are TCV ite and aati - 6 10 o.. z i 7 — ppm/ec 
aoe use ~40°C <T, < +85°C Sing! = “nea Ug 746 - 1 © 2 PP 
‘Coefficient if a" 
(Note 1) 
ag F | Vin = +4.5V : es ; 
Line Regulation ts sO . 1 3 - 1 3 | 1 3. ppm/V 
Load Regulation 10 10mA 7 25 40 -_ 20 ; as . ™ 8 25 40 ppm/mA 
Quiescent | | 3 
No Load ‘- = 400 600 - 400 600 - 400 600 
Supply Current Isy gee . | | pA 
Lost eurrent I - (Note 2) | 10 20 “ 10 20 as 10 20~—~t«i«éiE mA 
(Sourcing) 
Temperature we 
Hysteresis of : AT = 25°C oe 100 _— _ 100s = - 100 — pV 
Output Voltage _ | 
Temperature 
Voltage TCVtemp a 1.9 - ~ 1.9 - - 1.9 -  mvrc 
Output Tempco 
NOTES: 


1. Output voltage temperature coefficient is measured by the box method. 
The tempco is defined as the slope of the diagonal of a box drawn around 
the output voltage plotted against temperature. Voyris measured at Twin, 

25°C and Tyax for the applicable temperature range. The lowest of these 
three readings is subtracted from the highest reading and the resulting 
difference is divided by (Tyjax - Tmin)- 

2. Guaranteed by Load Regulation test. 


BURN-IN CIRCUIT | | | OUTPUT VOLTAGE TRIM METHOD 
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ANALOG Precision Micropower, Low Dropout, 
DEVICES Voltage References 


REF 19x Series* 


FEATURES PIN CONFIGURATIONS 


Initial Accuracy: +2 mV max 8-Lead Narrow-Body SO (S Suffix) 
Temperature Coefficient: 5 ppm/°C max 


Low Supply Current: 45 uA max 
Low Dropout Voltage 

Load Regulation: 4 ppm/mA 
Line Regulation: 4 ppm/V 

High Output Current: 30 mA 
Short Circuit Protection 
Shutdown Mode 


APPLICATIONS 

Portable Instrumentation 
A-to-D and D-to-A Converters ra] NC 
Smart Sensors : REF19x 

Solar Powered Applications SERIES 
Loop Current Powered Instruments 


6 CONNECT 


“TP PINS ARE FACTORY TEST POINTS - 
NO USER CONNECTION 


GENERAL DESCRIPTION 
REF19x series precision bandgap voltage references utilize a. 
patented temperature drift curvature correction circ ; 
trimming of highly stable thin-film resistors to 
temperature coefficient and a high initial accu 


: ; Table I. 
The REF19x series are micropower, Low Drop 


(LDV) devices providing a stable output voltage from supplies 
as low as 100 mV above the output voltage and consuming less 
than 45 pA of supply current. In shutdown mode, which is en- 


Nominal Output Voltage (V). 
Adjustable 2 V to 6 V 


abled by applying a low TTL or CMOS level to the shutdown 2.048 
pin, the output is turned off and supply current is further re- REF192 2.50 
duced to less than 15 pA. REF 193 3.00 

. REF194 4.50 
The REF19x series references are specified over the extended REF195 5 00 
industrial temperature range (—-40°C to +85°C) and High Oper- REF196 3 30 


ating Temperature (HOT) range (—40°C to +125°C) for appli- 
cations such as automotive. 


All grades are available in 8-pin SOIC and PDIP. Products are re pREAEE FACIONY 107 sBeewicauonsane avaMabunty: 
also available in die form. TSSOP 8-pin available Q4, 1994. 


4.096 


*Protected by U.S. Patent No. 5291222. 


This is a preliminary data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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REF19x Series 


REFT 92-SPECIFICATIONS 
ELECTRICAL CHARACTERISTICS (@ V, = +2.6 V, ul = +25°C unless otherwise noted) 


Parameter Unit 
INITIAL ACCURACY . 

“R” Grade Vo Iout = =ImA 2.500 2.502 

“F” Grade -- 2.505 

“G” Grade 2.510 
LINE REGULATION 

“E” Grade AVo/AVin 2.6 VS Vs < 15 V; lour = 1 mA 

“F & G” Grades 

“R” Grade AVo/AlLoap Vs = 3.8 V; Os Ioutr <30mA 

“F & G” Grades 


DROPOUT VOLTAGE Vs-Vo Vs = 3.0 V, ILoap = 10 mA 
Vs = 3.8 V; ILoap = 30 mA . 

LONG-TERM STABILITY | AVo——|_ 1000 Hours @ +150°C mV 

NOISE VOLTAGE a Weep 


Parameter Condition Units 
TEMPERATURE COEFFICIENT 
“R” Grade | TCV)/°C ppm/°C 
tS ere Grade pm/°C 
“G” Grade ppm/°C 
LINE REGULATION 
“E” Grade AV/AVin ppm/V 
“F & G” Grades ppm/V 
“E” Grade AVo/Al.oap ppm/mA 
“F & G” Grades ppm/mA 


Vs = 3.0 Y, ha = 10mA 
Vs = 3.8 V; ILoap = 30 mA 


DROPOUT VOLTAGE 


ELECTRICAL CHARACTERISTICS (@ ‘i= +2. V,-40°C < T, < +125°C unless otherwise noted) 


Parameter | - Symbol | Condition SS | Condition = Min Typ ‘Max — Units 


TEMPERATURE COEFFICIENT 
“KR” Grade TCVo/°C 
“F” Grade 
“G” Grade 


LINE REGULATION 
_ “R” Grade 
“F & G” Grades 
“RE” Grade 
“F & G” Grades 


DROPOUT VOLTAGE 


lout = =l1mA 


AVO/AVin 


2.7V<SVss 15 V, Iout = 1mA 


AVo/ Alo AD 


Vs= 3.8 V, 0 <lour $ 20 mA 


SHUTDOWN PIN 
Logic High Input Voltage 
Logic High Input Current 
Logic Low Input Voltage 
Logic Low Input Current 


SUPPLY CURRENT 
Sleep Mode 


Specifications subject to change without notice. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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REF193—SPECIFICATIONS 


REF 19x Series 


ELECTRICAL CHARACTERISTICS (ev, = +3.10 v, 1, = +25°C unless otherwise noted) 


Parameter 


INITIAL ACCURACY 
“G” Grade 


LINE REGULATION 
“G” Grade 
DROPOUT VOLTAGE 


LONG-TERM STABILITY 
NOISE VOLTAGE 


Parameter 


TEMPERATURE COEFFICIENT 
“G” Grade 


LINE REGULATION 
“G” Grade 


DROPOUT VOLTAGE 


Parameter 


TEMPERATURE COEFFICIENT 
“G” Grade 


LINE REGULATION 
“G” Grade 


DROPOUT VOLTAGE 


SHUTDOWN PIN 
Logic High Input Voltage 
Logic High Input Current 
Logic Low Input Voltage 
Logic Low Input Current 


SUPPLY CURRENT 
Sleep Mode 


Specifications subject to change without notice. 


1000 Hours @ +150°C 2 mV 
| ew |. Hato 10 Hz 50 LV p-p 


ELECTRICAL CHARACTERISTICS (@ V, = +3.15 V, -40°C < T, < +85°C unless otherwise noted) 


Symbol Min Typ Max | Unit 


3.05 V< Vs <15 V, lout =ImA 4 8 ppm/V 
Vs = 4.3 V, 0 <Iour < 30 mA 4 8 ppm/mA 
Vs = 3.50 V; ILoap =10mA 0.50 V 

Vs = 4.30 V, ILoap = 30 mA 1.30 V 


Condition Min Typ Max Units 


lout =ImA 


3.05 V< Vs: 


3.05 Vs Vs S15 V; Iopur = 1 mA 
Vs = 4.3 V, 0 <Iour $ 20 mA ppm/mA 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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REF 19x Series 
REF 1 94-SPECIFICATIONS — 
ELECTRICAL CHARACTERISTICS (@¥; = +46 V, 1, = +25°C unless otherwise noted) — 


Parameter : ; Symbol Min Typ Max Units 
INITIAL ACCURACY | 
“KR” Grade Vo Ionut = 1 mA 
“F” Grade . 
“G” Grade 
LINE REGULATION 
“EK” Grade AVo/AVin 4.6V< Vs 15 V, Iour = 1 mA 
“F & G” Grades. . 
“E” Grade AVo/AlLoap Vs = 5.8 V, 0S Iour $30 mA 
“F & G” Grades 
DROPOUT VOLTAGE Vs-Vo Vs = 5.00 V, 7 Toap = =10mA 


Vs = 5.8 V, ILoap = 30 mA 


NOISE VOLTAGE 


LONG-TERM STABILITY __ Ne 


Condition 


Parameter Units 
TEMPERATURE COEFFICIENT 
“EK” Grade TCVo/°C ppm/°C 
“F” Grade . ppm/°C 
“G” Grade ppm/°C 
LINE REGULATION 
“RK” Grade | AV)/AVin ppm/V 
“F & G” Grades ppm/V 
“KE” Grade ppm/mA 
“F & G” Grades ppm/mA 


DROPOUT VOLTAGE Vs-Vo V5 = 5.00 V; Iroap = 10 mA 0.50 V 
Vs = 5.8 V, ILoap = 30 mA 1.30 Vv 


ELECTRICAL CHARACTERISTICS (@ Vs = 44.70 V, -40°C < Ty <+125°C unless otherwise noted) 
ee Min Typ Max | Wa 


TEMPERATURE COEFFICIENT 
“RK” Grade TCVQ/°C 
“RF” Grade 
“G” Grade 


LINE REGULATION 
“RK” Grade 
“F & G” Grades 
“E” Grade 
“F & G” Grades 


~ DROPOUT VOLTAGE 


lout =lmA 


AV0/AVin 4.70V<E Vs <15 V; lout =l1mA 


AVo/Al.oap Vs = 5.80 V; O< lout <20 mA 


SHUTDOWN PIN 
Logic High Input Voltage 
Logic High Input Current 
Logic Low Input Voltage 
Logic Low Input Current 


SUPPLY CURRENT 
Sleep Mode 


Specifications subject to change without notice. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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REF 19x Series 


REF195—SPECIFICATIONS 


ELECTRICAL CHARACTERISTICS (@ Vs = +5.10 V, Ty = +25°C unless otherwise noted) 
Parameter Min Typ Max - Units 


INITIAL ACCURACY 
5d eae Grade Vo lout =lmA 4.998 5.0 5.002 
“F” Grade 4.995 5.005 
“G” Grade 4.990 5.010 


LINE REGULATION 
“KE” Grade AVo/AVi 5.10 VS V5 < 15 V, Iour = 1 mA 2 4 ppm/V 
“F & G” Grades 4 8 ppm/V 
“E” Grade AVo/Alyoap Vs = 6.30 V, 0 <Iour $ 30 mA 2 4 ppm/mA 
“F & G” Grades 4 8 ppm/mA 


DROPOUT VOLTAGE Vs-Vo Vs = 5.50 V; Inoap = 10 mA 0.50 V 
Vs = 6.30 V, I, oap = 30mA 1.30 V 


LONG-TERM STABILITY 1000 Hours @ +150°C mV 
NOISE VOLTAGE en 0.1 Hz to 10 Hz 50 UV p-p 


less otherwise noted) 


ELECTRICAL CHARACTERISTICS (ev, = +5.15v,-40°c <1, < +85°C 


Parameter Symbol Condition Min Typ Max Units 
TEMPERATURE COEFFICIENT | [| 9 ae 

“R” Grade TCVo/°C 2 5) ppm/°C 

“F” Grade 5 10 ppm/°C 

“G” Grade 25 ppm/°C 
LINE REGULATION 

“E” Grade 2 4 ppm/V 

“F & G” Grades 4 8 ppm/V 

“E” Grade 2 4 ppm/mA 

“F & G” Grades 4 8 ppm/mA 
DROPOUT VOLTAGE Vs-Vo Vs = 5. sItoap = 10 mA 0.50 V 

Vs = 6.30 V, Thoap =25mA 1.30 Vv. 

ELECTRICAL CHARACTERISTICS (ev, = +5.20 v, -40°¢ < 1, < +125°C unless otherwise noted) 
Parameter Min Typ Max __|_Units 
TEMPERATURE COEFFICIENT 

“EK” Grade TCVQ/°C Iobur = 1 mA 2 7 ppm/°C 

“RF” Grade 5 15 ppm/°C 

“G” Grade 25 ppm/°C 
LINE REGULATION 

“E” Grade AVo/AVin 5.20V< Vs <15V, lout =IlmA 

“F & G” Grades 

“RK” Grade AVo/AlLoap Vs = 6.450 V, O< lout <20 mA 

“F & G” Grades 
DROPOUT VOLTAGE Vs-Vo Vs = 5.60 V; ILoap = 10 mA 

Vs = 6.45 Vy, ILoap =20mA 

SHUTDOWN PIN 

Logic High Input Voltage Vu 

Logic High Input Current I 

Logic Low Input Voltage VL 

Logic Low Input Current I, 


SUPPLY CURRENT Vs = 5.5 V 
Sleep Mode 


Specifications subject to change without notice. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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REF 19x Series 


REF196—SPECIFICATIONS 


ELECTRICAL CHARACTERIST ICS (ev; = +3.4 V, T, = +25°C unless otherwise noted) gee . tag | 
Parameter : Unies. 


INITIAL ACCURACY chet 
“G” Grade Vo Iour = 1 mA 3.290 3.3 3.310 V 


LINE REGULATION 
.. “G” Grade 


AVo/AVin 3.40V<s Vs $15 V; Iout =1mA 
AVo/Aloap Vs = 3.80 V; O< lout <30mA 


DROPOUT VOLTAGE Vs-Vo Vs = 3.80 V, ILoap =10mA \ 

j Vs = 4.60 V, ILoap = 30 mA 3 
LONG-TERM STABILITY 1000 Hours @ +150°C_ mV 
NOISE VOLTAGE 0.1 Hz to 10 Hz | 50 |} wpe 


ELECTRICAL CHARACTERISTICS (@ V, = +3.45 V, 40°C < T, < +85°C unless otherwise noted) 
Parameter Units 


TEMPERATURE COEFFICIENT . 
TCVo/°C 


“G” Grade lowr =1mA ppm/*C 
LINE REGULATION | oa ne 
“G” Grade AV0/AVin 3.45 V<SVs5 <15,V ppm/V 

AVo/AlLoap Vs = ppm/mA 


DROPOUT VOLTAGE. Vs =3 Oe 10 ths | | v- 
: Vv. 


ELECTRICAL CHARACTERISTICS (e 


Parameter 


‘TEMPERATURE COEFFICIENT 
“G” Grade 


LINE REGULATION 
“G” Grade 3.50 VS Vs $15 V, Ioup = 1 mA 
Vs =3.80V,0< lout < 20 mA’ 
' Vs = 4.75 V, ILoap = 20 mA 
SHUTDOWN PIN 


Logic High Input Voltage 
Logic High Input Current 
Logic Low Input Voltage 

Logic Low Input Current 


SUPPLY CURRENT 
Sleep Mode 


_ Specifications subject to change without notice. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. i 
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REF 19x Series 


REF198—-SPECIFICATIONS 


FLECTRICAL CHARACTERISTICS (@V, = +42V, T, = +25°C unless otherwise noted) 
Parameter Units 


INITIAL ACCURACY 
“RE” Grade Vo Iout = 1 mA ; 4.096 4.098 
“F” Grade : 4.101 
“G” Grade : 4.106 


LINE REGULATION 
“E” Grade AVo/AVin 4.2V< Vs <15 V; lout =IlmA 
“F & G” Grades 
“EK” Grade ; AVo/AlLoap Vs =5.4 V,0< lout <30mA 
“F & G” Grades 


DROPOUT VOLTAGE VeNo Vs = 4.6 V, Ioan = 10 mA 
Vs = 5.4 V, ILoap = 30mA 
LONG-TERM STABILITY 1000 Hours @ +150°C 


NOISE VOLTAGE en 0.1 Hz to 10 Hz 


ELECTRICAL CHARACTERISTICS (ev, = +42 v, 40° <1, <+85°C unless otherwise noted) 


Parameter Condition 


TEMPERATURE COEFFICIENT 
“E” Grade TCV )/°C 
“RF” Grade | 
“G” Grade 


LINE REGULATION 

“R” Grade 
“F & G” Grades 
“E” Grade AVo/ Altoap 
“FE & G” Grades : 
DROPOUT VOLTAGE Vs-Vo Vs = 4.6 V; ILoap = 10 mA 0.50 | V 
Vs =5.4V, ILoap =30mA : 1.30 V 


ELECTRICAL CHARACTERISTICS (@V, = +4.2 V,-40°C <I, < +125°C unless otherwise noted) 
Parameter Units 


TEMPERATURE COEFFICIENT : i 
“E” Grade TCVo/°C 2 7 ~ ppm/°C 
“F” Grade ) 5 15 ppm/°C 
“G” Grade 25 ppm/°C 


LINE REGULATION 
“R” Grade AVo/AVin 4.2V<Vs<15V, Ioy7 = 1 mA Z 4 ppm/V 
“F & G” Grades 4 8 ppm/V 
“ER” Grade AV°/AlLoap Vs = 5.0 V, 0< lout <20mA 2 4 ppm/mA 
“F & G” Grades : 4 8 ppm/mA 
DROPOUT VOLTAGE Vs-Vo Vs = 4.7 V,; ILoap = 10 mA 0.60 — V 
SHUTDOWN PIN 
Logic High Input Voltage Vu 
Logic High Input Current I, 
Logic Low Input Voltage Vi 
Logic Low Input Current I 


SUPPLY CURRENT — Vs =4.5V | 45 
Sleep Mode’: 15 


Specifications subject to change without notice. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. a 
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REF19x Series 
WAFER TEST LIMITS (@ trao= 0 ma, 1, = +25°C unless otherwise noted) | _ | — 
cles 


Units 
Initial Accuracy . 
~REF190 | Vo Adjustable | V 
REF191 2.043/2.053 V 
REF192 2.495/2.505 V 
REF193 2.990/3.010 V 
REF194 4.495/4.505 Vv 
REF195 4.995/5.005 V 
REF196 3.290/3.310 V 
_REF198 4.091/4.101 Vv 
LINE REGULATION AVo/AVin Vo +1.3 V < Vin < 15 V; Iour = 30 mA mV/V 
LOAD REGULATION AVo/Altoap =|. 1 mA <Ixgap < 30 mA, Viy = Vo t1.3 V- mV/mA 
DROPOUT VOLTAGE Vo-V+ ILoap = 10 mA Vv 
, . ILoap = 30 mA V 
STANDBY MODE INPUT | 
Logic Input High | Vin | V 
Logic Input Low Vir . V 
SUPPLY CURRENT yA 
Standby Mode : WA 


NOTE | 
For proper operation, a 1 muF capacitor is required between the outpu 
Due to variations in assembly methods and normal yield loss, yie 
tions based on dice lot qualifications through sample lot assembl 


Electrical tests and wafer probe to the limits shown. 
oduct dice. Consult factory to negotiate specifica- 


ABSOLUTE MAXIMUM RATINGS’ ORDERING GUIDE 


Supply Voltave 24.4 can ca ete ol eta sen as bese 4h +18 V 
Output Short-Circuit Duration ..............0.. Indefinite Temperature | Package Package 
Storage Temperature Range | | Range Description Option* 
P,S Packages Seg oie ie ce eaters meee a : -—65°C to +150°C REF19xGP -40°C to +85°C. | 8-Pin Plastic DIP| N-8 
Opeiaupe 2 peratute Rane | REF19xGS | -40°C to +85°C | 8-PinSOIC _| SO-8 
REFIOx ..........00. See eee .-40°C 0 +85°C Rar oxGBC | | 
Junction Temperature Range | 7 
PS PaCKA@eS efi oe eee eel hae eed —65°C to +125°C *For outline information see Package Information section. 
Lead Temperature Range (Soldering, 60 sec) ....... +300°C - 


Package Type 


8-Pin Plastic DIP (P) 
8-Pin SOIC (S) 


NOTES 

‘Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted.. 

65a is specified for the worst case conditions, i.e., 8j, is specified for device in socket 
for P-DIP, and 6; is specified for device soldered in circuit board for SOIC 
package. 


CAUTION _ | 
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 


accumulate on the human body and test equipment and can discharge without detection. WARNING! S| 
Although these devices feature proprietary ESD protection circuitry, permanent damage may Ah: 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 


precautions are recommended to avoid performance degradation or loss of functionality. SE eS 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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Operational Amplifiers 
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-AD9617 — Low Distortion, Precision, Wide Bandwidth Op Amp ...... 0... ccc ete teen e en enees 9-300 
AD9618 — Low Distortion, Precision, Wide Bandwidth Op Amp ........... ccc cece cee eee eee e eee eees .. 9-303 
AD9620 — Low Distortion, 650 MHz Closed-Loop Buffer Amp ........ ee eee neice thts gles eet eee ae esas er . 9-306 
AD9621 — Wideband Voltage Feedback Amplifier ............... OEE ee ee ae ee semen ng PRG 9-309 

» AID9622 — Wideband Voltage Feedback Amplifier ............... 000 ee eee een Pere Pee quate! Grae ghey Wide Cane 9-312 
AD9623 — Wideband Voltage Feedback Amplifier ......... Lataves Batis adc Li ie eet ee bel vecihes ne ee eee 9-315 
AD9624 — Wideband Voltage Feedback Amplifier ..... ere eee ee ee ee re ee yee ee es Dagan oaN ... 9-318 
AD9630 — Low Distortion, 750 MHz Closed-Loop Buffer Amp ......... 0.00 ee cece eee e eee Bie pie manatee 9-321 
AD9631/AD9632 — Ultralow Distortion Wide Bandwidth Voltage Feedback Op Amps ieee tk Gita cb site vs Sa Ae hanes 9-324 
ADEL2020 — Improved Second Source to the EL2020 ........ pe ees eee ree  nagupwsecaen¢ Fish e tence tes tS ~. 9-329 

_BUF04 ~ Closed-Loop High Speed Buffer ................ Pre ee re eee tt ales Sc aabateguetine 4 abensiewatied 9-338 
OP07 — Ultralow Offset Voltage Operational Amplifier......... MiGs SNES Leh see MORAG ER ees HER Wee ee hed 9-352 
OP27 — Low Noise, Precision Operational Amplifier .......... 0.0. ccc eee eee teen eens ; Hemaneeees sects 9-357 
OP37 — Low Noise, Precision, High Speed Operational Amplifier (Ayc, 2 5) ..... Woe Brsidicbise ons eeatete a Ged eb tied a deme 9-361 
OP42 — High Speed, Fast Settling Precision Operational Amplifier ............... 00000 eee Te ee ee 9-365 

-OP77 — Next Generation OP07, Ultralow Offset Voltage Operational Amplifier .........0..0..00. 0000 cece eee ... 9-370 
OP90 — Precision, Low Voltage Micropower Operational Amplifier ............. ee ee Bata D ctece actus, ara Gat 9-375 
OP97 — Low Power, High Precision Operational Amplifier.......... Fee re eee Oe ee Se ee a eee ee eee ee 9-379 
OP1 13/OP213/OP413 — Low Noise, Low Drift Single-Supply Operational Meeeitier inhoud macs igh Mees ae 9-382 
OP176 — Bipolar/JFET Audio Operational Amplifier ........... 0.0.00 cee eee eee RE ee eee tits Grae ealis Le. 9-397 
OP177 — Ultra-Precision Operational Amplifier... 0.00.0. cee ete nee een cees aieseiathy aie ene aunace we 9-415 
‘OP183/OP283 —- 5 MHz Single-Supply Operational Amplifiers ...............00. aed Sy en Ga eR es a aa ie 9-420 
OP200:= Dual Low Ottset’ s.c.0i4ti4e cen Hee ea ee WNW ees ons aren’ ate eta we ey eee rene ee 9-432 
OP220 — Dual Micropower Operational Amplifier ..............00000 eee eeee et ere ee Aes ae eee wteeese 9-436 

‘OP221 — Dual Low Power Operational Amplifier Single or Dual SUDDIY Soa eee sews ee matee bedodinea ee 9-439 
OP249 — Dual Precision JEET High Speed Operational Amplifier........ Oe ee ee re ere Per ane reer 1... 9-442 
OP270 — Dual Very Low Noise, Precision Operational Amplifier ........... 0.0.0 cee ee eee eee ee eee cae. 9-447 
OP271 — High Speed, Dual Operational Amplifier .......... 0.0.0.0 ccs sees eet eee Sey arte tio ee atten .. 9-451 
OP275 — Dual Bipolar/JFET, Audio Operational Amplifier .......... 0.0.00 cee ee aees ROSS re er Cn ree 9-454 
‘OP279 — Rail-to-Rail Multimedia Operational Amplifier ............. 0.00 eee eee’ Nehari ane ae eee a ... 9-459 
OP282/OP482 — Dual/Quad Low Power, High Speed JFET Operational Amplifier re ee ogee Vv, aw Aas 9-461 
OP285 — Dual, 9 MHz Precision Operational Amplifier 5 thee aaa Pee eee Le ee Keb aes 8 erate: see aren tue ye... 9-464 
OP290 — Precision, Low Power, Micropower Dual Operational Amplifier.......... beeen: thant Bite cas Seucte 9-477 
OP291/OP491 - Micropower Single-Supply Rail-to-Rail Input & Output Op Amps ............. bite sacs de et Be ate Seon 9-481 
OP292/OP492 — Dual/Quad Single-Supply Operational Amplifiers ................0. weit ea teaes Ld hig Sek 9-500 
OP295/OP495 ~— Dual/Quad Rail-to-Rail Operational Amplifiers ...... 20.0... eee eee ee eee (eRe eee eer oe Eee GHIIS 
OP297 — Dual Low Bias Current, Precision Operational Amplifier ...... pie ea een ene na aes Oihataae eat ee oU 
OP400 — Quad Low Offset, Low Power Operational Amplifier ....... eae Geils wes Ser ea eae ae ee Sis Goce aah Sua 9-534 
OP420 — Quad Micropower Operational Amplifier ......... ie aac Shae a and tobe Poe eee Oe tee. 9-538 
OP467 — Quad Precision, High Speed Operational Amplifier .......... eho waeeaes date doar acd Sarak ee ee eee 9-541 

_OP470 — Very Low Noise Quad Operational Amplifier .............. AP Steed da een eae Barbee ae eee easy . 9-556 
OP471 — High Speed, Low Noise Quad Operational Amplifier ... 5... 0.0200 eee eee ees Haat Bake eee . 9-560 
OP490 — Low Voltage, Micropower Quad Operational Amplifier 2.0.0.0... 0.0.0 c ccc cece cece eee aes trate tots 9-564 


OP497 — Precision Picoampere Input Current Quad Operational Amplifier ......./..... aitatig a eon er ene ee ee 9-568 
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Selection Trees — Operational Amplifiers 


OPERATIONAL 


AMPLIFIERS 


= PRECISION Fed SINGLE SUPPLY = 
- J-FET +RAIL-TO-RAIL 


PRECISION 
BIPOLAR 


HIGH SPEED 
VIDEO BUFFERS 
CURRENT FEEDBACK 
VOLTAGE FEEDBACK 


LOW POWER 
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Selection Trees — Operational Amplifiers 


LOW NOISE 


AD743 (5 nV/VHz/2.8 V/s) 
AD745 (5 nV/VHz/12.5 V/s) 


Low Power 
(7 V/us @ 250 pA/AMP) 


— OP482 


J-FET AMPLIFIERS 


(2/8 V/us) 
AD542/AD544 AD642/AD644 
 (16V/ps) ie 2 

AD711 AD712 AD713 
OP249 

OP42 

(40 V/us) 

AD744 AD746 

Single Supply 


Rail-to-Rail 


[seg }-[ oe 


(3.5 V/s) 
~ AD820 | AD822 


PRECISION 


(1 pV/°C) 
AD547 AD647 
AD645 

AD795 


Low Power 


(800 pA / AMP) 
AD820 AD822 


(200 pA/ AMP) 
AD548 AD648 


(250 pA/ AMP) 
~ OP282. OP482 


- AD546 (1 pA). 
~AD549 (60 fA) 
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PRECISION BIPOLAR 
AMPLIFIERS 
= LOW INITIAL OFFSET/ LOW VOLTAGE NOISE/ 
INPUT BIAS CURRENT INPUT BIAS CURRENT 


[Dual [—|_Quad_ Single |—|_Dual_ | —|_Quad _ 


(75 wV/4 nA) | (1.2 nV/5 pA) 
OP07 AD797 
(25 V/2 nA) (6 nV/.65 WA) 
OP77 OP200 OP400 OP113 OP213 OP413 
(10 pV/1 nA) CON rTe 
OP177 (5 nV/.35 WA) 
AD707 AD708 OP176 ~ OP275 
OP285 
(3.5 nV/.04 WA) 
Super Beta Versions OP27 OP270 OP470 
Low Bias Current OP37 OP271 OP471 


| Dual [-—_Quad High Speed 
(25V/100 pA) - 
OP97 OP297 OP497 | Quad 
AD705 AD706 AD704 


AD840 (400 V/s) OP467 
AD841 (200 V/s) 


AD842 (300 V/s) 
AD846 (350 V/s) 
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Selection Trees — Operational Amplifiers 


SINGLE SUPPLY 


VERY LOW 
POWER 


[eat 
+16 V Min Supply — 


(15 pA/ AMP) 
~ OP90 


_ +3.0 V Min Supply | 


(300 pA/AMP) © 
. OP291 


OP290 —SOP490 


OP491 


+5.0 V Min Supply 
(55 pA/AMP) 
: ~ OP220 - 


(230HA/AMP) 
| OP221. 


*JFET 


~ OP420— 


-- VOLTAGE 
FEEDBACK _ 


(30 MHz, Ay = 1) 


HIGH , 
SPEED |. 
- RAIL-TO-RAIL | 
INPUT & OUTPUT | __. . _ AD817 AD826 
| (76 MHz, Ay = 2) 
, | “* Current 


OP491 


OP291 | 
60 MHz , 
ey se Rail-to-Rail 
i (0 to V,-1 V) 
+3 V Min Rail 


0d Ween. 5 Quad 


OP295. ~— OP495 


= EY 43 Min Supply 
+5 V Min Rail _ | arene 
eee - OP183.  OP283 


+5 V Min Supply 


- AD820* AD822* -— 
(3.4 MHz, Ioyp = 80 mA) 


~ OP279 
— (3.4 MHz, Ioyr = 40 mA) 
ae OP113. OP213 OP413 
SSM2135 
(4 MHz, Ioyp = 8 mA) 
Op292 OpP492 
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HIGH SPEED AMPLIFIERS 


VOLTAGE FEEDBACK LL 
+15 VOR +5 V 


First Generation | 


(Ac, = 1,50 MHz) 
AD847,—é« AXC(82' 
(Ag, = 5) 
AD848 
(Ag, = 25) 
AD849 


Second Generation} _ 


(Ac, =1, 45 MHz) 


AD817 AD826 OP467 
AD818 AD828 


Low Noise 


AD829 (750 MHz) 
AD5539 (1GHz) 


— Special Function | _ 


_ AD830 (Differential Input Preamp) = 


JFETS 


AD845 (13 MHz) 
AD843 (34 MHz) 


aia +5 V Rails (Only) 


(215 MHz) 
AD9621 (Ag, = 1, 350 MHz) 


AD9622 (Aq, = 2, 230 MHz) 
/AD9623 (Ac, = 4, 270 MHz) 
AD9624 (Ac, = 6, 190 MHz) 


AD9631 (Ac, = 1, 450 MHz) 
AD9632 (Ag, = 2, 240 MHz) 


Clamp Amps 


AD8036 (Ac, = 1,350 MHz) — 


AD8037 (Ag, = 2, 230 MHz) 


BUFFERS 
AD9630 (750 MHz) 


AD9620 (600 MHz) 
BUF04 (100 MHz) 


CURRENT FEEDBACK 
+15 VOR +5 V 


[singe }[ oma 


(Ac, = 1,30 MHz) 


AD846 

(Ag, = 1, 60 MHz) 
AD844 

(Ac, = 1, 65 MHz) 
AD810* AD812 
ADEL2020* 


AD811 (Ac, = 1, 140 MHz) 


+5 V Rails (Only) 


AD813* 


[singe Hom {oon 


AD9617 (Ay = 1, 195 MHz) 
AD9618 (Ay = 5, 160 MHz) 
(Ay = 1,800 MHz) 

AD8001 AD8002 


AD8004 


* Output Disable Function 
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Selection Trees — Operational Amplifiers 


LOW POWER 


RY LOW PO 


Bipolar 
, (15 pA/AMP) 
: OPI OP290 OP490 
[Single |—|_Dual_|—| Quad |  ttakiasie 
(800 pA/AMP) - OP291 OP491 
AD705 AD706 AD704 | (55 pA/ AMP) | 
OP97 OP297 OP497 . OP220 OP420 


| | | (230 nA) 
| FETs OP221 
(800 pA / AMP) 


AD820 AD822 


(250 pA/ AMP) | 
OP282 — OP482 
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JGIGLUUH UUIUGS — UPC! QUUIId! ALIPIIGTS 


Single Supply Amplifiers 


ISY Vos Supply GBW SR 
max max Voltage typ typ Package Temp 
Model mA mV Range V MHz V/ps Options’ Ranges? Comments Page® 
~OP22 0.0002-0.4 0.3-1 +3 to +30 0.25 0.08 H,N,Q,R I, M/ Programmable A 2-597 
OP90 0.02 0.15-0.45 +1.6 to +36 0.02 _— E, N,Q,R I, M/, Micropower, Low Voltage 9-375 
OP290 0.04 0.2-0.5 +1.6 to +36 0.02 _— E, N,Q, R I, M/ps Dual Micropower, Low Voltage 9-477 
OP20 0.08 0.25-1 +5 to +30 0.1 0.05 E,N,Q,R I, M/ Micropower, Low Cost A 2-585 
OP490 0.08 0.5-1 +1.6 to +36 0.02 — E, N,Q, R I, M/ps Quad Micropower, Low Voltage 9-564 
OP220 0.17 0.15-0.75 +5 to +30 0.2 0.05 H, N,Q, R I, M/, Dual Micropower, Low Cost 9-436 
OP295 0.200 0.25-1.0 +2.4 to +36 0.08 0.02 N, Q,R I,M Rail-to-Rail Dual 9-518 
OP80 0.325 1.5 +5 to +16 0.3 0.4 N,Q,H I,M Low I,, CMOS A 2-727 
OP291/491 0.350 0.7 +2.7 to +12 3 0.5 N, R I Rail-to-Rail, Micropower 9-481 
OP420 0.36 2.5-6 +5 to +30 0.15 0.05 E, N, Q, R I, M/, Quad Micropower, Low Cost 9-538 
OP21 0.3-0.4 0.1-0.5 +5 to +30 0.6 0.25H, N,Q, R I, M/ Low Cost, Low Power A 2-591 
OP495 0.4 0.2~-0.5 +3 to +36 0.08 0.02 N, Q,R I,M Quad Rail to Rail 9-518 
AD820 0.660 0.25-1 +4 to +36 2 3.75 N,Q, R C,I,M Fast FET Input Rail to Rail 9-170 
OP221 0.8 0.15-0.5 +5 to +30 0.6 0.3 H, N,Q,R I, M/, Dual Low Cost, Low Power 9-439 
AD822 1.3 0.25-1 +4 to +36 p 3.75 N, Q, R C,I,M Dual AD820 9-170 
‘OP183/283 1.5 1.0 +3 to +18 5 10. N, R I 5 MHz, Low Noise 9-420 
OP421 1.8 | 2.5-6 +5 to +30 1.9. 0.5 N,Q,R - I, M/p Quad Low Cost, Low Power A 2-993 
OP279 LS 4.0 +4.75 to +12 2 5 N, R I Rail-to-Rail Input/Output, 50 mA Out 9-459 
AD812 3.5 3.0 +3.0 to +15 50 125 N,R I Dual 50 MHz, Current Feedback 9-110 
AD813 2 13,5 3.0 +3.0 to +15 50 100 N,R I Triple Current Feedback Videe Op Amp 9-127 
OP113/213/413. 4 0.150 +5 to +30 3 1 E, N, P, Q,R ILM Low Noise, Low Drift Op Amp 9-382 


1Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; J = J-Leaded Ceramic Package; 

M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline “SOIC” Package; RS = SSOP—Shrink Small Outline Package; S$ = Plastic 
Quad Flatpack; ST = Thin Quad Flatpack; T = TO-92; U = TSOP—Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In-Line “SIP” Package; Z = Ceramic Leaded Chip Carrier. 
Temperature Ranges: C = Commercial, 0°C to +70°C; I = Industrial, —40°C to +85°C (Some older products —25°C to +85°C); M = Military, ~55°C to +125°C. If a device has military grade offerings, the M 
temperature designator will be followed by: / to indicate 883B, , for JAN, p for SMD, and g for space level. 

3A = Amplifier Reference Manual. All other entries refer to this volume. 

Boldface Type: Data sheet information in this volume. 
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AD849 


300° 


High Speed Amplifie 
SR GBW 
Vips MHz 
Model typ _typ 
AD8004 3000 400 
ADS811 2500 1000 
AD9624 2200 1800 
AD9623, 2100 = 1080 
ADS844.——s« 2000-900 ~S 
AD9618° 1800 8000 
AD9617_—s_—«:11600 = 570 
ADS8036  .. 1600 350 
AD8037 1600 240 
AD812 1600 . 145 
~ AD9622 1500 440 
AD9632 1500 250 
AD9631. 1300 320 
AD8001 1200 880 
AD8002 1200 880 
AD9621 1200. 350 
AD810 1000 650 
OP260 1000 90 
AD5539 600 1400 
AD830 | 530 = 1100 
ADEL2020 500 300 
ADS818 500 =. 260 
AD828 500 =. 260 
AD846 450 — 450 
AD813 450 100 
ADS840 400 400 
AD842 375 80 
AD817 350 = 50 
AD826 350 ©6550 
725 


rs 
Settling 
Time 
ns to % 


typ 


10-0.1 
65-0.01 


14-0.01 
14-0.01 
100-0.1 


-10-0.1 


10-0.1 


16-0.01 
16-0.01 
50-0.1 
14-0.01 
11-0.1 
11-0.1 
10-0.1 
10-0.1 
11-0.01 
50-0.1 
250-0.1 
12-1.0 | 
25-0.1 
60-0.1 
80-0.01 
80-0.01 
110-0.01 
50-0.1 
100-0.01 


~~ 100-0.01 


70-0.01 
70-0.01 


80-0.1 


ee Oe ee ee ee ee 


pout 


| 
pond 


=! 


mV 


Supply 
Current 
mA 


typ 


ZZZ 
wn 


\ 


Package 
Options? 


N,R 
E, N, Q, R 


N,Q,R 
N,Q,R 
N,Q,R 


N,Q, R,Z 


w w w we w 
w w w 


w 
we 


MAZAZAAZALZLZ?! 
TOL PLO LO 


Vv 


we 
“ 


nm ZAR RAARD 


w 
we 


J 


we . w 


w 


MAALZAAAZ 
ZROR RRO 


eg 

aa 

Ze 
2 


w 


Ww 


v 
(2) 
vy 

v2) 


bai 
w wd 


zzz 2 


2 9 
a 
7) 


w 


S22 22 


ZEEE 
= & 


CQ = 
- 
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Comments 


Quad Very High Slew Rate Amplifier 

Video Amp, 0.12%/0.01° Differential 
Gain/Phase Error, 0.1 dB Flatness to 35 MHz 
Voltage Feedback Amp; +3 V Supply Operation 
Voltage Feedback Amp; —64 dB HD @ 20 MHz 
Constant 10 ns Rise Time for Any 

Pulse Input, Current Feedback 

Low Distortion, Wideband, 

IMD <= —70 dBc at 20 MHz 

Low Distortion, Wide Bandwidth, — 

IMD < —70 dBc at 20 MHz 


Clamping, Voltage Feedback, +3 V Supply 


Clamping, Voltage Feedback, +3 V Supply 
Low Power, Single Supply, Dual 


Voltage Feedback Amp; —66 dB HD @ 20 MHz 


Low Distortion, Voltage Feedback, +3 V Supply 
Low Distortion, Voltage Feedback, +3 V Supply 
Current Feedback, Low Power, 880 MHz 

Dual AD8001 — 

Voltage Feedback Amp; Wide BW; Low Noise 


- Video Amp with Disable Feature 
~ Dual Current Feedback 


General Purpose, High Speed Amp 
Video Difference Amplifier 


~ Second Source to EL2020 


Low Power, Video Amp 

Dual AD818 — is . 
High Speed, Precision, Current Feedback 
Triple Low Power Video Amp 


~ Wide Bandwidth Precision, 
Fast Settling, Ayc; = 10 


Fast Settling, High Current Output, 
Cable Driver, Ayo, = 2 


- Low Power, General Purpose, High Inu7 


Dual AD817 
High Speed, Low Power Preamp, 
Drives Capacitive Loads 


Page® 


9-291 
9-107 


9-318 
9-315 
9-245 


9-303 


9-300 


9-295 
9-295 


9-110 


9-312 
9-324 
9-324 
9-265 
9-278 
9-309 
9-92 

A 2-873 
9-262 


9-218 


9-329 
9-158 
9-203 


9-251 


9-127 
9-233 


9-239 
9-145 
9-187 
9-258 
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Settling Supply 


SR GBW Time Aa Vos lour Current 
Vips MHz nsto% . min mV mA mA Package. Temp 

Model typ typ typ V/V typ min typ Options’ Ranges” Comments Page* 
AD848 300 3=3=— «175 100-0.1 5. 0.2 20 typ 5.1  N,Q,R C, I, M/ High Speed, Low Power, 9-258 

. Drives Capacitive Loads 
AD827 300 50 120-0.1 1 0.5 20 typ 10.5 N,Q, R C, I, M/p Dual AD847 9-200 
AD847 300 50 120-0.01 1 0.5 20 typ 5.3 N,Q, R C, 1, M/ps High Speed, Low Power, 9-254 

Drives Capacitive Loads 
AD841 300 40* 110-0.01 1 0.5 50 11 E, H, N,Q C, M/ps High Speed, Precision, 9-236 

Drives Capacitive Loads 
AD843 250 344 135-0.01 1 0.5 50 12 E, H, N, Q, R C, I, M/ps FET Input, Fast Settling, High Speed 9-242 
AD829 230 750 65-0.1 1 0.2 2typ 5.3 N,Q,R C,1,M High Speed, Low Noise, Video Amp 9-215 
OP467 170 30 170-0.01 1 0.5 10 8 N, P,Q, R I,M Quad High Speed 9-541 
AD845 100 16* 350-0.01 1 0.1  25typ 10 N,Q, R I, M/s FET Input, Fast Settling, High Speed 9-248 


1Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; J = J-Leaded Ceramic Package; 

M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline “SOIC” Package; RS = SSOP—Shrink Small Outline Package; S = Plastic 
Quad Flatpack; ST = Thin Quad Flatpack; T = TO-92; U = TSOP—Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In-Line “SIP” Package; Z = Ceramic Leaded Chip Carrier. 
Temperature Ranges: C = Commercial, 0°C to +70°C; I = Industrial, —40°C to +85°C (Some older products —25°C to +85°C); M = Military, —55°C to +125°C. If a device has military grade offerings, the M 
temperature designator will be followed by: / to indicate 883B, , for JAN, _ for SMD, and g for space level. 

3A = Amplifier Reference Manual. All other entries refer to this volume. 

4-3 dB BW . 

Boldface Type: Data sheet information in this volume. . 
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Low Voltage Noise Amplifiers 


Voltage Voltage Current 
Noise Noise Noise 


en en In + In- Settling 

typ typ typ In Vos GBW SR_ Time Act 

1kHz 10kHz 1kHz typ mV MHz V/ps nsto% min Package Temp 
Model nVVHz nVVHz pAVHz nA typ typ typ. typ V/V _—_— Options! Ranges? Comments | Page? 
AD797 0.9 0.9 2 500 0.025 110 20 — 1 N, Q, R ILM Ultralow Noise, Low Distortion 9-78 
AD829 1.7 7 1.5 3300) 3=—s_:«0..2 750 86230 § «665-0.1 1 N, Q, R C,I,M High Speed, Low Noise, Video Amp 9-215 
AD811 1.9 1.9 1.5/20 2000 ~=—s«éO.5 1000 2500 65-0.01 1 E, N,Q,R I,M High Performance Video Op Amp 9-107 
AD9617 2.0 1.3 32/32 12000 0.5 570 1400 10-0.1 +1 N, Q, R, Z C, I, M/ps Low Distortion, Wide Bandwidth 9-300 
AD9618 2.0 1.3 32/32 10000 860.5 8000 1800 9-0.1 +5, -1 N, Q, R, Z C,1I, M/p Low Distortion, Wide Bandwidth 9-303 
AD844 2 2.0 12/10 200 0.05 900 2000 100-0.1 1 N, Q, R I, M/s ‘Current Feedback Amplifier 9-245 
AD846 2 2.0 6/20 100 0.025 450 450 110-0.01 1 N,Q I, M/ps Current Feedback, Precision 9-251 
ADEL2020 2.9 2.9 1.5/13 1000~—S 1.5 300 500 60-0.1 1 N,R I EL2020 Second Source 9-329 
AD810 2.9 2.9 1.5/13 2000 ~=—s 1.5 650 1000 125-0.01 1 N, Q, R I, M Video Op Amp with Disable 9-92 
AD849 3 3.0 _ 3300 = «<0..3 725 300 80-0.1 25 N, Q, R C,1I, M/ High Speed, Low Power 9-258 
OP27 3.0 3.0 0.4 10 0.01 8 28 — 1 E, H, N, Q, R C,1, M/j, Low Noise, Precision 9-357 
OP227 3 3.0 0.4 10 0.02 8 2.8 — 1 Q C, I, M/ps Dual Matched Precision A 2-843 
OP37 3 3.0 0.4 10 0.01 63 17. — 1 E, H, N, Q, R C, I, M/ps Fast, Precision Ayo, = 5 9-361 
AD745 3.2 2.9 0.007 0.150 0.1 20 12.5 5000-0.01 5 N, Q, R C,ILM Ultralow Noise, High Speed, BIFET Op Amp 9-58 | 
AD743 3.2 2.9 0.007 0.15 0.1 45 28 — 1 N, Q, R C,I,M Ultralow Noise FET Input 9-52 
OP270 3.2 3.2 0.6 5 0.01 5 2.4 — 1 E, N,Q,R I, M/ps Dual Monolithic 9-447 
OP470 3.2 3.8 | 0.4 6. 0.1 6 2 —- 1 E,N,Q,R I, M/ps Quad Monolithic, Low Noise 9-556 
AD9624 3.5 2.3 5.8 7000 «2 1800 2200 14-0.01 6 N, Q, R I, M Low IMD at High Frequencies 9-318 
AD812 3.5 3.5 1.5/18 20000 2.0 145 1600 500.1 1 N, R I Dual, Single Supply, Current Feedback 9-110 
AD813 3.5 3.5 1.5/18 30000 2.0 100 450 50-0.1 1 N, R I Triple Video Amplifier . 9-127 
AD840 4 _ — 3500 ~=—s«O.1 400 400 100-0.01 10 E, N, Q C, M/p, Wide Bandwidth, Precision 9-233 
AD9623 4.2 2.6 8 6000 2 1080 2100 14-0.01 4 N, Q, R I,M Balanced High Impedance Inputs 9-315 
OP113/213/413 4.7 4.7 0.4 600 0.1 3.4 1.2 9000-0.01 1 N, Q, R I Single Supply—Single, Dual, Quad 9-382 
OP467 6 5.5 _ 100 1 30 170 170 1 N, P,Q, R C,1,M Quad, High Speed 9-541 
OP275 6 6 _ _ 1 9 22 — 1 N,R ILM Dual Audio Amp | 9-454 
AD848 5 _ _ 3300 3=—s-«0.2 175 300 = 100-0.1 5 N, Q, R C,1I, M/ High Speed, Low Power te, | 9-258 
AD9622 5.5 3.8 12 7000 2 450 1500 140.01 2 N, Q, R I,M Fast Pulse Response; Wide BW 9-312 
OP176 6.0 6.0 0.5 175 1.0 10 25 1000-0.01 1 N,R I Bipolar/JFET Audio Op Amp 9-397 
OP471 6.5 6.5 0.4 7 0.25 6.5 8 _ 1 E,N,Q,R I, M/ps Quad Monolithic, Fast 9-560 
AD9621 6.6 55 8.2 — 7000 «2 350 =61200 11-0.01 1 N,Q,R I,M Fast Pulse Response; Wide BW 9-309 
AD795 11 9 0.0006 0.001 0.1 2 1 11,000-0.01 1 N,R Cc Low Power, Low Noise Photo Diode Preamp 9-64 
OP271 7.6 7.6 0.6 4 0.075 5 85 — 1 E, N,Q, R I, M/ps Dual Monolithic, Fast 9-451 

1 H, N C,I,M FET Input, Low I,, OPA111 Second Source 9-34 


AD645 9 8 0.0006 0.0007 0.1 2 2 - 


1Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; J = J-Leaded Ceramic Package; 

M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R. = Small Outline “SOIC” Package; RS = SSOP—Shrink Small Outline Package; S$ = Plastic 
Quad Flatpack; ST = Thin Quad Flatpack; T = TO-92; U = TSOP—Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In-Line “SIP” Package; Z = Ceramic Leaded Chip Carrier. 
?Temperature Ranges: C = Commercial, 0°C.to +70°C; I = Industrial, —40°C to +85°C (Some older products —25°C to +85°C); M:= Military, —55°C to +125°C. If a device has military grade offerings, the M - 
temperature designator will be followed by: / to indicate 883B, ,; for JAN; p for SMD, and g for space level. . 

3A = Amplifier Reference Manual. All other entries refer to this volume. 

Boldface Type: Data sheet information in this volume. 
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Low Current Noise, Low Input Bias Current Amplifiers 


Model 


AD549 
ADSI5A 
OP80 
AD546 
ADS45A 
AD795 


AD645 


OP41 
AD548 
AD648 
AD820 
AD822 
ADS542 
ADS544 
AD711 


AD642 
PM156A 
PMI157A 
AD712 
AD744 
OP15 
OP16 
OP17 
OP42 


I; 
pA 
max 


0.06-0.25 
0.075-0.3 
0.25-1 
0.5-1 

12 

1-3 


1.5-3 


5-20 

10-20 
10-20 
20-30 
20-30 
25-50 
25-50 
25-50 


200-250 


Iy 


 f=1 kHz 


f,/V Hz 
0.11 


0.4 


7 


Ae) gain small signal bandwidth. 
?Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G= Ceramic Pin Grid Array; H = Hermetic Metal Can; J = J-Leaded Ceramic Package; 


M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R 


Input Impedance 


Differential Common Mode 


Q)|[pF 

typ 
10'3j|1 10!5}/0.8 
1013111.6 1015/]0.8 
103|/1 1015110.8 
10131/1.6 1050.8 
10'7\|2 10'4\/2.2 
1033/1 1014/3 
10|3. 3 x 10%)3 
10'\/3 323 
3x 105.5 3x 1025.5 
10'2\\6 10!7\6 
3715.5 377/5.5 
3x 1075.5 3x 1075.5 
10'\/6 


CMRR 
dB 

f=1 kHz 
typ 


Vos 
mV 
max 


0.25-1 
1-3 

1.5 

1-2 
0.25-1 
0.25-0.5 


0.25-0.5 


0.25-2 
0.25-2 
0.3-2 

0.25-1 
0.25-1 
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Comments 


~ Monolithic, Lowest I, 


Lower Cost AD515 Replacement 
Low Cost CMOS 

Low Cost 1 pA Amplifier 
Lower Cost AD545 Replacement 
Low Power, Low Noise, 
Photodiode Preamp 

Low Noise, Precision BiFET, 
(OPA111 Second Source) 

High Stability JFET 

Low Power, Low Cost 

Dual AD548 

Single Supply, Fast, Rail-to-Rail 
Dual AD820 

Precision 

Precision, Low Distortion 

Low Cost BiFET, Excellent AC 


_ and DC Performance 


Dual Precision 

Improved Industry Standard 
Improved Industry Standard 
Dual AD711 

Fast Settling BiFET 
Precision BiFET 

Precision BiFET 

Fast, Precision BiFET 

Fast, Precision BiFET 


A 2-645 
9-25 
9-37 
9-170 
9-170 


. 9-19 


9-19 
9-47 


9-31 
A 2-1065 
A 2-1065 


= Small Outline “SOIC” Package; RS. = SSOP—Shrink Small Outline Package; S = Plastic 


Quad Flatpack; ST = Thin Quad Flatpack; T = TO-92; U = TSOP—Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In-Line “SIP” Package; Z = Ceramic Leaded Chip Carrier. 
>Temperature Ranges: C = Commercial, 0°C to +70°C; I = Industrial, —40°C to +85°C (Some older products —25°C to +85°C); M = tay, —55°C to +125°C. If a device has military grade offerings, the M 

temperature designator will be followed by: / to indicate 883B, , for JAN, » for SMD, and g for space level. 
4A = Amplifier Reference Manual. All other entries refer to this volume. 
Boldface Type: Data sheet information in this volume. 
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Selection Guides— Operational Amplifiers 


Precision Amplifiers 


Model 
OP177 
AD707 
OP77 
AD705 
OP97 
OP27 
~OP37 
OP07 
AD846 
AD708 
AD797 
AD706 
OP497 
OP297 


OP113 
AD704 
OP200 
OP270 
OP227 
OP207 
OP213 
OP413 


ADS844 


OP400 


OP90 | 


OP221 
OP220 
OP05 

OP271 


BVPC 
max 
0.1-1.2 
0.1-1.0 
0.3-1.2 
0.6-1.2 
0.6—2 
0.6-1.8 
0.6-1.8 


—0.6-2.5 


0.8-5.0 
0.3-1.0 
0.8-1.5 
0.5-1.0 


05-15 


0.6-2 


0.8-1.5 
1.0-1.5 
0.5-2 
1-3 
1-1.8 
1.3-1.8 
0.8-1.5 
0.8-1.5 
5 


1.2-2.5 0. 


2-5 


1.5-3 
1.5-3 
0.9-4.5 
2-5 


Noise 


BV p-p. 
-0.1-10 Hz 


typ 


CMRR 
dB 


f= 1kHz Package 


typ 


110 
100 
105 
110 
100 
125 
125 
98 

100 
130 
110 
130 
105 


116 
110 
110 
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116 


— -:116 


110 
80 


£ 
ZQR 


w 


mm f 


we 


we 
w 


mx ZA 


we 
w 


Wmmnm PR 
OF OS Oooo 

pt bot le 

gs 


TO 


w 


HZ 


we 
id 


w 
w 
Ld 


w 
w 
w 
w 


LPLHLLH HR 


w 


Zh pm 
fo 
ZZZ2> 


w 
w 


7D WORRO 


w 
ww 


w 


ZLOZL 


w 


. 


MAZZA 


w 


nw 


we 


we 
“ 


pe © 


mA2A2 2 


ZZ 
LOR 


= 
Rw. 


we 
we 


oor bE) 


ZLLL 


. 


“ee 


MZZZO0 


ti 
~~ WR AB 


w 
w 


i mo 
ZZZ 
Lee 


eo) 


2 
e 


w 


C, 1, M/ 


iv) 
pened 
v4 


tale 
s] 
oR E 


‘ 


2 
we 
| 
7) 


= 


Se-Erz 


‘A 


we 


eed 
v4 


SOS = OS So 
re Sree Zeser 
zs 3B” oak 3 = 


O20 
a 


ww 


zs 


77) 


we 
s 
m 


Comet 
~” 


Comments. 


Highest Precision 

High Precision 

Next Generation OP07 
Low I, Precision Bipolar 
Low Power OP07 

Low Noise, Precision 


Fast, Low Noise, Precision Ay., = 5 


Low Offset Voltage 
High Precision, High Speed 
Dual AD707 | 


Ultralow Noise, Low Distortion Amp 
Dual AD705 . 


Quad Precision, Low I, 

Dual Precision, Low Power, 
Low I, 
Single Supply, Low Noise 
Quad AD705 

Dual Monolithic, Precision 
Dual Monolithic, Low Power 
Dual Matched, Low Noise 

Dual Matched, Precision 

Dual Single Supply,’ Low Noise 
Quad Single Supply, Low Noise 
Precision, High Speed 

Quad, Monolithic, Precision 
Micropower, Low Voltage 
Single Supply 3 

Dual Low Power, Single Supply 
Dual Micropower, Single Supply 
Instrumentation Amplifier 

Dual, Fast, Low Noise 


SYAIsITIdNV 1VNOILVYAdO 


GL-6 


: Noise Slew CMRR 
Vos Vos TC pV Pp-p. GBW Rate I, : dB 


pV pViC = 0.1-10 Hz. MHz V/ps nA f= 1kHz Package Temp 
Model max — max typ typ typ max typ Options’ - Ranges” Comments Page® 
OP290 200-500 3-5 3 0.02 — 15-25 100 N, Q, E, R I, M/ps Dual Micropower, Low Voltage 9-477 
, Single Supply 
OP467 200-1000 3.5 6 30 170 — 80 N, Q, P, R C,I,M Quad High Speed 9-541 
AD795 .250-500 1-10 | 2 1 0.001-0.004 110 N, R, H C,1,M Low Power, Low Noise FET 9-64 
OP20 250-1000 1.5-7 — 0.1 0.05 25-40 30 N, Q, R, H C, I, M/ Micropower, Single Supply A 2-585 
AD744 ~ 250-1000 3-20 Z 13 75 0.05-0.1 100 H, N, Q, R C,I,M __ Fast Settling BiFET 9-55 
AD820 | 250-1000 5-10 2 2 3.75 0.02-0.03 100 N, Q,R C, 1, M Single Supply, Rail-to-Rail, 9-170 
7 FET Input 

AD822 250-1000 5-10 2 2 3.75 0.02-0.03 100. N, Q, R C, 1, M FET Dual AD820 9-170 
AD711 250-2000 3-20 2 4 20 0.025-0.050 94 N, Q, R, H C, I, M/ Precision, High Speed 9-47 
AD548 250-2000 2-20 2 1 18 0.01-0.02 83 N,Q,R,H = C,1, M/ Low Power BiFET 9-25 
OP41 250-2000 5-10 — 0.5 1.3 0.005-0.02 100 N, R, H C, I, M/ Low I, A 2-645 
OP22 300-1000 1.5-3 — 0.25 0.08 5-10 60 N, Q, R, H C, I, M/ Micropower, Programmable A 2-597 
AD648 300-2000 3-20 2 1 18 0.01-0.02 83 N, Q, R, H C, I, M/ Dual AD548 9-37 
AD712 300-3000 5-20 2 4 20 0.05-0.075 94 N, Q, R, H C, I, M/ Dual AD711 9-47 
OP470 400-1000 2-4 0.08 6 2 25-60 110 N, Q, E, R C,1I, M/p5, Quad, Low Noise 9-556 
AD713 500-1500 15-20 2 4 20 0.075-0.150 94 N, Q, R C,I, M/, Dual AD711 9-47 
AD741 500-6000 5-20 — 1 0.5 50-500 100 N,H C, M/ General Purpose A 2-213 
OP291/491 700 l.ltyp 2 3 0.4 50 90 N, R I Dual, Quad, Rail-to-Rail, 2.7 V 9-481 
OP471 800-1800 4-7 ~ 0.25 6.5 8 25-60 108 N, Q, E, R C,I, M/p5 Quad, Fast, Low Noise 9-560 


‘Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; J = J-Leaded Ceramic Package; 

M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline “SOIC” Package; RS = SSOP—Shrink Small Outline Package; S = Plastic 
Quad Flatpack; ST = Thin Quad Flatpack; T = TO-92; U = TSOP—Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In-Line “SIP” Package; Z = Ceramic Leaded Chip Carrier. 
Temperature Ranges: C = Commercial, 0°C to +70°C; I = Industrial, —40°C to +85°C (Some older products —25°C to +85°C); M = Military, —55°C to +125°C. If a device has military grade offerings, the M 
temperature designator will be followed by: / to indicate 883B, y for JAN, p for SMD, and , for space level. 
3A = Amplifier Reference Manual. All other entries refer to this volume. 
Boldface Type: Data sheet information in this volume. 
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Selection Guides — Operational Amplifiers 


Low Power/Micropower Amplifiers 


ISY Vos Ib GBW SR : 

max max max typ typ Package Temp 
Model mA mV nA MHz V/ps_ Options?’ Ranges” Comments , Page* 
OP22 0.0002-0.4 0.3-1 5-10 0.25 0.08 H,M,N,Q,R_ I, M/ Programmable, Single Supply A 2-597 
OP90 0.02 0.15-0.45 15-25 0.02 _ E, N, Q, E I, M/s Micropower, Low Voltage Single Supply 9-375 
OP290 0.04 0.2-0.5 15-25 0.02 _ E, N, Q, E I, M/ps Dual, Micropower, Low Voltage, Single Supply 9-477 
OP20 0.08 0.25—1 25-40 0.1 0.05 E,N,Q,R I, M/ Micropower, Single Supply, Low Cost A 2-585 
OP490 0.08 0.5-1 15-25 0.02 — E, N, Q, R- I, M/ps Quad, Micropower, Low Voltage, Single Supply 9-564 
OP220 0.17 0.15-0.75 20-30 0.2 0.05 H,N,Q,R I, M/s Dual, Low Cost, Micropower, Single Supply 9-436 
AD548 0.2 0.25-0.2 0.01-0.02 1.0 18 H,N,Q C, I, M/ Precision Low Power BiFET Op cone 9-25 
OP295 0.3 0.2-0.5 45. 0.085 0.04 N,R- ILM Dual Rail-to-Rail - - 9-518 
OP80 0.325 1.5 0.00025-0. 001 0.3 . 0.4 H,N,R I, M- Low I,, CMOS A 2-727 
OP420 0.36 ~ 25-6 20-40 0.15 0.05 E,N,Q,R I, M/s Quad, Low Cost, Micropower, Single Supply 9-538 
OP21 0.3-0.4 0.1-0.5 100-150 0.6 0.25 H,N,Q,R I, M/ Low Cost, Low Power, Single Supply A 2-591 
OP291/491 0.35. 0.7 — 50 3 0.4 N, R ‘ oe Rail-to-Rail, 2.7 V Supply = © 9-481 
OP282._ 0.5 2.0 © 0.1 4 a) N, Q, R I Dual, High Speed, Low Power sits 9-461 
AD648 04 © | 0.42.0 0.005-.01 10 #- 1.8 H, N, Q C, 1, M/ Dual, Precision Low. Power BiFET Op Amp 9-37 
OP97 . 0.6 ~~ =. 0.025-0.075 0.1-0.15 - 0.9 0.2 E,H,N,Q,R I, M/s Precision, Low I, ; 9-379 
AD705 . 0.6 0.025-0.09 0.1-0.15 0.8 0.15 N,Q,R C;I,M Picoampere Input Current Bipolar Op Amp 9-40 
AD820 — 0.66 0.25-1 0.02-0.03 4 3.75 N,Q,;R C,I,M Fast, Single Supply, Rail-to-Rail FET Input 9-170 . 
OP221 0.8... 0.15-0.5 80-120 - 0.6 0.3 H,N,Q,R -I,M/s = ~— Dual, Low Cost, Low Power, a Supply 9-439 . 
OP41 1 |. 0.25-2 0.005-0.02 0.5 1.3 N,Q,R _I, M/ Low Power, Low I, | A 2-645. - 
OP482 1.0 3.0 0.1 4 9 N, P,Q, R I Quad, High Speed, Low Power 9-461 
AD706 1.2 0.05-0.1 0.11-0.2 0.8 0.15 N,QR CIM Dual, Picoampere Input Current een Op Amp ?40 
OP297 1,25 0.05-0.2 0.1-0.2 0.5 0.15. E,N,Q,R I, M/; Dual, Precision, Low I, 9-530 
AD822 1.3 0.25-1 0.02-0.03 eZ 3.75 N,Q,R ‘C,I,M Dual AD820 9-170 
OP200 1.45 0.075-0.2 2-5 0.5 0.15 E,N,Q,R I, M/ps Dual, Precision 9-432 
OP183/283 1.5 1.0 © 600 5 10 £=®N,R I 5 MHz, Low Noise, Single/Dual 9-420 
OP421 | 1.8 2.5-6 50-150 19 0.5 N,Q,R I, M/p Quad, Low Cost, Low Power, Single Supply A 2-993 
OP113/213/413 . 2.0 0.075-0.275 50 3.4 1.2 N, Q, R I Low Noise, Low Drift, Single/Dual/Quad. 9-382 | 
AD704 2.4 0.075-0.150 0.15-0.17 10 060.15 SON, Q,R Ci,I,M Quad, Picoampere Input Current Bipolar Op Amp 9-40 «- 
OP02: 2.4 0.5-5 30-100 1.3 0.5 H, N, Q C; M/ Improved 741 . A 2-503 
OP400 2.9 0.15-0.3 3-7 0.5 0.15 E,N,Q,R C,1, M/ps Quad, Precision 9-534 


1Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; J = J-Leaded Ceramic Package; 


M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline “SOIC” Package; RS = SSOP—Shrink Small Outline Package; S$ = Plastic 


Quad Flatpack; ST = Thin Quad Flatpack; T = TO-92; U = TSOP—Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In-Line “SIP” Package; Z = Ceramic Leaded Chip Carrier. — | 


Temperature Ranges: C = Commercial, 0°C to +70°C; I = Industrial, —40°C to +85°C (Some older iti —25°C to +85°C); M = Military, —55°C to +125°C. If a device has military grade offerings, the M 
temperature designator will be followed by: / to indicate 883B, , for JAN, ;, for SMD, and g for space level. . 

3A = Amplifier Reference Manual. All other entries refer to this volume. 

Boldface Type: Data sheet information in this volume. 
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Dual Operational Amplifiers 


Model | 


AD708 


AD706_— 


OP297 


-OP200 


OP270 
OP227. 
OP207 


1Unity gain small signal bandwidth. 
?Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; J = J-Leaded Ceramic Package; M = Hermetic 
Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline “SOIC” Package; RS = SSOP—Shrink Small Outline Package; S$ = Plastic Quad Flatpack; ST = Thin 
Quad Flatpack; T = TO-92; U = TSOP—Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In-Line “SIP” Package; Z = Ceramic Leaded Chip Carrier. 
3Temperature Ranges: C = Commercial, 0°C to +70°C; I = Industrial, —40°C to +85°C (Some older products —25°C to +85°C); M = Military, —55°C to + 125°C. If a device has military grade offerings, the M temperature des- 


ignator: will be followed by:./ to. indicate 883B, , 
4A = Amplifier Reference Manual. All other eiities refer to this volume. 


Vos TC I, 
HVC nA 
max max 
0.3-1.0 12.5 ~ 
0.6-1.5 0.11-0.200 
0.6-2 0.1-0.2 
0.5-2 2-5 
1-3 20-60 
1-1.8 40-80 
1.3-1.8 3-7 
0.8-1.5 50 
1.5-3 80-120 
15-3 20-30 
2-5 20-60 
3-5 15-25 
<10 15 
—_ 150 
5-10 0.02-0.03 
10-20 0.15 
3-20 0.01-0.02 
5-20 0.05-0.075 
5-6 0.05-0.075 
1-3.5 0.035-0.075 
— 0. 035-0. 075 
l.ltyp 50 
8-20 50-100 
— 350 
4 typ 600 
10 typ 6600 
10 0.1-0.3 
10 0.1 
15 . 7000 
4 typ 600 
10 1000-15000 
15 typ 1000-20000 
10 typ 6000-25000 


Boldface Type: Data sheet information in this volume. 


_ Slew Rate 


V/ps 


Settling 
Time to 


0.01% ps typ 


0. 120-0.1% 
0.25-0.1% 
0.05-0.1% 
0.01-0.1% 


for JAN, p for SMD, and g for space level. 
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Comments 


Highest DC Precision; Excellent 
Matching Between Amps, Dual AD707 
Dual AD705, Low I, Precision Bipolar 
Precision, Low Power, Low I, 

Dual Monolithic, Precision 

Dual Monolithic, Low Noise 

Dual Matched, Low Noise 

Dual Matched, Precision 

Low Noise, Low Drift, Single Supply 
Low Power, Single Supply 

Micropower, Single Supply 

Dual Monolithic, Fast, Low Noise 
Micropower, Low Voltage Single Supply 
Rail-to-Rail 

Dual High Performance, Low Power 
Single Supply, Rail-to-Rail, Fast FET Input 
Precision, Fast Settling, Dual AD744 


‘Low Power, BiFET, Dual AD548 


Excellent AC and DC Performance, Dual AD711 
Fast, Low Distortion 

Dual AD542 

Dual AD544 

Rail-to-Rail, 2.7 V Supply, Low Power 
Improved “1458” Dual 

Dual Audio Amp 

Low Power, Single Supply 

Low Power Video Amp 

High Speed, Precision 

Dual High Speed, Low Power 

Dual AD847, High Speed, Low Power 
Rail-to-Rail, Single Supply, 50 mA Out 
Dual High Speed, Current Feedback 
Dual Current Feedback, Low Power 
880 MHz, Low Power 
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Selection Guides — Operational Amplifiers 


Quad Operational Amplifiers 


_ Model 


AD704 
OP497 
OP413 
OP400 
OP495 
OP470 
OP467 
OP491 
OP490 
AD713 
OP11 
OP471 
OP492 
OP482 
OP421 
OP420 
AD8004 


de Model 


AD9630 
AD9620 
BUF04 
BUF03 


Vos ‘ 
Vos TC Ib BW . 
mV ~-pVvrCc nA MHz 
max max = max typ’ 
0.075-0.10 © 1.0-1.5 150-270 0.8 
0.05-0.15 0.5-1.5 150-200 0.5 
0.125-0.275 0.8-1.5 50 3.4 
0.15-0.3 1.2-2.5 3-7 0.5 
0.2-0.5 <10 15 0.085 
0.4-1 2-4 25-60 6 
0.5 3:5: . 100 30 
0.7 l.ltyp 50 3 
0.5-1 5 15-25 0.02. 
0.5-1.5 15 35-100 4 
0.5-5 10-15 300-500 3 
0.8-1.8 4-7 25-60 6.5 
2.5 10 700 4 
3.0 10 ~—60.1 4.0 — 
2.5-6 10-15 50-150 1.9 
2.5-6 10-25 20-40 0.15 
15 30 typ 15000-25000 400 
-—3 dB Settling Rise 
BW. #§£/SR_— Time. Time 
MHz Vips to 0.02% 1V Step 
typ min _ins typ ns typ 
750 1800 = 8 0.9 
600 — 2200 = 8 0.8 
110 2000 =. 60 (0.1%) 1.3 
50 220 100 (0.1%) 7 (1/2 V) | 


1Unity gain snail opal bandwidth. me 
?Package Options: D = Hermetic DIP, Ceramic or Metal; E = Gaaniic Teadles Chip Carrier; F = Ceramic Flatpack; G = Ceramic Pin Grid Array; H = emneae Metal Can; \= = J-Leaded Ceramic Pagkanes 

M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier, Q = Cerdip; R = Small Outline “SOIC” Package; RS = SSOP—Shrink Small Outline Package; S = Plastic 
Quad Flatpack; ST = Thin Quad Flatpack; T = TO-92; U = TSOP—Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In-Line “SIP” Package; Z = Ceramic Leaded Chip Carrier. 
—40°C to +85°C (Some older products —25°C to +85°C); M = Military, —55°C to +125°C. If a device has military grade offerings, the M 


3Temperature Ranges: C = Commercial, 0°C to +70°C; I = Industrial, 
temperature designator will be followed by: / to indicate 883B, , for JAN, » for SMD, and for space level. 
4A = Amplifier Reference Manual. All other entries refer to this volume. 

Boldface Type: Data sheet information i in _ vohene: 
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Comments 


Quad AD705, Low I, Precision Bipolar 
Low Power, Low I, Precision Bipolar 
Low Noise, Low Drift, Single Supply 
Quad Monolithic, Precision 
Rail-to-Rail . 

Quad Monolithic, Low Noise 

30 MHz, Low Power 


-Rail-to-Rail, 2:7 V Supply, Low Power 


Micropower, Low Voltage, Single Supply 
Superior AC and DC Performance, Quad AD711 
Improved Quad “741” 

Monolithic, Fast, Low Noise 

Single Supply, Low Power, I/O to Ground 

High Speed, Low Power 

Low Power, Low Cost, Single Supply 
Micropower, Low Cost, Single Supply 

3000 V/s, Low Power | 


Comments | 


- High Performance, Wide-Band Buffer 
High Performance, Low Harmonic Distortion Buffer 
+5 Volt Supply, High Slew 
High Speed Voltage Follower/Buffer 


Page* 
9-321 


9-306 
9-338 


A2-489 


ANALOG : High Performance, 
DEVICES BiFET Operational Amplifiers 


AD342/AD544/AD547 


FEATURES CONNECTION DIAGRAM 
Ultralow Drift: 1 .V/°C (AD547L) 
Low Offset Voltage: 0.25 mV (AD547L) 
Low Input Bias Currents: 25 pA max 
Low Quiescent Current: 1.5 mA 
Low Noise: 2 uV p-p 
High Open Loop Gain: 110 dB 
High Slew Rate: 13 V/us 
Fast Settling to +0.01%: 3 us 
Low Total Harmonic Distortion: 0.0025% 
Available in Hermetic Metal Can and Die Form 
_ MIL-STD-883B Versions Available 
Dual Versions Available: AD642, AD644, AD647 


NOTE: PIN 4 CONNECTED TO CASE 


PRODUCT HIGHLIGHTS 

1. Improved bipolar and JFET processing results in the ioweat Ee 
PRODUCT DESCRIPTION bias current available in a monolithic FET op amp. 
The BiFET series of precision, monolithic FET-input op amps 2. Analog Devices, unlike some manufacturers, specifies each 
are fabricated with the most advanced BiFET and laser trim- device for the maximum bias current at either input in the 
ming technologies. The AD542, AD544, AD547 series offers warmed-up condition, thus assuring the user that the device 
bias currents significantly lower than currently available BiFET will meet its published specifications in actual use. 
devices, 25 pA max, warmed up. 3. Advanced laser wafer trimming techniques reduce offset volt- 
In addition, the offset voltage is laser trimmed to less than age drift to 1 uV/°C max and offset voltage to only 0.25 mV 
0.25 mV on the AD547L, which 1s achieved by utilizing Analog max on the AD547L. 
Devices’ exclusive laser wafer trimming (LWT) process. When 4. Low voltage noise (2 nV p-p) and low offset voltage drift oe 


combined with the AD547’s low offset drift (1 wV/°C), these 
features offer the user performance superior to existing BiFET 
op amps at low BiFET pricing. 


hance performance as a precision op amp. 


5. High slew rate (13 V/us) and fast settling time to 0.01% (3 us) 
~ make the AD544 ideal for D/A, A/D, sample-hold circuits 
and high speed integrators. 


6. Low harmonic distortion (0.0025%) make the ror an 
ideal choice in audio applications. | 


The AD542 or AD547 is recommended for any operational am- 
plifier application requiring excellent dc performance at low to 
moderate cost. Precision instrument front ends requiring accu- 
rate amplification of millivolt level signals from megohm source 
impedances will benefit from the device’s excellent combination 7. Bare die are available for use in hybrid circuit applications. 
of low offset voltage and drift, low bias current and low 1/f 

noise. High common-mode rejection (80 dB, min on the “K” 

and “L” grades) and high open-loop gain, even under heavy 

loading, ensures better than “12-bit” linearity in high imped- 

ance buffer applications. 


The AD544 is recommended for any op amp applications re- 
quiring excellent ac and dc performance at low cost. The 

2 MHz bandwidth and low offset of the AD544 make it the first 
choice as an output amplifier for current output D/A converters, 
such as the AD7541, 12-bit CMOS DAC. . 


Devices in this series are available in four grades: the “J,” “K,” 
and “L” grades are specified over the 0°C to +70°C temperature 
range and the “S” grade over the —55°C to +125°C operating 
temperature range. All devices are offered in the hermetically 
sealed, TO-99 metal can package. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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ADS42/AD544/AD547-SPECIFICATIONS Wa s15V0 T= 425° esters nte) 


Parameter 


OPEN-LOOP GAIN! 
Your = £10, Rae eo 
_ J Grade 
K, L, S Grades | 
Ta = Tam to Tmax 
J Grade 
S Grade 
K, L Grades 


OUTPUT CHARACTERISTICS 
Ry =2kQ 
Ta= = Tain to Twix. 
R, = 10 kQ 
Ta= Tin to Tmax 
Short Circuit Current 


FREQUENCY RESPONSE 
Unity Gain, Small Signal 
Full Power Response 
Slew Rate, Unity Gain 
Total Harmonic Distortion — 


INPUT OFFSET VOLTAGE’ 

J Grade 

K Grade 

L Grade 

S Grade 

vs. Temperature? 
J Grade 
K Grade 

_L Grade 

S Grade 

vs. Supply, Ta= Tan to Tax 
J Grade’ 
K,L,S Grades * 


INPUT BIAS. CURRENT* 
Either Input 
J Grade 
K, L, S Grades © 
Input Offset Current 
J Grade 
K, L, S Grades 


INPUT IMPEDANCE 
Differential | 
Common Mode 


INPUT VOLTAGE? 
Differential 
Common Mode 
Common-Mode Rejection 
Vin =+10V 
J Grade 
K, L, S Grades 
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76 
80 


76 
80 


10!7\|6 
10}2||3 


+20 
+12 


dB 
dB 


REV. 0 


-AD942/AD944/AD547 


3 AD542 ADS5S44 AD547 
Parameter Min Typ Max | Min Typ Max | Min Typ Max | Units 
POWER SUPPLY 
Rated Performance V 
Operating Vv 
Quiescent Current mA 
VOLTAGE NOISE 
0.1 Hz to 10 Hz 
J Grade 2.0 2.0 2.0 UV p-p 
K, L, S Grades 2.0 2.0 4.0 LV p-p 
10 Hz 70 35 70 nV/VHz 
100 Hz 45 22 45 nV/VHz 
1 kHz 30 18 30 nV/VHz 
10 kHz 25 16 25 nV/VHz 
TEMPERATURE RANGE 
Operating, Rated Performance 
J, K, L Grades 0 to +70 0 to +70 0 to +70 a @ 
S Grade —55 to +125 —55 to +125 —55 to +125 a OR 
Storage —65 to +150 —65 to +150 -65 to +150 °C 
TRANSISTOR COUNT 29 29 29 
NOTES 


'Open-Loop Gain is specified with Vos both nulled and unnulled. 

Input Offset Voltage specifications are guaranteed after 5 minutes of operation at T, = +25°C. 

Input Offset Voltage Drift is specified with the offset voltage unnulled. Nulling will induce an additional 3 pV/°C/mV of nulled offset. 

‘Bias Current specifications are guaranteed at either input after 5 minutes of operation at T , = +25°C. For higher temperatures, the current doubles every, 10°C. 
Defined as the maximum safe voltage between inputs, such that neither exceeds +10 V from ground. 

Specifications subject to change without notice. 


Specifications shown in boldface are tested on all eee units at final electrical test. Results from those tests are used to calculate outgoing quality levels. 
All min and max specifications are guaranteed, although only those shown in boldface are tested on all production units. 


ORDERING GUIDE 

Initial Settling Time 7 

Offset. to +0.012% for - Package Package 

Voltage a 10 V Step Description i 
AD542JCHIPS 20 pV/°C Bare Die 
AD542JH 20 wVv/°C 8-Pin Hermetic Metal Can H-08A | 
AD542KH 10 pV/°C 8-Pin Hermetic Metal Can H-08A 
AD542LH 5 pv/°C 8-Pin Hermetic Metal Can H-08A. 
AD542SH 15 pVv/°C 8-Pin Hermetic Metal Can H-08A 
AD542SH/883B 15 pV/°C 8-Pin Hermetic Metal Can H-08A 
AD544JH 20 wVv/°C 8-Pin Hermetic Metal Can H-08A. _. 
AD544KH 10 pV/°C 8-Pin Hermetic Metal Can  H-08A_.. 
AD544LH 5 pVv/°C 8-Pin Hermetic Metal Can H-08A 
AD544SH 15 uV/°C 8-Pin Hermetic Metal Can H-08A 
AD544SH/883B 15 uVv/°C 8-Pin Hermetic Metal Can H-08A 
AD547JH 5 uwv/°C 8-Pin Hermetic Metal Can H-08A 
AD547KH 2 pVv/°C 8-Pin Hermetic Metal Can H-08A 
AD547LH 1 pv/°C 8-Pin Hermetic Metal Can H-08A 
AD547SCHIPS 5 pv/eC Bare Die 
AD547SH/883B 5 pv/°C 8-Pin Hermetic Metal Can H-08A 


*For outline information see Package Information section. 


REV. 0 


OPERATIONAL AMPLIFIERS 9-21 


ANALOG 
DEVICES 


4d ph Monolithic Electrometer 
Operational Amplifier 


AD546* 


FEATURES — 

DC PERFORMANCE | 

1 mV max Input Offset Voltage 

Low Offset Drift: 20 wV/°C 

1 pA max Input Bias Current 

Input Bias Current Guaranteed Over Full 
~ Common-Mode Voltage Range 


AC PERFORMANCE 

3 V/s Slew Rate | 

1 MHz Unity Gain Bandwidth 

Low Input Voltage Noise: 4 pV p-p, 0.1 Hz to 10 Hz 
Available in a Low Cost, 8-Pin Plastic Mini-DIP 
Standard Op Amp Pinout 


APPLICATIONS 
Electrometer Amplifiers 
Photodiode Preamps 
pH Electrode Buffers 
Log Ratio Amplifiers 


PRODUCT DESCRIPTION | | 
The AD546 is a monolithic electrometer combining the virtues 
of low (1 pA) input bias current with the cost effectiveness of a 
plastic mini-DIP._ package. Both input offset voltage and input 
offset voltage drift are laser trimmed, providing very high per- 
formance for such a low cost amplifier. 


Input bias currents are reduced significantly by using ‘“topgate”. 


JFET technology. The 10'° 2 common-mode impedance, result-_ 


ing from a bootstrapped input stage, insures that input bias 
current is essentially independent of common- -mode voltage — 
variations. 


The ADS546 is suitable for applications requiring both minimal 
levels of input bias current and low input offset voltage. Appli- 
cations for the AD546 include use as a buffer amplifier for cur- 
rent output transducers such as photodiodes and pH probes. It 
may also be used as a precision integrator or as a low droop rate 
sample and hold amplifier. The AD546 is pin compatible with 
standard.op amps; its plastic mini-DIP package is ideal for use 
with automatic insertion equipment. 


The ADS46 i is available in two performance grades, all rated 
over the 0 to +70°C commercial temperature range, and pack- 
aged in an 8-pin plastic mini-DIP. | 


*Covered by Patent No. 4,639,683 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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_ CONNECTION DIAGRAM 


8-Pin Plastic 
Mini-DIP Package 


TOP VIEW 


NC = NO CONNECT . 


PRODUCT HIGHLIGHTS 

1. The input bias current of the AD546 is specified, 100% 
tested and guaranteed with the device in the aay warmed- -up 
condition. ) 


2. The input offset voltage of the AD546 is laser trimmed to 
— less than 1 mV (ADS5S46K). | 


3. The AD546 is packaged in a standard, low cost, 8-pin 


mini-DIP. 


4. A low quiescent supply current of 700 A minimizes any 
thermal effects which might degrade input bias current and 
input offset voltage specifications. 


REV. A 


SPECIFICATIONS (@ +25°C and +15 V dc, unless otherwise noted) 


Model 


INPUT BIAS CURRENT! 
Either Input 
Either Input 
Either Input 
@ Tax 
Either Input 
Offset Current 
Offset Current 
@ Tax 


INPUT OFFSET VOLTAGE’ 
Initial Offset 
Offset @ Tyrax 
vs. Temp. 
vs. Supply 
vs. Supply 
Long Term Stability 


INPUT VOLTAGE NOISE 


INPUT CURRENT NOISE 


INPUT IMPEDANCE 
Differential . 
Common Mode 


OPEN LOOP GAIN 


Tae max 


6 er bere 


INPUT VOLTAGE RANGE 
Differential? 
Common-Mode Voltage 
Common-Mode 

Rejection Ratio 


OUTPUT CHARACTERISTICS 


Voltage 
Current 


Load Capacitance 
Stability 


REV. A 


AD546J 
in Typ 


‘sedi a 


f = 0.1 Hz to 10 Hz 
f = 10 Hz 
f = 100 Hz 
f = 1 kHz 
f = 10 kHz 


f = 0.1 Hz to 10 Hz 
f = 1 kHz 


1073/1 
10!5|/0.8 


10'3}]1 
10'5|10.8 


Vo = +10 V 
Rpoap = 10 kO 
Vo = +10 V 
Rpoap = 10 kO 
Vo = +10 V 
Rroap = 2 kQ 
Vo = +10V 
Rpoap = 2 kO 


300 =: 1000 


300 = 800 


ee to j ieee 


Rpoap = 10 kO 
Short Circuit 


Gain = +] 
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w.V/month 


pV p-p 


nvV/V Hz 
~nV/V Hz 


nV/\V Hz 
nV/\V Hz 


fA rms 
fA/V Hz 


Q||pF 


Q||pF 


V/mV 


~ V/mV 


V/mV 


V/mV 
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-AD546 


Model 


Conditions 
FREQUENCY RESPONSE eo 
Gain BW, Small Signal : = —] 
Full Power Response | Vo.= 20 V p-p 
Slew Rate, Unity Gain = —] 
Settling Time to 0.1% 
to 0.01% 
Overload Recovery 50% Overdrive 
| —] 
POWER SUPPLY 
Rated Performance 
Operating Range 


Quiescent Current 
Transistor Count 


PACKAGE OPTIONS‘ 
Plastic Mini-DIP (N-8) 


# of Transistors 


a ee 


NOTES 


1Bias current specifications are guaranteed maximum, at either input, after 5 minutes of operation at Ts = +25°C, Bias current increases by a factor of Z. 3 for 


every 10°C rise in temperature. 


Input offset voltage specifications are guaranteed after 5 minutes of operation at T, = +25°C. 
Defined as max continuous voltage between inputs, such that neither exceeds +10 V from ground. 


“For outline information see Package Information section. 
Specifications subject to change without notice. 


, Specifications i in boldface are tested on all production units at,final electrical test. Results from those tests are used to calculate outgoing aul levels. All min | 
and max specifications are guaranteed, although only those shown in boldface are tested on all production units. 


ABSOLUTE MAXIMUM RATINGS! 


Supply Voltage ......... 0.0.0.0 cc ec eee eee +18 V 
Internal Power Dissipation ss oth ke feria Gi Sehata se ty 6 ton pene 500 mW 
Input Voltage? ...............0.. Fest ech eke .+18-V 
Output Short Circuit Duration ............... Indefinite 
Differential Input Voltage ............... +V, and —V, 
Storage Temperature Range ........... -65°C to +125°C 
Operating Temperature Range .............. 0 to +70°C 
Lead Temperature Range 

(Soldering 60 seconds) ...............0 00008 300°C 
NOTES 


1Stresses above those listed under “Absolute Maximum Ratings” may cause . 


permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

For supply voltages less than +18 V, the absolute maximum input voltage is 
equal to the supply voltage. 
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ESD PRECAUTIONS 

Charges as high as 4000 V readily accumulate on the human 
body and test equipment and discharge without detection. 
Therefore, reasonable ESD precautions are recommended to - 
avoid functional damage or performance degradation. Unused 
devices should be stored in conductive foam or shunts, and the 
foam should be discharged to the destination socket before 


, devices are removed. For further information on ESD precau- 


tions, refer to Analog Devices’ ESD Prevention Manual. 


REV. A 


ANALOG 
DEVICES 


Precision, Low Power 
BiFET Op Amp 


FEATURES 
Enhanced Replacement for LF441 and TL061 
DC Performance: 
200A max Quiescent Current 
10pA max Bias Current, Warmed Up (AD548C) 
250nV max Offset Voltage (AD548C) 
2pV/°C max Drift (AD548C) 
2V p-p Noise, 0.1 to 10Hz 
AC Performance: 
1.8V/ps Slew Rate 
1IMHz Unity Gain Bandwidth 
Available in Plastic, Hermetic Cerdip and Hermetic 
Metal Can Packages and in Chip Form 
Available in Tape and Reel in Accordance with 
EIA-481A Standard i 
MIL-STD-883B Parts Available 
Dual Version Available: AD648 
Surface Mount (SOIC) Package Available 


PRODUCT DESCRIPTION 

The ADS548 is a low power, precision monolithic operational 
amplifier. It offers both low bias current (10pA max, warmed 
up) and low quiescent current (200A max) and is fabricated 
with ion-implanted FET and laser wafer trimming technologies. 
Input bias current is guaranteed over the AD548’s entire common- 
mode voltage range. 


The economical J grade has a maximum guaranteed input offset 
voltage of less than 2mV and an input offset voltage drift of less 
than 20nV/°C. The C grade reduces input offset voltage to less 
than 0.25mV and offset voltage drift to less than 24,V/°C. This 
level of dc precision is achieved utilizing Analog’s laser wafer 
drift trimming process. The combination of low quiescent current 
and low offset voltage drift minimizes changes in input offset 
voltage due to self-heating effects. Four additional grades are 
offered over the commercial, industrial and military temperature 
ranges. 


The AD548 is recommended for any dual supply op amp appli- 
cation requiring low power and excellent dc and ac performance. 
In applications such as battery-powered, precision instrument 
front ends and CMOS DAC buffers, the AD548’s excellent 
combination of low input offset voltage and drift, low bias current 
and low 1/f noise reduces output errors. High common-mode 
rejection (86dB, min on the “C” grade) and high open-loop gain 
ensures better than 12-bit linearity in high impedance, buffer 
applications. , 


The AD548 is pinned out in a standard op amp configuration 
- and is available in six performance grades. The AD548J and 


This is an abridged data sheet. To obtain the most recent version or. 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


REV. B 


CONNECTION DIAGRAMS 


Plastic Mini-DIP (N) Package, 
Cerdip (Q) Package TO-99 
and (H) Package 
SOIC (R) Package 


TOP VIEW 
NOTE: PIN 4 CONNECTED TO CASE 


10kN 


Vos TRIM 
TOP VIEW | 


ADS548K are rated over the commercial temperature range of 0 
to +70°C. The AD548A, AD548B and ADS548C are rated over 
the industrial temperature range of — 40°C to + 85°C. The 
ADS548S is rated over the military temperature range of — 55°C 
to + 125°C and is available processed to MIL-STD-883B, 

Rev. C. 


The ADS548 is available in an 8-pin plastic mini-DIP, cerdip, 
TO-99 metal can, surface mount (SOIC), or,in chip form. 


PRODUCT HIGHLIGHTS 

1. A combination of low supply current, excellent dc and ac 
performance and low drift makes the AD548 the ideal op 
amp for high-performance, low-power applications. 

2. The ADS548 is pin compatible with industry standard op 
amps such as the LF441, TL061, and AD542, enabling 
designers to improve performance while achieving a reduction 
in power dissipation of up to 85%. 

3. Guaranteed low input offset voltage (2mV max) and drift 
(20n2V/°C max) for the AD548J are achieved utilizing Analog 
Devices’ laser drift trimming technology, eliminating the 
need for external trimming. . : 

4. Analog Devices specifies each device in the warmed-up con- 
dition, insuring that the device will meet its published specifica- 
tions in actual use. ; 

. A dual version, the AD648 is also available. . . 

6. Enhanced replacement for LF441 and TL061. 


Le," 
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-AD548 — SPECIFICATIONS (@ +25° and V, = + 15V dc, unless otherwise aaa 


Model © 


INPUT OFFSET VOLTAGE! 
Initial Offset 
Tmin tO Tmax 
vs. Temp. 
vs. Supply 
‘ vs. Supply, Tmin to Tmax 
Long-Term Offset Stability. 


INPUT BIAS CURRENT 
Either Input”, Vom =0 | 
Either Input? at Tmax» Vom = 0 
Max Input Bias Current Over 
Common-Mode Voltage Range 
Offset Current, Voy =0 
Offset Current at Tmax 


INPUT IMPEDANCE 
Differential 
Common Mode 


INPUT VOLTAGE RANGE 
Differential? 
Common Mode 
Common-Mode Rejection 
: Vc M= = 10V. 
Tmin tO Timex 
Vom= +11V 
Tmin tO Tmax 


INPUT VOLTAGE NOISE 
Voltage 0.1Hz to 10Hz 
f= 10Hz 
f= 100Hz 
f=1kHz 
f= 10kHz 


INPUT CURRENT NOISE 
f=l1kHz 


_ FREQUENCY RESPONSE 
Unity Gain, Smail Signal 
Full Power Response .. 
Slew Rate, UnityGain _ 
Settling Time to + 0.01% 


OPEN LOOPGAIN 
Vo =+10V, R, 2=10k0 
T min tO Tmax, R= 10kN 
Vo= +10V, Ry, 25k” 
Tie to Tisexs R, = 5kO 


OUTPUT CHARACTERISTICS — 


Voltage @ Ry =10kQ, 
TmintOTmx 

Voltage @ R,=5kN, 
Tmin tO Tmax 

Short Circuit Current - - 


POWER SUPPLY 
Rated Performance 
Operating Range 
Quiescent Current 
TEMPERATURE RANGE 
Operating, Rated Performance 
Commercial (0 to + 70°C) 
Industrial (— 40°C to + 85°C) 
Military (—55°C to + 125°C) 


PACKAGE OPTIONS‘ 
Plastic (N-8) 
Cerdip (Q-8) 
Metal Can (H-08A) 
SOIC (R-8) 
Tape and Reel 
Chips Available 


NOTES 


AD548)J/A/S ADS548K/B 


Typ 


2.0 
3.0/3.0/3.0 
20 

80 

76/76/76 


20 
0.45/1.3/20 


0.25/0.65/10 


1x 10!4|/3 


1 x 10!2||3 
3 x 1014/3 


3x 10!4||3 


+11 


76 
76/76/76 
70 


70/70/70 


300 
300/300/300 
150 


_ 1$0/150/150 


+12 
+ 12/+12/+ 12 
+11 — 


-t1V+1V/e1 


ADS48J ADS48K 
ADS48A 


ADS48S__ 


ADS48JN 

AD548AQ 

AD548AH, AD548SH 

ADS548AR, AD548JR 

ADS48AR-REEL, ne REEL ADS548BR-REEL 
ADS548] CHIPS 


ADS48B_ 


Max 


10 
0.25/0.65 


‘15 


5 
0.15/0.35 


1 x 10/3 
3x 10'|3 


ADS548C 


ADS548CQ 
ADS48CH 


pA 


»V/month 


‘Input Offset Voltage specifications are guaranteed after 5 minutes of 
operation at Ta= +25°C. 

Bias Current specifications are guaranteed maximum at either input after 
5 minutes of operation at T,= +25°C. For higher temperature, the 
current doubles every 10°C. 


3Defined as voltages between inputs, such that neither exceeds + 10V 
from ground. 


‘For outline information see Package Information section. 
Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS! 


Supply Voltage ........ 2... eee eee een +18V 
Internal Power Dissipation? .............. 500mW 
Input Voltage?. 6... 1. ee ee +18V 
Output Short Circuit Duration ........... Indefinite 
Differential Input Voltage. .......... +Vs and —Vs 
Storage Temperature Range (Q,H)..... — 65°C to + 150°C 
| (N; RR). 6 ees —65°C to + 125°C 
Operating Temperature Range 
ADDIS K: 7s auace she ee i Slee we en ek 0 to +70°C 
ADS48A/B/C .. 1.2... 2. ee ee ee — 40°C to + 85°C 
ADS488 ........... Me ae Date ee — 55°C to + 125°C 
Lead Temperature Range (Soldering 60sec). ...... 300°C 
NOTES 


1Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 
?Thermal Characteristics 
8-Pin SOIC Package: 8y4 = 160°C/W, 03c = 42°C/W 
8-Pin Plastic Package: 6,4 = 90°C/W 
8-Pin Cerdip Package: 6; = 22°C/W, 6s, = 110°C/W 
8-Pin Metal Can Package: @yc = 65°C/W, 0, = 150°C/W 
3For supply voltages less than +18V, the absolute maximum input voltage is 
"equal to the supply voltage. 


CAUTION 


ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 volts, which 


AD348 


METALIZATION PHOTOGRAPH 


Contact factory for latest dimensions. 
Dimensions shown in inches and (mm). 


0.072 
(1.829) 


OFFSET NULL 


V+ 
98S 
INVERTING 2 (7) 38° oo » | 


INPUT | 


NONINVERTING 3 
INPUT 


5 OFFSET 
NULL 


readily accumulate on the human body and on test equipment, can discharge without detection. WARNING! 
Although devices feature proprietary ESD protection circuitry, permanent damage may still occur- Ah: 


on these devices if they are subjected to high energy electrostatic discharges. Therefore, proper 


: : : 7 7 : ESD SENSITIVE DEVICE 
precautions are recommended to avoid any performance degradation or loss of functionality. 
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1 ANALOG 
DEVICES © 


Ultralow Input Bias Current 
Operational Amplitier 


FEATURES. : 
Ultralow Bias Current: 60 fA max (AD549L) 
7 250 fA max (AD549J) | 
Input Bias Current Guaranteed Over Common- Mode 
Voltage Range 
Low Offset Voltage: 0. 25 mV t ‘max (AD549K) 
1.00 mV max (AD549J) 

Low Offset Drift: 5 pV/°C max (AD549K) 

20 pV/°C max .(AD549J) 
Low Power: 700 pA max Supply Current 
Low Input Voltage Noise: 4 wv p—p 0.1 to 10 Hz 
MIL-STD-883B Parts Available 2 


APPLICATIONS - | 
Electrometer Amplifiers 
Photodiode Preamp 

pH Electrode Buffer 

Vacuum lon Gage Measurement 


PRODUCT DESCRIPTION 

The AD549 is a monolithic electrometer operational amplifier 
with very low input bias current. Input offset voltage and input 
offset voltage drift are laser trimmed for precision performance. 
_ The AD549’s ultralow input current is achieved with “Topgate” 
JFET technology, a process development exclusive to Analog 
Devices. This technology allows the fabrication of extremely low 
input current JFETs compatible with a standard junction- 
isolated bipolar process. The 10'° Q. common-mode impedance, 
a result of the bootstrapped input stage, insures that the input 
current is essentially independent of common-mode voltage. 


The AD549 is suited for applications requiring very low input 
current and low input offset voltage. It excels as a preamp for a 
wide variety of current output transducers such as photodiodes, 
photomultiplier tubes, or oxygen sensors. The AD549 can also 
be used as a precision integrator or low droop sample and hold. 
The AD549 is pin compatible with standard FET and electrom- 
eter op amps, allowing designers to upgrade the performance of 
present systems at little additional cost. | 


The ADS549 is available in a TO-99 hermetic package. The case 
is connected to Pin 8 so that the metal case can be independently 
connected to a point at the same potential as the input termi- 
nals, minimizing stray leakage to the case. © 


The AD549 is available in four performance grades. The J, K 
and L versions are rated over the commercial temperature range 


*Protected by Patent No. 4,639,683. 


This is is an n abridged ¢ date sheet. To obtain the most recent. version or . 
complete data sheet, call our fax retrieval system at 1 -800-446-6212. 
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CONNECTION DIAGRAM 


- GUARD PIN, CONNECTED TO CASE | 


Vos TRIM 


0 to +70°C. The S grade is specified over the military tempera- 
ture range of —55°C to +125°C and is available processed to 
MIL-STD-883B, Rev C. Extended reliability PLUS screening is 
also available. PLUS screening includes 168-hour burn-in, as 
well as other environmental and physical tests derived from 
MIL-STD-883B, Rev C. 


PRODUCT HIGHLIGHTS 

1. The AD549’s input currents are specified, 100% tested and 
guaranteed after the device is warmed up. Input current is 
guaranteed over the entire common-mode input voltage - 
range. 


2. The AD549’s input offset voltage and drift are laser trimmed 
to 0.25 mV and 5 wV/°C (ADS549K), 1 mV and 20 pV/°C 
(ADS49J). 


3. A maximum quiescent supply current of 700 pA minimizes 
heating effects on input current and offset voltage. 


4. AC specifications include 1 MHz unity gain bandwidth and 


3 V/us slew rate. Settling time for a 10 V input step is 5 ps 
to 0.01%. 


5. The AD549 is an improved replacement for the ADS15, 
OPA104, and 3528. 


REV. A 


SPECIFICATIONS (@ +25°C and V, = +15 V de, unless otherwise noted) 


Model 


INPUT BIAS CURRENT! 
Either Input, Vcq = 0 V 
Either Input, Vcq = +10 V 
Either Input at T,,,,,> 

Vom =0V 
Offset Current 
Offset Current at T,,,,, 


INPUT OFFSET VOLTAGE?’ 
Initial Offset 
Offset at T,.4x 
vs. Temperature 
vs. Supply 
vs. Supply, Tyrin tO Tmax 
Long-Term Offset Stability 


INPUT VOLTAGE NOISE 
f = 0.1 Hz to 10 Hz 
f = 10 Hz 
f = 100 Hz 
f = 1 kHz 
f = 10 kHz 


INPUT CURRENT NOISE 
f = 0.1 Hz to 10 Hz 
f= 1 kHz 


INPUT IMPEDANCE 
Differential 
Vpirr = +1 
Common Mode 
Vem = £10 


OPEN-LOOP GAIN 
Vo @ +10 V, Ry, = 
Vo @ +10 V, Ry 

cD ae to pre 
Vo = +10V,R, =2k 
Vo = +10 V, R,. = 2k, 
parry to oT see 
INPUT VOLTAGE RANGE 


Differential? 
Common-Mode Voltage 


10k 
10 k, 


Common-Mode Rejection Ratio 


V=+10V, -10V 
Tia to oN pan 


OUTPUT CHARACTERISTICS 


Voltage @ R, = 10k, 
bers to Ta 

Voltage @ Ry = 2k, 

Tit to Tie ; 4 

‘Short Circuit Current 
Tosa to Arias ‘ 

Load Capacitance Stability 
G=7+1 . 


FREQUENCY RESPONSE | 
Unity Gain, Small Signal 
Full Power Response 
Slew Rate 
Settling Time, 0.1% 

0.01% 
Overload Recovery, 
50% Overdrive, G = —1 


REV. A 


AD549 


Units 


ADS549J ADS49K ADS549L ADS49S 
Min Typ Max | Min Typ Max | Min’ Typ Max | Min Typ Max 
75 100 40 60 75 100 


75 100 40 60 75 100 


mV 

mV 

wV/°C 
V/V 
V/V 
w.V/Month 


pV p-p_ 
nV/VHz 
nV/VHz 
nV/VHz 
nV/VHz 


fA rms__ 
fA/\/Hz 


10'3||1 10'3||1 10"||1 10'3)1 Q)||pF 


10!>||0.8 10!|/0.8 10!°||0.8 10'70.8 Q||pF 


V/mV 


V/mV 
V/mV 


V/mV 


MHz 


V/us 
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D549 


Model | . + . ADS49J AD549K ADS549L . AD549S_— ae 
Min Typ Max | Min Typ Max | Min Typ ‘Max | Min Typ Max ‘Units 
I 15 15 . oe ee | 


POWER SUPPLY 


Rated Performance | + Sed + 
Operating +18 +18 | +5 
Quiescent Current 0.70 0.70 0.60 
TEMPERATURE RANGE _~ 
Operating, Rated Performance | 0 +70 | 0 +70 | 0 
Storage —65 +150] —65 +150] —65 
PACKAGE OPTION‘ , oe | - 
TO-99 (H-08A) AD549JH AD549KH AD549LH | ADS49SH, AD549SH/883B | 
Chips AD549JChips | : 
NOTES 


1Bias current specifications are guaranteed after 5 minutes of operation at T, = +25°C. Bias current increases by a factor of 2.3 for every 10°C rise in 
temperature. 

Input offset voltage specifications are guaranteed after 5 minutes of operation at Ty = +25°C. 

3Defined as max continuous voltage between the inputs such that neither input exceeds +10 V from ground. 

“For outline information see Package Information section. 

Specifications subject to change without notice. 

All min and max specifications are guaranteed. Specifications in boldface are tested on all production units at final electrical test. Results from those tests are 
used to calculate outgoing quality levels. . 


ABSOLUTE MAXIMUM RATINGS! , | NOTES 
Supply Voltage... 0... ee ees +18 VV. Stresses above those listed under “‘Absolute Maximum Ratings” may cause 
ee permanent damage to the device. This is a stress rating only and functional 
Internal Power Dissipation ........-..+++:. anh 500 mW operation of the device at these or any other conditions above those indicated 
Input Voltage ©... 6... eee ee ee eee +18 V in the operational section of this specification is not implied. Exposure to 
Output Short Circuit Duration ............... Indefinite absolute maximum rating conditions for extended periods may affect device 
Differential Input Voltage ............... +V, and —V, reliability. 
Storage Temperature Range (H) ~65°C to + 150°C For supply voltages less than +18 V, the absolute maximum input voltage is 
rape ever a eee equal to the supply voltage. | . 
Operating Temperature Range | ie as 
ADS49) 5 -Nee sii ww hd ORS SOOO . 0 to +70°C | 
Aon) ener te eee orn eeen 55°C to +125°C METALIZATION PHOTOGRAPH 
Lead Temperature Range (Soldering 60 sec) ....... +300°C Pumensions shove ut mches Andi Cnm): 


Contact factory for latest dimensions. 


0.08 (2.06) - 


. OFFSET NULL 


INVERTING 2 
INPUT 


NONINVERTING 3 
INPUT | 

6 OUTPUT 
- 0.075 


~ (1.905) 


5 OFFSET 
NULL. 


CAUTION: , 
ESD (electrostatic discharge) sensitive device. Charges as high as 4000 V readily accumulate on 
the human body and test equipment and discharge without detection. Therefore, reasonable ESD = \WARNING! a 
precautions are recommended to avoid functional damage or performance degradation. Unused 

devices should be stored in conductive foam or shunts, and the foam should be discharged to the Repti 4 
destination socket before devices are removed. For further information on ESD precautions, refer ESD SENSITIVE DEVICE 
to Analog Devices’ ESD Prevention Manual. 
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ANALOG ~ Dual, Low Cost, Precision 
DEVICES  BIFET Operational Amplifiers 


AD642/AD644/AD647 


- FEATURES CONNECTION DIAGRAMS 


Matched Offset Voltage +V 
Matched Offset Voltage over Temperature =i 
Matched Bias Current 


Crosstalk: -124 dB @ 1 kHz | dl 4a) ONCuTEUS 
Low Bias Current: 35 pA max (Warmed Up) earner arene 
Low Offset Voltage: 250 1. V max (AD647L) INPUT \2) ie | (8) INPUT 


Low Input Voltage Noise: 2.0 .V p-p RosoeN 
High Slew Rate: 13 V/s (AD644) NONINVERTING \ (3) ® (5) NONINVERTING 


Low Quiescent Current 


Low Total Harmonic Distortion (0.0015%-AD644) | PIN 4 CONNECTED TO CASE 
Standard Dual Amplifier Pin-out 5 
MIL-STD-883B Versions Available et re es 
Single Versions Offered: AD542, AD544, AD547 a ee 
NC 4 ol 18 NC a 
INVERTING > > 17 oureur cE 
NC 6 16 NC De 
PRODUCT DESCRIPTION NONINVERTING , DT <a. INVERTING ©. 
The AD642/AD644/AD647 series of precision, monolithic suet . oa ae 
FET-input op amps are pairs of matched, high speed, BiFET op 
amps fabricated with the most advanced BiFET and laser trim- 9 10 11 12 13 
ming technologies. The AD642, AD644, AD647 series offers 97 9959 
matched bias currents significantly lower than currently avail- Ee 
able dual, BiFET devices, 35 pA max., warmed up. In addition, S 
the offset voltage is laser trimmed to less than 0.25 mV on the z 
AD647L, using Analog Devices’ laser wafer trimming (LWT) NERO SONNET 2e 
process. 
This product series achieves tight matching and temperature 
PRODUCT HIGHLIGHTS 


tracking between the amplifiers by using the most advanced ion- 
implantation and laser wafer drift trimming technologies. Ion- 
implantation permits the fabrication of precision, matched 


1. Tight matching specifications ensure high performance and 
eliminate the need to match individual devices. 


JFETs on a monolithic bipolar chip. This process optimizes the 2. Analog Devices, unlike some manufacturers, specifies each 
ability to produce matched amplifiers which have lower initial device for the maximum bias current at either input in the 
bias currents than other popular BiFET amplifiers. Laser wafer warmed-up condition, thus assuring the user that the device 
trimming each amplifier’s input offset voltage ensures tight ini- will meet its published specifications in actual use. 

tial match, and combined with superior wafer processing guar- 3. Advanced laser wafer trimming techniques reduce offset 
antees offset tracking over the temperature range. voltage to only 0.25 mV max and matched side to side to 
The AD642, AD644 and AD647 are recommended for applica- 0.25 mV (AD647L), thus eliminating the need for external 
tions requiring excellent ac and dc performance. The matched nulling. : 
amplifiers provide a low cost solution for true instrumentation 4, Low voltage noise (2 LV p-p) and high open-loop gain 


amplifiers, low drift active filters, log ratio amplifiers, and out- 


put amplifiers for four quadrant multiplying D/A converters, es oy: ; 
such as the AD7541, 12-bit CMOS DAC. 5. High slew rate (13 V/js) and fast settling time to 0.01% 
(3.0 ts) make the AD644 ideal for D/A, A/D, sample-hold 


_ circuits and high speed integrators. 


enhance performance as a precision op amp. 


Devices in this series are available in four grades: the “J,” “K,” 


_and “L” grades are specified over the 0°C to +70°C temperature na ds | 
range and the “S” grade over the —55°C to +125°C operating 6. Low harmonic distortion (0.0015%) and low crosstalk 


temperature range. All devices are offered in the hermetically (-124 dB) make the AD644 an ideal choice in stereo audio 
sealed, TO-99 metal can package. In addition, the AD647 is _ applications 
also offered in a 20-pin, hermetic, surface mount LCC package. 7. Bare die are available for use in hybrid circuit applications. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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AD642/ ADB44/ AD 47-SPEL | FICATI 0 NS (Vs=+15V@T,= 425°C unless otherwise nated) 


Deicee 


OPEN-LOOP GAIN - 
Vour = £10V; RL= 2k. 
J Grade 
K, L, S Grades | 
Ta = Tamto Tmax; Ry = 2 kQ 
JGrade 
K, L Grades 
S Grade 


OUTPUT CHARACTERISTICS 
R= 2kQ ~ | 
Ta = Tan to Tmax 
R, = 10 kQ 
Ta = Tum to Tmax 
Short Circuit Current 


FREQUENCY RESPONSE 
Unity Gain, Small Signal 
Full Power Response 
Slew Rate, Unity Gain 
Total Harmonic Distortion 


INPUT OFFSET VOLTAGE! 
Initial Offset 
J Grade 
K Grade 
L Grade 
S Grade 
Input Offset Voltage, Tut to Tmax 
J Grade 
K Grade 
L Grade 
S Grade 
vs. Supply, Ta = Tun to Tmax 
J Grade 
K, L, S Grades 


INPUT BIAS CURRENT. 
Either Input 
J Grade 
K, L, S Grades 
Input Offset Current 
JGrade _ 
K, L, S Grades 


MATCHING CHARACTERISTICS 
Input Offset Voltage | 
J Grade 
K Grade 
L Grade 
S Grade 
Input Offset Voltage, Tyr to acl 
J Grade 
K Grade. 
L Grade 
S Grade 
Input Bias Current 
J, S Grades 
K, L Grades 
Crosstalk 
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REV. 0 


AD642/AD644/AD647 


AD642 AD644 AD647 
Parameter Min Typ Max Min Typ Max| Min Typ Max Units 
INPUT IMPEDANCE 
Differential 10)7||6 10'7||6 10/6 
Common Mode 1076 10'7\16 
INPUT VOLTAGE RANGE 
Differential‘ 


Common Mode 
Common Mode Rejection 


J Grade 
K, L, S Grades 
POWER SUPPLY 
Rated Performance 
Operating 
Quiescent Current 
VOLTAGE NOISE 
0.1 Hz to 10 Hz 
J Grade 2.0 2.0 2.0 wV p-p 
K, L, S Grades 2.0 2.0 4.0 LV p-p_ 
10 Hz 70 35 70 nV/VHz 
100 Hz 45 22 45 nV/VHz 
1 kHz 30 18 30 nV/VHz 
10 kHz 25 16 25 nV/VHz 
TEMPERATURE RANGE 
Operating, Rated Performance 
J, K, L Grades 0 to +70 °C 
S Grade —55 to +125 —55 to +125 -55 to +125 2C 
Storage —65 to +150 —65 to +150 -—65 to +150 °C 
NOTES 


Input Offset Voltage specifications are guaranteed after 5 minutes of operation at Ta, = +25°C. 

Bias Current specifications are guaranteed at either input after 5 minutes of operation at Tq = +25°C. For higher temperatures, the current doubles every 10°C. - 

>Matching is defined as the difference between parameters of the two amplifiers. 

“Defined as the maximum safe voltage between inputs, such that neither exceeds +10 V from ground. i 
Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. 

All min and max specifications are guaranteed, although only those shown in boldface are tested on all production units. 


ORDERING GUIDE 


Package Description Package Option* 


AD642JCHIPS | Bare Die AD647JCHIPS 
AD642JH 8-Pin Hermetic Metal Can | H-08A AD647JH 
AD642KH 8-Pin Hermetic Metal Can | H-08A AD647KH 
AD642LH 8-Pin Hermetic Metal Can | H-08A AD647LH 
AD642SH 8-Pin Hermetic Metal Can | H-08A AD647SE 
AD642SH/883B | 8-Pin Hermetic Metal Can | H-08A AD647SE/883B 


Bare Die 

8-Pin Hermetic Metal Can 
8-Pin Hermetic Metal Can 
8-Pin Hermetic Metal Can 
20-Pin Hermetic LCC 
20-Pin Hermetic LCC 


Package Option* 


H-08A 
H-08A 
H-08A 
E-20A 
E-20A 


AD644JH 8-Pin Hermetic Metal Can | H-08A Jeudpibacs CE aN aes 
AD644KH 8-Pin Hermetic Metal Can H-08A AD647SH/883B | 8-Pin Hermetic Metal Can H-08A 
AD644LH 8-Pin Hermetic Metal Can | H-08A *For outline information see Package Information section. 
AD644SCHIPS | Bare Die 


AD644SH 8-Pin Hermetic Metal Can H-08A 
AD644SH/883B | 8-Pin Hermetic Metal Can | H-08A 
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ANALOG 
DEVICES 


Low Noise, Low Drift 
FET Op Amp 


FEATURES 
improved Replacement for Burr-Brown 
OPA-111 and OPA-121 Op Amp 


LOW NOISE 

2 pV p-p max, 0.1 Hz to 10 Hz , 
10 nV/V/Hz max at 10 kHz <) 
11fA p—p Current Noise 0.1 Hz to 10 Hz RY 


HIGH DC ACCURACY my < 
250 pV max Offset Voltage aS 
1 pV/°C max Drift 
1.5 pA max Input Bias Current 
114 dB Open-Loop Gain 
Available in Plastic Mini- DIP, 8-Pin Header Packages, or 
Chip Form 


APPLICATIONS 

Low Noise Photodiode Preamps 
CT Scanners 

Piecision I-V Converters 


PRODUCT DESCRIPTION 

The AD645 is a low noise, precision FET input op amp. It 
offers the pico amp level input currents of a FET input device 
coupled with offset drift and input voltage noise comparable to a 
high performance bipolar input amplifier. 


The AD645 has been improved to offer the lowest offset drift in 
a FET op amp, 1 wV/°C. Offset voltage drift is measured and 
trimmed at wafer level for the lowest cost possible. An inher- 
ently low noise architecture and advanced manufacturing tech- 
niques result in a device with a guaranteed low input voltage 
noise of 2 ~V p-p, 0.1 Hz to 10 Hz. This level of dc perfor- 
mance along with low input currents make the AD645 an excel- 
lent choice for high impedance applications where stability is of 
prime concern. 


anEE 


A tot 


1 10 100 1k 10k 
FREQUENCY -— Hz 


PA eee 


VOLTAGE NOISE SPECTRAL DENSITY 


Figure 1. AD645 Voltage Noise Spectral Density 
vs. Frequency 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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CONNECTION DIAGRAMS | 


8-Pin Plastic Mini-DIP TO-99 (H) Package 
(N) Package 


NC = NO CONNECT 
NOTE: CASE IS CONNECTED 


TO PIN 8 


The AD645 is available in six performance grades. The AD645J 


and AD645K are rated over the commercial temperature range 


of O°C to +70°C. The AD645A, AD645B, and the ultraprecision 


AD645C are rated over the industrial temperature range of 
—40°C to 85°C. The AD645S is rated over the military tempera- 
ture range of —55°C to 125°C and i 1S avallable processed to 
MIL-STD-883B. 


The AD645 is available in an 8-pin plastic mini-DIP, 8-pin 

header, or in die form. 

PRODUCT HIGHLIGHTS : | 

1, Guaranteed and tested low frequency noise of 2 4.V p-p max 
and 20 nV/\/Hz at 100 Hz makes the AD645C ideal for low 
noise applications where a FET input op amp is needed. 

2. Low Vos drift of 1 ~V/°C max makes the AD645C an excel- 
lent choice for applications requiring ultimate stability. 

3. Low input bias current and current noise (11 fA p—p 0.1 Hz 
to 10 Hz) allow the AD645 to be used as a high precision — 


preamp for current output sensors such as photodiodes, or as 
a buffer for high source impedance vellage output sensors. 


NUMBER OF UNITS 


SS 


ws 
GOO Ys 
-2.5 -2.0 -1.5 -10 -05 0.0 ar 10 15 20 25° 


INPUT OFFSET VOLTAGE DRIFT-— :.v/°C 


SS 


Figure 2. Typical Distribution of Average Input Offset 
Voltage Drift (196 Units) 


REV. B 


SPECIFICATIONS (@ +25°C and +15 V dec, unless otherwise noted) 


Model 
INPUT OFFSET VOLTAGE! 
Initial Offset 
Offset Tn! Max 
Drift (Average) 
vs. Supply (PSRR) 
vs. Supply Tmin7T max 
INPUT BIAS CURRENT? © 
Either Input 0.7/1.8 3/5 
Either Input 
@ Tmax 16/115 
Either Input 0.8/1.9 
Offset Current = 0.1 1.0 
Offset Current 
@ Tax | 2/6 
INPUT VOLTAGE NOISE — 0.1 to 10 Hz 
pe f = 10 Hz 
f = 100 Hz 
f= 1 kHz 
. Se f= 10 kHz 
INPUT CURRENT NOISE f = 0.1 to 10 Hz 
f = 0.1 thru 20 kHz 0.6 1.1 
FREQUENCY RESPONSE 
Unity Gain, Small Signal 
Full Power Response Vo = 20 V p-p 
Rioap = 2 kO 
Slew Rate, Unity Gain Vour = 20 V p-p 
. Rroap = 2 kO 
' SETTLING TIME? 
To 0.1% 
To 0.01% so 
Overload Recovery* 50% Overdrive 
Total Harmonic f= 1kHz:. 
Distortion Rpoap = 2 kA 
yO Vo = 3 Vrms 
INPUT IMPEDANCE | 
Differential . Vowr =.+1V 10’? ||] 
Common- Mode 1014||2.2 
INPUT VOLTAGE RANGE 
Differential> } +20 
Common-Mode Voltage +10 +11,-10.4 
Over Max Oper. Range +10 
Common-Mode | i 
Rejection Ratio =+ 90 #110 
. 100 
OPEN-LOOP GAIN 
OUTPUT CHARACTERISTICS 
Voltage Rypoap 2 2 kO 
MIN! Max 
Current Vour = +10 V 
= Short Circuit 
POWER SUPPLY , 
Rated Performance 
Operating Range 


Quiescent Current 
Transistor Count. 


NOTES 


# a Transistors 


0.7/1.8 1.5/3 
16/115 
0.8/1.9 

0.1 0.5 


2/6 


10"{/1 
10'4\|2.2 


10°||1 
10'4||2.2 


+20 
+10 +11,-10.4 
+10 


‘Input offset voltage spedifications | are guaranteed after 5 minutes of operation atT, = +25°C. . 
2Bias current specifications are guaranteed maximum at either input ‘after 5 minutes of operation at T, = +25°C. For higher Sripemrane: the | current doubles every 10°C. 


3Gain = Gar Rioap = 2 kQ. 


90 
86 


+10 
+10 


‘Defined as the time required for the amplifier’s output to return to normal operation after removal of a 50% overload from the amplifier input. 
>Defined as the maximum continuous voltage between the inputs such that neither input exceeds +10 V from ground. 


All min and max specifications are guaranteed. 
Specifications subject to change without notice. 


REV. B 


100 500 
500 

4 10 
110 

95 


10||1 
10'4||2.2 


+20 
+11,-—10.4 


110 
100 


AD645 


AD645J/A AD645K/B AD645C | AD645S | 
Conditions Min Typ Max | Min Typ Max | Min Typ Max| Min Typ Max | Units 


nV/\/Hz 


fA p-p_ 
fA/\/Hz 


MHz 


kHz 


‘Vins 
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AD645 


ABSOLUTE MAXIMUM RATINGS! 


. . ADOADS uscarere geass ee —55°C to +125°C 

Supply Voltage... 0... 0. ce ee ee ee +18 V Lead Temperature Range _ ? 
Internal Power Dissipation? (@ T, = +25°C) . (Soldering 60 seconds) ......... ee rer 2. 300°C 

8-Pin Header Package ..............000008 500 mW 

8-Pin Mini-DIP Package .........-..02.05. 75 NeTES | bee es . 
Tnout Voltase a8 ° mn 1Stresses above those listed under “Absolute Maximum Ratings” may cause 

P 8 pee tat Sere hl ee ht ene ae ge pees woe permanent damage to the device. This is a stress rating only and functional 
Output Short Circuit Dur ation «ee ee eee ee eee Indefinite operation of the device at these or any other conditions above those indicated 
Differential Input Voltage ............... +Vz and —Vs in the operational section of this specification is not implied. Exposure to 
Storage Temperature Range (H)......... —65°C to +150°C rh maximum rating conditions for extended periods may affect device 

_ 65 9 reliability. 

oe Temperature Range (N)......... 65°C to +125°C Thermal Characteristics: 

perating Temperature Range 8-Pin Plastic Mini-DIP Package: 0,, = 100°C/Watt 

PIIGAS IK: a5 one a opera Ree Wee oie 0°C to +70°C 8-Pin Header Package: 0;, = 200°C/Watt 

AD645A/B/C ........ 0.2.00 ee eee —40°C to +85°C 3 
CAUTION 


ESD (electrostatic discharge) sensitive device. Charges as high as 4000 V readily accumulate on 


the human body and test equipment and discharge without detection. Therefore, reasonable 
ESD precautions are recommended to avoid functional damage or performance degradation. 
Unused devices should be stored in conductive foam or shunts, and the foam should be dis- 
charged to the destination socket before devices are removed. For further information on ESD 


ar 4 


ESD SENSITIVE DEVICE 


precautions, refer to Analog Devices’ ESD Prevention Manual. 


ORDERING GUIDE 


Temperature 
Range 


0°C to +70°C 


AD645JN 


AD645KN 0°C to +70°C N-8 
AD645AH —40°C to +85°C H-08A 
AD645BH —40°C to +85°C H-08A 
AD645CH —40°C to +85°C 


_ AD645SH/883B —55°C to +125°C 


- NOTES 
1Chips are also available. 
2N = Plastic mini-DIP; H = Metal Can. For outline information 
see Package Information section. 
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METALIZATION PHOTOGRAPH 
Dimensions shown in inches and (mm). 
Contact factory for latest dimensions. 
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INPUT BIAS CURRENT - pA 


INPUT VOLTAGE NOISE - ,V p-p | 


Figure 5. Typical Distribution of Input Figure 6. Typical Distribution of 0.1 Hz to 
Bias Current (576 Units) 10 Hz Voltage Noise (202 Units) 


Figure 4. Typical Distribution of Input 
Offset Voltage (1855 Units) 


9-36 OPERATIONAL AMPLIFIERS REV. B 


ANALOG 
DEVICES 


Dual Precision, 
Low Power BiFET Op Amp 


AD648 


FEATURES 
DC Performance 
400 »A max Quiescent Current 
10 pA max Bias Current, Warmed Up (AD648C) 
300 .V max Offset Voltage (AD648C) 
3 pV/°C max Drift (AD648C) 
2 pV p-p Noise, 0.1 Hz to 10 Hz 
AC Performance 
1.8 V/ps Slew Rate 
1 MHz Unity Gain Bandwidth 
Available in Plastic Mini-DIP, Cerdip, Plastic SOIC 
and Hermetic Metal Can Packages 
MIL-STD-883B Parts Available 
Surface Mount (SOIC) Package Available in Tape 
and Reel in Accordance with EIA-481A Standard 
Single Version: AD548 


PRODUCT DESCRIPTION 

The AD648 is a matched pair of low power, precision mono- 
lithic operational amplifiers. It offers both low bias current 

(10 pA max, warmed up) and low quiescent current (400 pA 
max) and is fabricated with ion-implanted FET and laser wafer 
trimming technologies. Input bias current is guaranteed over the 
AD648’s entire common-mode voltage range. 


The economical J grade has a maximum guaranteed offset volt- 
age of less than 2 mV and an offset voltage drift of less than 

20 wV/°C. The C grade reduces offset voltage to less than 

0.30 mV and offset voltage drift to less than 3 pV/°C. This level 
of dc precision is achieved utilizing Analog’s laser wafer drift 
trimming process. The combination of low quiescent current 
and low offset voltage drift minimizes changes in input offset 
voltage due to self-heating effects. Five additional grades are 
offered over the commercial, industrial and military temperature 
ranges. 


The AD648 is recommended for any dual supply op amp appli- 
cation requiring low power and excellent dc and ac performance. 
In applications such as battery-powered, precision instrument 
front ends and CMOS DAC buffers, the AD648’s excellent com- 
bination of low input offset voltage and drift, low bias current 
and low 1/f noise reduces output errors. High common-mode 
rejection (86 dB, min on the “‘C”’ grade) and high open-loop 
gain ensures better than 12-bit linearity in high impedance, 
buffer applications. 


The AD648 is pinned out in a standard dual op amp configura- 
tion and is available in seven performance grades. The AD648]J 
and AD648K are rated over the commercial temperature range 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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TO-99 (H) Package 


AMPLIFIER NO. 1 


INVERTING 


CONNECTION DIAGRAMS 


Plastic Mini-DIP (N) Package, 
Plastic SOIC (R) Package 
and 

+Vs Cerdip (Q) Package 


AMPLIFIER NO. 2 


AMPLIFIER 1 AMPLIFIER 2 


INVERTING 
INPUT 2 


-Vs v- 


PIN 41S INELECTRICAL 
CONTACT WITH THE CASE 


TOP VIEW 


TOP VIEW 


of 0 to +70°C. The AD648A, AD648B and AD648C are rated |g 


over the industrial temperature range of —40°C to +85°C. The 
AD648S and AD648T are rated over the military temperature 
range of —55°C to +125°C and are available processed to MIL- 
STD-883B, Rev. C. 


The AD648 is available in an 8-pin plastic mini-DIP, cerdip, 
SOIC, TO-99 metal can, or in chip form. 


PRODUCT HIGHLIGHTS 

1. A combination of low supply current, excellent dc and ac 
performance and low drift makes the AD648 the ideal op 
amp for high performance, low power applications. 


2. The AD648 is pin compatible with industry standard dual op 
amps such as the LF442, TL062, and AD642, enabling 
designers to improve performance while achieving a reduc- 
tion in power dissipation of up to 85%. 


3. Guaranteed low input offset voltage (2 mV max) and drift 
(20 wV/°C max) for the AD648] are achieved utilizing Analog 
Devices’ laser drift trimming technology. 

4. Analog Devices specifies each device in the warmed-up con- 
dition, insuring that the device will meet its published speci- 
fications in actual use. 

5. Matching characteristics are excellent for all grades. The 
input offset voltage matching between amplifiers in the 
AD648] is within 2 mV, for the C grade matching is within 
0.4 mV. 

6. Crosstalk between amplifiers is less than —120 dB at 1 kHz. 


7. The AD648 is available in chip form. 
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AD648 — SP ECIF ICATIONS (@ +250 and V,; = +15 V de, unless otherwise sibiisiia 


Model 

INPUT OFFSET VOLTAGE! 

Initial Offset 

Laie to H eae 

vs..Temp. __ 

vs. Supply 80 
vs. Supply, Twin tO Tinax 76/76/76 © 

Long-Term Offset Stability 


INPUT BIAS CURRENT 
Either Input,” Vou = 0 
Either Input? at T,,4.» Vem = 0 
Max Input Bias Current Over 
Common-Mode Voltage Range 
Offset Current, Voy = 0 
Offset Current at T.,,,. 


MATCHING CHARACTERISTICS? 
Input Offset Voltage 
Input Offset Voltage T,,,;, to T. 
Input Offset Voltage vs. Temp — 
Input Bias Current 
Crosstalk 


INPUT IMPEDANCE 
Differential 
Common Mode 


INPUT VOLTAGE RANGE 
Differential* 
Common Mode aot {| 
Common-Mode Rejection 
Vom = £10V_ | ‘| 76 
Ei tO Las. _ |. 76/76/76 
Vom = £11LV 70 
Tior betes . 70/70/70 


INPUT VOLTAGE NOISE 
Voltage 0.1 Hz to 10 Hz 
f= 10 Hz 
f = 100 Hz 
f = 1 kHz 
f = 10 kHz 


INPUT CURRENT NOISE 
f = 1 kHz 


FREQUENCY RESPONSE 
Unity Gain, Small Signal 
‘Full Power Response 
Slew Rate, Unity Gain 
Settling Time to +0.01% 


max 


1x 10/3 
3x 1017/3 


OPEN-LOOP GAIN 
Vo = +10 V, R,, = 10 kO 300 
Torin tO Tags Ry, = 10 kO 300/300/300 700 


Vo = +10 V, R, = 5 k0 150 500 


AD648J/A/S 


- 0.25/0.7/10 


AD648AQ, AD648SQ, AD648SQ/883B | AD648BQ, AD648TQ, AD648TQ/883B 


AD648C | 
Typ 


Max | Min 
2.0 : 1.0 , 
3.0/3.0/3.0 1.5/1.5/2.0 

20 10 


20 a 
0.45/1.3/20 _ 0.25/0.65/10 
15 


0.15/0.35/5 


3: 0/3. 0/3.0 


10 


1x10" I3 ; 
3x 10!2/3 


1x10243 
3x 10!4||3 


AD648K 
AD648B 
AD648T 


AD648C 


AD648KR 
AD648KN 
AD648CQ 
AD648BH, AD648TH/883B 
AD648KR-REEL 


Tinin tO Tmaxe Ry = 5 kO 150/150/150 300 
OUTPUT CHARACTERISTICS 
Voltage @ ae = 10 kOQ, 
Tinin tO Tn, +12/+12/£12 +13 
Voltage @ R,. =5kQ, 
an t0-T +IV+1N/+11 +12 
Short Circuit ¢ Current 
POWER SUPPLY 
Rated Performance | 
Operating Range 
Quiescent Current (Both Amplifiers) 
TEMPERATURE RANGE 
Operating, Rated Performance 
Commercial (0 to +70°C) AD648J 
Industrial (— 40°C to +85°C) AD648A 
Military (—55°C to +125°C) AD6488 
PACKAGE OPTIONS? 
SOIC (R-8) AD648JR 
Plastic (N-8) AD648JN 
Cerdip (Q-8) 
Metal Can (H-08A) AD648AH 
Tape and Reel AD648JR-REEL 
Chips Available AD648JChips, AD648SChips 
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| Units 8. 


mV. 


mV 

nV/PC 

dB 

dB 
pV/month 


REV. B 


NOTES 


AD648 


‘Input Offset Voltage specifications are guaranteed after 5 minutes of operation at T, = +25°C. 
Bias Current specifications are guaranteed maximum at either input after 5 minutes of operation at T, = +25°C. For higher temperature, the current doubles 


every 10°C. 


3Matching is defined as the difference between parameters of the two amplifiers. 


‘Defined as voltages between inputs, such that neither exceeds +10 V from ground. 


>For outline information see Package Information section. 
Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS? 


SUpDIY: V OltABE: 2 a eset ord Ga de ieee ae GE ee EM +18 V 
Internal Power Dissipation? ................04 500 mW 
Input Voltage? 64.0 atu be be doe See Gewae ee +18 V 
Output Short Circuit Duration ............... Indefinite 
Differential Input Voltage ............... +V. and —-Vz, 
Storage Temperature Range (Q,H)....... —65°C to + 150°C 
CON Ro Gee —65°C to +125°C 

Operating Temperature Range 
ADGSSIK 4c mete oh oe ot ee 2 ee 0 to +70°C 
ADG48A/BIC:. boa ok od RSS oe Ee —40°C to + 85°C 
PDG4SS 26 es 6. o ae eed e Pak BA —55°C to +125°C 
Lead Temperature Range (Soldering 60 sec) ......... 300°C 


NOTES 

1Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. | 
?Thermal Characteristics ; 

8-Pin Plastic DIP Package: Bya= 165°C/Watt 

8-Pin Cerdip Package: = @y— = 22°C/Watt; 6;, = 110°C/Watt 

8-Pin Metal Can Package: 6;, = 65°C/Watt; 0;, = 150°C/Watt 

8-Pin SOIC Package: Bio = 42°C/Watt; 6;, = 160°C/Watt 

3For supply voltages less than +18 V, the absolute maximum input voltage is 
equal to the supply voltage. 


METALIZATION PHOTOGRAPH 


Contact factory for latest dimensions. 
Dimensions shown in inches and (mm). 


0.113 (2.870) 


0.067 
(1.702) 


OUTPUT 
1 


INVERTING 


OUTPUT INPUT 
7 


NON- 
INVERTING 
INPUT 


INVERTING NONINVERTING -Vs 
INPUT INPUT 4 
2 3 
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ANALOG 
DEVICES 


> 


Picoampere Input Current, 
Bipolar Operational Amplifiers 


FEATURES . 
HIGH DC PRECISION 
Low Offset Voltage 
(75 u.V max: AD704) 
(35 pV max: AD705) 
(50 nV max: AD706) 
Low Offset Drift 
(1.0 ».V/°C max: AD704) 
(0.6 u.V/°C max: AD705) 
(0.6 .V/°C max: AD706) 
Low Input Bias Currents 
_ (150 pA max: AD704) 
(100 pA max: AD705) 
(110 pA max: AD706) 
LOW NOISE 
0.5 V p-p typ Voltage Noise (0.1 Hz to 10 Hz) 
LOW POWER 
600 LA max Supply Current per Amplifier 
AC PERFORMANCE 
0.15 V/s Slew Rate 
800 kHz Unity Gain Crossover Frequency 
10,000 pF Capacitive Load Drive Capability 
LOW COST 
MIL-STD-883B Versions Available (Single or Quad) 
Single: AD705 
Dual: AD706 
Quad: AD704 


APPLICATIONS 

Industrial/Process Controls 

Weigh Scales 

Medical Instrumentation (ECG/EKG) 
Low Frequency Active Filters 
Precision Integrators 


PRODUCT DESCRIPTION 

The AD704/AD705/AD706 series are low power, sinoie op 
amps that have the low input bias current of BiFET amplifiers, 
but offer a significantly lower I drift over temperature. This se- 
ries offers many of the advantages of BiFET and bipolar op 
amps without their inherent disadvantages. They utilize 
superbeta bipolar input transistors to achieve the picoampere in- 
put bias current levels of FET input amplifiers (at room tem- 
perature), while their Ig typically increases 5 times vs. BIFET 
amplifiers which exhibit a 1000x increase over temperature. 
Superbeta bipolar technology also permits these amplifiers to 
achieve the microvolt offset voltages and low noise characteris- 
tics of a precision bipolar input amplifier. 


Since these amplifiers have only 1/20 of the input bias current of 
an industry standard OP07, the AD704/AD705/AD706 do not 
require the commonly used “balancing” resistor. Furthermore, 
the current noise is 1/5 that of the OP07, which makes these 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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AD704/AD705/AD 706. 


FUNCTIONAL BLOCK DIAGRAMS 


NC = NO CONNECT 


amplifiers usable with much higher source impedances. At 1/6 
the supply current (per amplifier) of the OPO7, these amplifiers 
are better suited for today’s higher density systems and battery 
powered applications. 


The AD704, AD705 and AD706 are excellent choices for use in 
low frequency active filters for 12- and 14-bit data acquisition 
systems, in precision instrumentation, and as high quality inte- 
grators. These amplifiers are internally compensated for unity 
gain and are available in various performance grades. The “J” 
and “K” grades are rated over the commercial temperature 
range of 0°C to +70°C. The “A” and “B” grades are rated over 
the industrial temperature range of —-40°C to +85°C. The “T” 
grade is rated over the military temperature range of —55°C to 
+125°C. Select versions are available processed to MIL-STD- 
883B, Rev. C. 


REV. 0 


SPEC | FI CATI 0 NS (Voy = OV, Vs =+15V @T, = +25°C unless otherwise noted) 
contom | os _| in 


JIA 


Parameter Typ Max 


K/BIS C/T 
Min Typ Max Min Typ Max 


INPUT OFFSET VOLTAGE 


Initial Offset 


Offset 


vs. Temp, Average TC 


vs. Supply (PSRR) 


vs. Supply, Tin to Taax 
Long-Term Stability 


INPUT BIAS CURRENT! 


vs. Temp, Average TC 


Tun to Tuax 


Tin to Tax 


INPUT OFFSET CURRENT 


vs. Temp, Average TC 


Tui to Tyax 


Twin to Tax 


MATCHING CHARACTERISTICS 


Offset Voltage 

Input Bias Current? 
Sonnets Rejection? 
Power Supply Rejection* 


Crosstalk @ f = 10 Hz 


REV. 0 


Twin to Tmax 


Vs =42Vtot18V 


Vs =+2.5Vto+18V 


Vem =0V 


Vem =+13.5V 


Vem =0V 


Vom =+13.5V 


Vom =0V 


Vom = 413.5 V 


Vom =0V 


Vom =1+13.5V 


AD704 
AD706 
AD704 
AD706 
AD704 
AD706 
AD704 
AD706 
AD704 
AD706 
AD704 
AD706 
AD704 
AD706 
AD704 
AD706 
AD704/6 


Twin to Tmax 


Twi to Tmax 


Twin to Tmax 


Tin to Tmax 


R, = 2 kQ 
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AD704/AD705/AD706 


Units 


LV 
pV 
pV 
pV 
uwV 
wV 


uVv/°C 
pVv/°C 
pv/°C 


dB 
dB 
dB 
dB 


uV/Month 


pA 
pA 
pA 
pA 
pA 
pA 


pA/°C 
pA/°C 
pA/°C 


pA/°C 
pA/°C 
pA/°C 
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AD704/AD705/AD706 


Parameter 


INPUT OFFSET VOLTAGE 


UNITY GAIN 
Crossover Frequency 
Slew Rate 


INPUT IMPEDANCE 
Differential 
Common Mode 


INPUT VOLTAGE RANGE 
Common-Mode Voltage 
Common-Mode 

Rejection Ratio 


INPUT CURRENT NOISE 


INPUT VOLTAGE NOISE 


OPEN LOOP GAIN 


OUTPUT CHARACTERISTICS 


Voltage Swing, Ry = 10 kQ 
Current 
Capacitive Load Drive 


POWER SUPPLY 
Rated Performance 
Operating Range 
Quiescent Current 


TRANSISTOR COUNT 


NOTES 


| Tw to Tyax 


0.1 Hz to 10 Hz 


f= 10 Hz 
f= 1 kHz 


Vo = +12 V 
R, = 10 kQ 
Tin to Tmax 
Vo = +10-V 
Ry =2kQ. 
Tam to Tmax 


Tun to Téax 
Short Circuit 
G=+tl 


Twin to Tuas 


# of Transistors 


Vom =113.5V 


+13.5 414 +13.5 +14 
132 114 132, 110 132 
132 114 132. 114 132 
132 114 132 114 132 
128 108 128 108 128 
128 108 128 108 128 


128 : 108 128 108 128 


AD704 
AD705/6 
All 

All 


1Bias current specifications are guaranteed maximum at either input. 

"Input bias current match is the maximum difference between corresponding inputs of all amplifiers on the chip. 
3CMRR match is the difference of AVos/AVc, between any two amplifiers. 

4PSRR match is the difference between AVos/AV SUPPLY for any two amplifiers. 


Specifications subject to change without notice. 
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yA — KIBIS CIT 
' Conditions Min Typ Max.; Min Typ Max ~ Min Typ Max| Units. 


nV/VHz 


V/mV 
V/mV 


V/mV 
V/mV 


REV. 0 


ABSOLUTE MAXIMUM RATINGS! 
SUpOlY V Olde.) cc ec eee wine heeds +18 V 


Internal Power Dissipation? ................00 650 mW 
Input Voltage ............. See eee ee ee ee ee +V¢ 
Differential Input Voltage? ......... 00.0.0 ee eee +0.7V 
Output Short Circuit Duration ................ Indefinite 


Storage Temperature Range (N, R) 
Storage Temperature Range (Q, H) 


Operating Temperature Range 


AD70xJ/K 
AD70xA/B 


CAUTION 

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although these devices feature proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 


REV. 0 


oe © © © © © © ee ee ee ee el hl hh hl hl ele 


re 


AD704AN 
AD704AQ 
AD704AR-16 


AD704AR-16-REEL 
AD704AR-16-REEL7 


AD704BQ 
AD704JCHIPS 
AD704JN 
AD704JR-16 
AD704JR-16-REEL 


AD704JR-16-REEL7 


AD704KN 
AD704SE/883B 
AD704TQ 
AD704TQ/883B 
AD705AQ 
AD705BQ 
AD705JCHIPS 


AD705JN. 


AD705JR 
AD705JR-REEL 


~ AD705JR-REEL7 


AD705KN 
AD705TQ 
AD705TQ/883B 
AD706AN 
AD706AQ 
AD706AR 
AD706AR-REEL 
AD706AR-REEL7 
AD706BQ 
AD706JCHIPS 
AD706JN 
AD706JR 
AD706JR-REEL 
AD706JR-REEL7 
AD706KN 


—65°C to +125°C 
—65°C to +150°C 


Si as pau wk terete OB OA eae a ee 0°C to +70°C 
—40°C to +85°C 
—55°C to +125°C 


AD704/AD705/AD706 


NOTES 
'Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in 
the operational section of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
Specification is for device in free air: 

8-Pin Plastic Package: Oia = 165°C/Watt 

8-Pin Cerdip Package: Oya = 110°C/Watt 

8-Pin Small Outline Package: 6, = 155°C/Watt 

14-Pin Plastic Package: Oy, = 150°C/Watt 

14-Pin Cerdip Package: Oya = 110°C/Watt 

16-Pin SOIC Package: 8ya = 100°C/Watt 

20-Terminal LCC Package: 9;, = 150°C/Watt 
>The input pins of these amplifiers are protected by back-to-back diodes. If the 


te} 
Pag ee Sa +300°C differential voltage exceeds +0.7 V, external series protection resistors should be 
added to limit the input current to less than 25 mA. 
ORDERING GUIDE 


Temperature Package Package 
Range Description Option* 


-40°C to +85°C 
—40°C to +85°C 
—40°C to +85°C 
—40°C to +85°C 
—40°C to +85°C 
—40°C to +85°C 

. OPC to +70°C 
0°C to +70°C 
0°C to +70°C 
0°C to +70°C 
0°C to +70°C 
0°C to +70°C 

- —55°C to +125°C 
—55°C to +125°C 
—55°C to +125°C 
-—40°C to +85°C 
—40°C to +85°C 
0°C to +70°C 
O°C to +70°C 
0°C to +70°C 
0°C to +70°C 
0°C to +70°C 
0°C to +70°C 
—55°C to +125°C 
—55°C to +125°C 
—40°C to +85°C 
—40°C to +85°C 
—40°C to +85°C 
-40°C to +85°C 
—40°C to +85°C 
—40°C to +85°C 
0°C to +70°C 
0°C to +70°C 
0°C to +70°C 
0°C to +70°C 
0°C to +70°C 
0°C to +70°C 


14-Pin Plastic DIP N-14 
14-Pin Ceramic DIP Q-14 
16-Pin Plastic SOIC R-16 
16-Pin Plastic SOIC R-16 
16-Pin Plastic SOIC R-16 
14-Pin Ceramic DIP Q-14 
Bare Die 
14-Pin Plastic DIP N-14 
16-Pin Plastic SOIC R-16 
16-Pin Plastic SOIC R-16 
16-Pin Plastic SOIC R-16 
14-Pin Plastic DIP N-14 
20-Pin Ceramic LCC E-20A 
14-Pin Ceramic DIP Q-14 
14-Pin Ceramic DIP Q-14 
8-Pin Ceramic DIP Q-8 
8-Pin Ceramic DIP Q-8 
Bare Die © 
8-Pin Plastic DIP N-8 
8-Pin Plastic SOIC R-8 
8-Pin Plastic SOIC R-8 
8-Pin Plastic SOIC R-8 
8-Pin Plastic DIP N-8 
8-Pin Ceramic DIP Q-8 
8-Pin Ceramic DIP Q-8 
8-Pin Plastic DIP N-8 
8-Pin Ceramic DIP Q-8 
8-Pin Plastic SOIC R-8 
8-Pin Plastic SOIC R-8 
8-Pin Plastic SOIC R-8 
8-Pin Ceramic DIP Q-8 

- Bare Die 7 
8-Pin Plastic DIP | N-8 
8-Pin Plastic SOIC R-8 
8-Pin Plastic SOIC R-8 
8-Pin Plastic SOIC R-8 
8-Pin Plastic 


*For outline information see Package Information section. 


WARNING! 


“pr 


ESD SENSITIVE DEVICE 
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FEATURES 
Very High DC Precision 
Low Offset Voltages 
(15 uV max: AD707) 
(30 nV max: AD708) 
Low Offset Drift 
(0.1 .V/°C max: AD707) 
(0.3 n.V/°C max: AD708) 

Low Input Bias Current: 1 nA max 
Low Noise: 0.35 uV p-p max (0.1 Hz to 10 Hz) 
130 dB min CMRR 
120 dB min PSRR 
AC Performance 

0.3 V/us Slew Rate 

900 kHz Closed-Loop Bandwidth 
Matching Characteristics 

30 uV max Offset Voltage Match 

0.3 nV/°C max Offset Drift Match 

130 dB min CMRR Match 
MIL-STD-883B Versions Available 
Single: AD707 
Dual: AD708 


PRODUCT DESCRIPTION 

The AD707 (single) and AD708 (dual) are very high precision, 
monolithic operational amplifiers. Each device offers excellent 
dc precision with the best available max offset voltage and max 
offset voltage drift of any single/dual bipolar combination 
available. 


The AD707 and AD708 set new standards for precision op 
amps by providing 5 V/V min open-loop gain and guaranteed 
max input voltage noise of 350 nV p-p (0.1 Hz to 10 Hz). All 
dc specifications show excellent stability over temperature, with 
offset voltage drift typically 0.1 uV/°C and input bias current 
drift of 25 pA/°C max. Both CMRR (130 dB max) and PSRR 
(120 dB max) are an order of magnitude improved over any 
available monolithic op amp. 


The AD707 and AD708 are available in seven performance 
grades. The “J” and “K” grades are rated over the commercial 
temperature range of 0°C to +70°C. The “A,” “B” and “C” . 
grades are rated over the industrial temperature range of —40°C 
to +85°C. The “S” and “T” grades are rated over the military 
temperature range of —55°C to +125°C. Select versions are also 
available processed to MIL-STD-883B, Rev. C. 


This is an abridged data sheet. To obtain the most recent version or . 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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-—Ultralow Offset and Drift 
Operational Amplifiers 
AD707/AD708 


NULL 


-V 


NOTE: 
PIN 4 CONNECTED TO CASE 
NC = NO CONNECT 


PRODUCT HIGHLIGHTS 


1. The combination of outstanding matching and individual 
specifications make the AD707 and AD708 ideal for con- 
structing high gain, precision instrumentation amplifiers. 


2. The low offset voltage drift and low noise of the AD707 and 


-AD708 allow the user to amplify very small signals without 
sacrificing overall system performance. 


3. The AD707 and AD708 can be used where chopper amplifi- 


ers are required, but without the inherent noise and applica- 
tion problems. | 


4. The AD707 is an improved, pin-for-pin replacement for the 


LT1001, and the AD708 is an improved, pin-for-pin replace- 
ment for the LT 1002. 


REV. 0 


SPEC FI CATI ONS (Vpp = +15 V @T, = +25°C unless otherwise noted) | AD7017/, AD708 
aa FG -e — 
Parameter Conditions Min Typ § Max |. Min Typ Max Min Typ Max] Units 


INPUT OFFSET VOLTAGE! 
Initial Offset 


10 25 
65/65/50 
vs. Temperature Tamm to Tmax 


Vom=0V 


Drift 


Adjustment Range 
Long-Term Stability 


INPUT BIAS CURRENT 


1.5 3.0 
1.0 2.0/2.0/4.0 
25/25/35 
25/25/30 


vs. Temperature 


Average Drift 


INPUT OFFSET CURRENT 


: 3.0 
0.2 1.5/1.5/1.5 
25/25/35 

25 


Tun to Toax 


Average Drift 


MATCHING CHARACTERISTICS? 


Offset Voltage 50/50/50 
Tamm to Tmax 75/75/75 
Offset Voltage Drift 0.4/0.4/0.4 
Input Bias Current 1.0 
Tm to Tmax 2.0/2.0/2.0 


130/130/120 140 
130/130/115 


Common-Mode Rejection 


Tin to Tmax 
Power Supply Rejection 


Tin to Tmax 
Channel Separation 


INPUT VOLTAGE NOISE 


0.1 Hz to 10 Hz 0.6 


0.23 —0.6/0.6/0.6 


f= 10 Hz 
f= 100 Hz 


f= 1 kHz 


INPUT CURRENT NOISE 


0.1 Hz to 10 Hz 
f= 10 Hz 
f= 100 Hz 


f= 1 kHz 


COMMON-MODE . 
REJECTION RATIO | 


Both 120 = 140 130 140 130 140 dB 
130 140 dB 


Vom =1+13V 
Tin to Tmax 


OPEN-LOOP GAIN Vo =+10V 


R, 2 2 kQ 13 V/V 
. V/pV 
‘| Tam to Tax 13 V/V 
‘ ee: V/V 
POWER SUPPLY 
REJECTION RATIO Vs = +3 Vto+18V 
Tin to Tmax 
FREQUENCY RESPONSE 
Closed Loop Bandwidth 


Slew Rate 
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AD707/AD708 


| a JIA KIBIS 
Parameter | Conditions | Min Typ Max} Min Typ 
INPUT RESISTANCE | 
Differential 


Common Mode 


OUTPUT CHARACTERISTICS 
Voltage R, 2 10 kQ 
Rp 2kQ 
Rp >1kQ 
R, 2 2 kQ 
Tm to Tmax 


OPEN-LOOP OUTPUT 


RESISTANCE 
POWER SUPPLY , 
Quiescent Current AD707 25 
AD708 4.5 
Power Consumption, Vs5=+15V AD707 75 
No Load AD708 135 
V5 =+3V AD707 7.5 
AD708 12 
Both: +3 
NOTES 


. 13.5 
12.5 
12.0 


3.0 25 
5.5 4.5 
90 75 

165 135 
9.0 7.5 
18 12 

+18 +3 


‘Input offset voltage specifications are guaranteed after 5 minutes of operation at T, = +25°C. 


*Matching is defined as the difference between parameters of the two amplifiers. 


14.0 
13.0 
12.5° 


2.) 3.0 

75 90 

7.5 9.0 
+18 


All min and max specifications are guaranteed. Specifications in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate 


outgoing quality levels. 
Specifications, subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS’. 


Supply: Voltage. ova wan euteeu ewes ee ee ae ere +22:N- 
Internal Power Dissipation? Lacet hea g iS feeeciante ease 500 mW 
INDUt VOMAGe Ss sce bak bat ee ee eee eee tVsg 
Differential Input Voltage ................4.. +Vs and —Vs 
Output Short Circuit Duration ......... neat Indefinite 
Storage Temperature Range (N, R) ........ -65°C to +125°C 


- Storage Temperature Range (Q, H) 
Operating Temperature Range 


PD TORKR Sand ure Sok Gre CRS OH Th RLS 0°C to +70°C 

PID TOKAI BD: cosas Onn sata cee wees -—40°C to +85°C 

BID TORS EE 5d es £6 oe HORA RSs —55°C to +125°C 
Lead Temperature Range 

(Soldering 60 sec) ... 0... cece cece eee eee eee +300°C 
NOTES 


'Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in the 
operational section of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
*Specification is for device in free air: 8-pin plastic package, Oy = 165°C/Watt; 8- 
pin cerdip package, 0, = 110°C/Watt; 8-pin small outline package, 0), = 155°C/ 
Watt; 8-pin header package, 0y, = 200°C/Watt. 


CAUTION 


ESD (electrostatic ischargey sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the AD707 and AD708 feature proprietary ESD protection circuitry, permanent dam- 
age may occur on devices subjected to high energy electrostatic discharges. Therefore, proper 
ESD precautions are recommended to avoid performance degradation or loss of functionality. 
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: Temperature Package . 
| Range. Description  —_ 


AD707AH 
AD707AQ 
AD707AR 
AD707AR-REEL 
AD707AR-REEL7 
AD707BH 
AD707BQ 
AD707CH 
AD707CQ 
AD707JN 
AD707JR 


-AD707JR-REEL 


AD707JR-REEL7 
AD707KN 
AD707KR 
AD707KR-REEL 
AD707KR-REEL7 
AD707SH/883B 
AD707SQ/883B 
AD707TH/883B 
AD707TQ/883B 


AD708AH 
AD708AQ 
AD708BH 
AD708BQ 


~ AD708JCHIPS 


AD708JN 


AD708SQ 


AD708SQ/883B 


ORDERING GUIDE 


~40°C to +85°C 
—40°C to +85°C 
—40°C to +85°C 
—40°C to +85°C 
-40°C to +85°C 
—40°C to +85°C 
—40°C to +85°C 
-40°C to +85°C 
—40°C to +85°C 
0°C to +70°C 
0°C to +70°C - 
0°C to +70°C 
0°C to +70°C 
0°C to +70°C 
0°C to +70°C 
0°C to +70°C | 
0°C to +70°C 
55°C to +125°C. 
—55°C to +125°C 
55°C to +125°C. 
-55°C to +125°C 


—40°C to +85°C 
—40°C to +85°C 
—40°C to +85°C 
-40°C to +85°C 
0°C to +70°C 
0°C to +70°C 
-55°C to +125°C 
~55°C to +125°C 


8-Pin Metal Can 

8-Pin Ceramic DIP 
8-Pin Plastic SOIC 
8-Pin Plastic SOIC 
8-Pin Plastic SOIC 
8-Pin Metal Can 

8-Pin Ceramic DIP 


8-Pin Metal Can 


8-Pin Ceramic DIP 
8-Pin Plastic DIP 


| 8-Pin Plastic SOIC 


8-Pin Plastic SOIC 
8-Pin Plastic SOIC 
8-Pin Plastic DIP 


8-Pin Plastic SOIC 
| 8-Pin Plastic SOIC 
8-Pin Plastic SOIC — 


8-Pin Metal Can 
8-Pin Ceramic DIP 
8-Pin Metal Can 


8-Pin Ceramic DIP 


8-Pin Metal Can 
8-Pin Ceramic DIP 
8-Pin Metal Can 
8-Pin Ceramic DIP 
Bare Die 

8-Pin Plastic DIP . 
8-Pin Ceramic DIP 
8-Pin Ceramic DIP 


*For outline information see Package Information section. 


oe 


es 


ESD SENSITIVE DEVICE 


Package 
Option* 
H-08A 
Q-8 
R-8 
R-8 
R-8 
H-08A 
Q-8 
H-08A 
Qs 
N-8 
R-8 
R-8 
—R-8 
| N-8 
~R-8 
R-8- 
R-8 . 
H-08A 
Q-8 
H-08A 
Q-8 
H-08A 
Q8 
H-08A 
Q-8 


N-8 
Qe 
Qs 
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ANALOG 
DEVICES 


Precision, Low Cost, 
High Speed, BiFET Op Amps 


AD711/AD712/AD713 


FEATURES 

Enhanced Replacements for 
TLO81; TLO82; TLO84 
LF411; LF412; LF347 


AC PERFORMANCE | 

Settles to +0.01% in 1.0 ps 

16 V/s min Slew Rate 

3 MHz min Unity Gain Bandwidth 
0.0003% Total Harmonic Distortion (THD) 


DC PERFORMANCE 
Low Offset Voltages 

(0.25 mV max—AD711C) 

(0.30 mV max—AD712C) 

(0.50 mV max—AD713K) 
Low Offset Drift 

(3 uV/°C max—AD711C) 

(5 wV/°C max—AD712C) 

200 V/mV min Open-Loop Gain 
Low Noise (0.1 Hz to 10 Hz) 

(4 .V p-p max—AD711C) 

(4 .V p-p max—AD712C) 
MIL-STD-883B Versions Available 
Single: AD711 
Dual: AD712 
Quad: AD713 


APPLICATIONS 

Active Filters 

Output Buffers for 12- and 14-Bit DACs 
Input Buffers for Precision ADCs 

Photo Diode Preamplifier Applications 


PRODUCT DESCRIPTION 

The AD711/AD712/AD713 series are high speed, precision, 
monolithic operational amplifiers offering high performance at 
very modest prices. Their very low offset voltage and offset 
voltage drift are results of advanced laser wafer trimming tech- 
nology. These benefits allow the user to easily upgrade existing 
designs that use older precision BiFETs and, in many cases, 
bipolar op amps. 


The superior ac and dc performance of these op amps make 
them suitable for active filter designs. With a slew rate of 16 V/uUs 
and settling times of 1 ps to 0.01%, the AD711/AD712/AD713 
series is ideal for use as buffers for 12-bit D/A and A/D convert- 
ers and as high speed integrators. The settling time is unmatched 
by any similar IC amplifier. The combination of excellent noise 

_ performance and low input current also make these amplifiers 
useful for photo diode preamplifiers. Common-mode rejection 
of 88 dB and open loop gain of 400 V/mV insure 12-bit per- 
formance even in high speed, unity gain, buffer circuits. These 
amplifiers are pinned out in standard op amp configurations and 
are available in various performance grades. The “J” and “K” 
grades are rated over the commercial temperature range of 

0°C to +70°C. The “A,” “B,” and “C” grades are rated over the 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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ww [| AD713 (N&Q) 


CONNECTION DIAGRAMS 


NC 


NULL oO +V 


/ 
-IN > (6) OUTPUT 


tS) AD711 
+IN ~@~ NULL 


-V 
NOTE: PIN 4 CONNECTED TO CASE 


D713 (R) 
TOP VIEW) 


(TOP VIEW) 


NC = NO CONNECT 


industrial temperature range of —-40°C to +85°C. The “S” and 
“T” grades are rated over the military temperature range of 
—55°C to +125°C. Select versions are available processed to 
MIL-STD-883B, Rev. C or Standard Military Drawings. 


PRODUCT HIGHLIGHTS 
1. The AD711/AD712/AD713 series offers excellent overall 
performance at competitive prices. 


2. Analog Devices’ advanced processing technology and 100% 
testing guarantees a low input offset voltage (0.25 mV max 
AD711C; 0.30 mV max AD712C). Input offset voltages are 
specified in the warmed up condition. Analog Devices’ laser 
wafer drift trimming process reduces input offset voltage 
drifts to 3 wV/°C (AD711C) or 5 wV/°C (AD712C). 


3. Along with precision dc performance, the AD711, AD712 
and AD713 offer excellent dynamic response. They settle to 
+0.01% in 1 us and have a 100% tested minimum slew rate 
of 16 V/us. This makes these parts ideal for DAC and ADC 
buffers, which require a combination of superior ac and dc 
performance. 


4. Analog Devices’ well matched, ion-implanted JFETs ensure 
low input bias currents and low input offset currents. Both 
input bias and offset currents are guaranteed in the warmed- 
up condition. 
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AD711/AD712/AD713-SPECIFICATIONS 


AD711,.=+15ve Ty= +25°C untess otherwise noted) 


Parameter Units 


INPUT OFFSET VOLTAGE! 
Initial Offset 


2/1/1 mV 


TIN to Tmax 3/2/2 mV 
vs. Temp 7 20/20/20 | HVC 
vs. Supply 76 95 dB 
Tan to Tmax 76/76/76 | dB 
Long-Term Stability wV/Month 
INPUT BIAS CURRENT? 
Vom =0V 50 50 pA 
Vom = 0 V @ Tmax 1,1/3.2/51 1.1/3.2/51 nA 
Vom = +10 V 100: 100 pA 
INPUT OFFSET CURRENT 
Vom =0V ; 25 25 
Vom = 0 V @ Tmax 0.6/1.6/26 0.6/1.6/26 
FREQUENCY RESPONSE 


Small Signal Bandwidth 
Full Power Response 

Slew Rate | 

Settling Time to 0.01% 
‘Total Harmonic Distortion 


INPUT IMPEDANCE .. 7 z. - 
Differential 3 x 101/55 3 x 1015.5 3 x 10'7|[5.5 Q\|pF 
Common Mode 3 x 107||5.5 3 x 1015.5 3x 105.5 - | QilpF 

INPUT VOLTAGE RANGE | - 
Differential? +20 +20 +20 V 


Common-Mode Voltage" +14.5, -11.5 +14.5, -11.5 
Tain to Tyax 
Common-Mode 


Rejection Ratio 


$14.55 -11.5 


+Vs5-2 -Vs +4 +Vs5 -2 


Vom =+10V 6 | dB 
Tain to Tmax 76/76/76 84 dB 
Vem = £11 V 70 84 dB 
Tm to Tyax 70/70/70 dB 
INPUT VOLTAGE NOISE ~ HV p-p 


nV/VHz 
nV/VHz 
nV/VHz 


OPEN-LOOP GAIN: 150 400 . 200 400 V/mV 
100/100/100 ia 100 wg VimV. 


OUTPUT CHARACTERISTICS 
Voltage : #13,-12.5  +13.9, -13.3 
| +12/412/412 +13.8, -13.1 


+13, 12.5 +13.9, -13.3 
+12 +13.8, -13.1 


+13, -12.5. +13.9, -13.3 
+12 +13.8, -13.1 
25 


Current | 


POWER SUPPLY 
Rated Performance 
Operating Range 
Quiescent Current 

NOTES 

‘Input Offset Voltage specifications are guaranteed after 5 minutes of operation at T, = +25°C. 

Bias Current specifications are guaranteed maximum at either input after 5 minutes of operation at T, = +25°C. FOE higher temperatures, the current doubles every 10°C. 


Defined as voltage between inputs, such that neither exceeds +10 V from ground. 
“Typically exceeding -14.1 V negative common-mode voltage on either i i results in an ourput phase reversals 


aaa aunree to change without ba) at 
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AD711/AD712/AD713 


ADT1 2 (Vs = +15 V @ T, = +25°C unless otherwise noted) 


JIAIS ' KIBIT Cc 
Parameter Min Typ Max Min Typ Max Min Typ Max = _| Units 
INPUT OFFSET VOLTAGE! 
Initial Offset : 3/1/1 ; 1.0/0.7/0.7 
Tm to Tyax 4/2/2 2.0/1.5/1.5 
vs. Temp. 20/20/20 10 
vs. Supply 76 
Tain to Tmax 76/76/76 
Long-Term Stability wV/Month 
INPUT BIAS CURRENT? 
Vem =0V 25 75 20 75 pA 
Vom = 0 V @ Tmax 0.6/1.6/26 = 1.7/4.8/77 0.5/1.3/20 1.7/4.8/77 ; : nA 
Vem = £10 V 100 . 100 pA 
INPUT OFFSET CURRENT 
Vom =0V 10 25 5 25 pA 
Vom = 9 V @ Tmax 0.3/0.7/11  0.6/1.6/26 0.1/0.3/5 0.6/1.6/26 


MATCHING CHARACTERISTICS 
Input Offset Voltage 3/1/1 1.0/0.7/0.7 
Tarn to Tmax 4/2/2 2.0/1.5/1.5 
Input Offset Voltage Drift 20/20/20 10 
Input Bias Current 25 25 
Crosstalk @ f = 1 kHz 
@ f= 100 kHz 


FREQUENCY RESPONSE 
Small Signal Bandwidth 
Full Power Response 
Slew Rate 
Settling Time to 0.01% 
Total Harmonic Distortion 


INPUT IMPEDANCE . 
Differential 3 x 10'5.5 3 x 1015.5 3x 10!|[5.5 
Common Mode 3x 10!7|/5.5 3 x 10!7|5.5 3x 1015.5 


INPUT VOLTAGE RANGE 
Differential? +20 +20 +20 
Common-Mode Voltage* $14.5, -11.5 +14.5, -11.5 +14.5, -11.5 
Tam to Tuax +V5-2 -V5 +4 +V,-2 
Common-Mode 
Rejection Ratio 
Vom =110V 76 80 
Tain to Tmax 76/76/76 80 
Vom =+11V 70 76 
Tum to Tmax 70/70/70 74 


INPUT VOLTAGE NOISE 


INPUT CURRENT NOISE 


2 
45 
22 
| 18 
| ———-—_—— 
OPEN-LOOP GAIN po 400 200 400 V/mV 


OUTPUT CHARACTERISTICS 
Voltage +13,-12.5  +13.9,-13.3 +13, -12.5 +13.9, -13.3 +13,-12.5 +13.9, -13.3 V 
i +12/+12/t12 +13.8, -13.1 +12 +13.8, -13.1 +12 +13.8, -13.1 V 
Current 25 . 25 25 mA 


POWER SUPPLY 
Rated Performance 
Operating Range 
Quiescent Current 

NOTES 

‘Input Offset Voltage specifications are guaranteed after 5 minutes of operation at T, = +25°C. 

*Bias Current specifications are guaranteed maximum at either input after 5 minutes of operation at T, = +25°C. For higher temperatures, the current doubles every 10°C. 


3Defined as voltage between inputs, such that neither exceeds +10 V from ground. 
‘Typically exceeding —14.1 V negative common-mode voltage on either input results in an output phase reversal. 


Specifications subject to change without notice. 
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AD711/AD712/AD713-SPECIFICATIONS 


AD71 3 (V; =+15V@T=+25°C unless otherwise noted) 


INPUT OFFSET VOLTAGE" ead 
Initial Offset - 0. . ; 0.5 mV 
Offset | _ Tam to Tmax Ds 3 | A 0.7/0.7/1.0 |mV 
vs. Temp 20/20/15 uVv/°C 
vs. Supply | . 78 . ‘dB 
vs. Supply Tam to Tmax 76/76/76 dB 
Long-Term Stability . wV/ 

Month 


INPUT BIAS CURRENT? = | 150 pA 
oe 3.4/9.6/154 1.7/4.8/77 |nA 
200 120 pA 


INPUT OFFSET CURRENT Vom =0V 10 75 10 35 pA 
| : Vom = 0V @ Tmax : 1.7/4.8/77 | 0.8/2.2/36 [nA 


MATCHING CHARACTERISTICS 
Input Offset Voltage © 0.5 1.8 

Input Offset Voltage Tum to Tmax : 2.3/2.3/2.3 

Input Offset Voltage Drift ES 

Input Bias Current 100 

Crosstalk f= 1 kHz ~130 

f = 100 kHz —95 


0.8 
1.0/1.0/1.3 


FREQUENCY RESPONSE 
Small Signal Bandwidth 
Full Power Response 
Slew Rate 
Settling Time to 0.01% 
Total Harmonic Distortion 


Unity Gain 
Vo =20V p-p 
Unity Gain 


f = 1 kHz; Ry 2 2 kQ; 
Vo = 3 Vrms . 


INPUT IMPEDANCE 
Differential 3x10'7|15.5 3x10!7||5.5 Q\|pF 
Common Mode 3x10!2|[5.5 3x10!||5.5 Q\|pF 
INPUT VOLTAGE Ree 
Differential? +20 +20 V 
Common-Mode Voltage* +14.5, -11.5 +14.5, -11.5 VV 
Tamm to Tmax -li +13 Vv 


Vom = +10 V 94 


Tin to Tmax 
Vom =+11V 
Tm to Tmax 


0.1 Hz to 10 Hz 
f = 10 Hz 
f= 100 Hz 
f= 1 kHz 
f= 10 Kitz 


INPUT CURRENT NOISE pANH 


OPEN-LOOP GAIN | Vo = £10 V; Ry 2 2 kQ | 150 200 400 V/mV 


78 88 
76/76/76 84 
72 84 
70/70/70 80 


Common Mode 
Rejection Ratio 


INPUT VOLTAGE NOISE 


OUTPUT CHARACTERISTICS ~ . 
Voltage R, 2 2 kQ +13, - -12.5  +13.9,-13.3 +13, -12.5 +13.9, -13.3_ Vv 
| Tum to Tmax +12/+12/412 413.8, -13.1 +12 +13.8, -13.1 Vv. 
Current Short Circuit 25 25 mA .. 
POWER SUPPLY 
Rated Performance +15 
Operating Range 


Quiescent Current 10.0 


TRANSISTOR COUNT [eortanivon [a0 


NOTES 

‘Input Offset Voltage specifications are comaneag after 5 minutes of operation at Ta = +25°C. 

Bias Current specifications are guaranteed maximum at either input after 5 minutes of operation at T, = +25°C. For higher temperatures, the current doubles every 10°C, 
Defined as voltage between inputs, such that neither exceeds +10 V from ground. 

“Typically exceeding -14.1 V negative common-mode voltage on either input results in an output ee reversal. 


Specifications subject to change without notice. 
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AD711/AD712/AD713 


ABSOLUTE MAXIMUM RATINGS! ORDERING GUIDE 
Supply Voltage ....... Bice Geld ask new ohotedl we earn uideo 04 +18 V 
PPly 8 eee ne Temperature Package .| Package 
Internal Power Dissipation none : 
Model _ |Range Description Option* 
INpUt VOltdGe occ o'r ae a ee eee oes ae eee tVs5 ; ad 
Differential Input Voltage ...............05. +Vsand-V,  AD7IIAH a0 Ct 585 CPS Pu Metal Can Hes 
ee : : ; . AD711AQ -—40°C to +85°C_ | 8-Pin Ceramic DIP Q-8 
Output Short Circuit Duration (Single Amplifier) . . . Indefinite _ ° 
. is AD711BH —40°C to +85°C | 8-Pin Metal Can H-08A 
Storage Temperature Range (N, R) Soa eile segs —65°C to +125°C AD711BQ -40°C to +85°C._ | 8-Pin Ceramic DIP Q-8 
Storage Temperature Range (Q) stele ee Rites: Be —65°C to +150°C AD711CH ~40°C to +85°C 8-Pin Metal Can H-08A 
Operating ‘Temperature Range AD711CQ -40°C to +85°C_ | 8-Pin Ceramic DIP | Q-8 
BOTS Re aint watace See BSA Oe PE es 0°C to +70°C AD711JN 0°C to +70°C 8-Pin Plastic DIP | N-8 
BDI D:. 4.5 08.5: Ble’ ees eine oh Ae Be Dae —40°C to +85°C AD711JR 0°C to +70°C 8-Pin Plastic SOIC R-8 
BID TASS” eict en ta koe tard haew Soe eee —55°C to +125°C AD711JR-REEL 0°C to +70°C 8-Pin Plastic SOIC R-8 
Lead Temperature Range (Soldering 60 sec) ........ +300°C = AD7I1IJR-REEL7 = |[0°C to +70°C 8-Pin Plastic SOIC | R-8 
NOTES AD711KN 0°C to +70°C 8-Pin Plastic DIP N-8 


1g b ee ee ee ie een ee eee AD711KR 0°C to +70°C 8-Pin Plastic SOIC R-8 
tresses above those listed under solute Maximum Ratings” may cause AD711KR-REEL 0°C to +70°C 8-Pin Plastic SOIC R-8 


permanent damage to the device. This is a stress rating only and functional A a : ; 
operation of the device at these or any other conditions above those indicated in the ADTIIRR-REEL7 | 0°C to +70°C . 8-Pin Plastic SOIC R8 


operational section of this specification is not implied. Exposure to absolute AD711SCHIPS -55°C to +125°C Bare Die 
maximum rating conditions for extended periods may affect device reliability. AD711SQ/883B ~55°C to +125°C | 8-Pin Ceramic DIP Q-8 
Specification is for device in free air: AD711TQ/883B —55°C to +125°C | 8-Pin Ceramic DIP Q-8 
erEy Elabae Eackase Oyq = 165°C/Watt AD712ACHIPS -40°C to +85°C_ | Bare Die oe 
S Bi Ceraip Packige Ga = 110 Catt AD712AH 40°C to +85°C._ | 8-Pin Metal Can H-08A 


8-Pin Metal Can Package Bq = 150°C/Watt 


8-Pin Small Outline Package 44 = 155°C/Watt AD712AQ 40°C to +85°C 8-Pin Ceramic DIP Q8 
14-Pin Plastic Package Ora = 150°C/Watt AD712BH ~40°C to +85°C 8-Pin Metal Can H-08A 
14-Pin Cerdip Package Oy, = 110°C/Watt AD712BQ —40°C to +85°C_ | 8-Pin Ceramic DIP Q-8 
16-Pin SOIC Package Oya = 100°C/Watt AD712CH -40°C to +85°C_ | 8-Pin Metal Can H-08A 
AD712CQ ~40°C to +85°C_ | 8-Pin Ceramic DIP Q-8 
AD712JN 0°C to +70°C | 8-Pin Plastic DIP | | N-8 
AD712JR 0°C to +70°C 8-Pin Plastic SOIC R-8 


AD712JR-REEL 0°C to +70°C 8-Pin Plastic SOIC R-8 
AD712JR-REEL7 = |0°C to +70°C 8-Pin Plastic SOIC R-8 
AD712KN 0°C to +70°C 8-Pin Plastic DIP | N-8 
AD712KR 0°C to +70°C 8-Pin Plastic SOIC R-8 
AD712KR-REEL 0°C to +70°C 8-Pin Plastic SOIC R-8 © 
AD712KR-REEL7 | 0°C to +70°C 8-Pin Plastic SOIC R-8 


AD712SCHIPS -55°C to +125°C | Bare Die 

AD712SQ —55°C to +125°C | 8-Pin Ceramic DIP Q-8 
AD712SQ/883B -55°C to +125°C | 8-Pin Ceramic DIP Q-8 
AD712TQ —-55°C to +125°C | 8-Pin Ceramic DIP Q-8 
AD712TQ/883B -55°C to +125°C | 8-Pin Ceramic DIP Q-8 
AD713AQ -40°C to +85°C | 14-Pin Ceramic DIP | Q-14 
AD713BQ -40°C to +85°C_ | 14-Pin Ceramic DIP | Q-14 
AD713JCHIPS 0°C to +70°C ‘| Bare Die 


AD713JN 0°C to +70°C 14-Pin Plastic DIP N-14 © 
AD713JR-16 0°C to +70°C 16-Pin Plastic SOIC | R-16 
AD713JR-16-REEL | 0°C to +70°C 16-Pin Plastic SOIC | R-16 
AD713JR-16-REEL7|0°C to +70°C 16-Pin Plastic SOIC | R-16 


AD713KN 0°C to +70°C 14-Pin Plastic DIP N-14 
AD713SCHIPS- ~55°C to +125°C | Bare Die . : 
AD713SQ’ | -55°C to +125°C | 14-Pin Ceramic DIP | Q-14° - 
AD713SQ/883B_ —_-|-55°C to +125°C | 14-Pin Ceramic DIP | Q-14 


AD713TQ | 55°C to +125°C | 14-Pin Ceramic DIP | Q-14 © 
AD713TQ/883B —_|-55°C to +125°C._| 14-Pin Ceramic DIP | Q-14 
5962-9063301MCA |-55°C to +125°C | 14-Pin Ceramic DIP | Q-14- 
5962-9063302MCA |-55°C to +125°C | 14-Pin Ceramic DIP.| Q-14 


*For outline information see Package Information section. 
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§ ANALOG 
DEVICES 


Ultralow Noise 
BiFET Op Amp 


FEATURES 


ULTRALOW NOISE PERFORMANCE 
2.9 nV/VHz at 10 kHz | 
0.38 pV p-p, 0.1 to 10 Hz 
6.9 fA/VHz Current Noise at 1 kHz 


EXCELLENT DC PERFORMANCE 
0.5 mV max Offset Voltage 
250 pA max Input Bias Current 
1000 V/mV min Open-Loop Gain 


AC PERFORMANCE | 
2.8 V/s Slew Rate 
4.5 MHz Unity-Gain Bandwidth 
THD = 0.0003% @ 1 kHz 
Available in Tape and Reel in Accordance with 
EIA-481A Standard | : 


APPLICATIONS 
Sonar Preamplifiers 
High Dynamic Range Filters (>140 dB) 
Photodiode and IR Detector Amplitiers 
_ Accelerometers 7 


PRODUCT DESCRIPTION 

The AD743 is an ultralow noise precision, FET spits mono- 
lithic operational amplifier. It offers a combination of the 
ultralow voltage noise generally associated with bipolar input op 
amps and the very low input current of a FET-input device. 
Furthermore, the AD743 does not exhibit an output phase 
reversal when the negative common-mode voltage limit is 
exceeded. 


The AD743’s guaranteed, maximum input voltage noise of 
4.0 nV/\/Hz at 10 kHz is unsurpassed for a FET-input mono- 
lithic op amp, as is the maximum 1.0 pV p-p, 0.1 to 10 Hz © 
noise. The AD743 also has excellent dc performance with 


250 pA maximum input bias current and 0.5 mV maximum off- 


set voltage. 


The AD743 is specifically designed for use as a preamp in. 
capacitive sensors, such as ceramic hydrophones. It is available: 


in five performance grades. The AD743J and AD743K are rated. 


over the commercial temperature range of 0°C to +70°C. The 


AD743A and AD743B are rated over the industrial temperature 


range of —40°C to. +85°C. The AD743S is rated over the mili- 
tary temperature range of —55°C to + 125°C and is available pro- 
cessed to MIL-STD-883B, Rev. C. 

The AD743 is available in 8-pin plastic mini-DIP, 8-pin cerdip, 
16-pin SOIC, or in chip form. oO 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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CONNECTION DIAGRAMS. 
8-Pin Plastic Mini-DIP (N) _—‘16-Pin SOIC (R) Package 
and 
8-Pin Cerdip (Q) Packages 


NULL 


PRODUCT HIGHLIGHTS | 
1. The low offset voltage and low input offset voltage drift of 
_ the AD743 coupled with its ultralow noise performance mean 
that the AD743 can be used for upgrading many applications 
now using bipolar amplifiers. 


2. The combination of low voltage and low current noise make 
the AD743 ideal for charge sensitive applications such as 
accelerometers and hydrophones. . 


3. The low input offset voltage and low noise level of the 
AD743 provide >140 dB dynamic range. 


4. The typical 10 kHz noise level of 2.9 nV/\/Hz permits a 
three op amp instrumentation amplifier, using three AD743s, 
to be built which exhibits less than 4.2 nV/\/Hz noise at 
10 kHz and which has low input bias currents. 


1000 Sy ELSE. ek eet oc ee OS eG 6 A 


OP-27 & 
RESISTOR AME} 


[Tit | Lau 
AD743 & RESISTOR 


PAD 
| CIC ite BB ota Teor 
Se rt 


4 RESISTOR NOISE ONLY 


Hi MO 


100 1k 10k 100k 1M 10M 
‘SOURCE RESISTANCE - Q 


INPUT NOISE VOLTAGE - nV/ Jitz - 


Input Noise Voltage vs. Source Resistance 
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SPECIFICATIONS (@ +25°C and +15 V dc, unless otherwise noted) AD743 


Model AD743J/A AD743K/B AD743S_—. 
Conditions Min Typ Max Min Typ Max Min Typ Max | Units 


INPUT OFFSET VOLTAGE! 
Initial Offset 
Initial Offset Tmin tO Tyax 
vs. Temp. Tein t0' Tas 
vs. Supply (PSRR) 12 V to 18 V2 
vs. Supply (PSRR) TeaiaitO° Ueaae 


INPUT BIAS CURRENT? 
Either Input = 400 
Either Input 

@ Tmax = 8.8/25.6 
Either Input = 600 
Either Input, V; = +5 V = 200 

INPUT OFFSET CURRENT 


Offset Current 
@ Tinax 


FREQUENCY RESPONSE 
Gain BW, Small Signal 
Full Power Response 
Slew Rate, Unity Gain 


Settling Time to 0.01% 
Total Harmonic 
Distortion* 
INPUT IMPEDANCE 
Differential 1 x 10!||20 1 x 10'%|20 1 x 10'%|20 
Common Mode 3 x 10'||18 . 3 x 10"||18 | 3 x 10'}|[18 
INPUT VOLTAGE RANGE 
Differential> +20 +20 
Common-Mode Voltage +13.3, —10.7 +13.3, —10.7 
Over Max Operating Range® 
Common-Mode 
Rejection Ratio =+ . dB 
Tein to Tie ; dB 
INPUT VOLTAGE NOISE 0.1 to 10 Hz ; ; se ; pV p-p_ 
f = 10 Hz : 5: : : nV/\/Hz 
f = 100 Hz ; | ; oO - : nV/\/Hz 
f = 1 kHz | ; . ; 0 | nV/A/Hz 
f = 10 kHz . 9 oO |. 0 | nV//Hz 
INPUT CURRENTNOISE[f=1kHz = | 69 | | fe 
OPEN LOOP GAIN 
V/mV 
V/mV 
V/mV 
OUTPUT CHARACTERISTICS a 
Voltage +13, —12 +13, -12 V 
+13.6, —12.6 +13.6, —12.6 +13.6, —12.6 V 
+12, -10 +12, -10 V 
+12 + 13.8, -—13.1 +12 +13.8, —13.1 +13.8, ~13.1 V 
Current . Short Circuit 
POWER SUPPLY 
Rated Performance 
Operating Range 


Quiescent Current 


TRANSISTOR COUNT a 


NOTES 

'nput offset voltage specifications are guaranteed after 5 minutes of operation at T, = 425°C. 

?Test conditions: +Vs = 15 V, ~Vs = 12 V to 18 V and +Vs = 12 V to +18 Y, Vs = 15 V. 

3Bias current specifications are guaranteed maximum at either input after 5 minutes of operation at T, = +25°C. For higher temperature, the current doubles every 10°C. 
‘Gain = —1, Ry = 2 kM, Cy = 10 pF. 

5Defined as voltage between inputs, such that neither exceeds + 10:V from common. 

*The AD743 does not exhibit an output phase reversal when the negative common-mode limit i is exceeded. 


All min and max specifications are guaranteed. 
Specifications subject to change without notice. 
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AD743 


ABSOLUTE MAXIMUM RATINGS! 


: NOTES ; er 
Supply Voltage eee Cee Sinn Senedd SV 'Stresses above those listed under “Absolute Maximum Ratings” may cause 
Internal Power Dissipation? permanent damage to the device. This is a stress rating only and functional 
Input Volmax: a, # +V operation of the device at these or any other conditions above those indicated 
P ag ak Mer cae Sei gtrar = Raiasege Sr apenas Sy Se SX ig ee: in the operational section of this specification is not implied. Exposure to 
Output Short Circuit Duration ............... Indefinite absolute maximum rating conditions for extended periods may affect device 
Differential Input Voltage ..... era ne eae +V, and —V¢. reliability. 
Storage Temperature Range (Q) ........ . —65°C to + 150°C bein sea Lope oa = eat bre = sala 
_ 460 ° -pin cerdip package: 8,;, = Z att, = 30° att 
Storage Temperature Range (N, R)... - 2. + ~65°C to +125°C - 16-pin plastic SOIC ee Ora = 100°C/Watt, so = 30°C/Watt 
Operating Temperature Range | | 
AD743J/K SAG sola iki Pal See tae te, bat ane ec We Bac ee ace aes 0°C to +70°C ESD SUSCEPTIBILITY 
es tte rene eee Benne eae +++ 740°C to +85°C An ESD classification per method 3015.6 of MIL STD 883C 
th Oe te aniteig te ease ete ~93'Cto + 125°C has been performed on the AD743. The AD743 is a class 1 
Lead emperature Range (Soldering 60 seconds) ...... 300°C device, passing at 1000 V and failing at 1500 V on null pins 1 
_ and 5, when tested, using an IMCS 5000 automated ESD tester. 
_ Pins other than null pins fail at greater than 2500 V. | 
ORDERING GUIDE 


AD743]N 


Temperature Range 


0°C to +70°C 


Package 
Option* 


AD743KN 0°C to +70°C N-8 
AD743AN —40°C to +85°C N-8 
AD743JR-16 0°C to +70°C R-16 
AD743KR-16 0°C to +70°C R-16 
AD743AR-16 —40°C to +85°C R-16 
AD743AQ —40°C to +85°C Q-8 
AD743BQ —40°C to +85°C Q-8 
AD743SQ —55°C to +125°C Q-8 
AD743SQ/883B —55°C to +125°C Q-8 
AD743JCHIPS 0°C to +70°C Die 
AD743JR-16-REEL 0°C to +70°C Tape & Reel 
AD743KR-16-REEL | 0°C to +70°C Tape & Reel 


 AD743AR-16-REEL | —40°C to +85°C 


Tape & Reel 


*N = Plastic DIP; R = Small Outline IC; Q = Cerdip. For outline informa- 


tion see Package Information section. 


METALIZATION PHOTOGRAPH 


Contact factory for latest dimensions. 
Dimensions shown in inches and (mm). 


OFFSET aa t 


NULL 


3 


INVERTING NONINVERTING 
INPUT INPUT 
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REV. B 


ANALOG 
DEVICES 


Precision, 500ns Settling 
BiFET Op Amp 


| AD744 


FEATURES 
AC PERFORMANCE 
500ns Settling to 0.01% for 10V Step 
1.5us Settling to 0.0025% for 10V Step 
75V/ps Slew Rate 
0.0003% Total Harmonic Distortion (THD) 
13MHz Gain Bandwidth — Internal Compensation 
>200MHz Gain Bandwidth (G= 1000) 
External Decompensation 
>1000pF Capacitive Load Drive Capability with 
10V/s Slew Rate — External Compensation 


DC PERFORMANCE 

0.25mV max Offset Voltage (AD744C) 

3pV/°C max Drift (AD744C) 

250V/mV min Open-Loop Gain (AD744B) 

4nV p-p max Noise, 0.1Hz to 10Hz (AD744C) 

Available in Plastic Mini-DIP, Plastic SOIC, Hermetic 
Cerdip, Hermetic Metal Can Packages and Chip Form 

MIL-STD-883B Processing Available> 

Surface Mount (SOIC) Package Available in Tape 
and Reel in Accordance with EIA—481A Standard 


APPLICATIONS 7 

Output Buffers for 12-Bit, 14-Bit and 16-Bit DACs, 
ADC Buffers, Cable Drivers, Wideband 
Preamplifiers and Active Filters 


PRODUCT DESCRIPTION 

The AD744 is a fast-settling, precision, FET input, monolithic 
operational amplifier. It offers the excellent dc characteristics of 
the AD711 BiFET family with enhanced settling, slew rate, and 
bandwidth. The AD744 also offers the option of using custom 
compensation to achieve exceptional capacitive load drive 
capability. 


The single-pole response of the AD744 provides fast settling: 
500ns to 0.01%. This feature, combined with its high dc precision, 
makes it suitable for use as a buffer amplifier for 12-bit, 14-bit 
or 16-bit DACs and ADCs. Furthermore, the AD744’s low total 
harmonic distortion (THD) level of 0.0003% and gain bandwidth 
product of 13MHz make it an ideal amplifier for demanding 
audio applications. It is also an excellent choice for use in active 
filters in 12-bit, 14-bit and 16-bit data acquisition systems. 


The AD744 is internally compensated for stable operation as a 
unity gain inverter or as a noninverting amplifier with a gain of 
two or greater. External compensation may be applied to the 
AD744 for stable operation as a unity gain follower. External 
compensation also allows the AD744 to drive 1000pF capacitive 
loads, slewing at 10V/ys with full stability. Alternatively, external 
decompensation may be used to increase the gain bandwidth of 


- This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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NULL/ 
DECOMPENSATION 


~CONNECTION DIAGRAMS 


Plastic Mini-DIP (N), 
Small Outline (R) and 
Cerdip (Q) Packages 


TO-99 (H) Package 


NULL/ | 
COMPENSATION 


IN OUTPUT 


+IN (5) COMPENSATION 


-V 


NOTE: PIN 4 CONNECTED 
TO CASE 


the AD744 to over 200MHz at high gains. This makes the AD744 
ideal for use as ac preamps in digital signal processing (DSP) 
front ends. 


The AD744 is available in seven performance grades. The AD744J 


and AD744K are rated over the commercial temperature range 
of 0 to +70°C. The AD744A, AD744B and AD744C are rated 
over the industrial temperature range of — 40°C to + 85°C. The 
AD744S and AD744T are rated over the military temperature 
range of —55°C to + 125°C and are available processed to MIL- 


~ STD-883B, Rev. C. 


Extended reliability PLUS screening is available, specified over 
the commercial and industrial temperature ranges. PLUS screening 
includes a 168-hour burn-in, as well as other environmental and 
physical tests. 


The AD744 is available in an 8-pin plastic mini-DIP, 8-pin 
small outline, 8-pin cerdip or TO-99 metal can. 


PRODUCT HIGHLIGHTS 
1. The AD744 is a high-speed BiFET op amp that offers excellent 


performance at competitive prices. It outperforms the OPA602/ 
OPA606, LF356 and LF400. 


2. The AD744 offers exceptional dynamic response. It settles to — 
0.01% in 500ns and has a 100% tested minimum slew rate of 
50V/us (AD744B). : 


3. The combination of Analog Devices’ advanced processing 
technology, laser wafer drift trimming and well-matched ion- 
implanted JFETs provide outstanding dc precision. Input 
offset voltage, input bias current, and input offset current 
are specified in the warmed-up condition; all are 100% 
tested. 


4. The AD744 has a guaranteed and tested maximum voltage 
noise of 4.V p-p, 0.1Hz to 10Hz (AD744(C). 
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AD744— ‘SPECIFICATIONS (@ +25°C and +15V de, unless otherwise nutee? 


Model 


INPUT OFFSET VOLTAGE! © 
Initial Offset - 
' Offset 
vs. Temp 
vs. Supply? 
vs. Supply 
Long-Term Stability 


INPUT BIAS CURRENT? 
Either Input 
Either Input @ Tmax = 


Either Input 

Offset Current 

Offset Current @ Tmax = 
J,K 
A,B,C 
S,T 


FREQUENCY RESPONSE 
Gain BW, Small Signal 
Full Power Response 
Slew Rate, Unity Gain 
Settling Time to0.01%* 
Total Harmonic 

Distortion 


INPUT IMPEDANCE 
Differential 
Common Mode 

INPUT VOLTAGE RANGE 
Differential> 
Common-Mode Voltage 
Over Max Operating Range® 
Common-Mode Rejection Ratio 


INPUT VOLTAGE NOISE. 


| of. ~ ADT44/A/S 
Conditions | Min — Typ 


1.0 


2/2/2 
20/20/20 


Vo=20V p-p 


=-1 


| G=-1 


f=1kHz 
R1=2kN 
Vo =3Vrms 


3x 1015.5 

3x 10'||5.5 

+20 7 
+14.5, —11.5 


+133 


Vcom= +10V 88 
Tin tO T max 84 
Vem = +11V. 84. 
Tmin to 2 eee 

0.1 to 10Hz 

f=10Hz:’ 

‘f= 100Hz 


"| £=1kHz 


INPUT CURRENT NOISE 
OPEN LOOP GAIN’ 


OUTPUT CHARACTERISTICS 
Voltage 


Current 
Capacitive Load® 


POWER SUPPLY 
Rated Performance 
Operating Range 
Quiescent Current 


TEMPERATURE RANGE 
Operating, Rated Performance 
Commercial (0 to + 70°C) 
Industrial ( —.40°C to + 85°C) 
_ Military (— 55°C to + 125°C) 


PACKAGE OPTIONS? ais 
8-Pin Plastic Mini-DIP (N-8) ane 
SOIC (R-8) 
8-Pin Cerdip (Q-8) 
TO-99 Metal Can (H-08A) 
Tape and Reel - 
__Chips Avauable 


" NOTES - 


f = 10kHz 


Rroap22k0. 
Tyrint0 Tmax | 100/100/100 


Rroap=2kN | +13, -—12.5 + 13.9, — 13.3 
TimintO Tynax | #12/+12/412 +13.8, — 13.1 
Short-Circuit | . . 2 

Gain= - 1) 


' AD744JN, AD744JR 
AD744AQ 
AD744AH 
AD744JR-REEL 

. AD744JChips 


- 'nput Offset Voltage specifications are guaranteed afte? 5 minutes ai operation at Th= = * 25°C. 

_ 2PSRR test conditions: + Vs = 15V, — Vs = — 12V to — 18Vand +Vz5 = 12V to 18V, — Vs = — 15V.. 
3Bias Current Specifications are guaranteed maximum at either input after 5 minutes of operation at Ta= +25°C. For higher temperature, ities current doubles every 10°C. 
‘Gain = — 1, Ry = 2k, C, = 10pF, refer to Figure 25. 

Defined as voltage between inputs, such that neither exceeds. + 10V from ground. 


Typically exceeding — 14.1V negative common-mode voltage on either i input results in an output phase reversal. 


7Open-Loop Gain is specified with Vos both nulled and unnulled. 

®Capacitive load drive specified for Ccomp = 20pF with the device connected as shown i in Figure 32. Under these conditions, slew: rate = -14Vius and 0.01% settling time = 1, 5ps typical. 
Refer to Table II for optimum compensation while driving a capacitive load. 

*For outline information see Package Information section. 

Specifications subject to change without notice. 


Specifications in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. All min and max specifications are guaranteed, although 
only those shown in boldface are tested on all production units. 
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AD744K/B/T 


Typ 


3x 10!4I/5.5 
3x 10!4II5.5 


3x 105. 5 
3x 10'2|/5.5 © 


+20, | £20 | 
+145, - 11.5 +145, -11.5 


94 


+ 13.9, — 13.3 +13, -12.5 +13.9, —13.3 
+ 13.8, -13.1 +12 + 13.8, — 13.1 
25 a oe 25 


AD744KN, AD744KR 
AD744BQ 


AD744KR-REEL_ . 


“Units | 


mV - 

mV 
pV/PC 

dB 

dB 
pV/month 


REV. B 


AD744 


ABSOLUTE MAXIMUM RATINGS! NOTES i 
Supply Voltage ...........2.2.0 0000 eee +18V "Stresses above those listed under “Absolute Maximum Ratings” may cause 
Internal Power Dissipation2 500mW permanent damage to the device. This is a stress rating only, and functional 
3 P oe pt Nectee, eh en, Pas Aad aw Yo, operation of the device at these or any other conditions above those indi- 
Input Voltage ee re ee ref Gay ee ae SEO = 18V ted in the operational section of this specification is not implied. Exposure 
Output Short Circuit Duration ........... Indefinite to absolute maximum rating conditions for extended periods may affect 
Differential Input Voltage... ........ +Vs and —Vs device reliability. 
Storage Temperature Range (Q,H)..... — 65°C to + 150°C ee pete nan eee re 
pee e -Pin Plastic Package: 8c = 9a = 
Storage Temperature Range (N, R)..... 65°C to + 125°C 8-Pin Cerdip Package: 0,¢ = 22°C/W, Oy, = 110°C/W 
Operating Temperature Range 8-Pin Metal Can Package: @jc = 65°C/W, 6jq = 150°C/W 
AD44K oo ache Se eke PS ES 0 to + 70°C 8-Pin SOIC Package: 8jc = 42°C/W, 8;, = 160°C/W 
AD744A/B/C .. 1... 2. ee ee —40°C to +85°C *For supply voltages less than +18V, the absolute maximum input voltage 
ADAMS. 3 prune es Hak Ys 255104125. “Fae VE 
Lead Temperature Range (Soldering 60 sec) ...... 300°C 


METALIZATION PHOTOGRAPH 


Contact factory for latest dimensions. 
Dimensions shown in inches and (mm). 


1 8 
NULL/COMPENSATION NULL/COMPENSATION 


6 
OUTPUT 


5 
COMPENSATION 


|~____» og3_—T pj 
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ANALOG 
DEVICES 


Ultralow Noise, High 
Speed, BIFET Op Amp 


FEATURES | 

ULTRALOW NOISE PERFORMANCE 
2.9 nV/VHz at 10 kHz 

0.38 pV p—p, 0.1 Hz to 10 Hz 

6.9 fA/\/Hz Current Noise at 1 kHz 


EXCELLENT AC PERFORMANCE 

12.5 V/s Slew Rate 

20 MHz Gain Bandwidth Product 

THD = 0.0002% @ 1 kHz 

‘Internally Compensated for Gains of +5 (or —4) or 
Greater 


EXCELLENT DC PERFORMANCE 

0.5 mV max Offset Voltage 

250 pA max Input Bias Current 
~ 2000 V/mV min Open Loop Gain 

Available in Tape and Reel in Accordance with 
- EIA-481A Standard | 


APPLICATIONS 

Sonar 

Photodiode and IR Detector Amplifiers _ 
Accelerometers 

Low Noise Preamplifiers 

High Performance Audio 


PRODUCT DESCRIPTION 
The AD745 is an ultralow noise, high speed, FET j input opera- 
tional amplifier. It offers both the ultralow voltage noise and — 


high speed generally associated with bipolar input op amps and _ 


the very low input currents of FET input devices. Its 20 MHz 
bandwidth and 12.5 V/s slew rate makes the AD745 an ideal 


~ amplifier for high speed applications demanding low noise and | 


high dc precision. Furthermore, the AD745 does not exhibit an 
output phase reversal. 


1000 


Rsource OP-37 & 
RESISTOR 


z 
= Rgource 
> 
7 100 
g | 
= é, 
ar AD745 & RESISTOR 
$ AD745 + RESISTOR 
ui OP-37 & RESISTOR (tt) 
: 
~ 10 
- 
a. 
= 
RESISTOR NOISE ONLY 
1 
100 1k 10k 100k 1M 10M 


SOURCE RESISTANCE - 2 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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CONNECTION DIAGRAMS 


8-Pin Plastic Mini-DIP (N) & 


16-Pin SOIC (R) Package » 
8-Pin Cerdip (Q) Packages = 


NC = NO CONNECT 


The AD745’s guaranteed, tested maximum input voltage noise 


., of 4 nV/\/Hz at 10 kHz is unsurpassed for a FET-input mono- 
lithic op amp, as is its maximum 1.0 wV p-p noise in a 0.1 to 


10 Hz. bandwidth. The AD745 also has excellent dc performance 
with 250 pA maximum input bias current and 0.5 mV maxi- 
mum offset voltage. 


_ The internal compensation of the AD745 is optimized for higher 


gains, providing a much higher bandwidth and a faster slew 
rate. This makes the AD745 especially useful as a preamplifier 
where low level signals require an amplifier that provides both 
high amplification and wide bandwidth at these higher gains. 
The AD745 is available in five performance grades. The AD745]J 
and AD745K are rated over the commercial temperature range 


— of 0°C to +70°C. The AD745A and AD745B are rated over the 
industrial temperature range of —40°C to +85°C. The AD745S 
‘Is rated over the military temperature range of —55°C to +125°C 


and is available processed to MIL-STD-883B, Rev. C. 


The AD745 is available in 8-pin plastic mini-DIP, 8-pin cerdip, 
16-pin SOIC, or in chip form. 
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REV. B 


SPECIFICATIONS (@ +25°C mr +15 V dc, unless otherwise noted) 


Model 


INPUT OFFSET VOLTAGE! 
Initial Offset 
Initial Offset 
vs. Temp. 
vs. Supply (PSRR) 
vs. Supply (PSRR) 


INPUT BIAS CURRENT? 
Either Input 
Either Input 

@ Tex 
Either Input 
Either Input, V, = 


INPUT OFFSET CURRENT 
Offset Current 
@ T nak 


FREQUENCY RESPONSE 
Gain BW, Small Signal 
Full Power Response 
Slew Rate 
Settling Time to 0.01% 
Total Harmonic 


+5V 


Tein to oF wake 
T xin to Diak 
12 V to 18 V? 
Twin to T 


min max 


400 


8.8/25.6 
600 
200 


AD745 


AD745J/A AD745K/B AD745S . 
Conditions Min Typ Max Min Typ Max Min Typ Max | Units 


Distortion* 
INPUT IMPEDANCE . 
Differential 1 x 101920 1 x 10!°|20 1 x 101/20 
Common Mode 3 x 10" |18 3 x 10"||18 3 x 10"1/18 
INPUT VOLTAGE RANGE . 
' Differential? +20 +20 +20 


Common-Mode Voltage 
Over Max Operating Range® 
Common-Mode 


+13.3, —10.7 


+13.3, -10.7 


+13.3, —10.7 


Rejection Ratio Vom = +10 V 
iain to vax 
INPUT VOLTAGE NOISE 0.1 to 10 Hz 
f = 10 Hz 
f = 100 Hz 
f = 1 kHz 
f = 10 kHz 
INPUT CURRENT NOISE 
OPEN LOOP GAIN Vo = +10 V 
Rpoap = 2 kO 2000 4000 
Vining tO Likes 1800 
OUTPUT CHARACTERISTICS 
Voltage Rpoap = 600 0} +13, —12 +13, -12 +13, -12 
Ry oap = 6009 +13.6, —12.6 + 13.6, —12.6 +13.6, —12.6 
Tmin tO Tmax +12, —10 +12, —10 +12, -10 
Rpoap = 2k | +12 +13.8, —13.1 +12 +13.8, —13.1 +12 +13.8, —13.1 
Current Short Circuit 
POWER SUPPLY 
Rated Performance 
Operating Range 
Quiescent Current 
NOTES _ 


Input offset voltage specifications are guaranteed after 5 minutes of operation at T, = +25°C. 
Test conditions: +Vs = 15 V, —Vs = 12 V to 18 V and +Vg = 12 V to +18 V, —Vz = 15 V. 


3Bias current specifications are guaranteed maximum at either input after 5 minutes of operation at Ta = +25°C. For higher temperature, the current doubles every 10°C. 
‘Gain = —4, Ry, = 2 kO, Cy = 10 pF. 

>Defined as voltage between inputs, such that neither exceeds +10 V from common. 

®The AD745 does not exhibit an output phase reversal when the negative common-mode limit is exceeded. 


All min and max specifications are guaranteed. 
Specifications subject to change without notice. 
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AD745 


ABSOLUTE MAXIMUM RATINGS" 


Supply Voltage ........... eta tea Ke .. £18 V- 


Internal Power Dissipation’ 

Plastic Package .......... ora oisae tel ae aie eed 1.3 W 

Cerdip Package.......... al EG te ares  Shaneerea eta 11W 

SOIC Package: fp cre iva! eg ai.b.a owas AEG aie 1.2 W 
[nut Voltage afte hacked he SSRs FESS +Vs, 
Output Short Circuit Duration ............... Indefinite 
Differential Input Voltage ............... +V, and —V., 
Storage Temperature Range (Q) ......... —65°C to +150°C 
Storage Temperature Range (N, R)....... —65°C to +125°C 
Operating Temperature Range 

AD745K s2.dc82 eet cate awe Sie ke et 0°C to +70°C 

ADI4S AID. 6 vic. 6 be Ee he Ae idk, eS ES —40°C to +85°C 

BDIASS 3 3 4b ie Me eee es —55°C to +125°C 
Lead Temperature Range (Soldering 60 seconds) .* .. . . 300°C 


NOTES. 


—'§tresses above those listed under “Absolute Maximum Ratings” may cause 
- permanent damage to the device. This is a stress rating only and functional 


operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
_reliability. 

?8-pin plastic package: 6;, = 100°C/Watt, 8ic = 50°C/Watt 

8-pin cerdip package: 6;, = 110°C/Watt, @,;, = 30°C/Watt 

16-pin plastic SOIC package: 6,4 = 100°C/Watt, 0;, = 30°C/Watt | 


ESD SUSCEPTIBILITY 


An ESD classification per method 3015.6 of MIL STD 883C 
has been performed on the AD745, which is a class 1 device. 
Using an IMCS 5000 automated ESD tester, the two null pins 
will pass at voltages up to 1000 volts, while all other. pins will 
pass at voltages exceeding 2500 volts. 


METALIZATION PHOTOGRAPH 


Dimensions shown in inches and (mm). 
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ORDERING GUIDE 


~AD745JN 


Temperature Range 
0°C to +70°C 


AD745KN 0°C to +70°C N-8 
AD745AN —40°C to +85°C N-8 
~AD745JR-16 0°C to +70°C R-16 
AD745AR-16 —40°C to +85°C R-16 
AD745AQ: —40°C to +85°C Q8 
AD745BQ —40°C to +85°C Q-8 
AD745SQ 55°C to +125°C © Q-8 
AD745SQ/883B —55°C to +125°C Q-8 


AD745J Chips 


0°C to +70°C 


*N = Plastic DIP; R = Small Outline IC; Q = Cerdip. For outline infor- 


- mation see Package Information section. 
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REV.B . 


ANALOG ~ Dual Precision, 500 ns 
DEVICES Settling, BIFET Op Amp 


AD746 


FEATURES CONNECTION DIAGRAM 

AC PERFORMANCE 

500 ns Settling to 0.01% for 10 V Step Plastic Mini-DIP (N) 

75 V/ps Slew Rate Cerdip (Q) and 

0.0001% Total Harmonic Distortion (THD) Plastic SOIC (R) Packages 

13 MHz Gain Bandwidth 

internal Compensation for Gains of +2 or Greater AMPLIFIER 1 AMPLIFIER 2 


DC PERFORMANCE 
0.5 mV max Offset Voltage (AD746B) 
10 pV/°C max Drift (AD746B) 
175 V/mV min Open Loop Gain (AD746B) 
2 »V p-p Noise, 0.1 Hz to 10 Hz 
Available in Plastic Mini-DIP, Cerdip 
and Surface Mount Packages 
Available in Tape and Reel in Accordance with 
EIA-481A Standard 
MIL-STD-883B Processing also Available 
Single Version: AD744 


APPLICATIONS The AD746 is available in three 8-pin packages: plastic mini- 

Dual Output Buffers for 12- and 14-Bit DACs DIP, hermetic cerdip and surface mount (SOIC). 

Input Buffers for Precision ADCs, Wideband . 

Preamplifiers and Low Distortion Audio Circuitry PRODUCT HIGHLIGHTS 
1. The AD746 offers exceptional dynamic response for high 

PRODUCT DESCRIPTION speed data acquisition systems. It settles to 0.01% in 500 ns 
The AD746 is a dual operational amplifier, consisting of two and has a 100% tested minimum slew rate of 50 V/ys 
AD744 BiFET op amps on a single chip. These precision mono- (AD746B). 7 
lithic op amps offer excellent dc characteristics plus rapid set- 2. Outstanding dc precision is provided by a combination of 
tling times, high slew rates and ample bandwidths. In addition, Analog Devices’ advanced processing technology, laser wafer 
the AD746 provides the close matching ac and dc characteristics drift trimming and well-matched ion-implanted JFETs. Input 
inherent to amplifiers sharing the same monolithic die. offset voltage, input bias current and input offset current are 
The single pole response of the AD746 provides fast settling: specified in the warmed-up condition and are 100% tested. 
500 ns to 0.01%. This feature, combined with its high de preci- 3. Differential and multichannel systems will benefit from the 
sion, makes it suitable for use as a buffer amplifier for 12- or AD746’s very close matching of ac characteristics. Input 
14-bit DACs and ADCs. Furthermore, the AD746’s low total offset voltage specs are fully tested and guaranteed to a maxi- 


harmonic distortion (THD) level of 0.0001% and very close mum of 0.5 mV (AD746B). 
matching ac characteristics make it an ideal amplifier for many 


demanding audio applications. 4. The AD746 has very close, guaranteed matching of input 


ae bias current between its two amplifiers. 
The AD746 is internally compensated for stable operation as a 


unity gain inverter or as a noninverting amplifier with a gain of 
2 or greater. It is available in four performance grades. The 
AD746]J is rated over the commercial temperature range of 0 to 
+70°C. The AD746A and AD746B are rated over the industrial 
temperature range of —40°C to +85°C. The AD746S is rated 
over the military temperature range of —55°C to +125°C and is 
available processed to MIL-STD-883B, Rev. C. 


5. Unity gain stable version AD712 also available. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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AD746 — SPECIFICATIONS (@ +25°C and mT V de, unless otherwise noted) - 
; ees a : AD746J/A “= | i 
onditions. . | Min yp i 


Model .— 2 
INPUT OFFSET VOLTAGE! 


_ Initial Offset . : : , : 
Offset a : : ' mV 
vs. Temperature pV/°C 
vs. Supply? (PSRR) ‘os ) . 4 dB 
vs. Supply (PSRR) O. {dB 
Long Term Stability _@ | wVémonth 
INPUT BIAS CURRENT? 
Either Input 
Either Input @ Tax 
Either Input 
Offset Current 
Offset Current @ Tinax 
MATCHING CHARACTERISTICS 
Input Offset Voltage 
Input Offset Voltage 
Input Offset Voltage Drift 
Input Bias Current 
Crosstalk @ 1 kHz 
@ 100 kHz 
FREQUENCY RESPONSE 
Gain BW, Small Signal 
Slew Rate, Unity Gain 
Full Power Response Vo = 20 V p-p 
Settling Time to 0.01%+ G=1 
Total Harmonic f = 1 kHz 
Distortion Rl=2 kO, 
Vo = 3.V. rms 
INPUT IMPEDANCE tes, . on a ed 
Differential 2.5 10'\|5.5 2.5 10"|5.5 2.5 102/5.5. 
Common Mode : -—  2.5x1044/5.5 » ZSXIOMISS. ~ <hw 2.5% 10M5;5:.. < 
INPUT VOLTAGE RANGE = —_ 
Differential° oe oo #20 +20 B20 215 
Common-Mode Voltage , +14.5, -11.5 +14.5, -11.5 . +14.5, -11.5 
Over Max Operating Range® | +13 7 +13 | gS og +13 |V- 
Common-Mode Rejection Ratio Vom=+10 V 88 : : 
Tenia tO° Tay — 84 
Vem=tl1 V a 84 
Dean to Tras 
INPUT VOLTAGE NOISE 0.1 to 10 Hz 
. jf = 10 Hz 
f= 100 Hz 
f= 1kHz 
f= 10 kHz 
INPUT CURRENT NOISE 
OPEN LOOP GAIN 
Tisin to ieee 
OUTPUT CHARACTERSTICS mo . 
Voltage E +13,-—12.5 +13.9, —13.3 +13, —12.5 +13.9, —13:3 — . +13.9, -13.3 
We Oda: fel? > © +13.8, —13.1 +12 +13.8, -13.1 +13.8, +13.1 
Current Short Circuit Zo. 
Max Capacitive Load Gain = —1 50 
Driving Capability Gain= —10 500 — 
POWER SUPPLY 
Rated Performance 


Operating Range 
Quiescent Current 


7 10° 7 8.0 7 . 10 . 
TEMPERATURE RANGE 
Rated Performance 0 to +70/—40 to +85 —40 to +85 —55 to +125 °C 


PACKAGE OPTIONS’ 
8-Pin Plastic Mini-DIP (N-8) AD746JN | 
8-Pin Cerdip (Q-8) AD746AQ AD746BQ AD746SQ 
8-Pin Surface Mount (R-8) AD746JR 
Tape and Reel AD746JR-REEL 
Chips AD746SCHIPS 


TRANSSTORCOUNT TP 
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AD746 


NOTES 

Input Offset Voltage specifications are guaranteed after 5 minutes of operation at T, = +25°C. 

2PSRR test conditions: +V; = 15 V, —-Vs = —12 V to —18 V and +Vz = 12 V to 18 V, -Vs = —15 V. 

3Bias Current Specifications are guaranteed maximum at either input after 5 minutes of operation at T, = +25°C. For higher temperature, the current doubles every 10°C. 
‘Gain = —1, RI = 2k, Cl= 10 pF. 

Defined as voltage between inputs, such that neither exceeds +10 V from ground. 

®Typically exceeding — 14.1 V negative common-mode voltage on either input results in an output phase reversal. 

For outline information see Package Information section. 

Specifications subject to change without notice. 

Specifications in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. All min and max 
specifications are guaranteed, although only those shown in boldface are tested on all production units. 


ABSOLUTE MAXIMUM RATINGS! AD /46S 425.64 a Seok ok Hi ee asd —55°C to + 125°C 
Stipply Voltage: (24.050 secwstnce es bob ek dees Os +18 V Lead Temperature Range 

Internal Power Dissipation? ..............00005 500 mW (Soldering 60 seconds) ............20 eee eae + 300°C 
THiplit Voltage! 6.8 cca sees pees Ab ace ho Kal as WS eS +Vzy 

Output Short Circuit Duration NOI 


Stresses above those listed under “Absolute Maximum Ratings” may cause 


(For One Amplifier) ..... 2.6.5.0... 2 eee Indefinite permanent damage to the device. This is a stress rating only and functional 
Differential Input Voltage ............... +V, and —V, operation of the device at these or any other conditions above those indicated 
Storage Temperature Range (Q) ......... —65°C to +150°C in the operational section of this specification is not implied. Exposure to 
Storage Temperature Range (N, R)....... —65°C to + 125°C Sei maximum rating conditions for extended periods may affect ‘device 

f reliability. 
Operating Temperature Range 28-Pin Plastic Package: 0,, = 100°C/Watt, 0;, = 50°C/Watt 

PD/AG) ch ecco Se dk tak Sn A Oe 0 to +70°C 8-Pin Cerdip Package: 6,, = 110°C/Watt, 0, = 30°C/Watt 


AD TAGAIB << 4.44 de ia ar HS OS BI —40°C to +85°C 8-Pin Small Outline Package: 0,4 = 160°C/Watt, 6), = 42°C/Watt — 


METALIZATION PHOTOGRAPH 


Contact factory for latest dimensions. 
Dimensions shown in inches and (mm). 


V+. OUTPUT #2 —IN #2 


0.070 (1.778) 
‘ 5 
OUTPUT a 
#2 
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ANALOG 
DEVICES 


Low Power, Low Noise 
PTeCtstOn FET Op Amp 


FEATURES | | 
Low Power Replacement for Burr-Brown 
OPA-111, OPA-121 Op Amps 
Low Noise 
2.5 pV p-p max, 0.1 Hz to 10 Hz 
— 11 nV/VHz max at 10 kHz 
0.6 fA/V/Hz at 1 kHz 
High DC Accuracy 
250 wV max Offset Voltage 
3 pV/°C max Drift 
1 pA max Input Bias Current 
Low Power: 1.5 mA Max Supply Current. 
Available in Low Cost Plastic Mini-DIP and Surface 
Mount (SOIC) Packages | 


APPLICATIONS 

Low Noise Photodiode Preamps 
CT Scanners 

Precision I-to-V Converters 


PRODUCT DESCRIPTION 

The AD795 is a low noise, precision, FET input operational 
amplifier. It offers both the low voltage noise and low offset 
drift of a bipolar input op amp and the very low bias current of 
a FET-input device. The 10‘ common-mode impedance 
insures that input bias current is essentially independent of 
common-mode voltage and supply voltage variations. 


The AD795 has both excellent dc performance and a guaranteed 


and tested maximum input voltage noise. It features 1 pA maxi- 


mum input bias current and 250 .V maximum offset voltage, 


along with low supply current of 1.5 mA max. 


VOLTAGE NOISE SPECTRAL DENSITY ~ nV/ vHz 


FREQUENCY - Hz 
AD795 Voltage Noise Spectral Density 
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CONNECTION DIAGRAMS 


8-Pin Plastic Mini-DIP (N) 
Packages 


NC = NO CONNECT 


Furthermore, the AD795 features a guaranteed low input noise 


of 2.5 »V p-p (0.1 Hz to 10 Hz) and a 11 nV/\/Hz max noise 
level at 10 kHz. The AD795 has a fully specified and tested 
input offset voltage drift of only 3 ~V/°C max. 


_ The AD795 is useful for many high input impedance, low noise 


applications. The AD795J and AD795K are rated over the com- 


‘mercial temperature range of 0°C to +70°C. 


The AD795 is available in 8-pin plastic mini-DIP and 8-pin sur- 


face mount eo! packages. 


_ SAMPLE SIZE = 570 


PERCENTAGE OF UNITS 


5 4 3 -2 -1 Oo 1 2 3 4 #5 
INPUT OFFSET VOLTAGE DRIFT - pV/°C 


Typical Distribution of Average Input Offset Voltage Drift 
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SPECIFICATIONS (@ +25°C and +15 V de, unless otherwise noted) AD795 
Seiiinn, AD795JN/JR AD795K Units 
Parameter Conditions Min Typ Max | Min Typ Max 


INPUT OFFSET VOLTAGE! 
Initial Offset 
Offset 
vs. Temperature 
vs. Supply (PSRR) 
vs. Supply (PSRR) 


INPUT BIAS CURRENT?’ 


Twin7l max 


Twin7l max 


Either Input l 2/3 1 l pA 
Either Input @ Tyax = 23 23 pA 
Either Input 1 ] pA 
Offset Current 0.1 1.0 0.1 0.5 pA 
Offset Current @ Tyax = 2 2 pA 
OPEN-LOOP GAIN 

110 120 110 120 dB 

Rioap = 10 kO 100 108 100 108 dB 


INPUT VOLTAGE NOISE 0.1 Hz to 10 Hz LV p-p 
f = 10 Hz nV/\/Hz 
= 100 Hz nV/\/Hz 
f= 1kHz nV/\/Hz 
f = 10 kHz nV/\/Hz g 
INPUT CURRENT NOISE fA p-p 
fA/\/Hz 
FREQUENCY RESPONSE 
Unity Gain, Small Signal MHz 
Full Power Response | 
| kHz 
Slew Rate, Unity Gain 
V/s 
SETTLING TIME? 
To 0.1% 10 V Step LS 
To 0.01% 10 V Step WS 
Overload Recovery* 50% Overdrive WS 
Total Harmonic f = 1 kHz 
Distortion RI = 10 kQ 
Vo = 3 Vrms dB 
INPUT IMPEDANCE 
Differential Vos = t1V 10°(|2 10°||2 Q||pF 
Common Mode 10°4||2.2 10°4|/2.2 Q||pF 
INPUT VOLTAGE RANGE 
Differential? 


Common-Mode Voltage 
Over Max Operating Temperature 
Common-Mode Rejection Ratio 


Vom = +10 V 
Tin to Tyax 


OUTPUT CHARACTERISTICS 
Voltage Rioap = 2 kO 
. MIN~ | Max 
Current Vout = +10 V 
| Short Circuit 
POWER SUPPLY 
Rated Performance 
Operating Range 


Quiescent Current 
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AD795 


NOTES 


‘Input offset voltage specifications are scueanieed after 5 minutes of operation at T, = +25°C. 
Bias current specifications are guaranteed maximum at either input after 5 minutes of operation at T, = +25°C. For highee Reupecerure the current moubics 


every 10°C. 
3Gain = —1, Rl = 10 kQ. 


‘Defined as the time required for the amplifier’s output to return to ‘normal operation after removal of a 50% overload from the amplifier input. 
>Defined as the maximum continuous voltage between the inputs such that neither input exceeds +10 V from ground. 


All min and max specifications are guaranteed. | 
Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS’ 


SUpDlY Voltage’ 54 asc. ck eu od aoe oo WS ae eee GPSS +18 V 
Internal Power Dissipation? (@ T, = +25°C) 

SOIC. Packan@ ey wen s.c tae SS ae ER ees ae 8 500 mW 

8-Pin Mini-DIP Package ............ 0.0005 750 mW 
TNDUt VONAGE. xfs o ee aac eta anew S. © aie Sea ete wee Ae +Vo. 
Output Short Circuit Duration ............... Indefinite 
Differential Input Voltage ......... See a2 +V, and —Vz 
Storage Temperature Range (N, R)....... —65°C to +125°C 
Operating Temperature Range 

PID IOS IIR: ee nica ey 4G ial ane a 0°C to +70°C 


NOTES 

Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

*8-Pin Plastic Mini-DIP Package: 6,, = 100°C/Watt 

8-Pin Small Outline Package: 6,, = 155°C/Watt 
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ESD SUSCEPTIBILITY 

ESD (electrostatic discharge) sensitive te. Hinceosate 
charges as high as 4000 volts, which readily accumulate on the 
human body and on test equipment, can discharge without 
detection. Although the AD795 features proprietary ESD pro- 
tection circuitry, permanent damage may still occur on these 
devices if they are subjected to high energy electrostatic dis- 
charges. Therefore, proper ESD precautions are recommended | 
to avoid any performance degradation or loss of functionality. 


ORDERING GUIDE 


Temperature Range 


0°C to +70°C 
0°C to +70°C 
-0°C to +70°C 


Package Option* 


AD795JN 
AD795KN 
AD795JR 


*N = Plastic mini-DIP; R = SOIC packer For outline fnfonnattod see 
Package Information section. 


REV. A 


INPUT COMMON MODE RANGE - +Voits 


SUPPLY VOLTAGE - +Volts 


Figure 1. Common-Mode Voltage Range vs. Supply 


OUTPUT VOLTAGE SWING - Volts p-p 


10k 
; fea RESISTANCE — i" 


Figure 3. Output Voltage Swing vs. Load Resistance 


PERCENTAGE OF UNITS 


INPUT BIAS CURRENT — pA 


Figure 5. Typical Distribution of Input Bias Current 
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Typical Characteristics — AD795 


OUTPUT VOLTAGE RANGE - +Volts 


SUPPLY VOLTAGE — +Voits 


Figure 2. Output Voltage Range vs. Supply Voltage 


INPUT BIAS CURRENT — pA 


SUPPLY. VOLTAGE — +Volts 


Figure 4. Input Bias Current vs. Supply 


10-8 


10-11 


10-12 


INPUT BIAS CURRENT — Amps 


10-13 


-60 -40 -20 0 20 40 60 80 100 120 140 
TEMPERATURE - °C 


Figure 6. Input Bias Current vs. Temperature 
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AD795 —Typical Characteristics 


INPUT BIAS CURRENT - pA 
INPUT BIAS CURRENT — Amperes 


-15 ~10 -5 0 +5 +10 +15 a +: 
eS ienGh OBE VOLTAGE.. Nene IFFERENTIAL INPUT VOLTAGE - =Volts 
Figure 7. Input Bias Current vs. Common-Mode Voltage Figure 8. Input Bias Current vs. Differential Input Voltage 


Noise Bandwidth: 0.1 to 10Hz si eetiaat 
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: 0.01 1.0 Ba . | 
~60 -40 -20 0 20 40 60 80 100 120 140 10? 104 105 108 107 10° 
| TEMPERATURE - °C . SOURCE RESISTANCE - 
Figure 9. Voltage and Current Noise Spectral Density vs. Figure 10. Input Voltage Noise vs. Source Resistance 
Temperature 
Eg CoCo coco 
> Sell 
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Figure 11. Typical Distribution of Input Voltage Noise Figure 12. Input Voltage Noise Spectral Density 
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AD795 
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Figure 13. Short Circuit Current Limit vs. Temperature Figure 14. Output Swing and Error vs. Settling Time 
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came ETT 
eT CIN 
SOOT eT 
IN TN 4 

CUEEIATENUELTRN LEE 
CEILI 

IN 
COTE | 
20 (| 
LAIEUIEE NIUE 
1 10 100 


POWER SUPPLY REJECTION - dB 


ABSOLUTE INPUT ERROR VOLTAGE - pV 
e282 8-86.28 2 2.225 


-15 -10 -5 0 5 10 15 1k 10k 100k 1M  10M- 
INPUT COMMON MODE VOLTAGE - Volts FREQUENCY — Hz 
Figure 15. Absolute Input Error Voltage vs. Input Figure 16. Power Supply Rejection vs. Frequency 


Common-Mode Voltage 


120 
; TINS 
2 80 IN nia ‘ : 
60 ANY a. o 
a Ba 
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Figure 17. Common-Mode Rejection vs. Frequency Figure 18. Open-Loop Gain & Phase Margin vs. Frequency — 


REV. A OPERATIONAL AMPLIFIERS 9-69 


we a 
a ee 
dee 
| ‘6 CCU 
c | 2 fT 
; | emai 
! | s (CLL 
r E a (SE 
ro) re) ae Bee 
: @aisiae 
. & sanz 
3 a [ATT 
|} ee 
D 
Oak 10k | 100k 1M mae 10k 100k 1M 10M 
; FREQUENCY - Hz FREQUENCY - Hz , 
Figure 19. Large Signal Frequency Response _ Figure 20. Closed-Loop Output Impedance vs. Frequency — 


QUIESCENT SUPPLY CURRENT - mA 


* 100 1k 10k 100k 5 
FREQUENCY — Hz SUPPLY VOLTAGE + Volts 


Figure 21. Total Harmonic Distortion vs. Frequency Figure 22. Quiescent Supply Current vs. Supply Voltage 


Drift 


PERCENTAGE OF UNITS 


0 BOOS ; 
-500 -400 -300 -200 -100 0 100 200 300 400 500 
INPUT OFFSET VOLTAGE — \V 


Figure 23. Typical Distribution of Input Offset Voltage. 
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10kQ 


Figure 24, Unity Gain Inverter 


Figure 27. Unity Gain Follower ; ; 
Figure 28. Unity Gain Follower 


Large Signal Pulse Response 


MINIMIZING INPUT CURRENT 

The AD795 is guaranteed to 1 pA max input current with +15 
volt supply voltage at room temperature. Careful attention to 
how the amplifier is used will maintain or possibly better this 
performance. 


The amplifier’s operating temperature should be kept as low as 
possible. Like other JFET input amplifier’s, the AD795’s input 
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Figure 25. Unity Gain Inverter 
Large Signal Pulse Response 


Figure 26. Unity Gain Inverter 
Small Signal Pulse Response 


Figure 29. Unity Gain Follower 
Small Signal Pulse Response 


current will double for every 10°C rise in junction temperature 
(illustrated in Figure 6). On-chip power dissipation will raise the 
device operating temperature, causing an increase in input cur- 
rent. Reducing supply voltage to cut power dissipation will 
reduce the AD795’s input current (Figure 4). Heavy output 
loads can also increase chip temperature, maintaining a mini- 
mum load resistance of 10 kO in recommended. 
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CIRCUIT BOARD NOTES 

The AD795 is designed for throughhole mounting on PC 
boards, using either mini-DIP or surface mount (SOIC). Main- 
taining picoampere resolution in those environments requires a 
lot of care. Both the board and the amplifier’s package have 
finite resistance. Voltage differences between the input pins and 
other pins as well as PC board metal traces will cause parasitic — 

_ currents (Figure 30) larger than the AD795’s input current 
unless special precautions are taken. Two methods of minimiz- __ 
ing parasitic leakages are guarding of the input lines and main-| 
taining adequate insulation resistance. _ | | 


Figures 31 and 32 show the recommended guarding schemes for 
follower and inverted topologies. Note that for the mini-DIP, 
the guard trace should be on both sides of the board. On the 
SOIC, Pin 1 is not connected, and can be safely connected to 
the guard. The high impedance input trace should be guarded 
on both edges for its entire length. 


Figure 30. Sources of Parasitic Leakage Currents 


GUARD TRACES PARALLEL 
TO BOTH EDGES OF 
INPUT TRACE 


INPUT - 
TRACE 


TO ANALOG —=> 


COMMON 
oe 

NOTE: 

© ON THE "R" PACKAGE 
PINS, 1, 5 AND 8 ARE OPEN 

ole AND CAN BE CONNECTED 
TO ANALOG COMMON OR 

ols TO THE DRIVEN GUARD TO © 
REDUCE LEAKAGE. 

GUARD 
GUARD TRACES 


_ AD795 
TOP VIEW 


CONNECT TO JUNCTION 
OF R; AND R,, OR TO PIN 6 


FOR UNITY GAIN. 


Figure 32. Guard Scheme—Follower 
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Leakage through the bulk of the circuit board will still occur 
with the guarding schemes shown in Figures 31 and 32. Stan- 
dard “G10” type printed circuit board material may not have 
high enough volume resistivity to hold leakages at the sub- 
picoampere level particularly under high humidity conditions. 
One option that eliminates all effects of board resistance is 
shown in Figure 33. The AD795’s sensitive input pin (either Pin 
2 when connected as an inverter, or Pin 3 when connected as a 
follower) is bent up and soldered directly to a Teflon* insulated 
standoff. Both the signal input and feedback component leads 
must also be insulated from the circuit board by Teflon 
standoffs or low-leakage shielded cable. 

INPUT PIN: 


PIN 2 FOR INVERTER 
OR PIN 3 FOR FOLLOWER 


INPUT SIGNAL 
LEAD 


(—[2] apzes 


TEFLON INSULATED STANDOFF 


Figure 33. Input Pin to Insulating Standoff 


Contaminants such as solder flux on the board’s surface and on 
the amplifier’s package can greatly reduce the insulation resis- 
tance between the input pin and those traces with supply or sig- 
nal voltages. Both the package and the board must be kept clean 
and dry. An effective cleaning procedure is to first swab the 
surface with high grade isopropyl alcohol, then rinse it with 
deionized water and, finally, bake it at 100°C for 1 hour. Poly- 
propylene and polystyrene capacitors should not be subjected to 
the 100°C bake as they will be damaged at temperatures greater 
than 80°C. 


Other guidelines include making the circuit layout as compact as 
possible and reducing the length of input lines. Keeping circuit 
board components rigid and minimizing vibration will reduce 
triboelectric and piezoelectric effects. All precision high imped- 
ance circuitry requires shielding from electrical noise and inter- 
ference. For example, a ground plane should be used under all 
high value (i.e., greater than 1 MQ) feedback resistors. In some 
cases, a Shield placed over the resistors, or even the entire 
amplifier, may be needed to minimize electrical interference 
originating from other circuits. Referring to the equation in Fig- 
ure 30, this coupling can take place in either, or both, of two 
different forms—coupling via time varying fields: 

dV 

aT °P 
or by injection of parasitic currents by changes in capacitance 
due to mechanical vibration: 


dCp 
we 


*Teflon is a registered trademark of E.I. du Pont Co. 
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Both proper shielding and rigid mechanical mounting of 
components help minimize error currents from both of these 
sources. 


OFFSET NULLING 

The AD795’s input offset voltage can be nulled (mini-DIP pack- 
age only) by using balance Pins 1 and 5, as shown in Figure 34. 
Nulling the input offset voltage in this fashion will introduce an 
added input offset voltage drift component of 2.4 wV/°C per 
millivolt of nulled offset. 


Figure 34. Standard Offset Null Circuit 


The circuit in Figure 35 can be used when the amplifier is used 
as an inverter. This method introduces a small voltage in series 
with the amplifier’s positive input terminal. The amplifier’s | 
input offset voltage drift with temperature is not affected. How- 
ever, variation of the power supply voltages will cause offset — 
shifts. 


Figure 35. Alternate Offset Null Circuit for Inverter 
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AC RESPONSE WITH HIGH VALUE SOURCE AND 

_ FEEDBACK RESISTANCE 

Source and feedback resistances greater than 100 ko will mag- 
nify the effect of input capacitances (stray and inherent to the 
AD795) on the ac behavior of the circuit. The effects of common- 
mode and differential input capacitances should be taken. into . 
account since ‘the circuit’ S bandwidth and stability can be 
adversely affected. . 


In a follower, the source resistance, Rg, and input common- 
mode capacitance, C, (including capacitance due to board and 
capacitance inherent to the AD795), form a pole that limits cir- . 7 
cuit bandwidth to 1/2 1 ReCs. Figure 36 shows the follower Figure 38. Inverter Pulse Response with 1 MQ Source and 


pulse response from a 1 MQ) source resistance with the amplifi- Feedback Resistance, 1 pF Feedback Capacitance 
er’s input pin isolated from the board, only the effect of the 


AD795’s input common-mode capacitance is seen. 


OVERLOAD ISSUES" | 

Driving the amplifier output ‘beyond i its linear region causes 
some sticking; recovery to normal operation is within 2 ys of — 
the input voltage returning within the. linear range. 


If either input is driven below the negative supply, the amplifi- 
er’s output will be driven high, causing a phenomenon called 
phase reversal. Normal operation is resumed within 30 ys of the 
input voltage returning within the linear range. 


Figure 39 shows the AD795’s input currents versus differential. 
input voltage. Picoamp level input current is maintained for dif- 
ferential voltages up to several hundred millivolts. This behavior 
is only important if the AD795 is in an open-loop application 
. igur x a Follower P. ulse Response from 1 MoO Source where substantial differential voltages are produced. : 
esista 


In an inverting configuration, the differential input capacitance 
forms a pole in the circuit’s loop transmission. This can create 
peaking in the ac response and possible instability. A feedback 
capacitance can be used to stabilize the circuit. The inverter 
pulse response with R, and Rg equal to 1 MQ, and the input 
pin isolated from the board appears in Figure 37. Figure 38 
shows the response of the same circuit with a 1 pF feedback 
capacitance. Typical differential input capacitance for the 
AD795 is 2 pF. 


INPUT BIAS CURRENT — Amperes 


6-5 4 -3 2-1 0 1 2°93 45 6 
DIFFERENTIAL INPUT VOLTAGE'- +Volts_ 


Figure 39. Input Bias Current vs. Differential Input Voltage 


Figure 37. Inverter Pulse Response with 1 MQ Source and 
Feedback Resistance 
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INPUT PROTECTION 

The AD795 safely handles any input voltage within the supply 
voltage range. Some applications may subject the input termi- 
nals to voltages beyond the supply voltages—in these cases, the 
following guidelines should be used to maintain the AD795’s 
functionality and performance. 


If the inputs are driven more than a 0.5 V below the minus sup- 
ply, milliamp level currents can be produced through the input 
terminals. That current should be limited to 10 mA for ‘“‘tran- 
sient” overloads (less than 1 second) and 1 mA for continuous 
overloads, this can be accomplished with a protection resistor in 
the input terminal (as shown in Figures 40 and 41). The protec- 
tion resistor’s Johnson noise will add to the amplifier’s input 
voltage noise and impact the frequency response. 


Driving the input terminals above the positive supply will cause 
the input current to increase and limit at 40 pA. This condition 
is maintained until 15 volts above the positive supply—any 
input voltage within this range does not harm the amplifier. 
Input voltage above this range causes destructive breakdown and 
should be avoided. 


_' Figure 40. Inverter with Input Current Limit 
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Figure 41. Follower with Input Current Limit 


Figure 42 is a schematic of the AD795 as an inverter with an 
input voltage clamp. Bootstrapping the clamp diodes at the 
inverting input minimizes the voltage across the clamps and 
keeps the leakage due to the diodes low. Low leakage diodes 
(less than 1 pA), such as the FD333’s should be used, and 
should be shielded from light to keep photocurrents from being 
generated. Even with these precautions, the diodes will measur- 
ably increase the input current and capacitance. 


In order to achieve the low input bias currents of the AD795, it 
is not possible to use the same on-chip protection as used in 
other Analog Devices op amps. This makes the AD795 sensitive 
to handling and precautions should be taken to minimize ESD 
exposure whenever possible. 


PROTECT DIODES 7 
(LOW LEAKAGE) 


Figure 42. Input Voltage Clamp with Diodes 
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FILTERED a 
' OUTPUT 


PHOTODIODE 


OPTIONAL 26Hz 
FILTER 


Figure 43. The AD795 Used as a Photodiode Preamplifier 


Preamplifier Applications . 

The low input current and offset voltage levels of the AD795 
together with its low voltage noise make this amplifier an excel- 
lent choice for preamplifiers used in sensitive photodiode appli- 
cations. In a typical preamp circuit, shown in Figure 43, the 
output of the amplifier is equal to: 


Vour = Ip (Rf) = Rp (P) Rf 
where: 
I, = photodiode signal current (Amps) 
Rp = photodiode sensitivity (Amp/Watt) 
Rf = the value of the feedback resistor, in ohms. 
7 P = light power incident to photodiode surface, in watts. 


An equivalent model for a photodiode and its dc error sources is 
shown in Figure 44. The amplifier’s input current, I,, will con- 
tribute an output voltage error which will be proportional to the 
value of the feedback resistor. The offset voltage error, Vos; 
will cause a “dark” current error due to the photodiode’s finite 
shunt resistance, Rd. The resulting output voltage error, Vx, is 
equal to: 


Vz = (1 + RAIRA) Vos + Rf Ip 


A shunt resistance on the order of 10° ohms is typical for a 
small photodiode. Resistance Rd is a junction resistance which 


10pF 


PHOTODIODE 


Sos ee oe Pd 


Figure 44. A Photodiode Model Showing DC Error 
Sources 
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will typically drop by a factor of two for every 10°C rise in tem- 
perature. In the AD795, both the offset voltage and drift are 
low, this helps minimize these errors. . 
Minimizing Noise Contributions 2. . 
The noise level limits the resolution obtainable from any pream- 
plifier. The total output voltage noise divided by the feedback 
resistance of the op amp defines the minimum detectable signal 
current. The minimum detectable current divided by the photo- 
diode sensitivity is the minimum detectable light power. 


Sources of noise in a typical preamp are shown in Figure 45. 
The total noise contribution is defined as: 


—/., RF /1+s(CaR 
+ (ar(1+ a (Teo ene)) 


(i + iP + #7) (; + aa 7m) 


Cf 
10pF 


PHOTODIODE | 


Figure 45. Noise Contributions of Various Sources 


Figure 46, a spectral density versus frequency plot of each 
source’s noise contribution, shows that the bandwidth of the 
amplifier’s input voltage noise contribution is much greater than 
its signal bandwidth. In addition, capacitance at the summing 
junction results in a “peaking” of noise gain in this configura- 
tion. This effect can be substantial when large photodiodes with 
large shunt capacitances are used. Capacitor Cf sets the signal 
bandwidth and also limits the peak in the noise gain. Each 
source’s rms or root-sum-square contribution to noise is 
obtained by integrating the sum of the squares of all the noise 
sources and then by obtaining the square root of this sum. Mini- 


‘mizing the total area under these curves will optimize the 


preamplifier’s overall noise performance. 


An output filter with a passband close to that of the signal can 
greatly improve the preamplifier’s signal to noise ratio. The 
photodiode preamplifier shown in Figure 45—without a band- 
pass filter—has a total output noise of 50 »V rms. Using a 


26 Hz single pole output filter, the total output noise drops to 


23 »V rms, a factor of 2 improvement with no loss in signal 
bandwidth. 
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Figure 46. Voltage Noise Spectral Density of the Circuit of 
Figure 45 with and without an Output Filter 


10pF 


PHOTODIODE 


Figure 47. A Photodiode Preamp Employing a “T” 
Network for Added Gain 


Using a “T” Network 

A “T” network, shown in Figure 47, can be used to boost the 
effective transimpedance of an I to V converter, for a given 
feedback resistor value. However, amplifier noise and offset 


REV. A 


AD795 


voltage contributions are also amplified by the “T” network 
gain. A low noise, low offset voltage amplifier, such as the 
AD795, is needed for this type of application. 


A pH Probe Buffer Amplifier 

A typical pH probe requires a buffer amplifier to isolate its 10° 
to 10° O source resistance from external circuitry. Just such an 
amplifier is shown in Figure 48. The low input current of the 
AD795 allows the voltage error produced by the bias current 
and electrode resistance to be minimal. The use of guarding, 
shielding, high insulation resistance standoffs, and other such 
standard methods used to minimize leakage are all needed to 
maintain the accuracy of this circuit. 


The slope of the pH probe transfer function, 50 mV per pH 
unit at room temperature, has a +3300 ppm/°C temperature 
coefficient. The buffer of Figure 48 provides an output voltage 
equal to 1 volt/pH unit. Temperature compensation is provided 
by resistor RT which is a special temperature compensation 
resistor, part number Q81, 1 kN, 1%, +3500 ppm/°C, available 
from Tel Labs Inc. 


Vos ADJUST 
s00Kka +Vg a a +15V 


0.1pnF 
COM 
T. 0.1 pF 


-15V 


OUTPUT 
O 1VOLT/pH UNIT 


1kQ 
+3500ppm/ °C 


Figure 48. A pH Probe Amplifier 
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FEATURES 
Low Noise — 
0.9 nV/VHz typ (1.2 nV/V/Hz max) Input Voltage 
Noise at 1 kHz | | 
50 nV p—p Input Voltage Noise, 0.1 to 10 Hz 
Low Distortion | ? 
—120 dB Total Harmonic Distortion at 20 kHz 
Excellent AC Characteristics | 
800 ns Settling Time to 16 Bits (10 V Step) 
110 MHz Gain Bandwidth (G = 1000) : 
8 MHz Bandwidth (G = 10) 
280 kHz Full Power Bandwidth at 20 V p—p 
20 V/s Slew Rate 
Excellent DC Precision 
80 pV max Input Offset Voltage 
1.0 pV/°C Voz Drift 
Specified for +5 V and +15 V Power Supplies 
High Output Drive Current of 50 mA 


APPLICATIONS 

Professional Audio Preamplifiers 

IR, CCD, and Sonar Imaging Systems 
Spectrum Analyzers 

Ultrasound Preamplifiers 

Seismic Detectors 

2A ADC/DAC Buffers 


PRODUCT DESCRIPTION 

The AD797 is a very low noise, low distortion operational 
amplifier ideal for use as a preamplifier. The low noise of 
0.9 nV/\/Hz and low total harmonic distortion of —120 dB 
at audio bandwidths give the AD797 the wide dynamic range 


INPUT VOLTAGE NOISE - nv/V Hz 


10 100 1k 10k 100k 1M 10M 
FREQUENCY -— Hz 


AD797 Voltage Noise Spectral Density 


*Patent pending. 
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Ultralow Distortion, 
Ultralow Noise Op Amp 


CONNECTION DIAGRAM _ 


8-Pin Plastic Mini-DIP (N), 
Cerdip (Q) and SOIC (R) 
Packages 


DECOMPENSATION & 
DISTORTION 
NEUTRALIZATION 


“IN 27 [7 | +, 
+IN | 3 | | 6 | OUTPUT 
-V, | 4 |S | OFFSET NULL 


OFFSET NULL | 1 | 


necessary for preamps in microphones and mixing consoles. 
Furthermore, the AD797’s excellent slew rate of 20 V/s and 
110 MHz gain bandwidth make it highly suitable for low fre- 
quency ultrasound applications. 


The AD797 is also useful in IR and Sonar Imaging applications 
where the widest dynamic range is necessary. The low distortion 
and 16-bit settling time of the AD797 make it ideal for buffering 
the inputs to {A ADCs or the outputs of high resolution DACs 
especially when they are used in critical applications such as 
seismic detection and spectrum analyzers. Key features such as a 
50 mA output current drive and the specified power supply volt- 
age range of +5 to +15 volts make the AD797 an excellent gen- 
eral purpose amplifier. 


100 300 1k 3k 10k 30k 100k 300k 
FREQUENCY — Hz 


THD vs. Frequency 


REV. B 


SPECIFICATIONS (@T, = +25°C and V, = +15 V de, unless otherwise noted) . AD797 


AD797A/S! AD797B | | 
Model Conditions Vs Min Typ Max |Min Typ Max | Units 


INPUT OFFSET VOLTAGE +5 .V, +15V 25-80 10 40 [pv 
Tra to Tas 50 125/180 30 60s [pV 
Offset Voltage Drift | +5.V,+15V 0.2 1.0 0.2 0.6 |pVvrc 


INPUT BIAS CURRENT +5V,+15V 0.25 1.5 0.25 0.9 |pA 
INPUT OFFSET CURRENT 2) V,215 V 100 400 80 200 |nA 
Tieoto Peake 120 600/700 120 300 |nA 


OPEN-LOOP GAIN 


1 20 

1 6 

1 15 

] 5 
14000 20000 


DYNAMIC PERFORMANCE 
Gain Bandwidth Product 110 


450 


—3 dB Bandwidth 8 
Full Power Bandwidth? 
280 
Slew Rate Loap = 1kQ 12.5 20 
Settling Time to 0.0015% 10 V Step a 800 1200 
COMMON-MODE REJECTION Vom = CMVR +5 V,+15Vi114 = 130 120 130 dB 
Toto Tapas 110 120 114 120 ‘dB 
POWER SUPPLY REJECTION Vs = +5 Vto+18 V 114 +3130 120°. 130 dB 
Te ccaterl as 110 120 114 120 dB 
INPUT VOLTAGE NOISE f = 0.1 Hz to 10 Hz 
f= 10 Hz 
f = 1 kHz 
f = 10 Hz-1 MHz 
INPUT CURRENT NOISE 
INPUT COMMON-MODE 
VOLTAGE RANGE 


OUTPUT VOLTAGE SWING 


Short-Circuit Current 
Output Current* 


f = 250 kHz, 3 V rms 
Rpoap = | kQ 
f = 20 kHz, 3 V rms 


INPUT CHARACTERISTICS 3 
Input Resistance (Differential) 7.5 fom kQ | 
Input Resistance (Common Mode) 100 100 MQ 
Input Capacitance (Differential)° 20 20 pF 
Input Capacitance (Common Mode) 5 5 pF 
es Se 


OUTPUT RESISTANCE Ay = +1, f = 1 kHz 


POWER SUPPLY 
Operating Range +5 +18 +5 +18 |V 
Quiescent Current #5: V5. 22 15-V. 8.2 10.5 8.2 10.5 |mA 


NOTES 

See standard military drawing for 883B specifications. 

Specified using external decompensation capacitor, see applications section. 

Full Power Bandwidth = Slew Rate/2 7 Vpgax- 

‘Output Current for [Vs — Vour| > 4 V; Aor > 200 kO. 

Differential input capacitance consists of 1.5 pF package capacitance and 18.5 pF from the input differential pair. 


Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS* 


Supply Voltage ....... ee ee a Bate a ieeieens +18 V 
Internal Power Dissipation @ +25°C? 
Input Voltage ..........0 2c eee ee gktcee de eee Ve 
Differential Input Voltage? ...........000 000 ee +0.7V 
Output Short Circuit Duration ....... Indefinite Within max 
| Internal Power Dissipation 
Storage Temperature Range (Q) ......... —65°C to +150°C 
Storage Temperature Range (N, R)...... . ~65°C to +125°C | 
Operating Temperature Range 
BID TST ALB 3 aes 3 oie Soke Wi eave @ Ans Bad —40°C to +85°C 
BDTOTS 55 gcse arene ee by a gteneas —55°C to +125°C 
Lead Temperature Range (Soldering 60 sec) ....... +300°C 
NOTES 


Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage.to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

Internal Power Dissipation: 

8-Pin SOIC = 0.9 Watts — (T,4—25°C)/8;,4 

8-Pin Plastic DIP and Cerdip = 1.3 Watts — (T,4—25°C)/0;, 

Thermal Characteristics 

8-Pin Plastic DIP Package: 0,4 = 95°C/W 

8-Pin Cerdip Package: 6,, = 110°C/W 

8-Pin Small Outline Package: @,, = 155°C/W 


3The AD797’s inputs are protected by back-to-back diodes. To achieve low 
noise, internal current limiting resistors are not incorporated into the design of 
this amplifier. If the differential input voltage exceeds +0.7 V, the input 
current should be limited to less than 25 mA by series protection resistors. 
Note, however, that this will degrade the low noise performance of the device. 


ESD SUSCEPTIBILITY 

ESD (electrostatic discharge) sensitive device. Electrostatic 
charges as high as 4000 volts, which readily accumulate on the 
human body and on test equipment, can discharge without 
detection. Although the AD797 features proprietary ESD pro- 
tection circuitry, permanent damage may still occur on these 
devices if they are subjected to high energy electrostatic dis- 
charges. Therefore, proper ESD precautions are recommended 
to avoid any performance degradation or loss of functionality. 


‘ORDERING GUIDE 
Temperature Package 
Range Description 


—40°C to +85°C |8-Pin Plastic DIP |N-8 
—40°C to +85°C |8-Pin Plastic DIP |N-8 


AD797AN 
AD797BN 


AD797BR —40°C to +85°C |8-Pin Plastic SOIC) R-8 
AD797AR —40°C to +85°C |8-Pin Plastic SOIC|R-8 
5962-9313301MPA | —55°C to +125°C|8-Pin Cerdip |Q-8 
AD797A Chips —40°C to +85°C | Die 


*For outline information see Package Information section. 


METALIZATION PHOTO 


Contact factory for latest dimensions. 
Dimensions shown in inches and (mm) 


DECOMP/ 
DISTORTION 8 
NEUTRALIZATION 


OFFSET 
NULL 


NOTE 


+V | OUTPUT 


OFFSET 
NULL 


The AD797 has double layer metal. Only one layer is shown here for clarity. | 
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Typical Characteristics 


8 


_ 
a 


INPUT COMMON MODE RANGE - + Volts 
on ° 


0 5 10 15 20 
SUPPLY VOLTAGE ~ Volts 


Figure 1. Common-Mode Voltage Range vs. Supply 


OUTPUT VOLTAGE SWING - «Volts 


SUPPLY VOLTAGE - <Volts 


8 


Figure 2. Output Voltage Swing vs. Supply 
comm 


OUTPUT VOLTAGE SWING - Volts p-p 


1k 
LOAD RESISTANCE — Q 


Figure 3. Output Voltage Swing vs. Load Resistance 
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VERTICAL SCALE — 0.01,.V/DIV 


HORIZONTAL SCALE ~ 5 sec/DIV 


Figure 4. 0.1 Hz to 10 Hz Noise 


INPUT BIAS CURRENT —- nA 


-60 -40 -20 0 20 40 60 80 100 120 140 
TEMPERATURE - °C 


Figure 5. Input Bias Current vs. Temperature 


-60 -40 -20 0 20 40 60 80 100 120 140 
TEMPERATURE -— °C 


Figure 6. Short Circuit Current vs. Temperature 
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Figure 13. Input Voltage Noise Spectral Density Figure 16. Slew Rate & Gain/Bandwidth Product vs. 
Temperature 
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Figure 15. Input Offset Current vs. Temperature Figure 18. Magnitude of Output Impedance vs. Frequency 
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AD797—Typical Characteristics 


** SEE FIGURE 32 


Figure 19. Inverter 7 Figure 20. Inverter Large Signal Figure 21. Inverter Small Signal 


Connection Pulse Response 7 Pulse Response 


10022 


gry 


* VALUE OF SOURCE RESISTANCE - 
SEE TEXT 
_ #* SEE FIGURE 32 


Figure 22. Follower | | Figure 23. Follower Large Signal Figure 24. Follower Small 
Connection Pulse Response — Signal Pulse Response 


See Figure 40 for settling time 
test circuit. | 


Figure 25. 16-Bit Settling Time : Figure 26. 16-Bit Settling Time 
Positive Input Pulse | Negative Input Pulse 
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THEORY OF OPERATION | 

The new architecture of the AD797 was developed to overcome 
inherent limitations in previous amplifier designs. Previous pre- 
cision amplifiers used three stages to ensure high open-loop 
gain, Figure 27b, at the expense of additional frequency com- 
pensation components. Slew rate and settling performance are 
usually compromised, and dynamic performance is not adequate 
beyond audio frequencies. As can be seen in Figure 27b, the 
first stage gain is rolled off at high frequencies by the compensa- 
tion network. Second stage noise and distortion will then appear 
at the input and degrade performance. The AD797 on the other 
hand, uses a single ultrahigh gain stage to achieve dc as well as 
dynamic precision. As shown in the simplified schematic (Figure 
28), nodes A, B, and C all track in voltage forcing the operating 
points of all pairs of devices in the signal path to match. By 
exploiting the inherent matching of devices fabricated on the 
same IC chip, high open-loop gain, CMRR, PSRR, and low 
Vos are all guaranteed by pairwise device matching (i.e., NPN 
to NPN & PNP to PNP), and not absolute parameters such as 
beta and early voltage. 


GAIN = gmR1 *A2 *A3 
b. 


Figure 27. Model of AD797 vs. That of a Typical 
Three-Stage Amplifier 


Figure 28. AD797 Simplified Schematic 
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AD797 


This matching benefits not just dc precision but since it holds 
up dynamically, both distortion and settling time are also 
reduced. This single stage has a voltage gain of >5 x 10° and 
Vos <80 »V, while at the same time providing THD + noise 
of less than —120 dB and true 16 bit settling in less than 800 ns. 
The elimination of second stage noise effects has the additional 
benefit of making the low noise of the AD797 (<0.9 nV/\/Hz) 
extend to beyond 1 MHz. This means new levels of performance 
for sampled data and imaging systems. All of this performance 
as well as load drive in excess of 30 mA are made possible by 
Analog Devices’ advanced Complementary Bipolar (CB) process. 


Another unique feature of this circuit is that the addition of a 
single capacitor, C,,; (Figure 28), enables cancellation of distor- 
tion due to the output stage. This can best be explained by 
referring to a simplified representation of the AD797 using ide- 
alized blocks for the different circuit elements (Figure 29). 


A single equation yields the open-loop transfer function of this 
amplifier, solving it (at Node B) yields: 


se jo 
gm = the transconductance of Q1 and Q2 
A = the gain of the output stage, (~1) 
Vo = voltage at the output 

Vin = differential input voltage 


When C,, is equal to C, this gives the ideal single — op amp 
response: 


The terms in A, which include the properties of the output 
stage such as output impedance and distortion, cancel by simple 
subtraction, and therefore the distortion cancellation does not 
affect the stability or frequency response of the amplifier. With 
only 500 A of output stage bias the AD797 delivers a 1 kHz 
sine wave into 600 () at 7 V rms with only 1 ppm of distortion. 


Figure 29. AD797 Block Diagram 
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‘NOISE AND SOURCE IMPEDANCE CONSIDERATIONS 
The AD797’s ultralow voltage noise of 0.9 nV1/Hz is achieved 


with special input transistors running at nearly 1-mA of collector 


current. It is important then to consider the total input referred 
noise (e,total), which includes contributions from voltage noise 
(en); current noise (i,,), and resistor noise lave 4 kTrg). 


[ey? + 4 kT rs +4 linrs)?}! 
where r, = total input source resistance. 


entotal = Equation 1 


This equation is plotted for the AD797 in Figure 30. Since opti- 
mum dc performance is obtained with matched source resis- 
tances, this case is considered even though it is clear from __ 
Equation 1 that eliminating the balancing source resistance will 
lower the total noise by reducing the total ry by a factor of two. 


At very low source resistance (rg <50 (), the amplifiers’ voltage 
noise dominates. As source resistance increases the Johnson 
noise of rg dominates until at higher resistances (rg >2 k() the 
current noise component is larger than the resistor noise. 
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SOURCE RESISTANCE - 2 
Figure 30. Noise vs. Source Resistance 


The AD797 is the optimum choice for low noise performance 
provided the source resistance is kept <1 kQ. At higher values 
of source resistance, optimum performance with respect to noise 
alone is obtained with other amplifiers from Analog Devices (see 
Table I). 


Table I. Recommended Amplifiers for Different pounce 
Impedances 


Ts, ohms | Recommended Amplifier 

0 to <lk j AD797 

lk to <10k AD707, AD743/AD745, OP-27/0P- 37, OP-07 
10kto <100k AD705, AD743/AD745, OP-07 

>100k AD548, AD549, AD645, AD711, 


AD743/AD745 
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LOW FREQUENCY NOISE | 

Analog Devices specifies low frequency noise as a peak to peak 
(p-p) quantity in a 0.1 Hz to 10 Hz bandwidth. Several tech- 
niques can be used to make this measurement. The usual 
technique involves amplifying, filtering, and measuring the 
amplifiers noise for a predetermined test time. The noise band- | 
width of the filter is corrected for and the test time is carefully 
controlled since the measurement time acts as an additional low - 
frequency roll-off. | 


The plot in Figure 4 was made using a slightly different tech- . 
nique. Here an FFT based instrument (Figure 31) is used to 
generate a 10 Hz “‘brickwall” filter. A low frequency pole at 
0.1 Hz is generated with an external ac coupling capacitor, the 
instrument being dc coupled. 


Several precautions are necessary to get optimum low frequency 
noise performance: 


1. Care must be used to account for the effects of rg, even a 
10 C2 resistor has 0.4 nV\/Hz of noise (an error of 9% when 
root sum squared with 0.9 nV\/Hz). 


2. The test set up must be fully warmed up to prevent egg drift 
from erroneously contributing to input noise. 


3. Circuitry must be shielded from air currents. Heat flow out 
of the package through its leads creates the opportunity for a 
thermo-electric potential at every junction of different metals. 
Selective heating and cooling of these by random air currents 
will appear as 1/f noise and obscure the true device noise. 


4. The results must be interpreted using valid statistical. 
techniques. 


100kQ2 


HP 3465 
DYNAMIC SIGNAL 
ANALYZER 

(10Hz) 


** USE POWER SUPPLY BYPASSING SHOWN IN FIGURE 32. 


Figure 31. Test Setup for Measuring 0.1 Hz to 10 Hz 
Noise 


WIDEBAND NOISE 

The AD797, due to its single stage design, has the property that 
its noise is flat over frequencies from less than 10 Hz to beyond 
1 MHz. This is not true of most dc precision amplifiers where 
second stage noise contributes to input referred noise beyond 
the audio frequency range. The AD797 offers new levels of per- 
formance in wideband imaging applications. In sampled data 
systems, where aliasing of out of band noise into the signal band 
is a problem, the AD797 will out perionn all previously avail- 
able IC op amps. 
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BYPASSING CONSIDERATIONS 

To take full advantage of the very wide bandwidth and dynamic 
range capabilities of the AD797 requires some precautions. 
First, multiple bypassing is recommended in any precision 
application. A 1.0 wF-4.7 wF tantalum in parallel with 0.1 uF 
ceramic bypass capacitors are sufficient in most applications. 
When driving heavy loads a larger demand is placed on the sup- 
ply bypassing. In this case selective use of larger values of tanta- 
lum capacitors and damping of their lead inductance with small 
value (1.1 to 4.7 Q) carbon resistors can be an improvement. 
Figure 32 summarizes bypassing recommendations. The symbol 
(**) is used throughout this data sheet to represent the parallel 
combination of a 0.1 wF and a 4.7 wF capacitor. 


OR 0.1uF 4.7 — 22.0uF 
4.7uF 


1.1 - 4.7 


0.1pF 


KELVIN RETURN 


KELVIN RETURN 


of, 


LOAD 
CURRENT 


USE SHORT 
LEAD LENGTHS 
(<S5mm) 


USE SHORT 
LOAD LEAD RETURNS 


CURRENT (<Smm) 


Figure 32. Recommended Power Supply Bypassing 


THE NONINVERTING CONFIGURATION 

Ultralow noise requires very low values of rg,” (the internal par- 
asitic resistance) for the input transistors (~ 6 ©). This implies 
very little damping of input and output reactive interactions. 
With the AD797, additional input series damping is required for 
stability with direct input to output feedback. A 100 () resistor 
in the inverting input (Figure 33) is sufficient; the 100 © bal- 
ancing resistor (R2) is recommended, but is not required for 
stability. The noise penalty is minimal (e,total ~2.1 nV\/Hz), 
which is usually insignificant. Best response flatness is obtained 
with the addition of a small capacitor (C,, <33 pF) in parallel 
with the 100 () resistor (Figure 34). The input source resistance 
and capacitance will also affect the response slightly and experi- 
mentation may be necessary for best results. 


R1 
10092 


BN 


** USE POWER SUPPLY BYPASSING SHOWN IN FIGURE 32. 


Figure 33. Voltage Follower Connection 


Low noise preamplification is usually done in the noninverting 
mode (Figure 35). For lowest noise the equivalent resistance of 
the feedback network should be as low as possible. The 30 mA 
minimum drive current of the AD797 makes it easier to achieve 
this. The feedback resistors can be made as low as possible with 
due consideration to load drive and power consumption. Table 
II gives some representative values for the AD797 as a low noise 
follower. Operation on 5 volt supplies allows the use of a 100 0 
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~ ADT97 


or less feedback network (R1+ R2). Since the AD797 shows no 
unusual behavior when operating near its maximum rated cur- 
rent, it is suitable for driving the AD600/AD602 (Figure 47) 
while preserving their low noise performance. 


Optimum flatness and stability at noise gains >1 sometimes 
requires a small capacitor (C,) connected across the feedback 
resistor (R1, Figure 35). Table II includes recommended values 
of C,, for several gains. In general, when R2 is greater than 

100 and C, is greater than 33 pF, a 100 © resistor should be 
placed in series with C, . Source resistance matching is assumed, 
and the AD797 should never be operated with unbalanced 
source resistance >200 k0Q/G. 


* SEE TEXT . 
** USE POWER SUPPLY BYPASSING SHOWN IN FIGURE 32. 


Figure 34, Alternative Voltage Follower Connection 


Cc, 


** USE POWER SUPPLY BYPASSING SHOWN IN FIGURE 32. 


Figure 35. Low Noise Preamplifier 


Table II. Values for Follower with Gain Circuit 


Noise 
Gain Rl R2 C, (Excluding rg.) 
2 1kO 1kOQ ~20 pF 3.0 nV.\/Hz 
2 300 2 300 0 ~10pF 1.8 nV\/Hz 
10 33.20 3000 ~5 pF 1.2 nV.\/Hz 
20 16.502 3160 1.0 nV./Hz 
>35 100 (G-1) 100 0.98 nV.\/Hz 


The I-to-V converter is a special case of the follower configura- 
tion. When the AD797 is used in an I-to-V converter, for 
instance as a DAC buffer, the circuit of Figure 36 should be 
used. The value of C,, depends on the DAC and again, if C, is 
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20—-120pF 100 


* SEE TEXT 
** USE POWER SUPPLY BYPASSING SHOWN IN FIGURE 32. 


Figure 36. |-to-V Converter Connection 


greater than 33 pF a 100 ©) series resistor is required. A 
by-passed balancing resistor (R, and C,) can be included to 
minimize dc errors. 


THE INVERTING CONFIGURATION 

The inverting configuration (Figure 37) presents a low input 
impedance, R1, to the source. For this reason, the goals of both 
low noise and input buffering are at odds with one another. 
Nonetheless, the excellent dynamics of the AD797 will make it 
the preferred choice in many inverting applications, and with 
careful selection of feedback resistors the noise penalties will 

be minimal. Some examples are presented in Table II and 
Figure 37. } | : 


CL 


* SEE TEXT 
** USE POWER SUPPLY BYPASSING SHOWN IN FIGURE 32. 


Figure 37. Inverting Amplifier Connection 


Table III. Values for Inverting Circuit 


Noise 
Gain RI R2 | Cc. (Excluding r,) 
—1 1ko 1kO ~20pF 3.0 nV\/Hz 
—1. 300 0 300 0 ~10 pF 1.8 nV\/Hz 
—10 (1500 1500 0 =5 pF 1.8 nV\/Hz 
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DRIVING CAPACITIVE LOADS 

The capacitive load driving capabilities of the AD797 are'dis- _ 
played in Figure 38. At gains over 10 usually no special precau- 
tions are necessary. If more drive is desirable the circuit in | 
Figure 39 should be used. Here a 5000 pF load can be driven 
cleanly at any noise gain >=2. 


100nF 


CAPACITIVE LOAD DRIVE CAPABILITY 


CLOSED-LOOP GAIN 


Figure 38. Capacitive Load Drive Capability vs. 
Closed-Loop Gain 


20pF 


** USE POWER SUPPLY BYPASSING SHOWN IN FIGURE 32. 


Figure 39. Recommended Circuit for Driving a High 
Capacitance Load 


SETTLING TIME 
The AD797 is unique among ultralow noise amplifiers in that it 
settles to 16 bits (<150 ,V) in less than 800 ns. Measuring this 
performance presents a challenge. A special test setup (Figure 
40) was developed for this purpose. The input signal was 
obtained from a resonant reed switch pulse generator, available 
from Tektronix as calibration Fixture No. 067-0608-00. When 
open, the switch is simply 50 ( to ground and settling is purely 
a passive pulse decay and inherently flat. The low repetition rate 
signal was captured on a digital oscilloscope after being ampli- 
fied and clamped twice. The selection of plug-in for the oscillo- 
scope was made for minimum overload recovery. 
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TO TEKTRONIX 3 


peed | 3 + } 


OSCILLOSCOPE , 1MQ 


PREAMP INPUT , 
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502 COAXIAL CABLE) 
250Q Verror X 5 
2x 
HP2835 
2x 
VAY J 
1kQ 1kQ 
----4 NOTE: 
TEKTRONIX USE CIRCUIT 
j CALIBRATION | BOARD 
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I | 
I ! 
| V | V 51pF 
sort 


0.1pF 


= U _ i % v 


Figure 40. Settling Time Test Circuit 


DISTORTION REDUCTION 

The AD797 has distortion performance (THD < —120 dB, @ 
20 kHz, 3 V rms, RL = 600 (22) unequaled by most voltage 
feedback amplifiers. 


At higher gains and higher frequencies THD will increase due 
to reduction in loop gain. However in contrast to most conven- 
tional voltage feedback amplifiers the AD797 provides two effec- 
tive means of reducing distortion, as gain and frequency are 
increased; cancellation of the output stage’s distortion and gain 
bandwidth enhancement by decompensation. By applying these 
techniques gain bandwidth can be increased to 450 MHz at 

G = 1000 and distortion can be held to —100 dB at 20 kHz for 
G= 100. | 


The unique design of the AD797 provides for cancellation of the 
output stage’s distortion (patent pending). To achieve this a 
capacitance equal to the effective compensation capacitance, usu- 
ally 50 pF, is connected between Pin 8 and the output (C2 in 
Figure 41). Use of this feature will improve distortion perfor- 
mance when the closed loop gain is more than 10 or when fre- 
quencies of interest are greater than 30 kHz. 


Bandwidth enhancement via decompensation is achieved by con- 
necting a capacitor from Pin 8 to ground (C1 in Figure 41) 
effectively subtracting from the value of the internal compensa- 
tion capacitance (50 pF), yielding a smaller effective compensa- 
tion capacitance and, therefore, a larger bandwidth. The 
benefits of this begin at closed loop gains of 100 and up. A max- 
imum value of ~33 pF at gains of 1000 and up is recom- 
mended. At a gain of 1000 the bandwidth is 450 kHz. 


Table IV and Figure 42 summarize the performance of the 
AD797 with distortion cancellation and decompensation. 
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C1, SEE TABLE 
C2 = 50pF - C1 


b. 


Figure 41. Recommended Connections for Distortion 
Cancellation and Bandwidth Enhancement 


Table IV. Recommended External Compensation 


A/B 
R2 |Cl C2 


6 MHz 
50 1MHz 
110 kHz 


6 MHz 
1.5 MHz 
450 kHz 


G=1000 


100 300 1k 3k 10k 30k 
FREQUENCY - Hz 


Figure 42. Total Harmonic Distortion (THD) vs. Frequency 
@ 3 Vrms for Figure 41b 
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Differential Line Receiver 

The differential receiver circuit of Figure 43 is useful for many 
applications from audio to MRI imaging. It allows extraction of 
a low level signal in the presence of common-mode noise. As 
shown in Figure 44, the AD797 provides this function with only 
9 nV/\/Hz noise at the output. Figure 45 shows the AD797’s 
20-bit THD performance over the audio band and 16-bit accu- 
racy to 250 kHz. | 


20pF 


DIFFERENTIAL 
INPUT 


* OPTIONAL 

** USE POWER SUPPLY 
BYPASSING SHOWN IN 
FIGURE 32. 


OUTPUT VOLTAGE NOISE — nV/VHz 


10 100 1k 10k 100k 1M 10M 
FREQUENCY — Hz ; 


Figure 44. Output Voltage Noise Spectral Density for 
Differential Line Receiver 
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A General Purpose ATE/Instrumentation Input/Output Driver 
The ultralow noise and distortion of the AD797 may be com- 
bined with the wide bandwidth, slew rate, and load drive of a 
current feedback amplifier to yield a very wide dynamic range 
general purpose driver. The circuit‘of Figure 46 combines the 
AD797 with the AD811 in just such an application. Using the 


WITHOUT 
—100 OPTIONAL 


| —110 0.0003 ,! 
a Ce a ae 
- LIMIT (/ as 
| | | | UY 
~ fe eth dl ~ 


OPTIONAL 


50pF C,, 


—130 
100 300 1k 3k 10k 30k 100k 300k 
FREQUENCY — Hz 


Figure 45. Total Harmonic Distortion (THD) vs. Frequency 
for Differential Line Receiver 


component values shown, this circuit is capable of better than 
—90 dB THD with a +5 V, 500 kHz output signal. The circuit 
is therefore suitable for driving high resolution A/D converters 
and as an output driver in automatic test equipment (ATE) sys- 
tems. Using a 100 kHz sine wave, the circuit will drive a 600 0 
load to a level of 7 V rms with less than —109 dB THD, and a 
10 k© load at less than —117 dB THD. 


22pF 


Vs 


** USE POWER SUPPLY 
BYPASSING SHOWN IN 


FIGURE 32. 
6492 


Figure 46. A General Purpose ATE/Instrumentation 
Input/Output Driver . 
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Ultrasound/Sonar Imaging Preamp 

The AD600 variable gain amplifier provides the time controlled 
gain (TCG) function necessary for very wide dynamic range 
sonar and low frequency ultrasound applications. Under some 
circumstances, it is necessary to buffer the input of the AD600 
to preserve its low noise performance. To optimize dynamic 
range this buffer should have at most 6 dB of gain. The combi- 
nation of low noise and low gain is difficult to achieve. The 
input buffer circuit shown in Figure 47 provides 1 nV\/Hz 
noise performance at a gain of two (dc to 1 MHz) by using 

26.1 Q resistors in its feedback path. Distortion is only —50 dBc 
@ 1 MHz at a2 volt p—p output level and drops rapidly to bet- 
ter than —70 dBc at an output level of 200 mV p-p. 


Vout — dB Re 1V/uA 


VOLTAGE NOISE — uVrms (0.1Hz — Freq) 


26.12 
100 1k 10k 100k 1M 10M 100M 


FREQUENCY — Hz 


Figure 49. Total Integrated Voltage Noise & Voy of 
Amorphous Detector Preamp 


Professional Audio Signal Processing— DAC Buffers 

The low noise and low distortion of the AD797 make it an ideal 

choice for professional audio signal processing. An ideal I-to-V 

converter for a current output DAC would simply be a resistor go 


INPUT © Vout 


ik 
“Vs ne to ground, were it not for the fact that most DACs do not oper- 
* USE POWER SUPPLY Vg = +6Vde ate linearly with voltage on their output. Standard practice is to 
** BYPASSING SHOWN IN FIGURE 32. a‘ 
operate an op amp as an I-to-V converter creating a virtual 
Figure 47. An Ultrasound Preamplifier Circuit ground at its inverting input. Normally, clock energy and cur- 


rent steps must be absorbed by the op amp’s output stage. 
However, in the configuration of Figure 50, Capacitor C, 


Amorphous (Photodiode) Detector shunts high frequency energy to ground, while correctly repro- 
Large area photodiodes C, = 500 pF and certain image detec- ducing the desired output with extremely low THD and IMD. 
tors (amorphous Si), have optimum performance when used in. | 
conjunction with amplifiers with very low voltage rather than | en 


10002 


very low current noise. Figure 48 shows the AD797 used with 
an amorphous Si (C, = 1000 pF) detector. The response is 
adjusted for flatness using capacitor C,, while the noise is domi- 
nated by voltage noise amplified by the ac noise gain. The 797’s 
excellent input noise performance gives 27 j:V rms total noise in 
a 1 MHz bandwidth, as shown by Figure 49. — 


AD1862 
DAC 


** USE POWER SUPPLY BYPASSING SHOWN IN FIGURE 32. 


Figure 50. A Professional Audio DAC Buffer 


oy 


** USE POWER SUPPLY BYPASSING SHOWN IN FIGURE 32. 


Figure 48. Amorphous Detector Preamp 


Figure 51. Offset Null Configuration 
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ANALOG 
DEVICES 


Low Power 
Video Op Amp with Disable 


FEATURES 
High Speed 

80 MHz Bandwidth (3 dB, G = +1) 

75 MHz Bandwidth (3 dB, G = +2) 

1000 V/s Slew Rate 
— 50 ns Settling Time to 0.1% (V, = 10 V Step) 
Ideal for Video Applications 

30 MHz Bandwidth (0.1 dB, G = +2) 

0.02% Differential Gain 

0.04° Differential Phase 
Low Noise 

2.9 nV/V/Hz Input Voltage Noise 

13 pA/VHz Inverting Input Current Noise 
Low Power 

8.0 mA Supply Current max 

2.1 mA Supply Current (Power-Down Mode) 
High Performance Disable Function 

Turn-Off Time 100 ns 

Break Before Make Guaranteed 

Input to Output Isolation of 64 dB (OFF State) 
Flexible Operation | 

Specified for +5 V and +15 V Operation 

+2.9 V Output Swing Into a 150 © Load (V, = +5 V) 


APPLICATIONS 
‘Professional Video Cameras 

Multimedia Systems 

NTSC, PAL & SECAM Compatible Systems 
Video Line Driver 

ADC/DAC Buffer 

DC Restoration Circuits 


ee a a) ee 
mes. Si 


R, = 1502 ~45 3 

NSU areal 
ee 
\e ; 

0 ’ -180 w 
-1 -225 x 


CLOSED LOOP GAIN - dB 
t 
LS) 


 eceeenee tg 
Closed-Loop Gain and Phase vs. Frequency, G = +2, 


R, = 150, Re = 7150 
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CONNECTION DIAGRAM 
8-Pin Plastic Mini-DIP (N), SOIC (R) and Cerdip (Q) Packages 


PRODUCT DESCRIPTION 

The AD810 is a composite and HDTV compatible, current 
feedback, video operational amplifier, ideal for use in systems 
such as multimedia, digital tape recorders and video cameras. 
The 0.1 dB flatness specification at bandwidth of 30 MHz 

(G = +2) and the differential gain and phase of 0.02% and 
0.04° (NTSC) make the AD810 ideal for any broadcast quality 
video system. All these specifications are under load conditions 
of 150 © (one 75 2 back terminated cable). 


The AD810 is ideal for power sensitive applications such as 
video cameras, offering a low power supply current of 8.0 mA 
max. The disable feature reduces the power supply current to 
only 2.1 mA, while the amplifier is not in use, to conserve 
power. Furthermore the AD810 is specified over a power supply 
range of +5 V to +15 V. 


The AD810 works well as an ADC or DAC buffer in video systems 
due to its unity gain bandwidth of 80 MHz: Because the AD810 
is a transimpedance amplifier, this bandwidth can be maintained 
over a wide range of gains while featuring a low noise of © 

2.9 nV/\/Hz Hz for wide dynamic range applications. 


IFFERENTIAL PHASE — Degrees 


8. 9 10 #11 #12 #13 «14~«18 
SUPPLY VOLTAGE -~ + Volts 


Differential Gain and Phase vs. Supply. Voltage 
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SP ECIFICATIONS (@ T, = +25°C and V; = +15 V de,R, = 150 © unless otherwise noted) AD810 


Parameter 


DYNAMIC PERFORMANCE 
3 dB Bandwidth 


0.1 dB Bandwidth 
Full Power Bandwidth 
Slew Rate? 


Settling Time to 0.1% 
Settling Time to 0.01% 
Differential Gain 


Differential Phase 


Total Harmonic Distortion 


INPUT OFFSET VOLTAGE 


Offset Voltage Drift 


INPUT BIAS CURRENT 
—Input 
+Input 


OPEN-LOOP 
TRANSRESISTANCE 


OPEN-LOOP 
DC VOLTAGE GAIN 


COMMON-MODE REJECTION 
Vos 
+Input Current 


POWER SUPPLY REJECTION 
Vos 
+Input Current 


INPUT VOLTAGE NOISE 
INPUT CURRENT NOISE 


INPUT COMMON-MODE 
VOLTAGE RANGE 


OUTPUT CHARACTERISTICS 
Output Voltage Swing’ 


Short-Circuit Current 
Output Current 


OUTPUT RESISTANCE 
INPUT CHARACTERISTICS 
Input Resistance 
Input Capacitance 


DISABLE CHARACTERISTICS* 
OFF Isolation 
OFF Output Impedance 
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AD810A AD810S' | 
Conditions Vs Min Typ Max | Min Typ Max | Units 


(G = +2) Reg = 715 


MHz 


(G = +2) Rpg = 715 MHz 
(G = +1) Reg = 1000 MHz 
(G = +10) Reg = 270 MHz 
(G = +2) Reg = 715 MHz 
(G = +2) Rpg = 715 MHz 
Vo =20 V p-p, 

R, = 4009 MHz 
R, = 1500 Vips 
R, = 400 ©} V/s 

10 V Step, G =-] ns 

10 V Step, G = -1 ns 

f = 3.58 MHz % 

f = 3.58 MHz % 

f = 3.58 MHz Degrees 
f = 3.58 MHz Degrees 


f = 10 MHz, Vo = 2 Vp-p 
R, = 400.0, G = +2 


Tin-T Max 


Tain—T max +5V,+15V 
Tain—! max 5 V, +15 Vv 


Tain7T max 
Vo = £2.5V, R, = 1000 


Tmin-T Max 
Vo = £2.5V, R, = 100.9 


Tmin-T max 


Vem = £12 V 56 64 56 64 dB 

Vom = +2.5V +5V 52 60 50 60 dB 

poe Yr +5V,+15V 01 04 01 04 | pA 
+4.5Vto +18 V 

5 Os See 65 72 60 72 dB 


—In, f = 1 kHz +5V,+15V 13 13 pA/\/Hz 
+Iy3 f = 1 kHz +5V,+15V 1.5 1.5 pA/\/Hz 
+5V +25 +3.0 #25 +3 V 
+15 V +12 +13 +12 +13 V 
Ry = 150 0, Tym-Tmax 
R, = 4000 $12.5 +12.9 +12.5  +12.9 


V 
V 
R,, = 400 0, Tyam-Tmax +12 | +12 tv 
150 150 mA 
mA 
(0) 


Tmin-T max 


Onto Sw | |S BSB 


f = 5 MHz, See Figure 43 
See Figure 43 


(Re +Rg)|13 pF (Rp +Rg)||13 pF 
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AD810 


Conditions — 


Parameter 


Deve = Low, SeeFigure 54 
Zour — High 
Disable Pin = 0 V 


Turn On Time® 
Turn Off Time 
Disable Pin Current 


Min Disable Pin Current to 
Disable 


POWER SUPPLY 
Operating Range 


Twin-T max 


+25°C to Tuax 


TIN 
Quiescent Current 


Tain-T max 
Power-Down Current 


NOTES 


+5V 
+15 V 


+5V 
+15 V 
+5V,+15V 
+5V- 
+15 V 


See Analog Devices Military Data Sheet for 883B Specifications. 


ADS810A 
Typ 


-AD810S? on, 
Min Typ Max Units 


+5V,+15V 


Slew rate measurement is based on' 10% to 90% rise time. with the amplifier configured for a gain of —10. 
’Voltage Swing is defined as useful operating range, not the saturation range. . 


‘Disable guaranteed break before make. 


°Turn On Time is defined with +5 V supplies using complementary output CMOS to drive the disable pin. 


Specifications subject to change without notice. - 


ABSOLUTE MAXIMUM RATINGS?’ 


Supply Voltage. 5-3 0 oo hep Ree ee ees +18 V 
Internal Power Dissipation? ....... Observe Derating Curves 
Output Short Circuit Duration ..... Observe Derating Curves 
Common-Mode Input Voltage... 0.6.0... 000. eee +Vz 
Differential Input Voltage ................. hac e6-V: 
Storage Temperature Range 

Plastic. DIP “sss e awe Stee eee aes —65°C to +125°C 
"TACERCIP o.oo ck es oha- Bit Gk a a Gea —65°C to + 150°C 

Small Outline IC ....... cid dea ts —65°C to +125°C 
Operating Temperature Range : 

AD810A ...... te hee ater eit Bate ee —40°C to +85°C 

AD810S ..... ciate aarti top he sey ace es tated —55°C to +125°C 
Lead Temperature Range (Soldering 60 sec) ..... . . +300°C 
NOTES 


1Stresses above those listed under “Absolute Maximum Ratings” may cause 


permanent damage to the device. This is a stress rating only and functional 


operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 


78-Pin Plastic Package: 0,4 = 90°C/Watt; 8-Pin Cerdip Package: 9;, = . 


110°C/Watt; 8-Pin SOIC Package: 6;, = 150°C/Watt. 
ESD SUSCEPTIBILITY | 
ESD (electrostatic discharge) sensitive device. Electrostatic 
charges as high as 4000 volts, which readily accumulate on the 
human body and on test equipment, can discharge without 
detection. Although the AD810 features ESD protection cir- 
cuitry, permanent damage may still occur on these devices if 


they are subjected to high energy electrostatic discharges. There- . 


fore, proper ESD precautions are recommended to avoid any 
performance degradation or loss of functionality. 


ORDERING GUIDE 


Temperature |Package 
Range Description 


AD810AN —40°C to +85°C |8-Pin Plastic DIP |N-8 
AD810AR —40°C to +85°C |8-Pin Plastic SOIC|R-8 
AD810AR-REEL |-—40°C to +85°C |8-Pin Plastic SOIC/R-8 


5962-9313201MPA|—55°C to +125°C 8-Pin Cerdip 


*For outline information see Package Information section. 
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MAXIMUM POWER DISSIPATION 


The maximum power that can be safely dissipated by the 
-AD810 is limited by the associated rise in junction temperature. 
- For the plastic packages, the maximum safe junction tempera- 


ture is 145°C. For the cerdip package, the maximum junction 
temperature is 175°C. If these maximums are exceeded momen- 
tarily, proper circuit operation will be restored as soon as the die 


TOTAL POWER 
DISSIPATION — Watts 


coos a aw aw awh 
2onw BR ®O 


60 -40 -20 0 20 40 60 80 100 120 140 | 


AMBIENT TEMPERATURE - °C 


Maximum Power Dissipation vs. Temperature 


temperature is reduced. Leaving the device in the “overheated” 
condition for an extended period can result in device burnout. — 
To ensure proper operation, it is important to observe the derat- 
ing curves. BU rin a 


While the AD810 is internally short circuit protected, this may 
not be sufficient to guarantee that the maximum junction tem-— 
perature is not exceeded under all conditions. 


0.1pF 
Vs ¥ 


Offset Null Configuration | 
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Typical Characteristics — AD810 


+Volts 


COMMON-MODE VOLTAGE RANGE - 
MAGNITUDE OF THE OUTPUT VOLTAGE - +Volts 


5 
SUPPLY VOLTAGE - +Volts SUPPLY veuThae — +Volts 


Figure 1. Input Common-Mode Voltage Range vs. Figure 2. Output Voltage Swing vs. Supply 
Supply Voltage 
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Figure 3. Output Voltage Swing vs. Load Resistance Figure 4. Supply Current vs. Junction Temperature 
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-10 
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figure 5. Input Bias Current vs. Temperature Figure 6. Input Offset Voltage vs. Junction Temperature 
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AD810—Typical Characteristics 


SHORT CIRCUIT CURRENT - mA 
OUTPUT CURRENT —- mA 


-60 -40 -20 0 +20 +40 +60 +80 +100 +120 +140 -60 -40 -20 0 +20 +40 +60 +80 +100 +120 -+140 
JUNCTION TEMPERATURE - °C JUNCTION TEMPERATURE - °C 
Figure 7. Short Circuit Current vs. Temperature Figure 8. Linear Output Current vs. Temperature 
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Figure 11. Large Signal Frequency Response Figure 12. Input Voltage and Current Noise vs. Frequency 
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Figure 15. Harmonic Distortion vs. Frequency (R, = 100 2) Figure 16. Harmonic Distortion vs. Frequency (R, = 400 2) 
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AD810 — Typical Characteristics, Noninverting Connection 


oO : " 
TEKTRONIX 
P6201 FET 
‘PROBE 


Figure 19. Noninverting Amplifier Connection Figure 20. Small Signal Pulse Response, Gain = +1, 
| R- = 1kQ, R, = 150-20, Vs = +15 V 
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| Figure 22. Closed-Loop Gain and Phase vs. Frequency,. 
Figure 21. Closed-Loop Gain and Phase vs. Frequency, 
G= +1. Rp = 1k2 for £15 V, 910 0 for +5 Vand +2.5 V pA ROMO ed Oe OR eiecan Greaney 
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Figure 23: Bandwidth vs. Supply Voltage, Gain = +1, Figure 24. —3 aB Bandwidth vs. Supply Voltage G = +H, 
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Figure 25. Small Signal Pulse Response, Gain = +10, Figure 26. Large Signal Pulse Response, Gain = +10, 
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Figure 27. Closed-Loop Gain and Phase vs. Frequency, Figure 28. Closed-Loop Gain and Phase vs. Frequency, 
G= +10, R, = 1502 G = +10, R,.= 1k 
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Figure 29. —3 dB Bandwidth vs. Supply Voltage, Figure 30. —3 dB Bandwidth vs. Puppy Voltage, 
Gain = +10,R, = 1500 — Gain = +10, R, = 1 kQ 
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AD810 — Typical Characteristics, Inverting Connection 
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Figure 31. Inverting Amplifier Connection Figure 32. Small Signal Pulse Response, Gain = —1, 
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AD810 


100mV 


Vin 6 


Figure 37. Small Signal Pulse Response, Gain = —10, Figure 38. Large Signal Pulse Response, Gain = —10, 
Re = 442.0, R, = 1509, Vg = +15 V | Re = 442.0, R, = 4009, Vs = +15 V 
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Figure 40. Closed-Loop Gain and Phase vs. Frequency, | 
G = —10,R, = 1k 


Figure 39. Closed-Loop Gain and Phase vs. Frequency, 
G = -10, R, = 1502 
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Figure 41. —3 dB Bandwidth vs. Supply Voltage, 


G = -10,R, = 1502 
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Figure 42. —3 dB Bandwidth vs. Supply Voltage, 
G = —10, R, = 1kQ 
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AD810 — Applications 


GENERAL DESIGN CONSIDERATIONS 

The AD810.is a-current feedback amplifier optimized for use in 
high performance video and data acquisition systems. Since it 
uses a current feedback architecture, its closed-loop: bandwidth 
depends on ‘the value of. the feedback resistor. Table I below 
contains recommended resistor values for some useful closed- 
loop gains and’ supply. voltages. As you‘can see in. the table, the 
closed-loop bandwidth ‘is not a strong function. of gain, as it 

~ would be for a voltage feedback. amp. The recommended resis- 
tor values will result in maximum. bandwidths with less than 0.1 
dB of peaking i in the gain VS. ‘frequency Tesponse. 


The —3 dB bandwidth i is also somewhat dependent on the 
power supply voltage. Lowering the supplies i increases the 
values of internal capacitances, reducing the bandwidth. To 
compensate for this, smaller values of feedback resistor are 
sometimes used at lower supply voltages.. The characteristic 
curves illustrate that bandwidths of over 100 MHz on 30 V total 
and over 50 MHz on 5 V total supplies can be achieved. 


Table I. —3 dB Bandwidth vs. Closed-Loop Gain and 
Resistance Values (Ry, = 150 (2) 


Closed-Loop 


Closed-Loop 
Gain 


ACHIEVING VERY FLAT GAIN RESPONSE AT HIGH 

FREQUENCY 

Achieving and maintaining gain flatness of better than 0.1 dB 

above 10 MHz is not difficult if the recommended resistor val- 

ues are used. The following issues should be considered to 
ensure consistently xeaen results. 


CHOICE OF F EEDBACK AND GAIN RESISTOR 

Because the 3 dB bandwidth depends on the feedback resistor, 
the fine scale flatness will, to some-extent, vary with feedback 
resistor tolerance. It is recommerided that resistors with a 1% 
tolerance be used if it is desired to maintain execpuonal flatness 
over a wide range of production lots. 
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PRINTED CIRCUIT BOARD LAYOUT - 

As with all wideband’ amplifiers, PC board. parasitics can i affect 
the overall. close-loop. performance. Most important are stray 
capacitances at. the output and inverting input nodes. (An added 
capacitance. of. 2 pF between the inverting input and ground will 
add about 0.2:dB of peaking i in the gain of 2 response, ‘and 
increase the bandwidth to. 105 MHz.).A space (3/1 16” is: plenty) 
should be left around the. signal lines to minimize: coupling. 
Also, signal lines connecting the feedback and gain resistors 
should be short enough so-that their associated inductance does 
not cause high frequency gain errors. Line lengths less than 1/4” 
are recommended. . Ld 


QUALITY OF COAX CABLE , 

Optimum flatness when driving a coax cable is possible aly 
when the driven cable is terminated at each end with a resistor _ 
matching its characteristic impedance. If coax were ideal, then 
the resulting flatness would not be affected by the length of the 
cable. While outstanding results can be achieved using inexpen- 
sive cables, some variation in flatness due to varying cable 
lengths i is to be expected. 


POWER SUPPLY BYPASSING 

Adequate power supply. bypassing can be critical when aounie: 
ing the performance of a high frequency circuit. Inductance in 
the power supply leads can contribute to resonant circuits that 
produce peaking in the amplifier’s response. In addition, if large 
current transients must’be delivered to the load, then bypass 
capacitors (typically greater than 1 ~F) will be required to pro- 
vide the best settling time and lowest distortion. Although the 
recommended 0.1 .F power supply bypass capacitors will be 
sufficient in most applications, more elaborate bypassing (such 
as using two paralleled capacitors) may be required in some 
cases. 


POWER SUPPLY OPERATING RANGE | 

The AD810 will operate with supplies from +18 V down to 
about +2.5 V. On +2.5 V the low distortion output voltage 
swing will be better than 1 V peak to peak. Single supply - 
operation can be realized with excellent results by arranging for 
the input common- -mode voltage to be biased at: the supply 
midpoint. — 


OFFSET NULLING 

A 10 kQ pot connected between Pins 1 and 35 with its wiper 
connected to V+, can be used to trim out the inverting input 
current (with about +20 »A of range). For closed-loop gains 
above about 5, this. may not be sufficient to trim the output off- 
set voltage to zero. Tie the pot’s wiper to-ground through a 
large value resistor (50 kOQ for +5 V supplies, 150 kO for +15 
V supplies) to trim the output to zero at high closed-loop gains. 
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CAPACITIVE LOADS 

When used with the appropriate feedback resistor, the AD810 
can drive capacitive loads exceeding 1000 pF directly without 
oscillation. By using the curves in Figure 45 to chose the resis- 
tor value, less than 1 dB of peaking can easily be achieved with- 
out sacrificing much bandwidth. Note that the curves were 
generated for the case of a 10 k© load resistor, for smaller load 


resistances, the peaking will be less than indicated by Figure 45. 


Another method of compensating for large load capacitances is 
to insert a resistor in series with the loop output as shown in 
Figure 43. In most cases, less than 50 2 is all that is needed to 
achieve an extremely flat gain response. 


Figures 44 to 46 illustrate the outstanding performance that can 
be achieved when driving a 1000 pF capacitor. 


Figure 43. Circuit Options for Driving a Large Capacitive 
Load ' : 


CLOSED-LOOP GAIN - dB 


FREQUENCY - MHz 


Figure 44, Performance Comparison of Two Methods for 
Driving a Large Capacitive Load 
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od 


LOAD CAPACITANCE ~ pF 


FEEDBACK RESISTOR — 2 


Figure 45. Max Load Capacitance for Less than 1 dB of 
Peaking vs. Feedback Resistor 


Figure 46. AD810 Driving a 1000 pF Load, Gain = +2, 
R. = 750.2, Rg = 11.0, R, = 10.kO 


DISABLE MODE 

By pulling the voltage on Pin 8 to common (0 V), the AD810 
can be put into a disabled state. In this condition, the supply 
current drops to less than 2.8 mA, the output becomes a high 
impedance, and there is a high level of isolation from input to 
output. -In the case of a line driver for example, the output 
impedance will be about the same as for a 1.5 k© resistor (the 
feedback plus gain resistors) in parallel with a 13 pF capacitor 
(due to the output) and the input to output isolation will be bet- 
ter than 65 dB at 1 MHz. 


Leaving the disable pin disconnected (floating) will leave the 
AD810 operational in the enabled state. 


In cases where the amplifier is driving a high impedance load, 
the input to output isolation will decrease significantly if the 
input signal is greater than about 1.2 V peak to peak. The isola- 
tion can be restored back to the 65 dB level by adding a dummy 
load (say 150 ©) at the amplifier output. This will attenuate the 
feedthrough signal. (This is not an issue for multiplexer applica- 
tions where the outputs of multiple AD810s are tied together as 
long as at least one channel is in the ON state.) The input 
impedance of the disable pin is about 35 kOQ in parallel with a 
few pF. When grounded, about 50 A flows out of the disable 
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the disable pin for +5 V supplies. If driven by-complementary 
output CMOS logic (such as the 74HC04), the disable time 
(until the output goes high impedance) is about 100 ns and the 
enable time (to low impedance output) is about 170 ns on +5 V 
supplies. The enable time can be extended to about 750 ns a bY 
using open drain logic such as the 74HC0S. 


When operated on + IV supplies, the AD810 disable pin may 
be driven by open drain logic such as the 74C906. In this case, 
adding a 10 kQ pull-up resistor from the disable pin to the plus 
supply will decrease the enable time to about 150 ns. If there is 
a nonzero voltage present on the amplifier’s output at the time it 
is switched to the disabled state, some additional decay time will 
be required for the output voltage to relax to zero. The total 
time for the output to go to zero will generally be about 250 ns 
and is somewhat dependent on the load impedance. 


OPERATION AS A VIDEO LINE DRIVER 

The AD810 is designed to offer outstanding performance at 
closed-loop gains of one or greater. At a gain of 2, the AD810 
makes an excellent video line driver. The low differential gain 
and phase errors and wide —0.1 dB bandwidth are nearly 
independent of supply voltage and. me (as seen in in Figures 49 
and 50). _— | , 
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Figure 48. Closed-Loop Gain and Phase vs. Frequency, 
G = +2,R, = 150, Re = 7152 
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Figure 49. Differential Gain and Phase vs. Supply Voltage 
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Figure 50. Fine-Scale Gain (Normalized) vs. Frequency for 
Various Supply Voltages, Gain = +2, Re = 7152 | 
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Figure 51. —3 dB Bandwidth vs. Supply Voltage, 
Gain = +2, R, = 1502 
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2:1 VIDEO MULTIPLEXER 

The outputs of two AD810s can be wired together to form a 
2:1 mux without degrading the flatness of the gain response. 
Figure 54 shows a recommended configuration which results in 
—0Q.1 dB bandwidth of 20 MHz and OFF channel isolation of 
77 dB at 10 MHz on +5 V supplies. The time to switch 
between channels is about 0.75 js when the disable pins are 
driven by open drain output logic. Adding pull-up resistors to 
the logic outputs or using complementary output logic (such as 
the 74HC04) reduces the switching time to about 180 ns. The 
switching time is only slightly affected by the signal level. 
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Figure 53. 2:1 Mux OFF Channel Feedthrough vs. 
Frequency 


REV.A 


CLOSED-LOOP GAIN - dB 


AD810 


7500 
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Figure 55. 2:1 Mux ON Channel Gain and Phase vs. 


Frequency 


OPERATIONAL AMPLIFIERS 9-105 


AD810 

N:1 MULTIPLEXER 

A multiplexer of arbitrary size can be eae by combining 

the desired number of AD810s together with the appropriate 
selection logic. The schematic in Figure 58 shows a recommen- 
dation for a 4:1 mux which may be useful for driving a high 
impedance such as the input to a video A/D converter (such as 
the AD773). The output series resistors effectively compensate 
for the combined output capacitance of the OFF channels plus 
the input capacitance of the A/D while maintaining wide band- 
width. In the case illustrated, the —0.1 dB bandwidth is about 
20 MHz with no peaking. Switching time and OFF channel iso- 
lation (for the 4:1 mux) are about 250 ns and 60 dB at 10 MHz, 
respectively. 
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Figure 56. 4: 1 Mux ON Channel Gain and Phase 
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Figure 57. 4:1 Mux OFF Channel Feedthrough 
vs. Frequency 
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Figure 58. A 4:1 Multiplexer Driving a High Impedance 


REV.A 


ANALOG 
DEVICES 


High Performance 
Video Op Amp 


AD811 


FEATURES 
High Speed 

140 MHz Bandwidth (3 dB, G = +1) 

120 MHz Bandwidth (3 dB, G = +2) 

35 MHz Bandwidth (0.1 dB, G = +2) 

2500 V/s Slew Rate | 

25 ns Settling Time to 0.1% (For a 2 V Step) 

65 ns Settling Time to 0.01% (For a 10 V Step) 
Excellent Video Performance (R, =150 ©) 

0.01% Differential Gain, 0.01° Differential Phase 
~ Voltage Noise of 1.9 nVV/Hz 
Low Distortion: THD = —74 dB @ 10 MHz 
Excellent DC Precision 

3 mV max Input Offset Voltage 
Flexible Operation 

Specified for +5 V and +15 V Operation 

+2.3 V Output Swing into a 75 © Load (V, = +5 V) 


APPLICATIONS . 

Video Crosspoint Switchers, Multimedia Broadcast 
Systems 

HDTV Compatible Systems 

Video Line Drivers, Distribution Amplifiers 

ADC/DAC Buffers 

DC Restoration Circuits 

Medical — Ultrasound, PET, Gamma & Counter 
Applications 


PRODUCT DESCRIPTION 

The AD811 is a wideband current-feedback operational ampli- 
fier, optimized for broadcast quality video systems. The —3 dB 
bandwidth of 120 MHz at a gain of +2 and differential gain and 
phase of 0.01% and 0.01° (Ry, = 150 Q) make the AD811 an 
excellent choice for all video systems. The AD811 is designed to 
meet a stringent 0.1 dB gain flatness specification to a band- 
width of 35 MHz (G = +2) in addition to the low differential 
gain and phase errors. This performance is achieved whether 
driving one or two back terminated 75 ( cables, with a low 
power supply current of 16.5 mA. Furthermore, the AD811 is 
specified over a power supply range of +4.5 V to +18 V. 


DIFFERENTIAL GAIN — % 
DIFFERENTIAL PHASE - Degrees 


5 6 7 8 910 144 #12 13 #14 «15 
SUPPLY VOLTAGE — «Volts - 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


REV. B 


CONNECTION DIAGRAMS 
8-Pin Plastic (N-8), 20-Pin LCC (E-20A) Package 
Cerdip (Q-8) and 
SOIC (R-8) Packages 


NC = NO CONNECT 


16-Pin SOIC (R-16) Package 


NC = NO CONNECT 


. NC = NO CONNECT 


The AD811 is also excellent for pulsed applications where tran- 
sient response is critical. It can achieve a maximum slew rate of 
greater than 2500 V/s with a settling time of less than 25 ns to 
0.1% on a 2 volt step and 65 ns to 0.01% on a 10 volt step. 


The AD811 is ideal as an ADC or DAC buffer in data acquisi- 
tion systems due to its low distortion up to 10 MHz.and its wide 
unity gain bandwidth. Because the AD811 is a current feedback 
amplifier, this bandwidth can be maintained over a wide range . 
of gains. The AD811 also offers low voltage and current noise of 
1.9 nV/\/Hz and 20 pA/\/Hz, respectively, and excellent dc 
accuracy for wide dynamic range applications. 


HL NI | 
HHS 


GAIN - dB 


1M 10M . 100M 
FREQUENCY — Hz 


OPERATIONAL AMPLIFIERS. 9-107 


: AD81 1 — SPECIFICATIONS (@ T, = +25°C and V, = +15 V de, Rim = = 150 © unless. otherwise noted) 


Model . 


DYNAMIC PERFORMANCE 
Small Signal Bandwidth (No Peaking) 

—3 dB 
G= +l 
G = +2 
G = +2 
G = +10 

0.1 dB Flat 
G= +2 


Full Power Bandwidth? 
Slew Rate 


Settling Time to 0.1% 
Settling Time to 0.01% 
Settling Time to 0.1% 
Rise Time, Fall Time 
Differential Gain 
Differential Phase 
THD @ f, = 10 MHz 
Third Order Intercept* 


INPUT OFFSET VOLTAGE 
Offset Voltage Drift 


_. INPUT BIAS CURRENT 


—. Input | 
+Input | 


TRANSRESISTANCE 


COMMON-MODE REJECTION 
Vos (vs. Common Mode) 
Tmmwn~T max — 
MIN7 | Max 
Input Current (vs. Common Mode) 


POWER SUPPLY REJECTION 
Vos 
+Input Current 
—Input Current 
INPUT VOLTAGE NOISE 
INPUT CURRENT NOISE 
OUTPUT CHARACTERISTICS 


Voltage Swing, Useful Operating Range” 


Output Current 
~ Short-Circuit Current 
Output Resistance . 

INPUT CHARACTERISTICS 

+Input Resistance 
—Input Resistance 
Input Capacitance 
Common-Mode Voltage Range | 


POWER SUPPLY 
Operating Range 
Quiescent Current 

TRANSISTOR COUNT 

NOTES 


De nase AD811S? 
Conditions Typ Max ‘Min Typ . Max Units” 


Rep = 562, 
Rep = 649 0 
Rep = 562 2 
Rep = 5112 


Rep = 562 2 

Vour = 20 V p-p 

Vour = 4 V p-p 
out = 20 V p-p 

10 V Step, Ay = —1 


2.V Step, Ay = -1 

Rep = 649, Ay = +2 

f = 3.58 MHz 

f = 3.58 MHz 

Vout = 2 V p-p, Ay = +2 
@ f. = 10 MHz 


Tin to Tmax 


Tm to Tmax 


Turn-T max 
out = +10 V 
: Ry —- x 
R, = 2000 
Voup = £2.5V 


+2.5 
+10 V 


Vs = +4.5 V to +18 V 


Tin~ max 
MIN~ | Max 
Tmin-T max 


T; = +25°C 
(Open Loop @ 5 MHz) 


+Input 


of Transson ne ey 


1The AD811JR is specified with +5 V power supplies only, with operation up to +12 volts. 
2See Analog Devices’ military data sheet for 883B tested specifications. 


3FPBW = slew rate/(2 T Vpgax) 


*Output power level, tested at a closed loop gain of two. 
>Useful operating range is defined as the output voltage at which linearity begins to degrade. 


Specifications subject to change without notice. 
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REV. B 


ABSOLUTE MAXIMUM RATINGS? 

Supply Voltage 2.0... 2... ee ces +18 V 
AD811JR Grade Only ...........2. 0000000 +12 V 

Internal Power Dissipation? ....... Observe Derating Curves 

Output Short Circuit Duration ..... Observe Derating Curves 


Common-Mode Input Voltage ..............000. tVo. 
Differential Input Voltage .................... +6V 
Storage Temperature Range (Q, E) ...... —65°C to + 150°C 
Storage Temperature Range (N, R)....... —65°C to +125°C 
Operating Temperature Range 

PIOSUL hss oars ke ee Se oe ne 0°C to +70°C 

ADSBUA: 22 el in Hob Stee beens —40°C to +85°C 

ADS IS: 2 put et ete le hee ns oe —55°C to +125°C 
Lead Temperature Range (Soldering 60 sec) ....... +300°C 
NOTES 


Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

78-Pin Plastic Package: @,, = 90°C/Watt 

8-Pin Cerdip Package: @;, = 110°C/Watt 

8-Pin SOIC Package: @,, = 155°C/Watt 

16-Pin SOIC Package: 6,4 = 85°C/Watt 

20-Pin SOIC Package: 0,, = 80°C/Watt 

20-Pin LCC Package: 0,, = 70°C/Watt 


ORDERING GUIDE 


Temperature Range 


Package* 


AD811AN —40°C to +85°C N-8 
AD811AR-16 —40°C to +85°C R-16 
AD811AR-20 —40°C to +85°C R-20 
AD811JR 0°C to +70°C R-8 
AD811SQ/883B —55°C to +125°C Q-8 
5962-9313001MPA —55°C to +125°C Q-8 
AD811SE/883B —55°C to +125°C E-20A 
5962-9313001M2A —55°C to +125°C E-20A 
AD811ACHIPS —40°C to +85°C Die 


_ AD811SCHIPS —55°C to +125°C 


*E = Ceramic Leadless Chip Carrier; N = Plastic DIP; Q = Cerdip; 
R = Small Outline IC (SOIC). For outline information see Package Infor- 
mation section. 


REV. B 


aD811 


MAXIMUM POWER DISSIPATION 

The maximum power that can be safely dissipated by the 
AD811 is limited by the associated rise in junction temperature. 
For the plastic packages, the maximum safe junction tempera- 
ture is 145°C. For the cerdip and LCC packages, the maximum 
junction temperature is 175°C. If these maximums are exceeded 
momentarily, proper circuit operation will be restored as soon as 
the die temperature is reduced. Leaving the device in the “over- 
heated” condition for an extended period can result in device 
burnout. To ensure proper operation, it is important to observe 
the derating curves in Figures 17 and 18. 


While the AD811 is internally short circuit protected, this may 
not be sufficient to guarantee that the maximum junction tem- 
perature is not exceeded under all conditions. One important 
example is when the amplifier is driving a reverse terminated 
75 Q cable and the cable’s far end is shorted to a power supply. 
With power supplies of +12 volts (or less) at an ambient tem- 
perature of +25°C or less, if the cable is shorted to a supply 
rail, then the amplifier will not be destroyed, even if this condi- 
tion persists for an extended period. 


ESD SUSCEPTIBILITY | 

ESD (electrostatic discharge) sensitive device. Electrostatic 
charges as high as 4000 volts, which readily accumulate on the 
human body and on test equipment, can discharge without 
detection. Although the AD811 features proprietary ESD pro- 
tection circuitry, permanent damage may still occur on these 
devices if they are subjected to high energy electrostatic dis- - 
charges. Therefore, proper ESD precautions are recommended 
to avoid any performance degradation or loss of functionality. © 


METALIZATION PHOTOGRAPH 
Contact Factory for Latest Dimensions. 
Dimensions Shown in Inches and (mm). 


V+ Vout 
6 


3 
+INPUT V-. 
0.096 (2.49) 
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ANALOG 
DEVICES 


Dual, Current Feedback 
Low Power Op Amp 


FEATURES _— 
Two Video Amplifiers in One 8-Pin SOIC Package | 
Optimized for Driving Cables in Video Systems 
Excellent Video Specifications (R, = 150 Q): 

Gain Flatness 0.1 dB to 40 MHz 

0.02% Differential Gain Error 

0.02° Differential Phase Error 
Low Power 

Operates on Single +3 V Supply 

5.5 mA/Amplifier Max Power Supply Current 
High Speed | 

145 MHz Unity Gain Bandwidth (3 dB) 

1600 V/us Slew Rate 
Easy to Use 

50 mA Output Current 

Output Swing to 1 V of Rails (150 © Load) 


APPLICATIONS 

Video Line Driver 
Professional Cameras 
Video Switchers 
Special Effects 


PRODUCT DESCRIPTION 
The AD812 is a low power, single supply, dual video amplifier. 
Each of the amplifiers have 50 mA of output current and are 


optimized for driving one back terminated video load (150 Q) each. 


Each amplifier is a current feedback amplifier and features gain 
flatness of 0.1 dB to 40 MHz while offering differential gain and 
phase error of 0.02% and 0.02°. This makes the AD812 ideal for 
professional video electronics such as cameras and video switchers. 
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Fine-Scale Gain Flatness vs. Frequency, Gain = +2, 
R, = 150.Q 
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PIN CONFIGURATION 
8-Pin Plastic 
Mini-DIP & SOIC 


The AD812 offers low power of 4.0 mA per amplifier max (V; = 
+5 V) and can run on a single +3 V power supply. The outputs of 
each amplifier swing to within one volt of either supply rail to easily 
accommodate video signals of 1 Vp-p. Also, at gains of +2 the 
AD812 can swing 3 V p-p on a single +5 V power supply. All this 
is offered in a small 8-pin plastic DIP or 8-pin SOIC package. 
These features make this dual amplifier ideal for portable and 
battery powered applications where size and power is critical. 


The outstanding bandwidth of 145. MHz along with 1600 V/us of 
slew rate make the AD812 useful in many general purpose high 
speed applications where a single +5 V or dual power supplies up to: 
+15 V are available. The AD812 is available in the industrial 
temperature range of —40°C to +85°C. 


DIFFERENTIAL GAIN — % 


DIFFERENTIAL PHASE — Degrees 


5 6 7 8 9 10 #141 #12 #13 «14 ~= «15 
SUPPLY VOLTAGE -— +Volts 


Differential Gain and Phase vs. Supply Voltage, Gain = +2, 
R= 150Q © 


REV. A 


SPECIFICATIONS 


Dual Supply (e1, = +25°c, k, = 150 ©, unless otherwise noted) 


Model 


DYNAMIC PERFORMANCE 
—3 dB Bandwidth 


Bandwidth for 0.1 dB Flatness 


Slew Rate! 


Settling Time to 0.1% 


NOISE/HARMONIC PERFORMANCE 
Total Harmonic Distortion 
Input Voltage Noise 
Input Current Noise 


Differential Gain Error 


Differential Phase Error 


DC PERFORMANCE 
Input Offset Voltage 


Offset Drift 
~—Input Bias Current 


+Input Bias Current 


Open-Loop Voltage Gain 


Open-Loop Transresistance 


INPUT CHARACTERISTICS 
Input Resistance 


Input Capacitance 
Input Common-Mode 
Voltage Range 
Common Mode Rejection Ratio 
Input Offset Voltage 
—Input Current 
+Input Current 
Input Offset Voltage 
~Input Current 
+Input Current 


REV. A 


G = +2, No Peaking 


Gain = +1 
G= +2 


G = +2, R, = 1 kQ 
20 V Step 
G=-1,R,=1kQ 


G=-1,R,=1kQ 
Vo = 3 V Step 
Vo = 10 V Step 


f. = 1 MHz, R, = 1 kQ 

f= 10 kHz 

f = 10 kHz, +In 

f = 10 kHz, -In 
NTSC, G = +2, R, = 1500 


Tum ~ Tmax 


Tam ¥ Tax 


Tum = Tax 


V_ = +2.5 V, R, = 150Q 


Tv = Tax 


Vo = +10 V, R, =1kQ 


Tan a Tmax 


V,=+2.5 V, R, = 1502 


Twn — Tmax 
V_=+10V, Ry = 1kQ 


Twn = Tax 


Vom = +2.5V 


Vom = £12 V 


‘ 


+15 V 
+5 V,+15V 
+5V,+15V 
+5V,+15V 
+5 V 
+15 V 
+5 V 
£15.V 


£5°V, 4 15:V 


+5 V,+15 V 
+5V,+15V 


+5V,+15V 


AD812 


AD812A 


Typ Max Units 
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AD812—SPECIFICATIONS 


Min 


Dual Supply (continued) 


Model 


OUTPUT CHARACTERISTICS 
Output Voltage Swing 


Output Current 
Short Circuit Current 


Output Resistance 


MATCHING CHARACTERISTICS 
Dynamic 
Crosstalk 
Gain Flatness Match 
DC 
Input offset Voltage 
—Input Bias Current 


POWER SUPPLY 
Operating Range 
Quiescent Current 


Power Supply Rejection Ratio 
Input Offset Voltage 
—Input Current 
+Input Current 


AD812A 


Typ Max 


Ry = 150 Q, Tuy — Tax 
R, = 1 kQ, Tym — Tax 


G=+2,R,=715Q 
Vin=2V 
~ Open-Loop 


G = +2, f= 5 MHz 
G = +2, f= 40 MHz 


+5 V,415V 
+15 V 


+5V,+15 V 
+5 V,+15V 


Ty [3 Tax 
Taw -_ Tmax 
Per Amplifier 


Tun = Tax 


V,=41.5 Vtot15V 
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REV.A 


AD812 


Single Supply (@ 1, = +25°¢, rR, = 150 0, unless otherwise noted) 


ee ee 


Model 


DYNAMIC PERFORMANCE 
-3 dB Bandwidth 


Bandwidth for 0.1 dB 
Flatness 


Slew Rate! 


NOISE/HARMONIC PERFORMANCE 


Input Voltage Noise 
Input Current Noise 


Differential Gain Error? 


Differential Phase Error? 


DC PERFORMANCE 
Input Offset Voltage 


Offset Drift 
—Input Bias Current 


+Input Bias Current 
Open-Loop Voltage Gain 


-Open-Loop Transresistance 


INPUT CHARACTERISTICS 
Input Resistance 


Input Capacitance 
Input Common-Mode 
Voltage Range 
Common-Mode Rejection Ratio 
Input Offset Voltage 
—Input Current 
+Input Current 
Input Offset Voltage 
-Input Current 
+Input Current 


REV. A 


AD812A 
Typ Max Units 


G = +2, No Peaking MHz 
MHz 
G = +2 MHz 


G=+2,R,=1kQ 


f= 10 kHz +5 V,+3V 
f= 10 kHz, +In +5.V,+3V 
f= 10 kHz, -In +5 V,+3V 


NTSC, G = +2, Rp= 150 Q 
G=+l 
G=+2 
G=+1 


+5 V 
+3V 
+5V 
+3V 


+5V,+3V 


Tan Zs Tmax 
+5V,+3V 
+5 V,+3V 


Tum = Tax 


+5 V,+3V 


Twn = Tax 


Vo = +2.5 V p-p +5V 
Vo = +0.7 V p-p +3V 
Vo = +2.5 V p-p +5°V 


V_ = +0.7 V p-p +3V 


Vou = 1.25 V to 3.75 V 


Vom=1Vto2V 
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—AD812—SPECIFICATIONS © 


Single Supply (continues) 


Model » 


OUTPUT CHARACTERISTICS. 
Output Voltage Swing p-p 


Output Current 


Short Circuit Current 


MATCHING CHARACTERISTICS 
Dynamic 
Crosstalk 
Gain Flatness Match 
DC 
Input offset Voltage 
—Input Bias Current 


POWER SUPPLY 
Operating Range 
Quiescent Current 


Power Supply Rejection Ratio 
Input Offset Voltage 
—Input Current 
+Input Current 


TRANSISTOR COUNT 
NOTES 


AD812A 
Conditions Vs Min Typ Max 


R, = 1 kQ, Tym - Téax 
R, = 150 Q, Tam — Trax 


G= +2,R,=7150 
Vin=1V 


G= +2,f=5 MHz 
G = +2, f= 20 MHz 


+5V,4+3V 
+5 V,+3V 


—6+5V,43V 
+5 V,+3V 


Twn s Tax 
Tum ~ Tax 


Per Amplifier 


Tyan a Tax 


80 
0.3 0.6 
0.005 0.05 


V; = +3 V to +30 V 


es ee ee 


1Slew rate measurement is based on 10% to 90% rise time in the specified closed-loop gain. 
Single supply differential gain and phase are measured with the ac coupled circuit of Figure 50. 


Specifications subject to change without notice. 
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Units 


V p-p 
V p-p 
V p-p 


REV. A 


ABSOLUTE MAXIMUM RATINGS! 


Supply: Voltage... 34 augue ice Wheu Sa eee etwas ace ees +18 V 
Internal Power Dissipation? 
PIASHC?CN i.e .556 28 ik Gale acuta Sense Sk 1.3 Watts 
Small Outline (R): sus sci Sodecenen eee eews 0.9 Watts 
Input Voltage (Common Mode) ...............0000- +Vo5 
Differential Input Voltage .............. 0.000000. 2 


Output Short Circuit Duration 

Lee tes eileen ahd ak ag toa Observe Power Derating Curves 
Storage Temperature Range N,R ......... —65°C to +125°C 
Operating Temperature Range ............. —40°C to +85°C 
Lead Temperature Range (Soldering 10 seconds) .... +300°C 


NOTES 

'Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in the 
operational section of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
*Specification is for device in free air: 8-Pin Plastic Package: 84 = 90°C/Watt; 8-Pin 
SOIC Package: 8), = 140°C/Watt. 


ORDERING GUIDE 
Temperature Package Package 
Range Description Option* 


AD812AN_ | —40°C to +85°C | 8-Pin Plastic DIP N-8 
AD812AR-8 | -40°C to +85°C | 8-Pin Plastic SOIC | R-8 


*For outline information see Package Information section. 


METALIZATION PHOTO 


Dimensions shown in inches and (mm). 


0.0783 
(1.99) 
V+ OUT2 ~IN2 
8 7 
5 +IN2 
0.0539 
(1.37) 
4vV- 


1 2 3 
OUT1 © -iN1 +IN1 Vv- 


CAUTION 


ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. Although 
the AD812 features proprietary ESD protection circuitry, permanent damage may occur on devices. 
subjected to high energy electrostatic discharges. Therefore, proper ESD precautions are recom- 
mended to avoid performance degradation or loss of functionality. 


REV. A 


AD812 


MAXIMUM POWER DISSIPATION 

The maximum power that can be safely dissipated by the 
AD812 is limited by the associated rise in junction temperature. 
The maximum safe junction temperature for the plastic encap- 
sulated parts is determined by the glass transition temperature 
of the plastic, about 150°C. Exceeding this limit temporarily 
may cause a shift in parametric performance due to a change in 
the stresses exerted on the die by the package. Exceeding a 
junction temperature of 175°C for an extended period can result 
in device failure. 


While the AD812 is internally short circuit protected, this may 
not be sufficient to guarantee that the maximum junction tem- 
perature (150 degrees) is not exceeded under all conditions. To 
ensure proper operation, it is important to observe the derating 
curves. 


It must also be noted that in high (noninverting) gain configura- 
tions (with low values of gain resistor), a high level of input 
overdrive can result in a large input error current, which may re- 
sult in a significant power dissipation in the input stage. This 
power must be included when computing the junction tempera- 
ture rise due to total internal power. 
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MAXIMUM POWER DISSIPATION - Watts 


0| zs 
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AMBIENT TEMPERATURE - °C 


Plot of Maximum Power Dissipation vs. Temperature 


WARNING! 


ESD SENSITIVE DEVICE 
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COMMON-MODE VOLTAGE RANGE - +Voits 
TOTAL SUPPLY CURRENT — mA 


, 10 5 . | 
SUPPLY VOLTAGE - £Volts | | JUNCTION TEMPERATURE - °C 


Figure 1. Input Common-Mode Voltage Range vs. Supply Figure 4. Total Supply Current vs. Junction Temperature 
Paes ; | 


OUTPUT VOLTAGE - V p-p 
TOTAL SUPPLY CURRENT —mA 


5 10 15 
SUPPLY VOLTAGE -— +Volts SUPPLY VOLTAGE - +Voits 


Figure 2. Output Voltage Swing vs. Supply Figure 5. Total Supply Current vs. Supply Voltage 
ero 
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OUTPUT VOLTAGE - Volts p-p 
INPUT BIAS CURRENT - pA 


—_ | 1 “60 -40 -20 0 20 40 60 80 100 120 140. 
a “LOAD RESISTANCE - ‘a JUNCTION TEMPERATURE ~ °C 
Figure 3. bier Voltage Swing vs. Load Resistance “Figure 6. finite Bias Buen vs. Junction Temperature 
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INPUT OFFSET VOLTAGE — mV 
OUTPUT CURRENT - mA 


-60 -40 -20 0 20 40 60 80 100 120 140 
JUNCTION TEMPERATURE — °C SUPPLY VOLTAGE - Volts 


Figure 7. Input Offset Voltage vs. Junction Temperature Figure 10. Linear Output Current vs. Supply Voltage 


SHORT CIRCUIT CURRENT — mA 
CLOSED-LOOP OUTPUT RESISTANCE — 2 


60 -40 -20 0 20 40 60 80 100 120 140 M 
JUNCTION TEMPERATURE - °C FREQUENCY ~ Hz 
Figure 8. Short Circuit Current vs. Junction Temperature Figure 11. Closed-Loop Output Resistance vs. Frequency 
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Figure 9. Linear Output Current vs. Junction Temperature Figure 12. Large Signal Frequency Response 
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Figure 13. Input Current and Voltage Noise vs. Frequency 
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Figure 14. Common-Mode Rejection vs. Frequency 
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Figure 15. Power Supply Rejection vs. Frequency 
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TRANSIMPEDANCE - dB 
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Figure 16. Open-Loop Transimpedance vs. meeney 
(Relative to 1Q) 
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Figure 17. Harmonic Distortion vs. Frequency 
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Figure 18. Output Swing and Error vs. Settling Time 
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Figure 22. Maximum Slew Rate vs. Supply Voltage 


Figure 20. Large Signal Pulse Response, Gain = +1, Figure 23. Small Signal Pulse Response, Gain = +1, 
(R. = 750Q, R, = 150Q, V,= +5 V) (R, = 750 Q, R, = 150Q, V,=+5 V) 
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Figure 21. Closed-Loop Gain and Phase vs. Frequency, Figure 24. -3 dB Bandwidth vs. Supply Voltage, G = +1 
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Figure 25. Large Signal Pulse Response, Gain = +10, 
(R, = 357 Q, R, = 500 Q, V,=+15 V) 
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Figure 26. Closed-Loop Gain and Phase vs. Frequency, 
Gain = +10, R, = 150Q ~ 
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Figure 27. -3 dB Bandwidth vs. Supply Voltage, 
Gain = +10, R, = 150Q 
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Figure 28. Small Signal Pulse Response, Gain = +10, 
(R_ = 3570, R, = 1509, V,=+5 V) 
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Figure 29. Closed-Loop Gain and Phase vs. Frequency, | 
Gain = +10, R, = 1 kQ : 


-3dB BANDWIDTH — MHz 


9 2 4 6 8 10 12 14 #1 «18 ~« 20 
SUPPLY VOLTAGE - £Volts : 


Figure 30. -3 dB Bandwidth vs. Supply Voltage, 
Gain = +10,R,=1kQ : 


REV. A 


AD812 


Figure 31. Large Signal Pulse Response, Gain = —1, Figure 34. Small Signal Pulse Response, Gain = -1, 
(R, = 750 Q, R, = 150Q, V;=+5 V) (R, = 750 Q, R, = 150 Q, V.= +5 V) 
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General Considerations 

The AD812 is a wide bandwidth, dual video ampiGe: which offers 
a high level of performance on less than 5.5 mA per amplifier of 
quiescent supply current. It is designed to. offer outstanding 
performance at closed- Bl inverting-or. = PORINYSHNS gains of one 
or greater. a 


Built on a low cost, complementary Hinder process, and achieving 
bandwidth in excess of 100 MHz, differential gain and phase errors 
of better than 0.1% and 0.1° (into 150 Q), and output current 
greater than.40 mA, the AD812 is an exceptionally efficient video 
amplifier. Using a conventional current feedback architecture, its 
high performance is achieved through careful attention to design 
details. 


Choice of Feedback & Gain Resistors 

Because it is a current feedback amplifier, the closed-loop band- 
width of the AD812 depends on the value of the feedback resistor. 
The bandwidth also depends on the supply voltage. In addition, 
attenuation of the open-loop response when driving load resistors 
less than about 250 Q will affect the bandwidth. Table I contains 
data showing typical bandwidths at different supply voltages for 
some useful closed-loop gains when driving a load of 150 Q. 
(Bandwidths will be about 20% greater for load resistances above a 
few hundred ohms.) 


The choice of feedback resistor is not critical unless it is important 
to maintain the widest, flattest frequency response. The resistors 
recommended in the table are those (metal film values) that will 
result in the widest 0.1 dB bandwidth. In those applications where 
the best control of the bandwidth is desired, 1% metal film resistors 
are adequate. Wider bandwidths can be attained by reducing the 
magnitude of the feedback resistor (at the expense of increased 
peaking), while peaking can be reduced by increasing the magni- 
tude of the feedback resistor. 


Table I. -3 dB Bandwidth vs. Closed-Loop Gain and 
Feedback Resistor (R, = 150 ©) 


7 BW, Mi 


145 
100 
65 
100 
60 


90 
65 
45 
70 
45 


+5 V 60 
50 
35 
50 


35 


+3V 50 
40 
30 
40 
25 
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To estimate the —3 dB bandwidth for closed-loop gains or feedback 
resistors not listed in the above table, the following two pole model 
for the AD812 many be used: 
G 
BES 77 (Re + Grin) Gr ao ek 
 § [Se Sr) Cel +S (Rr + Grin) Cr +1 
where: Ag, = closed-loop gain 
G =1+RJRG 
t;, = input resistance of the inverting input 
C, = “transcapacitance,” which forms the open-loop 
dominant pole with the tranresistance 
Re = feedback resistor 
R, = gain resistor 
f, = frequency of second (non-dominant) Pos 
S =2mf 


Appropriate values for the model parameters at different supply 
voltages are listed in Table II. Reasonable approximations for these 
values at supply voltages not found in the table can be obtained by 
a simple linear interpolation between those tabulated values which 
“bracket” the desired condition. 


Table II. Two-Pole Model Parameters at Various 
Suppy Voltages 


As discussed in many amplifier and electronics textbooks (such as 
Roberge’s Operational Amplifiers: Theory and Practice), the 
—3 dB bandwidth for the 2-pole model can be obtained as: 


fy =fy [1-20 + (2 - 4d? + 4d*)¥?]? 


where: 
h |” 
fu=\ (R, + Gra) Cr 


and: 
d = (1/2) [f, (Re + Grp) Cz]? 


This model will predict -3 dB bandwidth within about 10 to 15% 
of the correct value when the load is 150 Q. However, it is not an 
accurate enough to predict either the phase behavior or the 
frequency response peaking of the AD812. 


Printed Circuit Board Layout Guidelines 

As with all wideband amplifiers, printed circuit board parasitics can 
affect the overall closed-loop performance. Most important for 
controlling the 0.1 dB bandwidth are stray capacitances at the 
output and inverting input nodes. Increasing the space between 
signal lines and ground plane will minimize the coupling. Also, | 
signal lines connecting the feedback and gain resistors should be 
Kept short enough that their associated inductance does not cause 
high frequency gain errors. 
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Power Supply Bypassing 

Adequate power supply bypassing can be very important when 
optimizing the performance of high speed circuits. Inductance in 
the supply leads can (for example) contribute to resonant circuits 
that produce peaking in the amplifier’s response. In addition, if 
large current transients must be delivered to a load, then large 
(greater than 1 uF) bypass capacitors are required to produce the 
best settling time and lowest distortion. Although 0.1 UF capacitors 
may be adequate in some applications, more elaborate bypassing is 
required in other cases. 


When multiple bypass capacitors are connected in parallel, it is 
important to be sure that the capacitors themselves do not form 
resonant circuits. A small (say 5 Q) resistor may be required in 
series with one of the capacitors to minimize this possibility. 


As discussed below, power supply bypassing can have a significant 
impact on crosstalk performance. 


Achieving Low Crosstalk 

Measured crosstalk from the output of amplifier 2 to the input of 
amplifier 1 of the AD812 is shown in Figure 37. The crosstalk 
from the output of amplifier 1 to the input of amplifier 2 is a few 
dB better than this due to the additional distance between critical 
signal nodes. 


A carefully laid-out PC board should be able to achieve the level of 
crosstalk shown in the figure. The most significant contributors to 
difficulty in achieving low crosstalk are inadequate power supply 
bypassing, overlapped input and/or output signal paths, and 
capacitive coupling between critical nodes. 


The bypass capacitors must be connected to the ground plane at a 
point close to and between the ground reference points for the two 
loads. (The bypass of the negative power supply is particularly 
important in this regard.) There are two amplifiers in the package, 
and low impedance signal return paths must be provided for each 

load. (Using a parallel combination of 1 uF, 0.1 uF, and 0.01 pF 
bypass capacitors will help to achieve optimal crosstalk.) 


CROSSTALK - dB 
8 
EJ 

ioe 


100k 100M 
eames se 


Figure 37. Crosstalk vs. Frequency 
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The input and output signal return paths must also be kept from 
overlapping. Since ground connections are not of perfectly zero 
impedance, current in one ground return path can produce a 
voltage drop in another ground return path if they are allowed to 
overlap. 


Electric field coupling external to (and across) the package can be 
reduced by arranging for a narrow strip of ground plane to be run 
between the pins (parallel to the pin rows). Doing this on both 
sides of the board can reduce the high frequency crosstalk by about 
5 dB or 6 dB. 


Driving Capacitive Loads 

When used with the appropriate output series resistor, any load 
capacitance can be driven without peaking or oscillation. In most 
cases, less than 50 Q is all that is needed to achieve an extremely 
flat frequency response. As illustrated in Figure 41, the AD812 can 
be very attractive for driving largely capacitive loads. In this case, 
the AD812’s high output short circuit current allows for a 150 V/s 
slew rate when driving a 510 pF capacitor. 


CLOSED-LOOP GAIN - dB 


1 100 000 
ee MHz 


Figure 39. Response to a Small Load Capacitor at+5 V 
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Vs = £15V 
G=+2 

Re = 750Q 
Ri = 1kQ 


CL = 510pF, Rs = 152 


1: 10 100 1000 


FREQUENCY — MHz 


CLOSED-LOOP GAIN - dB 


Figure 40. Response to Large Load Capacitor, V, =+15 V 
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Figure 41. Pulse Response of Circuit of Figure 38 with 
C, = 510 pF, R, = 1kQ, R, = R, = 7158 Q, Ry = 15Q. 


Overload Recovery . . 

There are three important overload conditions to consider. They 
are due to input common mode voltage overdrive, input current 
overdrive, and output voltage overdrive . When the amplifier is 
configured for low closed-loop gains, and its input common-mode 
voltage range is exceeded, the recovery time will be very fast, 
typically under 10 ns. When configured for a higher gain, and 
overloaded at the output, the recovery time will also be short. For 
example, in a gain of +10, with 6 dB of input overdrive, the 
recovery time of the AD812 is about 10 ns. 
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Vin 


Vout 


Figure 42. 6 dB Overload Recovery; G = 10, 
R, = 5000, V,=+5V 


In the case of high gains with very high levels of input overdrive, a 
longer recovery time may occur. For example, if the input 
common-mode voltage range is exceeded in a gain of +10, the 
recovery time will be on the order of 100 ns. This is primarily due 
to current overloading of the input stage. | 


As noted in the warning under “Maximum Power Dissipation”, a 
high level of input overdrive in a high noninverting gain circuit can 
result in a large current flow in the input stage. For differential _ 
input voltages of less than about 1.25 V, this will be internally 
limited to less than 20 mA (decreasing with supply voltage). For 
input overdrives which result in higher differential input voltages, 
power dissipation in the input stage must be considered. It is 
recommended that external diode clamps be used in cases where 
the differential input voltage is expected to exceed 1.25 V. 


High Performance Video Line Driver 

At a gain of +2, the AD812 makes an excellent driver for a back 
terminated 75 Q video line. Low differential gain and phase errors 
and wide 0.1 dB bandwidth can be realized over a wide range of © 
power supply voltage. Outstanding gain and group delay matching 
are also attainable over the full operating supply voltage range. 


Rg Re 


Figure 43. Gain of +2 Video Line Driver (R, = R, from 
Table |) 
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Figure 44. Closed-Loop Gain and Phase vs. Frequency Figure 47. Fine-Scale Gain Flatness vs. Frequency, 

for the Line Driver Gain = +2, R, = 150Q 
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Figure 45. -3 dB Bandwidth vs. Supply Voltage, Figure 48. Closed-Loop Gain Matching vs. Frequency, 
Gain = +2, R, = 150Q Gain = +2, R, = 150Q 
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Operation Using a Single Supply | | 

The AD812 will operate with total supply voltages from 36 V down 
to 2.4 V. With proper biasing (see Figure 50), it can be an 
outstanding single supply video amplifier. Since the input and 
output voltage ranges extend to within 1 volt of the supply rails, it 
will handle a 1.3 V p-p signal on a single 3.3. V supply, or a 3 V p-p 
signal on a single 5 V supply. The small signal, 0.1 dB bandwidths 
will exceed 10 MHz i in either case, and the large signal bandwidths 
will exceed 6 MHz. 


The capacitively coupled cable driver in Figure 50 will achieve 
outstanding differential gain and phase errors of 0.07% and 0.06 
degrees respectively on a single 5 V supply. Resistor R2, in this 
circuit, is selected to optimize the differential gain and phase by 
operating the amplifier in its most linear region. To optimize the 
circuit fora 3 V supply, a value of 8 kQ is recommended for R2. 


6490 ; 6492 


Cout 
47uF 75Q CABLE: 


VouT 
75Q 


Figure 50. Biasing For Single Supply Operation 


9-126 OPERATIONAL AMPLIFIERS 


CLOSED-LOOP GAIN — dB 


FREQUENCY — MHz 


Figure 51. Closed-Loop Gain and Phase vs. Frequency, 


Circuit of Figure 50 


Figure 52. Pulse Response of the Circuit of pene: 50 win 
V,=5V | 
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ANALOG 
DEVICES 


FEATURES 
Low Cost 
Three Video Amplifiers in One Package 
Optimized for Driving Cables in Video Systems 
Excellent Video Specifications (R, = 150 Q) 
Gain Flatness 0.1 dB to 50 MHz 
0.03% Differential Gain Error 
0.06° Differential Phase Error 
Low Power 
Operates on Single +3 V to +15 V Power Supplies 
5.5 mA/Amplifier Max Power Supply Current 
High Speed 
125 MHz Unity Gain Bandwidth (-3 dB) 
500 V/us Slew Rate 
High Speed Disable Function per Channel 
Turn-Off Time 80 ns 
Easy to Use 
50 mA Output Current 
Output Swing to 1 V of Rails 


APPLICATIONS 

Video Line Driver 

LCD Drivers 

Computer Video Plug-In Boards 
Ultrasound 

RGB Amplifier 

CCD Based Systems 


PRODUCT DESCRIPTION 

The AD813 is a low power, single supply triple video amplifier. 
Each of the three current feedback amplifiers has 50 mA of output 
current, and is optimized for driving one back terminated video 
load (150 Q). The AD813 features gain flatness of 0.1 dB to 
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a esl att 


NORMALIZED GAIN - dB 
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Fine-Scale Gain Flatness vs. Frequency, 
G=+2,R, = 1500 
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Single Supply, Low Power 
Triple Video Amplifier 


AD813 


PIN CONFIGURATION 
14-Pin DIP & SOIC Package 


DISABLE1 
DISABLE2 [2 | 
DISABLES [3 


50 MHz while offering differential gain and phase error of 0.03% 
and 0.06°. This makes the AD813 ideal for broadcast and 
consumer video electronics. 


The AD813 offers low power of 5.5 mA per amplifier max and runs 
on a single +3 V power supply. The outputs of each amplifier | 
swing to within one volt of either supply rail to easily accommodate 
video signals. While operating on a single +5 V supply the AD813 
still achieves 0.1 dB flatness to 20 MHz and 0.05% & 0.05° of 
differential gain and phase performance. All this is offered in a 
small 14-pin plastic DIP or SOIC package. These features make 
this triple amplifier ideal for portable and battery powered applica- 
tions where size and power are critical. 


The outstanding bandwidth of 125 MHz along with 500 V/us of 
slew rate make the AD813 useful in many general purpose, high 
speed applications where a single +3 V or dual power supplies up to 
+15 V are needed. Furthermore the AD813 contains a high speed 
disable function for each amplifier in order to power down the 
amplifier or high impedance the output. This can then be used in 
video multiplexing applications. The AD813 is available in the 
industrial temperature range of —40°C to +85°C in plaatc DIP and 
SOIC packages as well as chips. 


Channel Switching Characteristics for a 3:1 Mux 
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AD813-SPECIFICATIONS 


Dual Supply (@T,= + 25°C, R, = 150 ©, unless otherwise noted) 


Model  — —ss—s— _ | _ AD813A_ ae 
| . Conditions Vs Min Typ Max Units 


DYNAMIC PERFORMANCE 
—3 dB Bandwidth G = +2, No Peaking 
Bandwidth for 0.1dB 
Flatness G = +2 


Slew Rate! G=+2,R,=1kQ 


G=-1, R= 1kQ 


Settling Time to 0.1% G=-1, RL=1kQ 


~Input Bias Current 
+Input Bias Current 


Open-Loop Voltage Gain 


Open-Loop Transresistance 


‘Tw Tmax , 


TT max 


Vo=+#2.5 V, R,= 1500 


= Tyan Tax 


Vo=+10 V; R, = 1 kQ 


Tyan Pax 
Vo = +2.5 V, R,= 150 


TT max 


Vo = £10 V, R= 1kQ 


Vo= 3 V Step 
Vo= 10 V Step 
NOISE/HARMONIC PERFORMANCE | 
Total Harmonic Distortion f. = 1 MHz, R, = 1 kQ +15 V 
Input Voltage Noise ‘f= 10 kHz +t5V,+15 V 
Input Current Noise f = 10 kHz, +In +t5V,+15V 
. -In t5V,415V 
Differential Gain Error NTSC, G=+2,R,=150Q| +5V 
: | | | +15V 
Differential Phase Error +5V 
+15 V 
DC PERFORMANCE 
Input Offset Voltage . +5 V,+15V 
| Tvan~ Tmax , 
Offset Drift es +5 V,+15V 


+5. V,+15V 
+5 V,+15V 
+5 V 


+15 V 


3 . | Tam Pax 
INPUT CHARACTERISTICS. 3 | 
Input Resistance = +Input +15V 15 MQ 
are -Input +15V 65 Q 
Input Capacitance +Input +15V 1.7 pF 
Input Common Mode +t5V +4.0 V 
Voltage Range ©. +15V +13.5 V 
Common-Mode Rejection Ratio : : 
Input Offset Voltage Vom =+2.5V +5V 54 58 dB 
~Input Current | 2 3 pA/V 
+Input Current nal 0.07 0.15 wA/V 
Input Offset Voltage Vom = +10 V +15 V 57 62 dB 
—Input Current 1:5 2:5 pA/V 
+Input Current 0.05 0.1 wA/V 
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Model AD813A 
Conditions Vs Min Typ Max Units 


OUTPUT CHARACTERISTICS 


Output Voltage Swing R, = 150 Q, Tryan-T ax +V 
R, = 1 kQ, Tyn-T max +V 
Output Current mA 
mA 
Short Circuit Current G=+2,R,=715Q mA 
Vin=2V 
MATCHING CHARACTERISTICS 
Dynamic 
Crosstalk G = +2,f=5 MHz +5 V,+15V dB 
Gain Flatness Match G = +2, f= 40 MHz +15 V dB 
DC 
Input Offset Voltage Tame Fax +5V,+15V mV 
-Input Bias Current Tan Tax t5V,+15 V LA 


POWER SUPPLY 
Operating Range 


Quiescent Current Per Amplifier 


Tan~ Pax 
Quiescent Current, Powered Down Per Amplifier 
Power Supply Rejection Ratio 
Input Offset Voltage 
~Input Current 
+Input Current 


V, =t15VtotI15V 


DISABLE CHARACTERISTICS 


Off Isolation f=5 MHz £5 V5 2 15°V. —57 dB 

Off Output Impedance G=+t1 +5V,+15V 12.5 pF 

Channel-to-Channel 2 or 3 Channels t5°V 4 15.V —65 dB 

Isolation Mux, f = 5 MHz 

Turn-On Time +5 V,4t15 Vv: 100 ns 

Turn-Off Time 80 ns 
NOTES 


‘Slew rate measurement is based on 10% to 90% rise time in the specified closed-loop gain. 
Specifications subject to change without notice. 
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AD813—SPECIFICATIONS 


Single Supply (er, = + 25°c, pk, = 150 ©, unless otherwise noted) 


AD813A 
Conditions Vs Min Typ Max Units 


G = +2, No Peaking 


Model 


DYNAMIC PERFORMANCE 
~3 dB Bandwidth 


Bandwidth for 0.1 dB 
Flatness 


Slew Rate! 


NOISE/HARMONIC PERFORMANCE 
Input Voltage Noise 
Input Current Noise 


Differential Gain Error? 


Differential Phase Error? 


DC PERFORMANCE 
Input Offset Voltage 


Offset Drift 
—Input Bias Current 


+Input Bias Current 
Open-Loop Voltage Gain 


Open-Loop Transresistance 


INPUT CHARACTERISTICS 
Input Resistance 


Input Capacitance 

Input Common Mode 

Voltage Range 

Common-Mode Rejection Ratio 
Input Offset Voltage | 
—Input Current 
+Input Current 
Input Offset Voltage 
—Input Current 
+Input Current 
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G=+2 


G = +2,R,=1kQ 


f= 10 kHz 
f = 10 kHz, +In 
-In 
NTSC, G = +2, R, = 150 Q 
G=+l 
G= +2 
G=+1 


Vou = 1.25 V to 3.75 V 


Vey =1Vto2V 


+5 V,+3V 
+#5V,4+3V 
+5V,4+3V 
+5 V 
+3.V 
+5 V 
+3V 


+5V,+3V 


+5V,43V 
+5V,+3V 


+5V,+3V 


+5V 
+3V 
+5 V 
+3V 


MHz 
MHz 


MHz 
MHz 
V/us 
V/s 


nVVHz 


pAv Hz 


pAvVHz 
% 
% 


_ Degrees” 


Degrees 
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Model 


OUTPUT CHARACTERISTICS 
Output Voltage Swing p-p 


Output Current 


Short Circuit Current 


MATCHING CHARACTERISTICS 
Dynamic 
Crosstalk 
Gain Flatness Match 
DC 
Input Offset Voltage 
-Input Bias Current 


POWER SUPPLY 
Operating Range 
Quiescent Current 


Quiescent Current, Powered Down 


Power Supply Rejection Ratio 
Input Offset Voltage 
—Input Current 
+Input Current 


DISABLE CHARACTERISTICS = 
Off Isolation 
Off Output Impedance 
Channel-to-Channel . 
Isolation 
Turn-On Time 
Turn-Off Time 


TRANSISTOR COUNT 


NOTES 


AD813 


AD813A 
Conditions Vs. Min Typ Max Units 


Ry = 150 Q, Tyan-T max 


G=+2,R,=715Q 


= +2,f=5 MHz 
= +2, f= 20 MHz 


Per Amplifier 


Twn Tmax 


Per Amplifier 


V, = +3.0 V to +30 V 


f=5 MHz 

G=+tl 

2 or 3 Channel 
Mux, f= 5 MHz. 


+5 V,4+3V 
+5V,+3V 
+5V,+3V 


+5 V,4+3V 


‘Slew rate measurement is based on 10% to 90% rise time in the specified closed-loop gain. 
*Single supply differential gain and phase are measured with the ac coupled circuit of Figure 49. 


“ABSOLUTE MAXIMUM RATINGS! | 


NOTES 
‘Stresses above those listed under “Absolute Maximum Ratings” may cause perma- 


Supply Voltage die On ; OE ATEN eS SELES FO Ts dm es TE t18V nent damage to the device. This is a stress rating only and functional operation of the 
Intérnal Power Dissipation device at these or any other conditions above those indicated in the operational section 
PIAS UN ig. 2.9 sec oe BW). GS Et Yeo Hs ed & 1.6 Watts of this specification is not implied. Exposure to absolute maximum rating conditions 
Small Outline (R). 2... 0.0.0.0... .2.00.% 1.0 Watts for extended periods may affect device reliability. 
*Specification is for device in free air: 
n ] fie MOGE)! 2 oie ae le as +V P 
ae Vo . Siri ode) +6 Vv 14-Pin Plastic DIP Package: 0,, = 75°C/Watt 
iirerentia Bpue o tage = wo Web Wale ae HR dee oak Ge: 381 Ge : ee Xe 14-Pin SOIC Package: Ora = 120°C/Watt 
Output Short Circuit Duration . . . Observe Power Derating Curves 
Storage Temperature Range N, R........ -—65°C to +125°C ORDERING GUIDE 
Operating Temperature Range 
AD SISA a a eee cece ded a eee ess 4 -40°C to +85°C Temperature | Package Package 
Lead Temperature Range (Soldering 10 sec)........ +300°C Range Description Options* 
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—40°C to +85°C | 14-Pin Plastic DIP | N-14 
—40°C to +85°C | 14-Pin Plastic SOIC} R-14 
—40°C to +85°C | Die Form 


AD813AN 
AD813AR-14 
AD813A Chips 


*For outline information see Package Information section. 
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Maximum Power Dissipation 2.5 
The maximum power that can be safely dissipated by the AD813 is 
limited by the associated rise in junction temperature. The 
maximum safe junction temperature for the plastic encapsulated 
parts is determined by the glass transition temperature of the 
plastic, about 150°C. Exceeding this limit temporarily may cause a 
shift in parametric performance due to a change in the stresses 
exerted on the die by the package. Exceeding a junction tempera- 
ture of 175°C for an extended period can result in device failure. 


x 
° 


ps 
LSS 
eared EAL 
0.5 LLL KE | 


It must also be noted that in (noninverting) gain configurations -50 -40 -30 -20-10 0 10 20 30 40 50 60 70 80 90 
(with low values of gain resistor), a high level of input overdrive can AMBIENT TEMPERATURE - °C 

result in a large input error current, which may result in a signifi- 
cant power dissipation in the input stage. This power must be 
included when computing the junction temperature rise due to total 
internal power. 


While the AD813 is internally short circuit protected, this may not 
be enough to guarantee that the maximum junction temperature 
(150°C) is not exceeded under all conditions. To ensure proper 
operation, it is important to observe the derating curves. 


MAXIMUM POWER DISSIPATION — Watts 
S in 


Maximum Power Dissipation vs. Ambient Temperature 


_ METALIZATION PHOTO 


Dimensions shown in inches and (mm). 


-IN2 13 = Sal = 
| a ee 
- = er) ae 
OUT2 14 i o ifr 
at Pet 
= © tw! 
Te! ay 
DISABLE1 1 = ; 
DISABLE2 2 
3 4 5 6 
DISABLE3 Vg+ . +IN1 INA 


ON a he i 
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 

accumulate on the human body and test equipment and can discharge without detection. Although 

the AD813 features proprietary ESD protection circuitry, permanent damage may occur on devices 
subjected to high energy electrostatic discharges. Therefore, proper ESD precautions are recom- 

mended to avoid performance degradation or loss of functionality. 


WARNING! 
caer 48 


ESD SENSITIVE DEVICE 
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Figure 1. Input Common-Mode Voltage Range vs. Figure 4. Supply Current vs. Junction Temperature 
Supply Voltage 


OUTPUT VOLTAGE-Vp-p_. 
SUPPLY CURRENT - mA 
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Figure 2. Output Voltage Swing vs. Supply Figure 5. Supply Current vs. Supply Voltage at Low 
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Figure 7. Input Offset Voltage vs. Junction Figure 10. Linear Output Current vs. Supply Voltage 
Temperature | — 


_ SHORT CIRCUIT CURRENT - mA 
CLOSED-LOOP OUTPUT RESISTANCE — 
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_ Figure 8. Short Circuit Current vs. Junction © Figure 11. Closed-Loop Output Resistance vs. 
Temperature Frequency 
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Figure 9. Linear Output Current vs. Junction _ Figure 12. Output Resistance vs. Frequency, Disabled 
Temperature State 
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Figure 15: Power Supply Rejection vs. Frequency Figure 18. Output Swing and Error vs. Settling Time 
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Figure 20. Large Signal Pulse Response, Gain = +1, Figure 23. Small Signal Pulse Response, Gain = +1, 
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Figure 21. Closed- -Loop Gain.and Phase vs. Frequency, Figure 24. -3 dB Bandwidth vs. Supply Voltage, G = +1 
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Figure 25. Large Signal Pulse Response, Gain = +10, Figure 28. Small Signal Pulse Response, Gain = +10, 
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Figure 26. Closed-Loop Gain and Phase vs. Frequency, Figure 29. Closed-Loop Gain and Phase vs. Frequency, 
G=+10, R, = 150Q G=+10,R, = 1kQ 
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Figure 27. -3 dB Bandwidth vs. Supply Voltage, oe me ; . = o oe vs. Supply Voltage 
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Figure 31. Large Signal Pulse Response, Gain = -1, 
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Figure 32. Closed-Loop Gain and Phase vs. eeaueny 
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Figure 34. Small Signal Pulse Response, Gain = -1, | 
(R, = 760 Q, R, = 150Q, V;=+5 V) 


EH 
SSSea lt coe lee 
| Ect ot 


10M 100M 1000M 
FREQUENCY — Hz 


. CLOSED-LOOP GAIN (NORMALIZED) — dB 
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Figure 36. -3 dB Bandwidth vs. Supply Voltage, | 
=-10,R, = 1 kQ 
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General Consideration 

The AD813 is a wide bandwidth, triple video amplifier that offers a 
high level of performance on less than 5.5 mA per amplifier of 
quiescent supply current. With its fast acting power down switch, it 
is designed to offer outstanding functionality and performance at 
closed-loop inverting or noninverting gains of one or greater. 


Built on a low cost, complementary bipolar process, and achieving 


bandwidth in excess of 100 MHz, differential gain and phase errors 


of better than 0.1% and 0.1° (into 150 Q), and output current 
greater than 40 mA, the AD813 is an exceptionally efficient video 
amplifier. Using a conventional current feedback architecture, its 
high performance is achieved through careful.attention to design 
details. 


Choice of Feedback & Gain Resistors 

Because it is a current feedback amplifier, the closed-loop band- 
width of the AD813 depends on the value of the feedback resistor. 
The bandwidth also depends on the supply voltage. In addition, 
attenuation of the open-loop response when driving load resistors 
less than about 250 Q will also affect the bandwidth. Table I 
contains data showing typical bandwidths at different supply 
voltages for some useful closed-loop gains when driving a load of | 
150 Q. (Bandwidths will be about 20% greater for load resistances 
above a few hundred ohms.) 


Table I. -3 dB Bandwidth vs. Closed-Loop Gain and 
Feedback Resistor , (Ry = 150 Q) 


BW (MHz) 


125 
100 
60 
100 


55 


The choice of feedback resistor is not critical unless it is important 
to maintain the widest, flattest frequency response. The resistors 
recommended in the table are those (metal film values) that will 
result in the widest 0.1 dB bandwidth. In those applications where 
the best control of the bandwidth is desired, 1% metal film resistors 
are adequate. Wider bandwidths can be attained by reducing the 
magnitude of the feedback resistor (at the expense of increased 
peaking), while peaking can be reduced by increasing the magni- 
tude of the feedback resistor. 
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To estimate the -3 dB bandwidth for closed-loop gains or feedback 
resistors not listed in the above table, the following two pole model 
for the AD813 may be used: 


G 


Ao = ee 
52} Ret CrmCr lk § (Ri + Gry) Cpt] 
2 T f, 


Where: A, = closed-loop gain from “transcapacitance” 

G. = 1+R,/R, 

lyn, = input resistance of the inverting input 

Cy; = “transcapacitance,” which forms the 
open-loop dominant pole with the 
transresistance 

R, = feedback resistor 

R, = gain resistor 

f, = frequency of second (nondominant) pole 


s = 2njf 

Appropriate values for the model parameters at different supply 
voltages are listed in Table II. Reasonable approximations for these 
values at supply voltages not found in the table can be obtained by 
a simple linear interpolation between those tabulated values which 
‘bracket’ the desired condition. 


Table II. Two Pole Model Parameters at Various Supplies 


_f, (MHz) 


As discussed in many amplifier and electronics textbooks (such as 
Roberge’s Operational Amplifiers: Theory and Practice), the -3 dB 
bandwidth for the 2-pole model can be obtained as: 
1/2 
fy =f, 1 ~2d? +(2-4a? +4a*y?| 


1/2 
fa oe 
where: OCR +Gr py) Cr 


1 1/2 
and: d= A [ fo(Re+Gryy) Cr| 


This model will predict -3 dB bandwidth within about 10% to 15% 
of the correct value when the load is 150 Q. However, it is not 
accurate enough to predict either the phase behavior or the 
frequency response peaking of the AD813. | 
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Printed Circuit Board Layout Guidelines 
As with all wideband amplifiers, printed. circuit board paracitics can 
affect the overall closed-loop performance. Most important for 
controlling the 0.1 dB bandwidth are stray capacitances at the 
output and inverting input nodes. Increasing the space between 
signal lines and ground plane will minimize the coupling. Also, 
signal lines connecting the feedback and gain resistors should be 


kept short enough that their associated inductance does not cause — 


high frequency gain errors. 


Power Supply Bypassing 

Adequate power supply bypassing can be very important snc 
optimizing the performance of high speed circuits. Inductance in 
the supply leads can (for example) contribute to resonant circuits 
that produce peaking in the amplifier’s response. In addition, if 
large current transients must be delivered to a load, then large 
(greater than 1 WF) bypass capacitors are required to produce the 
best settling time and lowest distortion. Although 0.1 iF capacitors 
may be adequate in some applications, more elaborate bypassing is 
required in other cases. _ 


When multiple bypass capacitors are connected in parallel, it is 
important to be sure that the capacitors themselves do not form 
resonant circuits. A small (say 5 Q) resistor may be required in 
series with one of the capacitors to minimize this possibility. 


As discussed below, power supply bypassing can have a significant 
impact on crosstalk performance. 


Achieving Low Crosstalk 

Measured crosstalk from the output of Amplifier 2 to the input of 
Amplifier 1 of the AD813 is shown in Figure 37. All other 
crosstalk combinations, (from the output of one amplifier to the 
input of another), are a few dB better than this due to the addi- 
tional distance between critical signal nodes. 


CROSSTALK - dB 


| oe ray 


_ Figure 37. Worst Case Crosstalk vs. Frequency 


9-140 OPERATIONAL AMPLIFIERS 


-Acarefully laid-out PC board should be able to achieve the level of 


crosstalk shown in the figure. The most significant contributors to 
difficulty in achieving low crosstalk are inadequate power supply 
bypassing, overlapped input and/or output signal pene: and 
capacitive coupling between critical nodes. 


The bypass capacitors must be connected to the ground plane at a 
point close to and between the ground reference points for the 
loads. (The bypass of the negative power supply is particularly 
important in this regard.) This requires careful planning as there 
are three amplifiers in the package, and low impedance signal 
return paths must be provided for each load. (Using a parallel — 
combination of 1 wF, 0.1 pF, and 0.01 uF bypass capacitors will 
help to achieve optimal crosstalk.) 


The input and output signal return paths (to the bypass caps) must. 
also be kept from overlapping. Since ground connections are not of 
perfectly zero impedance, current in one ground return path can 
produce a voltage drop in another ground return path if they are 
allowed to overlap. 


Electric field coupling external to (and across) the package can be 
reduced by arranging for a narrow strip of ground plane to be run 
between the pins (parallel to the pin rows). Doing this on both | 
sides of the board can reduce the high frequency crosstalk by about 
5 dB or 6 dB. 


Driving Capacitive Loads 

When used with the appropriate output series resistor, any load 
capacitance can be driven without peaking or oscillation. In most 
cases, less than 50 Q is all that is needed to achieve an extremely 
flat frequency response. As illustrated in Figure 41, the AD813 can 
be very attractive for driving large capacitive loads. In this case, the 
AD813’s high output short circuit current allows for a 150 V/s 
slew rate when driving a 510 pF capacitor. 


Figure 38. Circuit for Driving a Capacitive Load 
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Overload Recovery 

There are three important overload conditions to consider. They 
are due to: input common-mode voltage overdrive, output voltage 
overdrive, and input current overdrive. When the amplifier is 
configured for low closed-loop gains, and the input common-mode 
voltage range is exceeded, the recovery time will be very fast, 
typically under 30 ns. When configured for a higher gain, and 
overloaded at the output, the recovery time will also be short. For 
example, ina gain of +10, with 6 dB of input overdrive, the 
recovery time of the AD813 is about 25 ns (see Figure 42). 


CLOSED-LOOP GAIN - dB 


1 10 
FREQUENCY — MHz 


Figure 39. Response to a Small Load Capacitor at 
V,=t5V 


Figure 42. 6 dB Overload Recovery, G = +10, 
(R, = 500 Q, R, = 357Q, V, = +5 V) 


In the case of high gains with very high levels of input overdrive, a 
longer recovery time will occur. For example, if the input com- 
mon-mode voltage range is exceeded in the gain of +10, the 
recovery time will be on the order of 100 ns. This is primarily due 
to current overloading of the input stage. 


CLOSED-LOOP GAIN - dB 


: jae ea : aoe me As noted in the warning under “Maximum Power Dissipation,” a 
high level of input overdrive in a high noninverting gain circuit can 
Figure 40. Response to a Large Load Capacitor at result in a large current flow in the input stage. Though this 
Vj; =t15 V current is internally limited to about 40 mA, its effect on the total 


power dissipation may be significant. 


Figure 41. Circuit of Figure 38 Driving a 510 pF Load 
Capacitor, V;=+15 V(R, = 1kQ, R,=R, = 750Q, 
R, =15 Q) 
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High Performance Video Line Driver 

At a gain of +2, the AD813 makes an excellent driver io a back 
terminated 75 Q video line. Low differential gain and phase errors 
and wide 0.1 dB bandwidth can be realized over.a wide range of 
power supply voltage. Excellent gain and group delay matching are 
also attainable over the full operating supply voltage range. 


Figures 47 and 48 show the worst case matching; the match | 
between amplifiers 2 and 3 is typically much better than this. 


NORMALIZED GAIN -— dB 


eae. Hz 


Figure 46. Fine-Scale Gain (Normalized) vs. Frequency 


Figure 43. A Video Line Driver Operating at a Gain of 
+2 (R,=R, from Table 1) ’ 
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Figure 47. Closed-Loop Gain Matching vs. Frequency 
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Figure 44. Closed-Loop Gain & Phase vs. Frequency for 
the Line Driver . 
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Figure 48. Group Delay and Group Delay Matching vs. 
Frequency, G = +2, R, = 150Q 
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Figure 45. -3 dB Bandwidth vs. Supply Voltage for 
Gain = +2, R, = 150 Q 
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Operation Using a Single Supply 

The AD813 will operate with total supply voltages from 36 V down 
to 2.4 V. With proper biasing (see Figure 49) it can make an 
outstanding single supply video amplifier. Since the input and 
output voltage ranges extend to within 1 V of the supply rails, it will 
handle a 1.3 V peak-to-peak signal on a single 3.3 V supply, or a 

3 V peak-to-peak signal on a single 5 V supply. The small signal 
0.1 dB bandwidths will exceed 10 MHz in either case, and the large 
signal bandwidths will exceed 6 MHz. 


The capacitively coupled cable driver in Figure 49 will achieve 
outstanding differential gain and phase errors of 0.05% and 0.05 
degrees respectively on a single 5 V supply. Resistor R2, in this 
circuit, is selected to optimize the differential gain and phase by 
biasing the amplifier in its most linear region. 
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Figure 50. Closed-Loop Gain and Phase vs. Frequency, 
Circuit of Figure 49 


Figure 51. Pulse Response for the Circuit of Figure 49 
with +V,=5V 
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Disable Mode Operation 

Pulling the voltage on any one of the Disable pins about 2.5 V 
down from the positive supply will put the corresponding amplifier 
into a disabled, powered down, state. In this condition, the 
amplifier’s quiescent supply current drops to about 0.5 mA, its 
output becomes a high impedance, and there is a high level of 
isolation from input to output. In the case of the gain of two line 
driver for example, the impedance at the output node will be about 
the same as for a 1.4 kQ resistor (the feedback plus gain resistors) 
in parallel with a {2.5 pF capacitor and the input to output 
isolation will be about 65 dB at 1 MHz. 


Leaving the Disable pin disconnected (floating) will leave the 
corresponding amplifier operational, in the enabled state. The 
input impedance of the disable pins is about 35 kQ in parallel with 
a few pF. When grounded, about 50 pA flows out of a disable pin 
on +5 V supplies. 


Input voltages greater than about 1.5 V peak-to-peak will defeat the 
isolation. In addition, large signals (greater than 3 V peak-to-peak) 
applied to the output node will cause the output impedance to drop 
significantly. 


When the Disable pins are driven by complementary output CMOS 
logic (such as the 74HC04), the disable time is about 80 ns (until 
the output goes high impedance) and the enable time is about 

100 ns (to low impedance output) on +15 V supplies. When 
operated on +15 V supplies, the disable pins should be driven by 
open drain logic. In this case, pull-up resistors from the disable 
pins to the plus supply will ensure minimum switching time. 
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Figure 52. A Fast Switching 3:1 Video Mux 
(Supply Bypassing Not Shown) 
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3:1 Video Multiplexer 

Wiring the amplifier outputs together will forma 3:1 mux with 
outstanding gain flatness. Figure 52 shows a recommended 
configuration which results in -0.1:dB bandwidth of 20 MHz and 
OFF channel isolation of 60 dB at 10‘MHz on +5 V supplies. The 
time to switch between channels is about 180 ns. Switening time is 
only slightly @ affected by signal level. 


Figure 53. Channel Switching Characteristic for the 
3:1 Mux © 
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Figure 54, 3:1 Mux OFF: Channel Feedthrough vs. 
Prequeney 
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Figure 55. 3:1 Mux ON Channel Gain and Phase vs. 
Frequency 
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Single Supply Differential Line Driver a 
Due to its outstanding overall performance on low supply eeiees 
the AD813 makes possible exceptional differential transmission on 


very low power. The circuit of Figure 56 will convert a single- 


ended, ground referenced signal to a differential signal whose 
common-mode reference is set to one half the supply voltage. This 


allows for a greater than 2 V peak-to-peak signal swing on a single 


3 V power supply. A bandwidth over 30 MHz is achieved with 
20 mA of output drive on only 30 mW of quiescent power 
(excluding load current). 


7150 715Q 
© Vour* 
1pF 
(4) V 
+3V 
@ 
715Q 
1k 
TF 7152 715 
Vino 
< 10k 
VV 
Vout 
@ Ais 
vy, VV 


Figure 56. ‘Single 3V Supply Differential Line Driver . 
with 2 V Swing | 


Figure 57. Differential Driver Pulse Response (V,=3 V, 
R,, = R,, = 200 Q) . 
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| AD817 


CONNECTION DIAGRAM 
8-Pin Plastic Mini-DIP (N), and 
SOIC (R) Packages 


FEATURES 
Low Cost 
High Speed 
50 MHz Unity Gain Bandwidth 
350 V/s Slew Rate 
45 ns Settling Time to 0.1% (10 V Step) 
Flexible Power Supply 
Specified for Single (+5 V) and 
Dual (+5 V to +15 V) Power Supplies 
Low Power: 7.5 mA max Supply Current 
High Output Drive Capability 
Drives Unlimited Capacitive Load 
50 mA Minimum Output Current 
Excellent Video Performance 
70 MHz 0.1 dB Bandwidth (Gain = +1) 
0.04% & 0.08° Differential Gain & Phase Errors 
@ 3.58 MHz 
Available in 8-Pin SOIC and 8-Pin Plastic Mini-DIP 


PRODUCT DESCRIPTION 

The AD817 is a low cost, low power, single/dual supply, high 
speed op amp which is ideally suited for a broad spectrum of 
signal conditioning and data acquisition applications. This 
breakthrough product also features high output current drive 
capability and the ability to drive an unlimited capacitive load 
while still maintaining excellent signal integrity. 


The 50 MHz unity gain bandwidth, 350 V/s slew rate and set- 
tling time of 45 ns (0.1%) make possible the processing of high 
speed signals common to video and imaging systems. Further- 
more, professional video performance is attained by offering dif- 
ferential gain & phase errors of 0.04% & 0.08° @ 3.58 MHz and 
0.1 dB flatness to 70 MHz (gain = +1). 


1kQ 


P6201 FET 


— High Speed, Low Power 
Wide Supply Range Amplifier 


a | NULL 


AD817 


NC = NO CONNECT 


The AD817 is fully specified for operation with a single +5 V 
power supply and with dual supplies from +5 V to +15 V. This 
power supply flexibility, coupled with a very low supply current. 
of 7.5 mA and excellent ac characteristics under all power sup- 
ply conditions, make the AD817 the ideal choice for many 
demanding yet power sensitive applications. 


In applications such as ADC buffers and line drivers the AD817 
simplifies the design task with its unique combination of a 

50 mA minimum output current and the ability to drive 
unlimited capacitive loads. 


The AD817 is available in 8-pin plastic mini-DIP and SOIC 
packages. 


100pF 


LOAD 


1000pF 
LOAD 


AD817 Driving a Large Capacitive Load 
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AD817—SPECIFICATIONS 


Parameter 


DYNAMIC PERFORMANCE 
Unity Gain Bandwidth 


Bandwidth for 0.1 dB Flatness 


Full Power Bandwidth? 


Slew Rate 


Settling Time to 0.1% 
to 0.01% 
Total Harmonic Distortion 
Differential Gain Error 
(RI = 150 2) 


Differential Phase Error 
(RI = 150 0) ; 


INPUT OFFSET VOLTAGE 


Offset Drift 
INPUT BIAS CURRENT 


INPUT OFFSET CURRENT 


Offset Current Drift 
OPEN LOOP GAIN 


COMMON-MODE REJECTION 


POWER SUPPLY REJECTION 


INPUT VOLTAGE NOISE 
INPUT CURRENT NOISE 
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(@ T, = +25°C, unless otherwise noted) 


| AD817A | 
| Conditions Vs Min Typ = Max | Units 


Gain = +1 


Vout = 5 V p-p 
Ry oap = 500 2 
Vout = 20 V p-p 
Rpoap = 1 kO 
Rpoap = 1 kQ 
Gain = —1 


—2.5Vto +2.5V 

0 V-10 V Step, Ay = —1 
—-2.5V to +2.5V 

0 V-10 V Step, Ay = —1 
F. = 1 MHz 

NTSC 

Gain = +2 


NTSC 
Gain = +2 


Twin tO Tyax 


Twin tO Tyax 


Vour = £2.5V 
Rpoap = 500 0. 
Twin tO Tax 
Ry oap = 1500 
Vour = +10 V 
Rroap = 1k0 
Turn to Tax 
Vout = £7.5 V 
/Rpoap = 1500 


-| 60 mA Output) 


Vs = +5 Vto +15 V 
Twin to Tyax 


72 


1.5 


REV.A 


AD817 


AD817A 
Parameter Conditions Vs Min Typ Max | Units 


INPUT COMMON-MODE VOLTAGE RANGE +38 +43 V 
-2.7  -34 Vv 
+13 $14.3 V 
310 134 Vv 
+38 +43 Vv 
+12 +0.9 Vv 
OUTPUT VOLTAGE SWING Rpoap = 500 2 
Ryoap = 1502 
Rioap = 1 kA 


Output Current 


Short-Circuit Current 
INPUT RESISTANCE 
INPUT CAPACITANCE 
OUTPUT RESISTANCE 


POWER SUPPLY 
Operating Range Dual Supply 
Single Supply 


Quiescent Current 
Tarn tO Tmax 


Tuan t0 Tyax 
NOTE 
‘Full power bandwidth = slew rate/2 7 Vpgax- 


Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS' 


SUpDIY Voltage: 204 34a d iW ee tu wee heres es +18 V 2 
Internal Power Dissipation? FS 
Plastic CN) = 2% ats eke kde ee dos Bk Be See Derating Curves zZ 
Small Outline (R) .............. See Derating Curves Ee 
Input Voltage (Common Mode) ..............--- tVs a 
Differential Input Voltage ................004.- +6 V 4 
Output Short Circuit Duration ........ See Derating Curves ti 
Storage Temperature Range (N, R)....... —65°C to +125°C 
Operating Temperature Range........... —40°C to +85°C = 
Lead Temperature Range (Soldering 10 seconds) .... +300°C x 
NOTES = 
Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 0 
operation of the device at these or any other conditions above those indicated -50 -40 -30 -20 -10 0 +10 +20 +30 +40 +50 +60 +70 +80 +90 
in the operational section of this specification is not implied. Exposure to AMBIENT TEMPERATURE — °C 
absolute maximum rating conditions for extended periods may affect device 


reliability. Maximum Power Dissipation vs. Temperature for Different 
Specification is for device in free air: 8-pin plastic package, 0,, = 100°C/watt; Package Types 
8-pin SOIC package, 8,4 = 155°C/watt. 
ESD SUSCEPTIBILITY 
ORDERING GUIDE ESD (electrostatic discharge) sensitive device. Electrostatic 


Temperature Package charges as high as 4000 volts, which readily accumulate on the 
Range Description 


human body and on test equipment, can discharge without 
detection. Although the AD817 features proprietary ESD pro- 
—40°C to +85°C | 8-Pin Plastic DIP N-8 tection circuitry, permanent damage may still occur on these . 
—40°C to +85°C | 8-Pin Plastic SOIC | R-8 devices if they are subjected to high energy electrostatic dis- 
charges. Therefore, proper ESD precautions are recommended 
*For outline information see Package Information section. to avoid any performance degradation or loss of functionality. 


Package 
Option* 


AD817AN 
AD817AR 
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AD817—Typical Characteristics 


QUIESCENT SUPPLY CURRENT -mA 
<2) 
a 


INPUT COMMON-MODE RANGE - + Voits 


SUPPLY VOLTAGE -~ + Volts : SUPPLY VOLTAGE — +Volts 


Figure 1. Common-Mode Voltage Range vs. Supply Figure 4. Quiescent Supply Current vs. Supply Voltage 
for Various Temperatures 


OUTPUT VOLTAGE SWING - :Volts_ 
SLEW RATE ~ V/us 


SUPPLY VOLTAGE - +Volts 


SUPPLY VOLTAGE - +Volts 


: Figure 2. Output Voltage Swing vs. Supply Figure 5. Slew Rate vs. Supply Voltage 
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Figure 3. Output Voltage Swing vs. Load Resistance Figure 6. Closed-Loop Output Impedance vs. Frequency 
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AD817 
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Figure 7. Input Bias Current vs. Temperature Figure 10. Open-Loop Gain and Phase Margin 
vs. Frequency 
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Figure 9. Unity Gain Bandwidth and Phase Margin Figure 12. Power Supply Rejection vs. Frequency 


vs. Temperature 


REV. A | OPERATIONAL AMPLIFIERS 9-149 


AD817—Typical Characteristics 


Vin = 1V p-p 
GAIN = +2 


2nd HARMONIC 


HARMONIC DISTORTION - dB 


* 100 1k 10k 100k 1M 10M 
FREQUENCY - Hz FREQUENCY - Hz 
Figure 13. Common-Mode Rejection vs. Frequency Figure 16. Harmonic Distortion vs. Frequency 


OUTPUT VOLTAGE - Volts p-p ~ 
INPUT VOLTAGE NOISE - nV//Hz 


0 : : : 
100 10M 100M 3 10 100 1k 10k - 100k 1M - 10M 
reneeueuet: Hz FREQUENCY — Hz 
Figure 14. Large Signal Frequency Response Figure 17. Input Voltage Noise Spectral Density 
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_ Figure 15. Output Swing and Error vs. Settling Time | Figure 18. Slew Rate vs. Temperature 
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DIFFERENTIAL PHASE - Degrees 


SUPPLY VOLTAGE - Voits 


Figure 19. Differential Gain and Phase vs. 
Supply Voltage 
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Figure 20. Closed-Loop Gain vs. Frequency, 
Gain = —1 
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DIFFERENTIAL GAIN — Percen 


GAIN - dB 


Vg = 25V PK TN 


aw 
an ara 
ie 


100k 1M 10M 100M 
FREQUENCY - Hz 


Figure 21. Closed-Loop Gain vs. Frequency, 
Gain = +1 
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Figure 22. Noninverting Amplifier Connection 
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AD817— Typical Characteristics 


Figure 23. Noninverting Large Signal Pulse Figure 25. Noninverting Large Signal Pulse 
Response, R, = 1 kQ Response, R, = 150 2 


Figure 24. Noninverting Small Signal Pulse Figure 26. Noninverting Small Signal Pulse 
Response, R, = 1kQ — Response, R, = 150 2 | 
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HP 
PULSE (L¢ig) 
OR FUNCTION 
(Ssig) 
GENERATOR 


TEKTRONIX 
P6201 FET 


TEKTRONIX 
TA24 
PREAMP 


Figure 27. Inverting Amplifier Connection Figure 29. Inverting Small Signal Pulse 
Response, R, = 1 kQ 


PULSE 
GENERATOR TEKTRONIX TEKTRONIX 


P6201 FET 7A24 
PREAMP 


Figure 28. Inverting Large Signal Pulse Figure 30a. Inverting Amplifier Driving a 1000 pF Capacitive Load 
Response, R, = 1 kQ 


DRIVING CAPACITIVE LOADS 
The internal compensation of the AD817, together with its high 


output current drive, permit excellent large signal performance 
while driving extremely high capacitive loads. 


Figure 30b. Inverting Amplifier Pulse Response While 
Driving Capacitive Loads 
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AD817 


NULL 1 


NULL 8 


Figure 31. Simplified Schematic 


THEORY OF OPERATION 

The AD817 is a low cost, wide band, high performance opera- 
tional amplifier which effectively drives heavy capacitive or 
resistive loads. It also provides a constant slew rate, bandwidth 
and settling time over its entire specified temperature range. 


The AD817 (Figure 31) consists of a degenerated NPN differen- 
tial pair driving matched PNPs in a folded-cascode gain stage. 
The output buffer stage employs emitter followers in a class AB 
amplifier which delivers the necessary current to the load while 
maintaining low levels of distortion. 


The capacitor, Cy, in the output stage mitigates the effect of 
capacitive loads. At low frequencies, and with low capacitive 
loads, the gain from the compensation node to the output is 
very close to unity. In this case, C, is bootstrapped and does | 
not contribute to the overall compensation capacitance of the 
device. As the capacitive load is increased, a pole is formed with 
the output impedance of the output stage. This reduces the 
gain, and therefore, C, is incompletely bootstrapped. Effec- 
tively, some fraction of C; contributes to the overall compensa- 
tion capacitance, reducing the unity gain bandwidth. As the load 
capacitance is further increased, the bandwidth continues to fall, 
maintaining the stability of the i aa | 


INPUT CONSIDERATIONS | . 

An input protection resistor (Ryy in Figure 22) is required in 
circuits where the input to the AD817 will be subjected to tran- 
sient or continuous. overload voltages exceeding the +6 V maxi- 
mum differential limit. This resistor provides protection for the 
input transistors by limiting their maximum base current. 
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For high performance circuits, it is recommended that a “bal- 
ancing” resistor be used to reduce the offset errors caused by 
bias current flowing through the input and feedback resistors. 
The balancing resistor equals the parallel combination of Ryy 
and R, and thus provides a matched impedance at each input 
terminal. The offset voltage error will then be reduced by more 
than an order of magnitude. 


GROUNDING & BYPASSING 

When designing high frequency circuits, some special precau- 
tions are in order. Circuits must be built with short interconnect 
leads. When wiring components, care should be taken to pro- 
vide a low resistance, low inductance path to ground. Sockets 
should be avoided, since their increased interlead capacitance 
can degrade circuit bandwidth. 


Feedback resistors should be of low enough value ( <1 kQ) to 
assure that the time constant formed with the inherent stray 
capacitance at the amplifier’s summing junction will not limit 
performance. This parasitic capacitance, along with the parallel 
resistance of R;/R;x, form a pole in the loop transmission which 
may result in peaking. A small capacitance (1-5 pF) may be 
used in parallel with the feedback resistor to neutralize this 
effect. 


Power supply leads should be bypassed to ground as close as’ 
possible to the amplifier pins. Ceramic disc capacitors of 0.1 pF 
are recommended. : 


+Vs 


Vos ADJUST 


Figure 32. Offset Null Configuration 


OFFSET NULLING | - 

The input offset voltage of the AD817 is inherently very low. 
However, if additional nulling is required, the circuit shown in 
Figure 32 can be used. The null range of the AD817 in this | 
configuration is +15 mV. 
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AD817 SETTLING TIME 

Settling time is comprised primarily of two regions. The first is 
the slew time in which the amplifier is overdriven, where the 
output voltage rate of change is at its maximum. The second is 
the linear time period required for the amplifier to settle to 
within a specified percent of the final value. 


Measuring the rapid settling time of AD817 (45 ns to 0.1% and 
70 ns to 0.01% —10 V step) requires applying an input pulse 


AD817 


with a very fast edge and an extremely flat top. With the AD817 
configured in a gain of —1, a clamped false summing junction 
responds when the output error is within the sum of two diode 
voltages (~ 1 volt). The signal is then amplified 20 times by a 
clamped amplifier whose output is connected directly to a sam- 
pling oscilloscope. Figures 33 and 34 show the settling time of 
the AD817, with a 10 volt step applied. 
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Figure 33. Settling Time inns 0 Vto +10 V Figure 34. Settling Time inns 0 V to —10 V 
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Figure 35. Settling Time Test Circuit 
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AD817 
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+ 100uF 


-25V 
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Figure 36. A Differential Input Buffer for High Bandwidth ADCs 


A HIGH PERFORMANCE ADC INPUT BUFFER: 
High performance analog to digital converters (ADCs) require 
input buffers with correspondingly high bandwidths and very 


low levels of distortion. Typical requirements include distortion 


levels of —60 dB to —70 dB for a 1 volt p-p signal and band- 
widths of 10 MHz or more. In addition, an ADC buffer may 
need to drive very large capacitive loads. 


The circuit of Figure 36 is useful for driving high speed con- | 


verters such as the differential input of the AD733, 10-bit ADC. 


This circuit may be used with other converters with only minor 
modifications. Using the AD817 provides the user with the. 
option of either operating the buffer in differential mode or 
from a single +5 volt supply. Operating from a +5 volt power 
supply helps to avoid overdriving the ADC — a common prob- 
lem with buffers operating at higher supply Ee 


SINGLE SUPPLY OPERATION 
Another exciting feature of the AD817 is its ability to en 
well in a single supply configuration. The AD817 is ideally — 
suited for applications that require low power dissipation and 


high output current and those which need to drive large capaci- | 


tive loads, such as high speed buffering and instrumentation. 


Referring to Figure 37, careful consideration should be given to 
the proper selection of component values. The choices for this 
particular circuit are: Rl1+ R3//R2 combine with C1 to form a 
low frequency corner of approximately 300 Hz. 
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SELECT C1, R1, R2 & R3 
FOR DESIRED Low 
FREQUENCY CORNER. 
(R2 = R1 + R3) 


Figure 37. Single Supply Amplifier Configuration 


Combining R3 with C2 forms a low-pass filter with a corner fre- 
quency of 1.5 kHz. This is needed to maintain amplifier PSRR, 
since the supply is connected to V,,, through the input divider. 
The values for R, and C, were chosen to demonstrate the 
AD817’s exceptional output drive capability. In this configura- 
tion, the output is centered around 2.5 V. In order to eliminate 
the static dc current associated with this level, C3 was inserted 
in series with R, . 
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HIGH SPEED DAC BUFFER 

The wide bandwidth and fast settling time of the AD817 make 
it a very good output buffer for high speed current-output D/A 
converters like the AD668. As shown in Figure 38, the op amp 
establishes a summing node at ground for the DAC output. The 
output voltage is determined by the amplifier’s feedback resistor 


AD817 


(10.24 V for a 1 k(Q resistor). Note that since the DAC gener- 
ates a positive current to ground, the voltage at the amplifier 
output will be negative. A 100 ( series resistor between the 
noninverting amplifier input and ground minimizes the offset 
effects of op amp input bias currents. 
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TO ANALOG 
GROUND PLANE 
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Figure 38. High Speed DAC Buffer 
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ANALOG 
DEVICES - 


Low Cost, Low Power 
aaa Wee Amp 


FEATURES. 
Low Cost 
Excellent Video Performance 

55 MHz 0.1 dB Bandwidth (Gain = +2) wi eS 

0.01% & 0.05° Differential Gain & Phase Errors 
High Speed 

130 MHz Bandwidth (3 dB, G = +2) 

100 MHz Bandwidth (3 dB, G+ = —1) 

500 V/s Slew Rate 

80 ns Settling Time to 0.01% (V,_ = 10 V. step) 
High Output Drive Capability 

50 mA Minimum Output Current. ; 

Ideal for Driving Back Terminated Cables. 
Flexible Power Supply 

Specified for Single (+5 V) and Dual (+5 V to +15 V) 

Power Supplies 

Low Power: 7.5 mA max Supply Current 

Available in 8-Pin SOIC and 8-Pin Plastic Mini-DIP 


PRODUCT DESCRIPTION 

The AD818 is a low cost, video op amp optimized for use in 
video applications which require gains equal to or greater than 
+2 or —1. The AD818 low differential gain and phase errors, 
single supply functionality, low power and high output drive 
make it ideal for cable driving applications such as video cam- 
eras and professional video equipment. 


With video specs like 0.1 dB flatness to 55 MHz and low differ- 
ential gain and phase errors of 0.01% and 0.05°, along with 

50 mA of output current, the AD818 is an excellent choice for 
any video application. The 130 MHz 3 dB bandwidth (G = +2) 


+15V 


AD818 Video Line Driver 
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CONNECTION DIAGRAMS 
8-Pin Plastic Mini-DIP (N), and 
SOIC (R) Packages 


NC = NO CONNECT 


and 500 V/s slew rate make the AD818 useful in many high 
speed applications including: video monitors, CATV, color copi- 
ers, image scanners and fax machines. 


The AD818 is fully specified for operation with a single +5 V 
power supply and with dual supplies from +5 V to +15 V. This 


ig power supply flexibility, coupled with a very low supply current 


of 7.5 mA and excellent ac characteristics under all power sup- 
ply conditions, make the AD818 the ideal choice for many 
demanding yet power sensitive applications. 


The AD818 is a voltage feedback op amp and excels as a gain 
stage in high speed and video systems (gain = >2 or —1), It 
achieves a settling time of 45 ns to 0.1%, with a low input offset 
voltage of 2 mV max. 


The AD818 is available in low cost, small 8-pin plastic mini- 
DIP and SOIC packages. 


DIFFERENTIAL GAIN — Percent 


DIFFERENTIAL PHASE ~ Degrees 


SUPPLY VOLTAGE -— +Volts 


AD818 Differential Gain and Phase vs. Supply 


REV. A 


AD818 
SPECIFICATIONS (@h= e256, unless otherwise noted) 


AD818A 
Parameter Conditions Vs Min Typ Max | Units 


DYNAMIC PERFORMANCE 
—3 dB Bandwidth Gain = +2 
Gain = —1 
Bandwidth for 0.1 dB Flatness Gain = +2 
Co = 2 pF 
Gain = —1 
Co = 2 pF 
Full Power Bandwidth’ Vout =5 Vp-p 
Rioap = 500 0 
Vour = 20 V p-p 
Rpoap = 1k 8.0 
Slew Rate Rpoap = 1 kO za 350 400. 
Gain = —1 450 500 
250 300 
Settling Time to 0.1% =2,5'V to'+2.5-V = ns 
0 V-10 V Step, Ay = —-1 , ns 
to 0.01% —2.5Vto+2.5V ns 
0 V-10 V Step, Ay = —1 2 6 aS a 
Total Harmonic Distortion F. = 1 MHz dB 
Differential Gain Error NTSC : % 
(RI = 150 9) Gain = +2 = ; % 
. % 
Differential Phase Error NTSC 045 Degrees 
(RI = 150 2) Gain = +2 06 | Degrees . 


Cap Load Drive 
INPUT OFFSET VOLTAGE | +5 Vto+15V 


Tuan to Tax 


Offset Drift 
INPUT BIAS CURRENT +§V, +15 V 


INPUT OFFSET CURRENT #5 V3 215-V. 


Tum to Tyax 


Offset Current Drift 


OPEN-LOOP GAIN Vo 75 
a Rroap = 500 0} 


Turn to Tyax 
Rioap = 1500 
Vour = +10 V 
Rroap = 1 kQ 
Tan to Tyax 
Vour = +7.5 V 
(50 mA Output) 


COMMON-MODE REJECTION || Vege | : 82 
Tin to Tyax | | 84 
0 


POWER SUPPLY REJECTION Vs = £5Vto +15 V g 90° dB 
INPUT VOLTAGE NOISE f=10kHz +5 V, +15V nV/\/Hz 
INPUT CURRENT NOISE f = 10 kHz +5V, +15V pA//Hz 
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Parameter 


INPUT COMMON-MODE VOLTAGE 
RANGE 


OUTPUT VOLTAGE SWING 


Ryoap = 500 QO 


Output Current 


Short-Circuit Current 
INPUT RESISTANCE 
_ INPUT CAPACITANCE | 
OUTPUT RESISTANCE 


POWER SUPPLY 
Operating Range Dual Supply 

. Single Supply 

Quiescent Current , 


Twin to Tyax 


Tm to Taax 
NOTE 7 | 
‘Full power ee = slew rate/2 7 Vpgak: 


Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS? 


Supply Volttge® s.4:h.3-2 coh 8S SO a REESE ES +18 V 
Internal Power Dissipation” 

PlastiGi (N° aos ute ene Ban eee See Derating Curves 

Small Outline (R)  ............00. See Derating Curves 
Input Voltage (Common Mode) .............2022. +V>. 
Differential Input Voltage .............0 0c eee +6V 
Output Short Circuit Duration ........ See Derating Curves 
Storage Temperature Range (N, R)....... —65°C to +125°C 
Operating Temperature Range........... —40°C to +85°C 
Lead Temperature Range (Soldering 10 seconds) .... +300°C 
NOTES | 


Stresses above those listed under “Absolute Maximum Ratings” may cause 
‘permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

- Specification is for device in free air: 8-pin plastic package, 854 = 90°C/watt; 
8-pin SOIC package, 0;, = 155°C/watt. 


ORDERING GUIDE 


Temperature | Package 
Range > Description 


AD818AN —40°C to +85°C|8-Pin Plastic DIP |N-8 | 
AD818AR —40°C to +85°C}8-Pin Plastic SOIC|R-8 
AD818AR-REEL | —40°C to +85°C|8-Pin Plastic SOIC|R-8 


Package 
Option* 


*For outline information see Package Information section. 
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MAXIMUM POWER DISSIPATION — Watts 


0 - 
-50 —40 -30 -20 -10 0 +10 +20 +30 +40 +50 +60 +70 +80 +90 
AMBIENT TEMPERATURE - °C 


Maximum Power Dissipation vs. Temperature for Different 
Package Types 


ESD SUSCEPTIBILITY 

ESD (electrostatic discharge) sensitive device. Electrostatic 
charges as high as 4000 volts, which readily accumulate on the 
human body and on test equipment, can discharge without 
detection. Although the AD817 features proprietary ESD pro- 
tection circuitry, permanent damage may still occur on these 
devices if they are subjected to high energy electrostatic dis- 


_ charges. Therefore, proper ESD precautions are recommended 


to avoid any performance degradation or loss of functionality. 
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Typical Characteristics —AD818 


METALIZATION PHOTOGRAPH 


Dimensions shown in inches and (mm). 
OFFSET OFFSET 
NULL NULL 


RDI 
4 
GAG 199 


-INPUT 2 0.0523 


(1.33) 


6 OUTPUT 


+INPUT 3 


INPUT COMMON-MODE RANGE - = Volts 
SLEW RATE - V/us 


0 5 10 . 18 20 
SUPPLY VOLTAGE -— + Volts SUPPLY VOLTAGE - +Volts 
Figure 1. Common-Mode Voltage Range vs. Supply | Figure 3. Slew Rate vs. Supply Voltage 
30 


LL | eer 
LLM fered TTT 
LIU LT ELT 
av) Sa5ai 


Yee TTT 
eet | tt tL 
ame 

1 10 


OUTPUT VOLTAGE SWING - Volts p-p 
OUTPUT VOLTAGE SWING - Volts 


10 100 k k 
LOAD RESISTANCE - 2 SUPPLY VOLTAGE - =Volts 
Figure 2. Output Voltage Swing vs. Load Resistance Figure 4. Output Voltage Swing vs. Supply 


REV. A OPERATIONAL AMPLIFIERS 9-161 


AD818 —Typical Characteristics 


8.0 95 

< 

£ 

1 

5 75 $ 85 
hd <x 

m7 i) = 

i ® i 

> - a 

rs) '. = 

> = Q 

a 7.0 G 75 3 

a. & 5 

3 FE : 

- ww ad 

z ” mo 

i = 3 

% 65 2 65 | 

ul . 

5 

So 


55 


6.0 ; 
_ 60 -40 -20 0 20 40 60 80 100 120 140 
SUPPLY VOLTAGE -2Volts - TEMPERATURE - °C 


Figure 5. Quiescent Supply Current vs. Supply Voltage Figure 8. —3 dB Bandwidth and Phase Margin vs. 
_.. Temperature. Gain = +2 
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CLOSED-LOOP OUTPUT IMPEDANCE — Ohms 


1k 10k 100k 1M 10M 100M 100 1k 10k 
FREQUENCY - Hz | __ LOAD RESISTANCE ~ Ohms | 
Figure 6. Closed-Loop Output Impedance vs. Frequency Figure 9. Open-Loop Gain vs. Load Resistance | 


eae SOURCE CURRENT | 
Sean 


| SINK CURRENT NS eae 


INPUT BIAS CURRENT - vA 
SHORT CIRCUIT CURRENT —- mA 


-60 -40 -20 0 20 40 60 80 100 120 140 60 -40 -20 0 20 40 60 80 100 120 140 
TEMPERATURE ~ °C TEMPERATURE — °C 
re 7. Input Bias Current vs. Toupersibis Figure 10. Short Circuit Current vs. Temperature 
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Figure 13. Common-Mode Rejection vs. Frequency Figure 16. Output Voltage vs. Frequency 
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Vs Cg. 0.1dB 
FLATNESS 


£15V 2pF 55 MHz 


a 

5 +5V 1pF 43 MHz 

z +5V IpF 18 MHz 

2 a 

fe 2 

2 z 

” — 

rm < VN 

$ Serial Bel 
Oo \ +15V 

z 

S -30 = EG 

= 

it a ‘ 
<q 

x 


100 1k 10k == =: 100k 1M 10M 1M 10M 100M 1G 
FREQUENCY - Hz FREQUENCY - Hz 


Figure 17. Harmonic Distortion vs. Frequency Figure 20. Closed-Loop Gain vs. Frequency (G = +2) | 


+5V 34MHz 
+5V 19 MHz 


SLEW RATE - Vius 


' —60 -40 ~-20 0 20 40 60 80 100 ‘120 140 10M 1 
TEMPERATURE — Tod FREQUENCY — Hz 
Figure 18. Slew Rate vs. Temperature Figure 21. Closed-Loop Gain vs. Frequency (G = —7) 
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DIFFERENTIAL GAIN — Percent 


DIFFERENTIAL PHASE — Degrees 


10 
SUPPLY VOLTAGE -— +Volts 


Figure 19. Differential Gain and Phase vs. Supply Voltage 
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PREAMP 
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Figure 25. Inverter Large Signal Pulse Response +15 Vz, 
Ce = 1 pF, R, = 1kQ 


Ri 


— 200m HEA 


Figure 23. Inverter Large Signal P. wine Response +5 Vs, Figure 26. Inverter Small Signal Pulse Response +15 Vs, 
C.=1pF, R, = 1k0 C. = 1pF, R, = 1502 


|| 200mV ae 


t | 
A 200m Cee ot 


Figure 24. Inverter Small Signal Pulse Response +5 Vs, Figure 27. Inverter Small Signal Pulse Response +5 Vs, 
Ce = 1 pF, R, = 16502 C- = OpF, R, = 1500 | 
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ae TEKTRONIX| | TEKTRONIX oe | 
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PULSE (Ls) |Yin . 100Q ye “| PROBE | | PREAMP —— 
OR FUNCTION ; 
(SS) o . : | : 
ENERATOR | . 
<a a BP 
vVisn) 
3.3uF 
\/ 


: b 07 Figure 31. Noninverting large Signal Pulse Response 
cis +15 V,C- = 1 pF, R, = 1kQ 


Figure 28. Noninverting Amplifier Connection 
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AH zooms ||| 


Figure 29. Noninverting Large Signal Pulse Response Figure 32. Noninverting Small Signal Pulse Response 
45V, Ce= 1 pF, A, = 1k0 +15 V, Ce = 1 pF, R, = 15020 
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Figure 30. Noninverting Small Signal Pulse Response Figure 33. Noninverting Small Signal Pulse Response 
+5V,C-=1 pF, R, = 1502 | +5 V, C- = 0 pF, R, = 1500 
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Figure 34. AD818 Simplified Schematic 


THEORY OF OPERATION 

The AD818 1s a low cost, video operational amplifier designed 
to excel in high performance, high output current video 
applications. 


The AD818 (Figure 34) consists of a degenerated NPN differen- 
tial pair driving matched PNPs in a folded-cascode gain stage. 
The output buffer stage employs emitter followers in a class AB 
amplifier which delivers the necessary current to the load, while 
maintaining low levels of distortion. 


The AD818 will drive terminated cables and capacitive loads of 
10 pF or less. As the closed-loop gain is increased, the AD818 
will drive heavier cap loads without oscillating. 


INPUT CONSIDERATIONS 

An input protection resistor (Rp in Figure 28) is required in 
circuits where the input to the AD818 will be subjected to tran- 
sient of continuous overload voltages exceeding the +6 V maxi- 
mum differential limit. This resistor provides protection for the 
input transistors by limiting their maximum base current. 


For high performance circuits, it is recommended that a “‘bal- 
ancing”’ resistor be used to reduce the offset errors caused by 
bias current flowing through the input and feedback resistors. 
The balancing resistor equals the parallel combination of Ry 
and R, and thus provides a matched impedance at each input 
terminal. The offset voltage error will then be reduced by more 
than an order of magnitude. 


GROUNDING AND BYPASSING 

When designing high frequency circuits, some special precau- 
tions are in order. Circuits must be built with short interconnect 
leads. When wiring components, care should be taken to pro- 
vide a low resistance, low inductance path to ground. Sockets 
should be avoided, since their increased interlead capacitance 
can degrade circuit bandwidth. 


Feedback resistors should be of low enough allie (=1 kQ)) to 
assure that the time constant formed with the inherent stray 
capacitance at. the amplifier’s summing junction will not limit 
performance. This parasitic capacitance, along with the parallel 
resistance of R,/R,,, form a pole in the loop transmission which 
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AD818 


may result in peaking. A small capacitance (1-5 pF) may be 
used in parallel with the feedback resistor to neutralize this 
effect. 


Power supply leads should be bypassed to ground as close as 
possible to the amplifier pins. Ceramic disc capacitors of 0.1 wF 
are recommended. 


Figure 35. Offset Null Configuration 


OFFSET NULLING 

The input offset voltage of the AD818 is inherently very low. 
However, if additional nulling is required, the circuit shown in 
Figure 35 can be used. The null range of the AD818 in this 
configuration is +10 mV. 


SINGLE SUPPLY OPERATION 

Another exciting feature of the AD818 is its ability to perioral 
well in a single supply configuration. The AD818 is ideally 
suited for applications that neque low power dissipation and 
high output current. : 


Referring to Figure 36, careful consideration should be given to 
the proper selection of component values. The choices for this 
particular circuit are: Rl + R3|[R2 combine with C1 to form a 
low frequency corner of approximately 10 kHz. C4 was inserted 
in series with R4 to maintain amplifier stability at high fre- - 
quency. 


Combining R3 with C2 forms a low pass filter with a corner fre- 
quency of approximately 500 Hz. This is needed to maintain 
amplifier PSRR, since the supply is connected to V,,, through 
the input divider. The values for R2 and C2 were chosen to . 
demonstrate the AD818’s exceptional output drive capability. In 
this configuration, the output is centered around 2.5 V. In order 
to eliminate the static dc current associated with this level, C3 
was inserted in series with R,. 


SELECT C1, R1, R2 
FOR DESIRED LOW 
FREQUENCY CORNER. 


D Vour 


Figure 36. Single Supply Amplifier Configuration 
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Fares 37. Settling Time Test Circuit 


AD818 SETTLING TIME 

Settling time is comprised primarily of two regions. The first is 
the slew time in which the amplifier is overdriven, where the 
output voltage rate of change is at its maximum. The second is 
the linear time period required for the amplifier to settle to 
within a specified percent of the final. value. 


Measuring the rapid settling time of AD818 (45 ns to 0.1% and 
80 ns to 0.01%—10 V step) requires applying an input pulse 
with a very fast edge and an extremely flat top. With the AD818 
configured in a gain of —1, a clamped false summing junction 
responds when the output error is within the sum of two diode 
voltages (approximately 1 volt). The signal is then amplified 20 
times by a clamped amplifier whose output is connected directly 
to a sampling oscilloscope. 


A High Performance Video Line Driver 

The buffer circuit shown in Figure 38 will drive a back- 
terminated 75 ( video line to:standard video levels (1 V p-p) 
with 0.1 dB gain flatness to 55 MHz with only 0.05° and 0.01% 
differential phase and gain at the 3.58 MHz NTSC subcarrier 
frequency. This level of performance, which meets the require- 
ments for high-definition video displays and test equipment, is 
achieved using only 7 mA quiescent current. 


Figure 38. Video Line Driver 
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DIFFERENTIAL LINE RECEIVER 

The differential receiver circuit of Figure 39 is useful for many 
applications from audio to video. It allows extraction of a low 
level signal in the presence of common-mode noise. As shown 
in Figure 40, the AD818 provides this function with only — 
10nV/\/Hz noise at the output. 


DIFFERENTIAL O OUTPUT 
INPUT 


Figure 40. Performance of Line Receiver, R, = 150.0, 
G=+2 - 
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A HIGH SPEED, THREE OP AMP IN AMP 

The circuit of Figure 41 uses three high speed op amps: two 
AD818s and an AD817. This high speed circuit lends itself well 
to CCD imaging and other video speed applications. It has the 
optional flexibility of both dc and ac trims for common-mode 
rejection, plus the ability to adjust for minimum settling time. 


EACH 
AMPLIFIER pin 7 
+15V +V5 EACH 
10nF uF AMPLIFIER 
0.1uF 0.1pF 
COMMON 
10uF ie 0.1pF 
0.1nF 
| a8 amie’ | PIN 4 
-15V Vs EACH 
AMPLIFIER 


SETTLING 
2-8 pF TIME A.C. 
CMR ADJUST 


2pF 


50Q 
D.C. CMR 
ADJUST 


_ | SMALL SETTLING | THD + NOISE 
CADJ | SIGNAL ~ TIME BELOW INPUT LEVEL 
(pF) | BANDWIDTH | TO 0.1% @ 10kHz 
28 14.7 MHz 200ns 
2-8 4.5 MHz 370ns 81 dB 
2-8 | 960 kHz 2.5us 71 dB 


Figure 41. High Speed 3 Op Amp In Amp 


All brand or product names mentioned are trademarks or registered trademarks of their respective holders. 
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ANALOG 
DEVICES 


Single Supply, Rail-to-Rail 
Low Power FEr-Input Op Amps 


~ AD820/AD822 


FEATURES 
TRUE SINGLE SUPPLY OPERATION 
Output Swings Rail to Rail 
Input Voltage Range Extends Below Ground 
Single Supply Capability from +3 V to +36 V 
Dual Supply Capability from +1.5 V to +18 V 
HIGH LOAD DRIVE 
Capacitive Load Drive of 350 pF, G = 1 
Minimum Output Current of 15 mA 
EXCELLENT AC PERFORMANCE FOR LOW POWER 
800 pA Max Quiescent Current per Amplifier 
Unity Gain Bandwidth: 1.8 MHz 
Slew Rate of 3.0 V/s 
GOOD DC PERFORMANCE 
800 pV Max Input Offset Voltage 
2 »V/°C Typ Offset Voltage Drift 
25 pA Max Input Bias Current 
LOW NOISE 
13 nV/VHz @ 10 kHz 
NO PHASE INVERSION 


APPLICATIONS 

Battery Powered Precision Instrumentation 
Photodiode Preamps 

Active Filters 

12- to 14-Bit Data Acquisition Systems 
Medical Instrumentation 

Low Power References and Regulators 


PRODUCT DESCRIPTION 
The AD820/AD822 are precision, low power FET input op 


amps that can operate from a single supply of +3.0 V to +36 V, 


or dual supplies of +1.5 V to +18 V. They have true single 
supply capability with an input voltage range extending below 
the negative rail, allowing them to accommodate input signals 
below ground in the single supply mode. Output voltage swing 


OS) eile ee el 


INPUT VOLTAGE NOISE ~ nV/VHz 
=) 


10 100 1k 10k 
FREQUENCY — Hz 


Input Voltage Noise vs. Frequency 
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CONNECTION DIAGRAMS 


8-Pin — §.Pin 
Plastic Mini-DIP 7 SOIC 


- 8-Pin Plastic DIP, 
Cerdip and SOIC 


NC = NO CONNECT 


NC = NO CONNECT 


extends to within 10 mV of each rail providing the maximum 
output dynamic range. 


Offset voltage of 800 1.V max, offset voltage drift of 2 wV/°C, 
input bias currents below 25 pA and low input voltage noise - 
provide dc precision with source impedances up to a Gigaohm. 
1.8 MHz unity gain bandwidth, —93 dB THD at 10 kHz and 

3 V/s slew rate are provided with a low supply current of 

800 »A per amplifier. The AD820 and AD822 drive up to 

350 pF of direct capacitive load as a follower, and provides a 
minimum output current of 15 mA. This allows the amplifier to 
handle a wide range of load conditions. This combination of ac 


and dc performance, plus the outstanding load drive capability, 


results in an exceptionally versatile amplifier for the single sup- 
ply user. 


The AD820 and AD822 are avaiable? in four performance 
grades. The A and B grades are rated over the industrial tem- 
perature range of —40°C to +85°C. There is a 3 volt grade—the 
AD820A-3V or AD822A-3V, rated over the industrial tempera- 
ture range. The AD822 is also available in a mil grade, is rated 
over the military temperature range of —55°C to + 125°C, and is 
processed on a standard military drawing. | 


The AD820 is offered in 8-pin plastic DIP and SOIC packaging 
while the AD822 is offered in three varieties of 8-pin package: 
plastic DIP, hermetic cerdip and surface mount (SOIC) as well 
as die form. 


Gain of +2 Amplifier; Vs = +5, 0, Vin, = 2.5 V Sine 
Centered at 1.25 Volts, R, = 100 kQ 
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SPECIFICATIONS 


Parameter 


DC PERFORMANCE 
Initial Offset 
Max Offset over Temperature 
Offset Drift 
Input Bias Current 
at Tax 
Input Offset Current 
at Tmax 
Open-Loop Gain 


Tin to Tyax 
Tin tO Tyax 


Tin to Taax 


NOISE/HARMONIC PERFORMANCE 
Input Voltage Noise 


Input Current Noise 


Harmonic Distortion 
f = 10 kHz 


DYNAMIC PERFORMANCE 
Unity-Gain Frequency 
Full Power Response 
Slew Rate 
Settling Time 
to 0.1% 
to 0.01% 


MATCHING CHARACTERISTICS 
Initial Offset 
Max Offset over Temperature 
Offset Drift 
Input Bias Currents 
Crosstalk @ f = 1 kHz 
f = 100 kHz 


INPUT CHARACTERISTICS 
Common-Mode Voltage Range 
Tam to Taax 
CMRR (AD820) 
CMRR (AD822) 
Tyan to Tyax 
Input Impedance 
Differential 
Common Mode 


OUTPUT CHARACTERISTICS 
Output Saturation Voltage? 
Vor-VEE 

Tmin to Tmax 
Voec-Vou 

Tuan to Tyax 
Vor-Vex 

Tyan to Tax 
Vec-Vou 

Tyan to Tyax 
Vo.- 

Tan to Tax 
Vec-Vou 

Tyan to-Tyax 
Operating Output Current 

Twin tO Taax 
Short Circuit Current 
Capacitive Load Drive 


POWER SUPPLY 
Quiescent Current/Amplifier 


2 


Power Supply Rejection 
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otherwise noted) 


AD820A/AD822A AD820B/AD822B AD822S! 7 
Conditions — Min Typ Max | Min Typ Max | Min’ Typ Max | Units 


(Vs = 0,5V @T, = +25°, Vom = = 0 V, Vour = 0.2 V unless AD820/AD822 


=OVto4V © 


Vom 


Vo = 0.2 Vt04V 
R, = 100 kM (AD820) 
Ry = 100 kM (AD822) 
R, = 100 kQ 

R, = 10k 

R, = 10k 

R, = 1 kO 
R, = 1k0 


400 1000 
500 1000 
400 

80 150 
80 
15 
10 


30 


Hz to 10 Hz 
10 Hz 
100 Hz 
1 kHz 
10 kHz 
z to 10 Hz 


ee | | | 


= 
2 
N 


10 kO 
0.25 V to 4.75 V 


Ammo mrmmnS 


or 
i oe 


Vopp=45V 


Vo = 0.2 Vt04.5V 


AD822 Only 


[2 


—0.2 4 —0.2 4 V 
Vou = 0 V to +2 V 66 80 72 80 dB 
Vom =.0 Vto +2V 66 ~—- 80 69 80 dB 
| 66 66 dB 


10'3\0.5 
1042.8 


10)3|10.5 
10'7|2.8 


103}10.5 
10}7}12.8 


Isink = 20 BA 


source = 20 pA 


low z= 2 mA 


Isource = 2 mA 


lon =15mA 


source = 15 mA 


Twin to Toax 35 Pn 
Tam to Tmax dB 
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AD820/AD822— SPECIFICATION he A ia Ya = ON an = 0 
| 7 is | AD820A/AD822A AD820B/AD822B 7 
Parameter | : Consitions = | Min Typ Max Min | Typ Max | Min ‘Typ sete Unis 


-DC PERFORMANCE 
Initial Offset 
Max Offset over Temperature 
Offset Drift | 
Input Bias Current _ Vom = ~5 Vt0o4V 
at Tmax | 
Input Offset Current 
at Tax 
Open-Loop Gain ~-Vo = -4Vt04V 
R, = 100 kN 
Twin to Tuax . R, = 100 kO 
a “ - 10 kO 
10 kO 
1kQ 
1kQ 


SNONNSS | 
wan ON it 


nA 


Tyan to Tyax 


tow wu 


Twin to Tmax 


NOISE/HARMONIC PERFORMANCE 
Input Voltage Noise 

Hz to 10 Hz 

10 Hz 

100 Hz 

1 kHz 

10 kHz 

Hz to 10 Hz 

1 kHz 

710 ko 

+4.5V 


Input Current Noise 


Hu to td 


Harmonic Distortion - 
f = 10 kHz 


DYNAMIC PERFORMANCE 
Unity Gain Frequency Bo ta oh 
Full Power Response Vopp=9V 
Slew Rate _ 
Settling Time . _ , |. 

to 0.1% | — | Vg =0Vt0+4.5V _ 
to 0.01% . ae | 


MATCHING CHARACTERISTICS AD822 Only 
Initial Offset ee a 
Max Offset over Temperature 
Offset Drift 
Input Bias Currents - 

Crosstalk @ f = 1 kHz | 
f = 100 kHz 


INPUT CHARACTERISTICS ; . . 

Common-Mode Voltage Range? - | | -5. | -5.2 a %, —5.2- 
Tain to Tmax : : ; . dhs —5.2 , . ‘ : ; 

CMRR (AD820) | Vey = -5 Vito +2 V | . . 72° 80 _ ; : 

CMRR (AD822) | Vom = ~5 Vto +2 V a 69 ~— 80 | 66 ~—-80 
TaMintOTmax = ; c - : | 66 | | 

Input Impedance oo ». ¢ ro . a 
Differential | | _ 1980.5 : 104||0.5 104\0.5 
Common Mode . : 1032.8 = | °° — 10%4/2.8 10!3||2.8 


OUTPUT CHARACTERISTICS 
Output Saturation Voltage* a 
Vo.-Vee Ign = 20 pA 

Tin to Toax - . 
Vec-Vou . Isource = 20 pA 
Tay to Tax . . 
Vo.-Vex Isinx = 2 mA 
Tyan to Tmax ; 
Vec-Vou ° Isource = 2 mA 
Tn tOTyax | . 
Vou-VeEE a? | Isn~x = 15 mA 
Tyan to Tyax 
Vec-Vou Isource = 15 mA 
Twin to Tyax ' 
Operating Output Current 
Twn to Tyax 
Short Circuit Current 
Capacitive Load Drive 


POWER SUPPLY 
Quiescent Current/Amplifier 


° 


Ry = 5kO 


cone Tin to Tax 
Power Supply Rejection ~| Vg = 5 V to 15.V 


Tain tO Tax 
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AD820/AD822 
(Vo = +15 V @ T, = +25°C, Vey = 0 V, Voyy = 0 V unless otherwise noted) 


AD820A/AD822A AD820B/AD822B . AD822S! 
Parameter Conditions Min Typ Max | Min Typ Max | Min Typ Max | Units 


DC PERFORMANCE 
Initial Offset AD820 0.4 2 0.3 l 
AD822 0.4 2 0.3 1.5 
Max Offset over Temperature AD820 0.5 3 0.5 2 
AD822 0.5 3 0.5 25 
Offset Drift 2.0 2.0 
Input Bias Current Vom = 0 V, AD820 2 25 2 10 
Vom = 0 V, AD822 2 25 2 12 
Vom = ~10V 40 40 
at Tauax Vom = 0V 0.5 5 0.5 2:5 
Input Offset Current AD820 2 Zz 
AD822 2 2 
at Tmax 0. 0. 


Vo = -10V to +10 V 
R,, = 100k 
R, = 100 kO 


Open-Loop Gain 


Tain to Taax 


Tm to Tyax 


Tin to Tyax 


NOISE/HARMONIC PERFORMANCE 
Input Voltage Noise 


Input Current Noise : fA p-p 


fA /\/Hz 


Harmonic Distortion 
f = 10 kHz 


DYNAMIC PERFORMANCE 
Unity Gain Frequency 


Full Power Response | Vo p-p = 20 V 
Slew Rate 
Settling Time 
to 0.1% Vo =0Vto +10 V 
to 0.01% 


MATCHING CHARACTERISTICS 
Initial Offset 
Max Offset over Temperature 
Offset Drift 
Input Bias Currents 
Crosstalk @ f = 1 kHz 
f = 100 kHz 


INPUT CHARACTERISTICS 
Common-Mode Voltage Range” 
Turn to Tyax 
CMRR 
Tyan to Tyax 
Input Impedance 
Differential 
Common Mode 


OUTPUT CHARACTERISTICS 
Output Saturation Voltage* 
Vort-VEE 

Tyan to Tmax 
Vec-Vou 

Tyan to Tyax 

OL” VEE 

Tyan to Tyax 

cc- You 

Tyan to Tyax 
Vor-VeE 

Tun to Tyax 

cc” Vou 

Tm to Tmax 
Operating Output Current 

Tam to Tyax 
Short Circuit Current 
Capacitive Load Drive 


POWER SUPPLY 
Quiescent Current/Amplifier 


AD822 Only 


1013||0.5 
1013||2.8 


1033|l0.5 
1013||2.8 


1013|0.5 
10"3||2.8 


Iginx = 20 pA 


Isource = 20 pA 


lonK =2 mA 


Isource = 2mA 
Ig = 15 mA 
Isource = 15 mA 


Tam to Tyax 
Vs+ =5Vto lS V 


Twin to Tmax 


Power Supply Rejection 
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AD820/AD822 —S 


DC PERFORMANCE 
Initial Offset - 
Max Offset over Temperature 
Offset Drift 
Input Bias Current 
at Tyax 
Input Offset Current 
at Tax 
Open Loop Gain 


Tam to Tax 
Tyan tO Tyax 


Tyan to Tyax 


NOISE/HARMONIC PERF ORMANCE | 
Input Voltage Noise 


Input Current Noise 


Harmonic Distortion 
f = 10 kHz 


DYNAMIC PERFORMANCE 
Unity Gain Frequency 
Full Power Response | 
Slew Rate . 
Settling Time 
to 0.1% 
to 0.01% 


MATCHING CHARACTERISTICS | 
Initial Offset 
Max Offset over Temperature 
Offset Drift 
Input Bias Currents 
Crosstalk @ f = 1 kHz 
f = 100 kHz 


INPUT CHARACTERISTICS 
Common-Mode Voltage Range? 
Tun to Tyax 
CMRR 
Tarn to Tyax 
Input Impedance 
Differential 
Common Mode 


OUTPUT CHARACTERISTICS 
Output Saturation Voltage’ 
Vor-Veg 
Tyan to Tyax 
Vec-Vou 
Turn tO Tyax 
Vor-VeEE 
Turn to Tyax 
Vec-Vor 
Tuan to Tyax 
Vor-VeEE 
Turn to Tyax 
Voc-Vox 
Turn tO Tyax 
Operating Output Current 
Ty tO Tyax 
Short Circuit Current . 
Capacitive Load Drive 


POWER SUPPLY 
Quiescent Current/Amplifier 


Power Supply Rejection 


PECIFICATI 


Vom.= 0 V to +2 V 


.1 Hz to 10 Hz 
10 Hz 
100 Hz 
1 kHz 
10 kHz 
.1.Hz to 10 Hz 
1 kHz 
10 kQ 
+1.25 V 


Vo = 0.2 Vto2.5V 


Vem =O Vto+1V 


Igwx = 20 pA 
IsouRCE = 20 pA 


lonx = 2mA 


Iiouate =2mA 


Irource = 10 mA 


Tuan to Tyax 


Tyan to Tyax 
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1013]|0.5 
1013|/2.8 
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otherwise noted) 
~ AD820A-3V 


AD822A-3V 


Typ 


1013{l0.5 
-10131/2.8 


+25°C, Vom = 0 V, Vout = 0.2V unless. 


- Dnits 


AD820/AD822 


NOTES 

1See standard military drawing for 883B specifications. 

This is a functional specification. Amplifier bandwidth decreases when the input common-mode voltage is driven in the range (+V, -1 V) to + V,. Common- 
mode error voltage is typically less than 5 mV with the common-mode voltage set at 1 volt below the positive supply. 

*Vor-Ver is defined as the difference between the lowest possible output voltage (Vo, ) and the minus voltage supply rail (V;,). 

Voec-Voun is defined as the difference between the highest possible output voltage (Vo;;) and the positive supply voltage (V¢,). 


Specifications subject to change without notice. 


CA ON ng 

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 

accumulate on the human body and test equipment and can discharge without detection. Although WAR N i N G | 

the AD820 and AD822 feature proprietary ESD protection circuitry, permanent damage may 

occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD Saint 4 

precautions are recommended to avoid performance degradation or loss of functionality. ESD SENSITIVE DEVICE 

ABSOLUTE MAXIMUM RATINGS’ ORDERING GUIDE 

SUDDIV -VOllaGe: 6-5-5. i 4 Nk Gade ee ee Pe ee +18 V 

Internal Power Dissipation package 
Plastic DIP"(N)) awd os $48 we ews Observe Derating Curves mange a SecripHon Option 
CerdipiO): 2.3.o03 2586 Ui ee GO Observe Derating Curves AD820AN —40°C to +85°C | 8-Pin Plastic Mini-DIP 
SOIC CRD) ssh 44 ee Pe ese eee Observe Derating Curves AD820BN —40°C to +85°C_ | 8-Pin Plastic Mini-DIP | N-8 

Input Voltage .......... (+Vs + 0.2 V) to- (20V + Vs) = AD820AR —40°C to +85°C_ | 8-Pin SOIC R-8 

Output Short Circuit Duration ............... Indefinite AD820BR —40°C to +85°C. | 8-Pin SOIC R-8 

Differential Input Voltage .................0-6- +30 V AD820AR-3V —40°C to +85°C. | 8-Pin SOIC R-8 

Storage Temperature Range (N)......... —65°C to +125°C = AD820AN-3V__| —40°C to +85°C._| 8-Pin Plastic Mini-DIP | N-8 

Storage Tempore Range (Q) «+++ 65C 10 TSEC apaaan — | ac +89 | sn Pc Mine DP | Na 

Operating Temperature Range AD822BN —40°C to + 85°C 8-Pin Plastic Mini-DIP | N-8 

: , AD822AR —40°C to +85°C_ | 8-Pin SOIC R-8 

PIB ZO AI Be ira he nat ts cae otis Se to, dee Se eK —40°C to +85°C : c 
AD822A/B .. 0. ec cee eee renee —40°C to +85°C AD 822BR ee a 
ADBIIS ee, Sak Gk Gace Ge bee aegis, Cee eee tere ce. a 

Lead Temperature Range AD822AN-3V —40°C to +85°C_ | 8-Pin Plastic Mini-DIP | N-8 

: AD822A Chips | —40°C to +85°C_ | Die 

(Solderitie-60'séc)° abs acine eww bee e Rarer aos are +260°C Se 

NOTES Standard sautety ; _ . . 

‘Stresses above those listed under “Absolute Maximum Ratings” may cause Prawne peor ee | See Qs 

permanent damage to the device. This is a stress rating only and functional NOTES 

operation of the device at these or any other conditions above those indicated 1AD822 Spice model is available on ADI Model Disc. 

in the operational section of this specification is not implied. Exposure to 2For outline information see Package Information section. 

absolute maximum rating conditions for extended periods may affect device Contact factory for availability. 

reliability. 

?8-Pin Plastic DIP Package: 0,;, = 90°C/Watt 

8-Pin Cerdip Package: 0,;, = 110°C/Watt METALIZATION PHOTOGRAPH 


8-Pin SOIC Package: 6,, = 160°C/Watt 
= BORABE: VIA . Contact factory for latest dimensions. 


Dimensions shown in inches and (mm). 
OUTPUT2 -IN2 
7 6 


MAXIMUM POWER DISSIPATION 

The maximum power that can be safely dissipated by the AD820 

or AD822 is limited by the associated rise in junction tempera- Vs 8 
ture. For plastic packages, the maximum safe junction tempera- = | _—s| pm i 
ture is 145°C. For the cerdip packages, the maximum junction 
temperature is 175°C. If these maximums are exceeded momen- 

tarily, proper circuit operation will be restored as soon as the die —_(4.¢7 
temperature is reduced. Leaving the device in the “overheated” | : 
condition for an extended period can result in device burnout. fa re la | 
To ensure proper operation, it is important to observe the derat- San eer 
ing curves shown in Figure 24. 


5 +IN2 


While the AD820 and AD822 are internally short circuit pro- 1 2 3 _ 4 
: OUTPUT1 ~IN1 +IN1 v- 

tected, this may not be sufficient to guarantee that the maxi- oe 

mum junction temperature is not exceeded under all conditions. (3.24) ~ 

With power supplies +12 volts (or less) at an ambient tempera- NOTE: BACK OF DIE IS AT +Vg POTENTIAL. 


ture of +25°C or less, if the output node is shorted to a supply 
rail, then the amplifier will not.be destroyed, even if this condi- 
tion persists for an extended period. | 
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AD820/AD822— Typical Characteristics 
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Figure 2a. AD820 Typical Distribution of Offset Voltage Figure 4, Input Bias Current vs. Common-Mode 
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AD820/AD822 
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Figure 7b. AD822 Open-Loop Gain vs. Load Resistance 


Figure 5. Input Bias Current vs. Common-Mode 
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Figure 8. Open-Loop Gain vs. Temperature 
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Figure 6. Input Bias Current vs. Temperature; 
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Figure 7a. AD820 Open-Loop Gain vs. Load Resistance 


Figure 9. Input Error Voltage vs. Output Voltage for 


Resistive Loads 
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AD820/AD822—Typical Characteristics 
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Figure 12. Total Harmonic Distortion vs. Frequency Figure 15. Output Swing and Error vs. Settling Time 
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AD820/AD822 
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Figure 16. Common-Mode Rejection vs. Frequency Figure 19. Output Saturation Voltage vs. Temperature 
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Figure 18. Output Saturation Voltage vs. Load Current Figure 21. Quiescent Current vs. Supply Voltage vs. 
Temperature 


REV. 0 OPERATIONAL AMPLIFIERS 9-179 


AD820/AD822— Typical Characteristics 
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Figure 24. Maximum Power Dissipation vs. Temperature 


Figure 22a. AD820 Power Supply Rejection vs. Frequency for Plastic and Hermetic Packages 
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Figure 25. Crosstalk vs. Frequency (AD822) 


Figure 22b. AD822 Power Supply Rejection vs. Frequency 
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Figure 23. Large Signal Frequency Response 


Figure 27. 20 V p-p, 25 kHz Sine Wave Input; Unity Gain 
Follower; R, = 6000, Vs = +15 V 
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AD820/AD822 


Vout 


CROSSTALK = 20 LOG 10V 4 


Figure 31. Vs = +5 V, 0 V; Unity Gain Follower 
Response to 0 V to 4 V Step 


Figure 29. Large Signal Response Unity Gain Follower; 
Vs = +15 V, R, = 10 kQ 


Figure 30. Small Signal Response Unity Gain Follower; 


Figure 34. Vs = +5 V, 0 V; Unity Gain Follower 
Response to 0 V to 5 V Step 
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AD820/AD822—Typical Characteristics 


Figure 35. Vs = +5 V, 0 V; Unity Gain Follower Response, Figure 38. Vs = 3 V, 0 V; Gain of Two Inverter, Vn, - 7.25 V, 
to 40 mV Step Centered 40 mV Above Ground, R; = 10 kQ 25 kHz, Sine Wave Centered at —0.75 V, R, = 600 0 | 


_ Figure 36. Vs = +5 V, 0 V; Gain of Two Inverter Response 
to 20 mV Step, Centered 20 mV Below Ground, R, = 10kQ 


Figure 39. (a) Response with Rp = 0; Vin, from 0 to +V5 


ie ae ae io 4 aoe (b) Vin = 0 to +Vg5 + 200 MV, Voyr = 0 to +Vs, 
Figure 37. Vs = +5 V, 0 V; Gain of Two Inverter Response Ro = 49.9kQ 
to 2.5 V Step Centered —1.25 V Below Ground, R, = 10 kQ 7 
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APPLICATION NOTES 

INPUT CHARACTERISTICS 

In the AD820 and AD822, n-channel JFETs are used to provide 
a low offset, low noise, high impedance input stage. Minimum 
input common-mode voltage extends from 0.2 V below —V,g to 

1 V less than +Vg,. Driving the input voltage closer to the posi- 
tive rail will cause a loss of amplifier bandwidth (as can be seen 
by comparing the large signal responses shown in Figures 31 
and 34) and increased common-mode voltage error as illustrated 
in Figure 17. 


The AD820 and AD822 do not exhibit phase reversal for input 
voltages up to and including + Vx. Figure 39a shows the 
response of a voltage follower to a 0 V to +5 V (+ Vg) square 
wave input. The input and output are superimposed. The out- 
put tracks the input up to + Vz, without phase reversal. The 
reduced bandwidth above a 4 V input causes the rounding of 
the output wave form. For input voltages greater than + Vg, a 
resistor in series with the noninverting input will prevent phase 
reversal, at the expense of greater input voltage noise. This is 
illustrated in Figure 39b. 


Since the input stage uses n-channel JFETs, input current dur- 
ing normal operation is negative; the current flows out from the 
input terminals. If the input voltage is driven more positive than 
+V, — 0.4V, the input current will reverse direction as internal 
device junctions become forward biased. This is illustrated in 
Figure 4. 


A current limiting resistor should be used in series with the in- 
put of the AD820 or AD822 if there is a possibility of the input 
voltage exceeding the positive supply by more than 300 mV, or 
if an input voltage will be applied to the AD820 or AD822 when 
+V, = 0. The amplifier will be damaged if left in that condi- 
tion for more than 10 seconds. A 1 kD resistor allows the ampli- 
fier to withstand up to 10 volts of continuous overvoltage, and 
increases the input voltage noise by a negligible amount. 


Input voltages less than —V<, are a completely different story. 
The amplifier can safely withstand input voltages 20 volts below 
the minus supply voltage as long as the total voltage from the 
positive supply to the input terminal is less than 36 volts. In 
addition, the input stage typically maintains picoamp level input 
currents across that input voltage range. 
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Figure 40. Total Noise vs. Source Impedance 
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AD820/AD822 


The AD820 and AD822 are designed for 13 nV/\/Hz wideband 
input voltage noise and maintain low noise performance to low 
frequencies (refer to Figure 11). This noise performance, along 
with the low input current and current noise means that the 
AD820 and AD822 contribute negligible noise for applications 
with source resistances greater than 10 kQ and signal band- 
widths greater than 1 kHz. This is illustrated in Figure 40. 


OUTPUT CHARACTERISTICS 

The AD820/AD822’s unique bipolar rail-to-rail output stage 
swings within 5 mV of the minus supply and 10 mV of the posi- 
tive supply with no external resistive load. The approximate out- 
put saturation resistance is 40 2 sourcing and 20 C sinking. 
This can be used to estimate output saturation voltage when 
driving heavier current loads. For instance, when sourcing 

5 mA, the saturation voltage to the positive supply rail will be 
200 mV, when sinking 5 mA, the saturation voltage to the 
minus rail will be 100 mV. 


The amplifier’s open-loop gain characteristic will change as a 
function of resistive load, as shown in Figures 7 through 10. For 
load resistances over 20 kQ, the AD820/AD822’s input error 
voltage is virtually unchanged until the output voltage is driven 
to 180 mV of either supply. 


If the AD820/AD822’s output is overdriven so as to saturate 
either of the output devices, the amplifier will recover within 2 
ws of its input returning to the amplifier’s linear operating 
region. 


Direct capacitive loads will interact with the amplifier’s effective 
output impedance to form an additional pole in the amplifier’s 
feedback loop, which can cause excessive peaking on the pulse 
response or loss of stability. Worst case is when the amplifier is 
used as a unity gain follower. Figure 41 shows the AD820/ 
AD822’s pulse response as a unity gain follower driving 350 pF. 


_ This amount of overshoot indicates approximately 20 degrees of 


phase margin—the system is stable, but is nearing the edge. 
Configurations with less loop gain, and as a result less loop 
bandwidth, will be much less sensitive to capacitance load 
effects. Figure 42 is a plot of capacitive load that will result in a 
20 degree phase margin versus noise gain for the AD820/ 
AD822. Noise gain is the inverse of the feedback attenuation 
factor provided by the feedback network in use. 


Figure 41. Small Signal Response of AD820/AD822 as 
Unity Gain Follower Driving 350 pF Capacitive Load 
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R 
NOISE GAIN — 1+ R 
! 


300 1k 3k 10k 30k 


Figure 42. Capacitive Load Tolerance vs. Noise Gain 


Figure 43 shows a method for extending capacitance load drive 
capability for a unity gain follower. With these component val- 
ues, the circuit will drive 5,000 pF with a 10% overshoot. 


20k22 


Figure 43. Extending Unity Gain Follower Capacitive Load 
Capability Beyond 350 pF | 


OFFSET VOLTAGE ADJUSTMENT 

The AD820’s offset voltage is low, so external offset voltage 
nulling is not usually required. Figure 44 shows the recom- 
mended technique for AD820’s packaged in plastic DIPs. 
Adjusting offset voltage in this manner will change the offset 


“Vs 
Figure 44. AD820 Offset Null 


voltage temperature drift by 4 pV/P°C for every millivolt of 
induced offset. The null pins are not functional for AD820s in 
the SO-8 “R” package. 
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APPLICATIONS — AD820 


Single Supply Half-Wave and Full-Wave Rectifiers 

An AD820 configured as.a unity gain follower and operated 
with a single supply can be used as a simple half-wave rectifier. 
The AD820’s inputs maintain picoamp level input currents even 
when driven well below the minus supply. The rectifier puts 
that behavior to good use, maintaining an input impedance of 
over 10'!Q for input voltages from 1 volt from the positive sup- 
ply to 20 volts below the negative supply. 


The full and half-wave rectifier shown in Figure 45 operates as 
follows: when V;,; is above ground, R1 is bootstrapped through 
the unity gain follower Al and the loop of amplifier A2. This. 
forces the inputs of A2 to be equal, thus no current flows 
through R1 or R2, and the circuit output tracks the input. 
When V,x is below ground, the output of Al is forced to 
ground. The noninverting input of amplifier A2 sees the ground 
level output of Al, therefore A2 operates as a unity gain 
inverter. The output at node C is then a full-wave rectified ver- 
sion of the input. Node B is a buffered half-wave rectified ver- 
sion of the input. Input voltages up to +18 volts can be 
rectified, depending on the voltage supply used. 


R1 R2 
100kQ2 100k2 


_ FULL-WAVE - 
' RECTIFIED OUTPUT 


O+ 
HALF-WAVE 
RECTIFIED OUTPUT 


Figure 45. AD820 Single Supply Half- and Full-Wave 
Rectifier 


4.5 Volt Low Dropout, Low Power Reference 

The rail-to-rail performance of the AD820 can be used to pro- 
vide low dropout performance for low power reference circuits 
powered with a single low voltage supply. Figure 46 shows a 

4.5 volt reference using the AD820 and the AD680, a low power 
2.5 volt bandgap reference. R2 and R3 set up the required gain 
of 1.8 to develop the 4.5 volt output. Rl and C2 form a low- 
pass RC filter to reduce the noise contribution of the AD680. 


REV. 0 


+2.5V 
OUTPUT 


D +4.5V 
OUTPUT 


REF 
COMMON 


Figure 46. AD8&20 Single Supply 4.5 Volt Low Dropout 
Reference 


With a 1 mA load, this reference maintains the 4.5 volt output 
with a supply voltage down to 4.7 volts. The amplitude of the 
recovery transient for a 1 mA to 10 mA step change in load cur- 
rent is under 20 mV, and settles out in a few microseconds. 
Output voltage noise is less than 10 wV rms in a 25 kHz noise 
bandwidth. 


Low Power Three-Pole Sallen Key Low-Pass Filter 

The AD820’s high input impedance makes it a good selection 
for active filters. High value resistors can be used to construct 
low frequency filters with capacitors much less than 1 wF. The 
AD820’s picoamp level input currents contribute minimal dc 
errors. 


Figure 47 shows an example, a 10 Hz three-pole Sallen Key Fil- 
ter. The high value used for R1 minimizes interaction with sig- 
nal source resistance. Pole placement in this version of the filter 
minimizes the Q associated with the two-pole section of the fil- — 
ter. This eliminates any peaking of the noise contribution of 
resistors R1, R2, and R3, thus minimizing the inherent output 
voltage noise of the filter. 
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Figure 47. AD820 10 Hz Sallen Key Low-Pass Filter 
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APPLICATIONS-AD822 

Single Supply Voltage-to-Frequency Converter 

The circuit shown in Figure 48 uses the AD822 to drive a low 
power timer, which produces a stable pulse of width t,. The 
positive going output pulse is integrated by R1-Cl and used as 
one input to the AD822, which is connected as a differential 
integrator. The other input (nonloading) is the unknown volt- 
age, V;,. The AD822 output drives the timer trigger input, 
closing the overall feedback loop. 


+10V 
>: 


499k, 1% 


OV TO 2.5V 
FULLSCALE op 


0.01.F, 2% 


four = Vin(VREF*t,), t, = 1.1*R3*C6 
= 25kHzf, AS SHOWN. 


* = 1% METAL FILM, <50ppm/°C TC 
** = 10%, 20T FILM, <100ppm/°C TC 
t, = 33us FOR foyy = 20kHz @ Vy, = 2.0V 


Figure 48. Single Supply Voltage-to-Frequency Converter 


Typical AD822 bias currents of 2 pA allow megaohm-range 
source impedances with negligible dc errors. Linearity errors on 
the order of 0.01% full scale can be achieved with this circuit. 
This performance is obtained with a 5 volt single supply which 
delivers less than 1 mA to the entire circuit. 


Single Supply Programmable Gain Instrumentation Amplifier 
The AD822 can be configured as a single supply instrumenta- 
tion amplifier that is able to operate from single supplies down 
to 3 V, or dual supplies up to + 15 V. Using only one AD822 
rather than three separate op amps, this circuit is cost and 
power efficient. AD822 FET inputs’ 2 pA bias currents mini- 
mize offset errors caused by high unbalanced source impedances. 


Table I. AD822 In Amp Performance 


Vs, =3V,0V |Vs5=+5V 


80 dB 


Parameters 


CMRR 


Common-Mode 
Voltage Range 


3 dB BW, G = 10 180 kHz 
G = 100 18 kHz 
tsETTLING 
2V Step (V; = 0 V, 3 V) 
SV (Vs = +5 V) 5 ps 


270 nV/\/Hz 
2.2 pV/\/Hz 
1.15 mA 


Noise @ f = 1 kHz, G = 10 |270 nV//Hz 
G = 100]2.2 pV//Hz 


Isupp.y (Total) 
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An array of precision thin-film resistors sets the in amp gain to be 
_ either 10 or 100. These resistors are laser-trimmed to ratio match 
to 0.01%, and have a maximum differential TC of 5 ppm/°C. 


Figure 49a. Pulse Response of In Amp to a 500 mV p-p 
Input Signal; Vs = +5 V, 0 V; Gain = 10 


R6 
(G =10) Vout = (Vina —Vin2) (+ RS ) +Vrer 


R5 + R6 
R4 


FOR Ri = R6, R2 = R5, AND R3 = R4 


) +VrerF 


Figure 49b. A Single Supply Programmable 
Instrumentation Amplifier 


3 Volt, Single Supply Stereo Headphone Driver 

The AD822 exhibits good current drive and THD+N perfor- 
mance, even at 3 V single supplies. At 1 kHz, total harmonic 
distortion plus noise (THD+N) equals —62 dB (0.079%) for a 
300 mV p-p output signal. This is comparable to other single 
supply op amps which consume more power and cannot run on 
3 V power supplies. 


In Figure 50, each channel’s input signal is coupled via a 1 wF 
Mylar capacitor. Resistor dividers set the dc voltage at the non- 
inverting inputs so that the output voltage is midway between 
the power supplies (+ 1.5 V). The gain is 1.5. Each half of the 
AD822 can then be used to drive a headphone channel. A 5 Hz 
high-pass filter is realized by the 500 ,.F capacitors and the 
headphones, which can be modeled as 32 ohm load resistors to 
ground. This ensures that all signals in the audio frequency 
range (20 Hz-—20 kHz) are delivered to the headphones. 
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CHANNEL 1 O—— 


MYLAR 


HEADPHONES 
322 IMPEDANCE 


tpF 


CHANNEL 2 o4 


MYLAR 


Figure 50. 3 Volt Single Supply Stereo Headphone Driver 


Low Dropout Bipolar Bridge Driver | 

The AD822 can be used for driving a 350 ohm Wheatstone 
bridge. Figure 51 shows one half of the AD822 being used to — 
buffer the AD589—a 1.235 V low power reference. The output 
of +4.5 V can be used to drive an A/D converter front end. The 
other half of the AD822 is configured as a unity-gain inverter, 
and generates the other bridge input of —4.5 V. Resistors Rl 
and R2 provide a constant current for bridge excitation. The © 
AD620 low power instrumentation amplifier is used to condition 
the differential output voltage of the bridge. The gain of the 
AD620 is programmed using an external resistor Rg, and deter- 
mined by: 


_49.4kO 
Rg 
#V5 
20 
8 202 
+#1.235V 3 
4/2 
+ 


(A) aba. <2 AD8&22 


TO A/D CONVERTER 
REFERENCE INPUT 


Figure 51. Low Dropout Bipolar Bridge Driver 
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High Speed, Low Power 
Dual Operational Amplifier 


AD826 


FEATURES 
High Speed: 
50 MHz Unity Gain Bandwidth 
350 V/s Slew Rate 
70 ns Settling Time to 0.01% 
Low Power: 
7.5 mA Max Power Supply Current Per Amp 
Easy to Use: 
Drives Unlimited Capacitive Loads 
50 mA Min Output Current Per Amplifier 
Specified for +5 V, +5 V and +15 V Operation 
2.0 V p-p Output Swing into a 150 2 Load 
(Vs = +5 V) 
Good Video Performance 
Differential Gain & Phase Error of 0.07% & 0.11° 
Excellent DC Performance: 
2.0 mV Max Input Offset Voltage 


APPLICATIONS 
Unity Gain ADC/DAC Buffer 
Cable Drivers 
8- and 10-Bit Data Acquisition Systems 
Video Line Driver 
Active Filters 


PRODUCT DESCRIPTION 

The AD826 is a dual, high speed voltage feedback op amp. It is 
ideal for use in applications which require unity gain stability 
and high output drive capability, such as buffering and cable 
driving. The 50 MHz bandwidth and 350 V/ps slew rate make 
the AD826 useful in many high speed applications including: 


video, CATV, copiers, LCDs, image scanners and fax machines. 


HP PULSE 
GENERATOR 


TEKTRONIX | | TEKTRONIX 
P6201 FET 7A24 FET 
PREAMP 


CONNECTION DIAGRAM 
8-Pin Plastic Mini-DIP and SO Package 


The AD826 features high output current drive capability of 

50 mA min per amp, and is able to drive unlimited capacitive 
loads. With a low power supply current of 15 mA max for both 
amplifiers, the AD826 is a true general purpose operational 
amplifier. 


The AD826 is ideal for power sensitive applications such as 


video cameras and portable instrumentation. The AD826 can 


operate from a single +5 V supply, while still achieving 25 MHz 
of bandwidth. Furthermore the AD826 is fully specified from a 
single +5 V to +15 V power supplies. 


The AD826 excels as an ADC/DAC buffer or active filter in. 
data acquisition systems and achieves a settling time of 70 ns to 
0.01%, with a low input offset voltage of 2 mV max. The 
AD826 is available in small 8-pin plastic mini-DIP and SO 
packages. | 


Driving a Large Capacitive Load 
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eee SPELIFIGATIONS 2 a = +25°C, unless otherwise noted) 


DYNAMIC PERF ORMANCE 
Unity Gain Bandwidth 


‘ Bandwidth for 0.1 dB Flatness 


Full Power Bandwidth! 


Slew Rate 
Settling Time to 0.1% -~2.5 V to +2.5V 
0 V-10 V Step, Ay = —1 


to 0.01% —2.5V to +2.5V 
0 V-10 V Step, Ay = -1 


NOISE/HARMONIC PERFORMANCE ; 
Total Harmonic Distortion F, = 1 MHz 
Input Voltage Noise f = 10 kHz 
Input Current Noise f = 10 kHz 
Differential Gain Error — : NTSC 
— (RI = 1509) a Gain = +2 


Differential Phase Error NTSC 
(RI= 1500) _ | Gain = +2 — 


DC PERFORMANCE 
Input Offset Voltage . 
Tin to Tyax 
Offset Drift | 
Input Bias Current — 


Tin 
7 Tmax 
Input Offset Current 
Turn tO Tomax 
Offset Current Drift 
Open-Loop Gain _ | | Vour = £2.5 V 
. i Se e . y } Reoap = 500 0 
“Tin to Tmax 
Vaur = = +10V 
Rioap = 1 kQ 


Tur to Tmax 
a Vout = +7,.5 Vv 
Rroap = 150 2 (50 mA Output) 


INPUT CHARACTERISTICS 
Input Resistance 
Input Capacitance ~ | 
Input Common-Mode Valige one 


Common-Mode Rejection Ratio Vom = £2.5 V; Twin-T max 


Twin to Tyax 
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+15 V | dB 
+5V,+15V 7 nV/\/Hz 
+5V,+15V | ; eee 
+15 V ; | % 

+5 V ; % 
0,+5V % 

+15 V : : Degrees 
+5V 12 : Degrees 
0,+5V ; Degrees 


+5 Vto +15 V 


+5V,+15V_ 


“ESV 5 SV | 


+5V 
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AD826 
Parameter Min Typ Max | Unis 


OUTPUT CHARACTERISTICS 
Output Voltage Swing Rioap = 


LOAD 


Ry oap = 500 0) 


Output Current 


Short-Circuit Current 


Output Resistance Open Loop 
MATCHING CHARACTERISTICS 
Dynamic 
Crosstalk f = 5 MHz +15 V 
Gain Flatness Match G = +1, f = 40 MHz #15.V. 
“Slew Rate Match G=-1l +15 V 
DC 
Input Offset Voltage Match Tal max +5 Vto +15 V 
Input Bias Current Match Tmin-l max +5 Vto+I15V 
Open-Loop Gain Match Vo = +10 V; Rypoap = 1 kO, | 
Tain7! Max +15 V 0.15 0.01 
Common-Mode Rejection Ratio Match Vom = £12 V, Tar-Tmax +15 V 80 100 
Power Supply Rejection Ratio Match +5 V to £15 V, Tyn~-T max 80 100 
POWER SUPPLY 
Operating Range | Dual Supply 


Single Supply 
Quiescent Current/Amplifier 
Tuan to Tyax 


Tain to Tmax 
Power Supply Rejection Ratio Vs = +5 Vto £15 V, Tay to Tuax 


NOTE 

1Full power bandwidth = slew rate/2 7 Vpgax- ESD SUSCEPTIBILITY 

Specifications subject to change without notice. ESD (electrostatic discharge) sensitive device. Electrostatic 

ABSOLUTE MAXIMUM RATINGS! | _ charges as high as 4000 volts, which readily accumulate on the 

Supply Voltage ........ Mo dee hee ope tae fess ral +18V human body and on test equipment, can discharge without 

Internal Power Dissipation” detection. Although the AD826 features proprietary ESD pro- 
Plastic (N) .. 0.20. eee eee eee eee See Derating Curves: tection circuitry, permanent damage may still occur on these 
Small Outline (R) .......--.-- . . See Derating Curves devices if they are subjected to high energy electrostatic dis- 

Input Voltage (Common Mode) ..........---2-00- +V, charges. Therefore, proper ESD precautions are recommended 

Differential Input Voltage .........-..-.20000- +6V to avoid any performance degradation or loss of functionality. 

Output Short Circuit Duration ........ See Derating Curves : 

Storage Temperature Range (N, R)....... —65°C to +125°C T, = +150°C 

Operating Temperature Range........... ~—40°C to +85°C | 

Lead Temperature Range (Soldering 10 seconds) .... +300°C 

NOTES _ oes | 


1Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 
Specification is for device in free air: 8-pin plastic package, 8,4 = 100°C/watt; 
8-pin SOIC package, 8,4, = 155°C/watt. 


ORDERING GUIDE 


NN 


bs 


MAXIMUM POWER DISSIPATION — Watts 


emp " 0 7 
Temperature |P ackage ; -50 -40 -30 -20-10 0 10 20 30 40 50 60 70 80 90 
Range Description AMBIENT TEMPERATURE - °C 


“AD826AN —40°C to +85°C|8-Pin Plastic DIP |N-8 Maximum Power Dissipation vs. Temperature for Different 


AD826AR —40°C to +85°C|8-Pin Plastic SOIC|R-8 Package Types 
AD826AR-REEL | —40°C to +85°C|8-Pin Plastic SOIC|R-8 7 


*For outline information see Package Information section. 
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AD826—Typical Characteristics 


INPUT COMMON-MODE RANGE - = Volts 
QUIESCENT SUPPLY CURRENT PER AMP - mA 


SUPPLY VOLTAGE - = Volts © “ | SUPPLY VOLTAGE - +Volts 


Figure 1. Common-Mode Voltage Range vs. Supply Figure 4, Quiescent Supply Current per one VS: Suppl 
. Voltage for Various Vemperateres: 


ad 


=) 
SLEW RATE - Vius 


OUTPUT VOLTAGE SWING -+Volts) 


SUPPLY VOLTAGE. - . sVolts 
SUPPLY VOLTAGE -~ =Volts 


Figure 2, Output Voltage Swing vs. Supply - Figure 5. Slew Rate vs. - Supply Voltage 


aaaiimmiimnilinriiamii a8 
SE ay 


OUTPUT VOLTAGE SWING - Volts p-p 
CLOSED-LOOP OUTPUT IMPEDANCE - 


1k 10k 100k == 41M 10M 3°. 400M 
-FREQUENCY - Hz. 


. LOAD RESISTANCE - 0 , | 
Figure 3. Output Voltage Swing vs.. Load Resistance ‘Figure e 6. Closed-Loop Output Hnpccenee vs. Frequency © 
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Figure 7. Input Bias Current vs. Temperature Figure 10. Open-Loop Gain and Phase Margin 


vs. Frequency 


SOURCE CURRENT. 


aT oN 
PL NL 
TET ELT TY 


-60 -40 -20 0 20 40 60 80 100 120 140 
TEMPERATURE - °C LOAD RESISTANCE - Q 


SHORT CIRCUIT CURRENT —- mA 
OPEN-LOOP GAIN - V/mV 


Figure 8. Short.Circuit Current vs. Temperature Figure 11. Open-Loop Gain vs. Load Resistance 
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PSR - dB 


PHASE MARGIN - Degrees 
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Figure 9.. Unity Gain Bandwidth and:Phase Margin Figure 12. Power Supply Rejection vs. Frequency 


vs. Temperature 
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1k 10k 100k 1M 10M 
FREQUENCY - Hz 


Figure 13. Common-Mode Rejection vs. Frequency 


OUTPUT VOLTAGE - Volts p-p 


0 
100k 1M 10M 100M 
FREQUENCY - Hz 


Figure 14. Large Signal Frequency Response 
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OUTPUT SWING FROM 0 TO +V 
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Figure 15. Output Swing and Error vs. Settling Time 
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SLEW RATE — V/us 


Vin = 1V p-p 
GAIN = +2 — 


b 


HARMONIC DISTORTION — dB 
i 
’ 4 


FREQUENCY - Hz 


Figure 16. Harmonic Distortion vs. Frequency — 
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Figure 17. Input Voltage Noise Spectral Density 
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: Figure 18. Slew Rate vs. Temperature — 
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Figure 19. Closed-Loop Gain vs. Frequency Figure 22. Closed-Loop Gain vs. Frequency, Gain = —1 
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Figure 21. Crosstalk vs. Frequency Figure 24. Crosstalk Test Circuit 
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AD826—Typical Characteristics 


| TEKTRONIX 
7A24 
PREAMP 


PULSE (LS) 
OR FUNCTION 
(SS) . 

GENERATOR 


Figure 26. Noninverting Large Signal Pulse. Response, Figure 28. Noninverting Small Signal Pulse Response, 
R, = 1k R, = 1kO 


Figure 27. Noninverting Large Signal Pulse Response, Figure 29. Noninverting Small Signal Pulse Response, 
R, = 1500 | OR, = 1502 | 
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PULSE (LS) 
OR FUNCTION | Yin 
(SS) 

GENERATOR 


PREAMP 


Figure 31. Inverting Large Signal Pulse Response, 
R, = 1kQ | R, = 1k 


Figure 32. Inverting Large Signal Pulse Response, © Figure 34. Inverting Small Signal Pulse Response, 
R, = 1500 R, = 15020 
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THEORY OF OPERATION 

The AD826 is a low cost, wide band, high performance dual 

- operational amplifier which can drive heavy capacitive and resis- 
tive loads. It also achieves a constant slew rate, bandwidth and 
settling time over its entire specified temperature range. 


The AD826 (Figure 35) consists of a degenerated NPN differen- 
tial pair driving matched PNPs in a folded-cascode gain stage. 
The output buffer stage employs emitter followers in a class AB 
amplifier which delivers the necessary current to the load while 
maintaining low levels of distortion. 


NULLS ~ 


NULL 4 


Figure 35. Simplified Schematic 


The capacitor, C,, in the output stage mitigates the effect of 
capacitive loads. With low capacitive loads, the gain from the 
compensation node to the output is very close to unity. In this 
case, Cy is bootstrapped and does not contribute to the overall 
compensation capacitance of the device. As the capacitive load is 
increased, a pole is formed with the output impedance of the 
output stage. This reduces the gain, and therefore, Cy is incom- 
pletely bootstrapped. Effectively, some fraction of Cy contrib- 
utes to the overall compensation capacitance, reducing the unity 
gain bandwidth. As the load capacitance is further increased, the 
bandwidth continues to fall, maintaining the peueuy of the 
amplifier. 
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INPUT CONSIDERATIONS | 

An input protection resistor (Ry, in Figure 25) is required in 
circuits where the input to the AD826 will be subjected to tran- 
sient or continuous overload voltages exceeding the +6 V maxi- 
mum differential limit. This resistor provides protection for the 
input transistors by limiting their maximum base current. 


For high performance circuits, it is recommended that a “bal- 


ancing” resistor be used to reduce the offset errors caused by 
bias current flowing through the input and feedback resistors. 
The balancing resistor equals the parallel combination of Ry, 
and R, and thus provides a matched impedance at each input 
terminal. The offset voltage error will then be reduced by more 
than an order of magnitude. 


APPLYING THE AD826 


The AD826 is a breakthrough dual amp that delivers precision 

and speed at low cost with low power consumption. The AD826 
offers excellent static and dynamic matching characteristics, com- 
bined with the ability to drive heavy resistive and capacitive loads. 


As with all high frequency circuits, care should be taken to main- 
tain overall device performance as well as their matching. The 
following items are presented as general design considerations. 


Circuit Board Layout 

Input and output runs should be laid « out so as to physically isolate 
them from remaining runs. In addition, the feedback resistor of 
each amplifier should be placed away from the feedback resistor of 
the other amplifier, since this greatly reduces i inter-amp evap: 


Choosing Feedback and Gain Resistors 

In order to prevent the stray capacitance present at each amplifier’ S 
summing junction from limiting its performance, the feedback 
resistors should be = 1 kQ. Since the summing junction capaci- 
tance may cause peaking, a small capacitor (1-5 pF) may be par- 
alleled with Rf to neutralize this effect. Finally, sockets should 
be avoided, because of their tendency to increase interlead 
capacitance. 


Power Supply Bypassing 

Proper power supply decoupling is critical to preserve the integ- 
rity of high frequency signals. In carefully laid out designs, 
decoupling capacitors should be placed in close proximity to the 
supply pins, while their lead lengths should be kept to a mini- 
mum. These measures greatly reduce undesired inductive effects 
on the amplifier’s response. : 


Though two 0.1 wF capacitors will typically be effective in 
decoupling the supplies, several capacitors of different values 
can be paralleled to cover a wider frequency range. 
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+SINGLE SUPPLY OPERATION | | R3 and C2 reduce the effect of the power supply changes on the 
An exciting feature of the AD826 is its ability to perform well in | ; 

a single supply configuration (see Figure 37). The AD826 is ide- output by low pass filtering with a corner at 27R3C, 

ally suited for applications that require low power dissipation 


and high output current and those which need to drive large capac- 
itive loads, such as high speed buffering and instrumentation. 


The values for R;, and C; were chosen to demonstrate the 
AD826’s exceptional output drive capability. In this configura- 
, 7 tion, the output is centered around 2.5 V. In order to eliminate 
Referring to Figure 36, careful consideration should be given to the static dc current associated with this level, C3 was inserted 
the proper selection of component values. The choices for this in series with R,. 

particular circuit are: (R1+ R3)|R2 combine with Cl to form a 

low frequency corner of approximately 30 Hz. 


Figure 37. Single Supply Pulse Response, G = +1, 
R, = 1500, C, = 200 pF 


‘Figure 36. Single Supply Amplifier Configuration 


| 1kQ 
PARALLEL AMPS PROVIDE 100 mA TO LOAD 

By taking advantage of the superior matching characteristics of 
the AD826, enhanced performance can easily be achieved by 
employing the circuit in Figure 38. Here, two identical cells are 
paralleled to obtain even higher load driving capability than that 
of a single amplifier (100 mA min guaranteed). Rl and R2 are 
included to limit current flow between amplifier outputs that 
would arise in the presence of any residual mismatch. 


1kQ 


Figure 38. Parallel Amp Configuration 
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AD826 


SINGLE-ENDED TO DIFFERENTIAL LINE DRIVER | 


Outstanding CMRR (>80 dB @ 5 MHz), high bandwidth, wide 


supply voltage range, and the ability to drive heavy loads, make 


the AD826 an ideal choice for many line driving applications. In 


this application, the AD830 high speed video difference amp 
serves as the differential line receiver on the end of a back ter- 
minated, 50 ft., twisted-pair transmission line (see Figure 40). 
The overall system is configured in a gain of +1 and has a 

—3 dB bandwidth of 14.MHz. sects 391 1S the Lie Be isos 
with a 2 V PP» 1 MHz ae input. | ; 


ee +150), 0° ES 


"80 FEET TWISTED PAIR 


Figure 39. Pulse. Response 7 


+15VQ  -O1HF 


Vout 


Figure 40. Differential Line Driver 


LOW DISTORTION LINE DRIVER 

The AD826 can quickly be turned into a powerful, low distor- 

tion line driver (see Figure 41). In this arrangement the AD826 
can comfortably drive a 75 © back-terminated cable, with a 

5 MHz, 2 V p-p input; all of this while achieving the harmonic 
distortion performance outlined in the following table. 


2nd Harmonic 


—78.5 dBm 


Configuration 


1. No Load 
2. 150 2 R,, Only 
3. 150 O RY 7.50 Ro 


In this application one half of the AD826 operates at a gain of 
2.1 and supplies the current to the load, while the other pro- 
vides the overall system gain of 2. This is important for two rea- 
sons: the first is to keep the bandwidth of both amplifiers the 
same, and the second is to preserve the AD826’s ability to oper- 
ate from low supply voltages. R, varies with the load and must 
be chosen to satisfy the following equation: 


Re - MR_; 


where M is defined by [((M+1) Gg = Gp] and Gp = Driver’s 
Gain, G, = System Gain. 
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Ak 


Figure 41. Low Distortion Amplifier 


75Q 
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HIGH PERFORMANCE ADC BUFFER 

Figure 42 is a schematic of a 12-bit high speed analog-to-digital 
converter. The AD826 dual op amp takes a single ended input 
and drives the AD872 A/D converter differentially, thus reduc- 
ing 2nd harmonic distortion. Figure 43 is a FFT of a 1 MHz 
input, sampled at 10 MHz with a THD of —78 dB. The AD826 
can be used to amplify low level signals so that the entire range 
of the converter is used. The ability of the AD826 to perform 
on a +5 volt supply or even with a single 5 volts combined with 
its rapid settling time and ability to deliver high current to com- 
plicated loads make it a very good flash A/D converter buffer as 
well as a very useful general purpose building block. 


Jeortical Scale Offset Marker Anp! 
-0.00 dB 0.00 dB 


10.00 dB/dvu 


Horz Disp. Line 
| Vert Disp Line 
\Fund Fra 986328 


Figure 43. FFT, Buffered A/D Converter 
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Figure 42. A Differential Input Buffer for High Bandwidth 


Display Line 1 Display Line 2 


AD826 


1kQ 


1k2Q 


| 
986328.1 Hz 


Harnonics (dBe) ---- 


-92.55 
-90.89 
-91. .4 
-93.25 
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ANALOG 
DEVICES 


High Speed, Low Power 
Dual Op Amp 


FEATURES" 


HIGH SPEED 

50 MHz Unity Gain Stable Operation 
300 V/s Slew Rate 

120 ns Settling Time 

Drives Unlimited Capacitive Loads © 


EXCELLENT VIDEO PERFORMANCE 
0.04% Differential Gain @ 4.4 MHz 
0.19° Differential Phase @ 4.4 MHz 


GOOD DC PERFORMANCE 

2 mV max Input Offset Voltage 

15 wV/°C Input Offset Voltage Drift | 

Available in Tape and:Reel in Accordance with 
EIA-481A Standard 


LOW POWER | 
Only 10 mA Total Supply Current for Both Amplifiers 
+5 V to +15 V Supplies 


PRODUCT DESCRIPTION 

The AD827 is a dual version of Analog Devices’ industry- 
standard AD847 op amp. Like the AD847, it provides high — 
speed, low power performance at low cost. The AD827 achieves 
a 300 V/s slew rate and 50 MHz unity-gain bandwidth while 
consuming only 100 mW when operating from +5 volt power 
supplies. Performance is specified for operation using +5 V to 
+15 V power supplies. 


The AD827 offers an open- oe gain of 3,500 V/V into 500 0 
loads. It also features a low input voltage noise of 15 nV/\/Hz, 
and a low input offset voltage of 2 mV maximum. Common- 
mode rejection ratio is a minimum of 80 dB. Power supply. 
rejection ratio is maintained at better than 20 dB with input fre- 
quencies as high as 1 MHz, thus minimizing noise feedthrough 
from switching power supplies. 


The AD827 is also ideal for use in demanding video applica- 
tions, driving coaxial cables with less than 0.04% differential: 

gain and 0.19° differential phase errors for 643 mV p—p into:a 
75 Q, reverse terminated cable. 


The AD827 is also useful in multichannel, high speed data con- — 


version systems where its fast (120 ns to 0.1%) settling time is of 
importance. In such applications, the AD827 serves as an input 
buffer for 8-bit to 10-bit A/D converters and as an output armpit 
fier for high speed D/A converters. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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CONNECTION DIAGRAMS — 


8-Pin Plastic (N) and Cerdip 
(Q) Packages | 


16-Pin Small Outline 
(R) Package 


— 17 OUTPUT B 
fy Gr NC 
rt1i54NB 


APPLICATION HIGHLIGHTS 
1. Performance is fully: specified for operation using +5 V to 
+15 V supplies. 


2. A 0.04% differential gain and 0.19° differential phase error at 
the 4.4 MHz color subcarrier frequency, together with its 
low cost, make it ideal for many video applications. 


iz 3. The AD827 can drive unlimited capacitive loads, while its 


30 mA output current allows 50 © and 75 Q reverse- 
terminated loads to be driven. 


4. The AD827’s 50 MHz unity-gain bandwidth makes it an 


ideal candidate for multistage active filters. 


5. The AD827 is available in 8-pin plastic mini-DIP and cerdip, 
_ 20-pin LCC, and 16-pin SOIC packages. Chips and MIL- 
_ STD-883B processing. are also available. 
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SPECIFICATIONS (c T, = +25°C, unless otherwise noted) AD827 


DC PERFORMANCE 
Input Offset Voltage! 


AD827J AD827A/S 
Min Typ § Max Min Typ Max Units 


Tinin tO Tinax 


min 


+15 V 


Tinin to as 


Offset Voltage Drift +5Vto+15V 

Input Bias Current +5Vto+15V 
bate to (ee : 

Input Offset Current +5Vto+I15V 


agi to ee 


Offset Current Drift +5Vto+15V 
Common-Mode Rejection Ratio Vom =+2.5V +5 V 

Vom =+12 V +15 V 

Tinin tO T max +5Vto+I15V 
Power Supply Rejection Ratio +5Vto+I15V 


Tin to are 


Open-Loop Gain 


Vo = £2.5V 
Rioap = 500 2 
Dida to Tax 
Rioap = 1500 

Vour = £10 V 

Rpoap = 1 kO 

Tin to Tae 


MATCHING CHARACTERISTICS 


~ Input Offset Voltage mV 
Crosstalk f = 5 MHz dB 
DYNAMIC PERFORMANCE 
Unity-Gain Bandwidth MHz 
MHz 
Full Power Bandwidth? Vo =5 Vp-p, 
Rroap = 500 2 MHz 
Vo = 20V P-P; 
Rpoap = 1 kO MHz 
Slew Rate? Rpoap = 500 0 V/s 
Ryoap = 1 kO V/s 
Settling Time to 0.1% Ay = -1 
—-2.5 V to +2.5 V ns 
| -5Vto+5V ns 
Phase Margin CLoap = 10 pF 
Rpoap = 1 kO Degrees 
Differential Gain Error f = 4.4 MHz % 
Differential Phase Error f = 4.4 MHz Degrees 
Input Voltage Noise f = 10 kHz nV/\/Hz 
Input Current Noise | £= 10 kHz pA/\/Hz 
Input Common-Mode | 
Voltage: Range V 
MP oe. Vv. 
V 
. : Vv 
Output Voltage Swing — Rroap = 500 0 +V 
Rroap = 150 0 +V 
Rpoap = 1 kO +V 
Rroap = 500 0 +V 
Short-Circuit Current Limit mA 


OUTPUT RESISTANCE 


INPUT CHARACTERISTICS 
Input Resistance 300 300 kQ 
Input Capacitance LS: 1.5 pF 
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AD827 


POWER SUPPLY 
Operating Range 
Quiescent Current 


TRANSISTOR COUNT 
NOTES — 


AD827J ~ AD827A/S 
Conditions Min Typ Max Min Typ Max = Units © 


£18 
13 


16.5/17.5 
13.5 
17/18 


BEERS | 


1Offset voltage for the AD827 i is guaranteed after power is applied and the device is fully warmed up. All other specifications are measured using igh speed test. 


equipment, approximately 1 second after power is applied. 
2Full Power Bandwidth = Slew Rate/27 Vprax: 
3Gain = +1, rising edge. 


All min and max specifications are ieee 
Specifications subject to change without notice. 


ABSOLUTE MAXIMUM ci 


Supply. Voltage: «20304540 8.0004. 4.04.6.0046244-58 +18 V 
Internal Power Dissipation” 

Plastic (N) Package (Derate at 10 mW/°C) ........ 1.5 W 

Cerdip (Q) Package (Derate at 8.7 mW/°C) ........ 1.3W 

Small Outline (R) Package (Derate at 10 mW/°C) ....1.5 W 

LCC (E) Package (Derate at 6.7 mW/°C) .........1.0W 
Input Common Mode Voltage ............000000% tVo. 

- Differential Input Voltage ............. 2.00 ee eee 6V 

Output Short Circuit Duration? .............. Indefinite 
Storage Temperature Range (N, R)....... —65°C to +125°C 
Storage Temperature Range (Q) ......... —65°C to +150°C 
Operating Temperature Range 

POST ih a eie a) bs ae, Bde die fe Se RE OOS 0 to +70°C 

PBDSZUAR, 2G &BSG SRR OER ERS —40°C to +85°C 

ADS275 356-0x 0h ee CU oS eee a —55°C to +125°C 
Lead Temperature Range | | 

(Soldering to 60 sec)... 0... ee ee ee eee see . 300°C 

ORDERING GUIDE 


Temperature 
Range | 


0 to +70°C 


Package — 
Description 


8-Pin Plastic DIP 


AD827JN © 


AD827JR 0 to +70°C 16-Pin Plastic SO | R-16 
AD827AQ —40°C to +85°C | 8-Pin Cerdip Q-8 
AD827SQ —55°C to +125°C | 8-Pin Cerdip Q-8 
AD827SQ/883B —55°C to +125°C | 8-Pin Cerdip Q-8 
§962-9211701MPA | —55°C to +125°C | 8-Pin Cerdip Q-8 
AD827SE/883B —55°C to +125°C | 20-Pin LCC E-20A 
§962-9211701IM2A | —55°C to +125°C | 20-Pin LCC E-20A 
AD827JR-REEL 0 to +70°C Tape & Reel 
AD827]JChips 0 to +70°C Die 


AD827SChips —55°C to +125°C | Die 


*For outline information see Package Information section. 


9-202 OPERATIONAL AMPLIFIERS 


Package 
Option* 


NOTES . 
Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum ratings for extended periods may affect device reliability. 
*Maximum internal power dissipation is specified so that T, does not exceed 
+175°C at an ambient temperature of +25°C. 

Thermal Characteristics: . 

Mini-DIP: @,;, = 100°C/Watt; 6;, = 33°C/Watt 

Cerdip: 6,4 = 110°C/Watt; 0,, = 30°C/Watt 

16-Pin Small Outline Package: 8y4 = 100°C/Watt 

20-Pin LCC: 6;4 = 150°C/Watt; Oy, = 35°C/Watt 


Indefinite short circuit duration is only permissible as long as ‘the absolute 


maximum power rating is not exceeded. 


-METALIZATION PHOTOGRAPH 
Contact factory for latest dimensions. 
Dimensions shown in inches and (mm). 


Substrate is connected to V+. 


+} 0.128 (3.18) 


ouTi V+ OUT2 


—IN1 


0.054 
(1.37) 


+IN1 
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ANALOG Dual, Low Power 
DEVICES Video Op Amp 


AD828 


FEATURES 
Excellent Video Performance 
Differential Gain & Phase Error of 0.01% & 0.05° 
High Speed 
130 MHz 3 dB Bandwidth (G = +2) 
450 V/s Slew Rate 
80 ns Settling Time to 0.01% 
Low Power 
15 mA Max Power Supply Current 
High Output Drive Capability: 
50 mA Minimum Output Current per Amplifier 
Ideal for Driving Back Terminated Cables 
Flexible Power Supply | 
Specified for +5 V, +5 V and +15 V Operation 
+3.2 V min Output Swing into a 150 2 Load 
(V, = +5 V) 
Excellent DC Performance 
. 2.0 mV Input Offset Voltage 
Available in 8-Pin SOIC and 8-Pin Plastic Mini-DIP 


PRODUCT DESCRIPTION 

The AD828 is a low cost, dual video op amp optimized for use 
in video applications which require gains of +2 or greater and 
high output drive capability, such as cable driving. Due to its 
low power and single supply functionality, along with excellent 
differential gain and phase errors, the AD828 is ideal for power 
sensitive applications such as video cameras and professional 
video equipment. 


With video specs like 0.1 dB flatness to 40 MHz and low differ- 
ential gain and phase errors of 0.01% and 0.05°, along with 

50 mA of output current per amplifier, the AD828 1s an excel- 
lent choice for any video application. The 130 MHz gain band- 
width and 450 V/s slew rate make the AD828 useful in many 
high speed applications including: video monitors, CATV, color 
copiers, image scanners and fax machines. 


0.1,F 


ne 


AD828 Video Line Driver 
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FUNCTIONAL BLOCK DIAGRAM 


\ 


The AD828 is fully specified for operation with a single +5 V 
power supply and with dual supplies from +5 V to +15 V. This 
power supply flexibility, coupled with a very low supply current 
of 15 mA and excellent ac characteristics under all power supply 
conditions, make the AD828 the ideal choice for many demand- 
ing yet power sensitive applications. 


The AD828 is a voltage feedback op amp which excels as a gain 
stage (gains >+2) or active filter in high speed and video sys- 
tems and achieves a settling time of 45 ns to 0.1%, with a low 
input offset voltage of 2 mV max. 


The AD828 is available in low cost, small 8-pin plastic mini- 
DIP and SOIC packages. 


DIFFERENTIAL GAIN — Percent 


DIFFERENTIAL PHASE — Degrees 


1 
SUPPLY VOLTAGE -— + Volts 
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AD828—SPECIFICATIONS (@ T, = +25°C, unless otherwise sia 


Parameter . 


DYNAMIC PERFORMANCE 
—3 dB Bandwidth 


Bandwidth for 0.1 dB Flatness 


Full Power Bandwidth! 


Slew Rate 


Settling Time to 0.1% 


to 0.01% 


NOISE/HARMONIC PERFORMANCE 
Total Harmonic Distortion 
Input Voltage Noise 
Input Current Noise 
Differential Gain Error 
(Ry, = 1509) 


Differential-Phase Error 
(Ry, = 150.9) 


DC PERFORMANCE 
Input Offset Voltage 


Offset Drift 
Input Bias Current 


Input Offset Current 


Offset Current Drift | 
Open Loop Gain 


INPUT CHARACTERISTICS 
Input Resistance 
Input Capacitance 
Input Common-Mode Voltage Range 


Common-Mode Rejection Ratio — 
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Gain = +2 
Gain = —1 


Gain = +2 


Gain = -]1 
Cc. = 1 pF 


Vour = 5 V p-p 
Rpoap = 5002 
Vour = 20 V p-p 
Rpoap = 1 kN 
Rypoap = 1 kD 
Gain = —1 


—-2.5Vto +2.5V 
0-10 V Step, Ay = -—1 
=2.5. V to +25 V 
0-10 V Step, Ay = ~1 


= 15: Y. ho 4 ¢ dB 
+5V,+15V | nV/\/Hz 
+5V, +15 V pA/\/Hz 
+15 V : % 
Gain = +2 . +5V ; "WH. 
| 0,+5V Ke : % 
NTSC . #15-V'* 05 . ; _ Degrees. 
Gain = +2 ~ +5 V MS : ’ Degrees 
; 0,+5V 0. - Degrees 


| +5 V,+15V 
Tmin to Tmax | 
+5V,+15V 
Twin , 4 
Tmax - 


+5V,+15V 
Twin to Tmax 


Vour = £2.5V +5 V 
Ryoap = 5000 

Tun: to Tyax 

Rroap = 150.9 

Vour = +10 V 


 Risap= TKO 


_ Ty to Tyax 


Vom = +2.5 V, Tyar-T max 
Twi to Tmax 
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| AD828 | 
Parameter Conditions Vs Min Typ Max Units 


OUTPUT CHARACTERISTICS 
Output Voltage Swing 


Rroap = 1 kQ 
Rioap = 500 2 


Rroap = 500 Q 
Output Current 


Short-Circuit Current 
Output Resistance 


MATCHING CHARACTERISTICS 


Dynamic 
Crosstalk f = 5 MHz 
Gain Flatness Match G = +1, f = 40 MHz 
Skew Rate Match G=-l 

DC . 


Input Offset Voltage Match 
Input Bias Current Match 
Open-Loop Gain Match 


Tmin-l max 

Tain7T max 

Vo = +10 V, R, = 1 k0 
Tin-T max 

Vom = £12 V; Tuin-T max 

+5 Vto £15 V, Tun-Tmax 


Common-Mode Rejection Ratio Match 
Power Supply Rejection Ratio Match 


POWER SUPPLY 
Operating Range 


Dual Supply 
Single Supply 
Quiescent Current 


Tain tO Tyax 


Tain to Tmax 


Power Supply Rejection Ratio Vs = +5 Vto £15 V, Tyrn-T max 


NOTES 
'Full power bandwidth = slew rate/2 7 Vpgax- 


Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS! AD828AN 


Supply Voltage: i450 is Gah tA tate Swine ee es +18V  AD828AR 
Internal Power Dissipation? 

Plastic DIP ON): ce ae ewe eK See Derating Curves 

Small Outline (R) .......... satan tee See Derating Curves 
Input Voltage (Common Mode)................-- +Vo 
Differential Input Voltage ................0028- +6V 
Output Short Circuit Duration ........ See Derating Curves 
Storage Temperature Range (N, R)...... .» ~65°C to +125°C 
Operating Temperature Range........... —40°C to +85°C 
Lead Temperature Range (Soldering 10 seconds) .... +300°C 

- NOTES | 


'1Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage .to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indi- 
cated in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions: for extended periods may affect device 
reliability. . 
Specification is for device in free air: 


8-Pin Plastic DIP Package: 8;, = 100°C/Watt 0 
8-Pin SOIC Package: 6;, = 155°C/Watt ~50 -40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90 


| AMBIENT TEMPERATURE - °C 
Maximum Power Dissipation vs. Temperature for Different 
Package Types 


MAXIMUM POWER DISSIPATION — Watts 


CAUTION 
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 


WARNING! 
Although the AD828 features proprietary ESD protection circuitry, permanent damage may Senin Ah: 


occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. Soe VE DEMICE 
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AD828—Typical Characteristics 


vu — diNV Yad LNSHYND AlddNS LN3Z0S3inNo 


SHOA = — JONVY SGOW-NOWWOO LNdNI 


SUPPLY VOLTAGE - «Volts 


SUPPLY VOLTAGE - + Volts 


Figure 4. Quiescent Supply Current per Amp vs. Supply. 


Voltage for Various Temperatures 


Figure 1. Common-Mode Voltage Range vs. Supply 


S/A- 3LVYE M31S 


. SUPPLY VOLTAGE - =Volts 


SUPPLY VOLTAGE - :Volts 
Figure 5. Slew Rate vs. Supply Voltage 


Figure 2 Output Voltage Swing vs. Supply Voltage 


12 Oe |e 


6 — JONVGAdWI! LNdLNO dOO1-dSS019 


d-d $i/0A - DNIMS ADVLIOA LNdLNO 


100k 1M 10M 100M 


10k 


LOAD RESISTANCE - Q 


FREQUENCY — Hz 


Figure 6. Closed-Loop Output Impedance vs. Frequency 


Figure 3. Output Voltage Swing vs. Load Resistance 
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INPUT BIAS CURRENT - uA 
OPEN-LOOP GAIN - dB 


1 

60 -40 -20 0 20 40 60 80 100 120 140 1k 10k 100k 1M 10M 100M 1G 
TEMPERATURE - °C FREQUENCY — Hz 

Figure 7. Input Bias Current vs. Temperature Figure 10. Open-Loop Gain and Phase Margin 


vs. Frequency 


SHORT CIRCUIT CURRENT - mA 
OPEN-LOOP GAIN - V/mV 


~€0 -40 -20 0 20 40 60 80 100 120 140 
TEMPERATURE - °C LOAD RESISTANCE - 2 


Figure 8. Short Circuit Current vs. Temperature Figure 11. Open-Loop Gain vs. Load Resistance 


PHASE MARGIN — Degrees 
-3dB BANDWIDTH — MHz 


-~60 -40 -20 0O 20 40 60 80 100 120 age 100. 1k 10k 100k 1M 10M 100M 
| TEMPERATURE ~ °C : FREQUENCY - Hz 
Figure 9. —3 dB Bandwidth and Phase Margin vs. Figure 12. Power Supply Rejection vs. Frequency 


Temperature. Gain = +2 
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AD828—Typical Characteristics 


Vin = 1V p-p 
GAIN = +2 


g 


8 


HARMONIC DISTORTION - dB 
t 
3 


_— 


-80 
ee 
ae es i HARMONIC 

1k 10k 100k 1M 10M 100 1k 10k 100k 10M 
- FREQUENCY - Hz - FREQUENCY - Hz 
Figure 13. Common-Mode Rejection vs. Frequency Figure 16. Harmonic Distortion vs. Frequency 


_ OUTPUT VOLTAGE - Volts p-p 
INPUT VOLTAGE NOISE - nV/-/Hz 


100k . 10M. 100M 0. 10 100 1k 10k 100k 1M 10M 
M FREQUENCY - Hz , FREQUENCY - Hz 
Figure 14. Large Signal Frequency Response Figure 17. Input Veins Noise Spectral Density 


vs. Frequency 


SLEW RATE - Vius 


Fa ea (ae ees ae 
EolokY aca | 
\ ie ee 


- QUTPUT SWING FROMOTO:V 


0 2 40 80 100 120 140 160 60 -40 -20 0 20. 40 60 80 100 120 140 
SETTLNG TIME ~ ns TEMPERATURE - °C 
Figure 15. ; Output Swing and Error: vs. Settling Time Figure 18. Slew Rate vs. Temperature 
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Vs FLATNESS 
£15V 50MHz 
25V  25MHz 


+5V 19MHz 


GAIN - dB 


th ae 
TTT RNA 
hat 
Te Try 
i EA, 


100k 1M 10M 100M M 1 
FREQUENCY - Hz FREQUENCY - Hz 


Figure 19. Closed-Loop Gain vs. Frequency Figure 22. Closed-Loop Gain vs. Frequency, G = —1 
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DIFFERENTIAL GAIN — Percent 
° 
rs 


DIFFERENTIAL PHASE - Degrees 


3 


10 10M iM 
SUPPLY VOLTAGE - :Voits EECUENCT: Hz . 


Figure 20. Differential Gain and Phase vs. Supply Voltage Figure 23. Gain Flatness Matching vs. Supply, G = +2 


BaIInDemant i 
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-30 


50 


-100 
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100M PINOUT SHOWN SF FOR MINIDIP PACKAGE 
FREQUENCY - Hz 
Figure 21. Crosstalk vs. Frequency Figure 24. Crosstalk Test Circuit 
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AD828—Typical Characteristics 


4p 330 
pO.o1uF - 


0.01nF 


HP PULSE (LS) 
OR FUNCTION [Vin 1kQ 


(SS) 
GENERATOR 
PREAMP 


3.3F 
| ry VV 
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Figure 28. Inverter Large Signal Pulse Response +15 Vo, 
Ce = 1pF,R, =1kQ 


Figure 26. Inverter Large Signal Pulse Response +5 Ve, Figure 29. Inverter Small Signal Pulse Response +15 Vz, - 
C-=1pF,R, =1kQ ~ C-=1pF,R, =1500Q 


Figure 27. Inverter Small Signal Pulse Oe none +5 Vs, Figure 30. Inverter Small Signal F Pulse Response +5 V5 
C- = 1pF, R, = 1502 C- = OpF, R, = 1502 | 
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AD828 


P6201 FET 


HP PULSE (LS) PROEE 


OR FUNCTION | Yin 10022 


PREAMP 


(SS) 
GENERATOR 


Figure 34. Noninverting Large Signal Pulse Response 
+15 Vo, Ce = 1 pF, R, = 1kO 


| 
i i 
+ | { 

io tpt tpt tat pectentpetecte bepeate baits he fn thy 
i 


Figure 32. Noninverting Large Signal Pulse Response Figure 35. Noninverting Small Signal Pulse Response 
+5 Vs, Ce = 1 pF, R, = 1k +15 Vs, Ce = 1 pF, R, = 1500 
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Figure 33. Noninverting Small Signal Pulse Response Figure 36. Noninverting Small Signal Pulse Response 
+5 Vs, Ce = 1 pF, R, = 150 2 +5 Vo, Cr = 0 pF, R, a 150.2 
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AD828 


THEORY OF OPERATION | 

The AD828 is a low cost, dual: video operational amplifier 
designed to excel in. high oa aa high ouput current 
video applications. | 


The AD828 (Figure. 37) consists of : a. Lune NPN \ differen- 
tial pair driving matched PNPs i in a folded-cascode gain stage. 
The output buffer stage employs emitter: followers in a class AB 
amplifier that delivers the necessary current to the load while 
maintaining low levels of distortion. 


The AD828 will drive terminated cables and capacitive loads of 
10 pF or less. As the closed-loop gain is increased, the AD828 
will drive heavier cap loads without oscillating. 


"Figure 37, AD828 Simplified Schematic 


INPUT CONSIDERATIONS 

An input protection resistor (Ry, in Figure 31) is required in 
circuits where the input to the AD828 will be subjected to tran- 
sient or continuous overload voltages exceeding the +6 V maxi- 
mum differential limit. This resistor provides protection for the 
input transistors by limiting their maximum base current. 


For high performance circuits, it is recommended that a “bal- 
ancing” resistor be used to reduce the offset errors caused by 
bias current flowing: through the input and feedback resistors. — 
The balancing resistor equals the parallel combination of Ry 
and R, and thus. provides a matched impedance at each input 
terminal. The offset voltage error will then be reduced by more 
than an order of magnitude. ‘ 


APPLYING THE ADS828 | 

The AD828 is a breakthrough dual amp that delivers precision 
and speed at low cost with low power consumption. The AD828 
offers excellent static and dynamic matching characteristics, 
combined with the ability to drive heavy resistive loads. 


As with all high frequency circuits, care should be taken to main- 
tain overall device performance as well as their matching. The 
following items are presented as general design considerations. 


9-212 OPERATIONAL AMPLIFIERS 


Circuit Board Layout 

Input and output runs should be laid out so as to physically iso- 
late them from remaining runs. In addition, the feedback resis- 
tor of each amplifier should be placed away from the feedback 
resistor of the other amplifier, since this greatly reduces inter- 
amp coupling. 


Choosing Feedback and Gain Resistors 

In order to prevent the stray capacitance present at each amplifi- 
er’s summing junction from limiting its performance, the feed- 
back resistors should be = 1 k{.. Since the summing junction 
capacitance may cause peaking, a small capacitor (1-5 pF) may: 
be paralleled with Rf to neutralize this effect. Finally, sockets 
should be avoided, because of their tendency to increase inter- 
lead capacitance. 


Power Supply Bypassing 

Proper power supply decoupling is critical to preserve the integ- 
rity of high frequency signals. In carefully laid out designs, 
decoupling capacitors should be placed in close proximity to the 
supply pins, while their lead lengths should be kept to a mini- 
mum. These measures greatly reduce undesired inductive effects 
on the amplifier’ S response. 


Though two 0.1 pF capacitors will typically | be effective j in 
decoupling the supplies, several capacitors of different values : 
can be parelicrs to cover a. wider frequency range. 


PARALLEL AMP $ PROVIDE 100 mA TO LOAD 7 

By taking advantage of the superior matching characteristics of 
the AD828, enhanced performance can easily be achieved by 
employing the circuit in Figure 38. Here, two identical cells are 
paralleled to obtain even higher load driving capability than that 
of a single amplifier (100 mA min guaranteed). Rl and R2 are | 
included to limit current flow between amplifier outputs that’ 
would arise in the presence of any residual mismatch. 


Figure 38. Parallel Amp Configuration 
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AD828 


Figure 39. Bidirectional Transmission CKT 


Full-Duplex Transmission clearly show that each input signal appears undisturbed at its out- 
Superior load handling capability (S0 mA min/amp), high band- put, while the unwanted signal is eliminated at either receiver. 
width, wide supply voltage renee and excellent crosstalk rejec- The transmitters operate as followers, while the receivers’ gain is 
ses makes the AD828 an ideal choice ppheae for the most chosen to take full advantage of the AD828’s unparalled CMRR. 
demanding /high speed transmission applications. (In practice this gain is adjusted slightly from its theoretical 

The schematic below shows a pair of AD828s configured to value to compensate for cable nonidealities and losses.) Rz is 
drive 100 feet of coaxial cable in a full-duplex fashion. chosen to match the characteristic impedance of the cable 

Two different NTSC video signals are simultaneously applied at employed. 

Ay and By, and are recovered at Agu and Boyz, respectively. Finally, although a coaxial cable was used, the same topology 
This situation is illustrated in Figures 40 and 41. These pictures applies unmodified to a variety of cables (such, as twisted pairs 


often used in telephony). 


Figure 40. A Transmission/B Reception 


A High Performance Video Line Driver 

The buffer circuit shown in Figure 42 will drive a back- 
terminated 75 () video line to standard video levels (1 V p-p) 
with 0.1 dB gain flatness to 40 MHz with only 0.05° and 0.01% 
differential phase and gain at the 3.58 MHz NTSC subcarrier 
frequency. This level of performance, which meets the require- 
ments for high-definition video displays and test equipment, is 
achieved using only 7 mA quiescent current/amplifier. 


Figure 42. Video Line Driver 
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AD828 


LOW DISTORTION LINE DRIVER 

The AD828 can quickly be turned into a powerful, low distor- 

tion line driver (see Figure 43). In this arrangement the AD828 
can comfortably drive a 75 © back-terminated cable, with a 

5 MHz, 2 V p-p input; all of this while achieving the harmonic 
distortion performance outlined in the following table. 


Configuration 


1. No Load —78.5 dBm 
2. 150 © R, Only 


3. IS0OR, 7.50R,. 


In this application one half of the AD828 operates at a gain of 
2.1 and supplies the current to the load, while the other pro- 
vides the overall system gain of 2. This is important for two rea- 
sons: the first is to keep the bandwidth of both amplifiers the - 
same, and the second is to preserve the AD828’s ability to oper- 
ate from low supply voltage. Rc, varies with the load and must 
be chosen to satisfy the following equation: 

Rc = MR_, 


where M is defined by [((M+1) G, = Gp] and G, = Driver’s 
Gain, G, = System Gain. | a 
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2nd Harmonic 


-Vs 


Figure 43. Low Distortion Amplifier 
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ANALOG 
DEVICES 


High Speed, Low Noise 
Video Op Amp 


AD823 


FEATURES 
High Speed 
120 MHz Bandwidth, Gain = —1 
230 V/s Slew Rate 
90 ns Settling Time to 0.1% 
Ideal for Video Applications 
0.02% Differential Gain 
0.04° Differential Phase 
Low Noise 
1.7 nV/V/Hz Input Voltage Noise 
1.5 pA/V/Hz Input Current Noise 
Excellent DC Precision 
1 mV max Input Offset Voltage (Over Temp) 
0.3 pV/°C Input Offset Drift 
Flexible Operation 
Specified for +5 V to +15 V Operation 
+3 V Output Swing into a 150 1 Load 
External Compensation for Gains 1 to 20 
5 mA Supply Current 
Available in Tape and Reel in Accordance with 
EIA-481A Standard 


PRODUCT DESCRIPTION 

The AD829 is a low noise (1.7 nV/\/Hz), high speed op amp 
with custom compensation that provides the user with gains 
from +1 to +20 while maintaining a bandwidth greater than 
50 MHz. The AD829’s 0.04° differential phase and 0.02% dif- 
ferential gain performance at 3.58 MHz and 4.43 MHz, driving 
reverse-terminated 50 ( or 75 (1) cables, makes it ideally suited 
for professional video applications. The AD829 achieves its 
230 V/s uncompensated slew rate and 750 MHz gain band- 
width product while requiring only 5 mA of current from the 
power supplies. 


The AD829’s external compensation pin gives it exceptional ver- 
satility. For example, compensation can be selected to optimize 
the bandwidth for a given load and power supply voltage. As a 
gain-of-two line driver, the —3 dB bandwidth can be increased 
to 95 MHz at the expense of 1 dB of peaking. In addition, the 
AD829’s output can also be clamped at its external compensa- 
tion pin. 

The AD829 has excellent dc performance. It offers a minimum 
open-loop gain of 30 V/mV into loads as low as 500 2, low 
input voltage noise of 1.7 nV/\/Hz, and a low input offset volt- 
age of 1 mV maximum. Common-mode rejection and power 
supply rejection ratios are both 120 dB. 


The AD829 is also useful in multichannel, high speed data con- 
version where its fast (90 ns to 0.1%) settling time is of impor- 
tance. In such applications, the AD829 serves as an input buffer 
for 8-to-10-bit A/D converters and as an output I/V converter 
for high speed D/A converters. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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CONNECTION DIAGRAM 


8-Pin Plastic Mini-DIP (N), 
Cerdip (Q) and SOIC (R) Packages 


OFFSET 


OFFSET 


NC = NO CONNECT 


The AD829 provides many of the same advantages that a trans- 
impedance amplifier offers, while operating as a traditional volt- 
age feedback amplifier. A bandwidth greater than 50 MHz can 
be maintained for a range of gains by changing the external 
compensation capacitor. The AD829 and the transimpedance 
amplifier are both unity gain stable and provide similar voltage 
noise performance (1.7 nV/\/Hz). However, the current noise of 
the AD829 (1.5 pA/\/Hz) is less than 10% of the noise of trans- 
impedance amps. Furthermore, the inputs of the AD829 are 
symmetrical. 


PRODUCT HIGHLIGHTS 

1. Input voltage noise of 2 nV/\/Hz, current noise of 1.5 pA/ 
\/Hz and 50 MHz bandwidth, for gains of 1 to 20, make the 
AD829 an ideal preamp. 


2. Differential phase error of 0.04° and a 0.02% differential gain 
error, at the 3.58 MHz NTSC and 4.43 MHz PAL and 
SECAM color subcarrier frequencies, make it an outstanding 
video performer for driving reverse-terminated 50 0 and 
75 Q cables to +1 V (at their terminated end). 


3. The AD829 can drive heavy capacitive loads. 


4. Performance is fully specified for operation from +5 V to 
+15 V supplies. 


5. Available in plastic, cerdip, and small outline packages. 
Chips and MIL-STD-883B parts are also available. 
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AD829— SPECIFICATIONS (@ T, = +25°C and V, = +15 V de, unless otherwise noted). a 
Model _ “ee 2 — Conditions Vs Min. Typ Max. _ Min Typ | Max — Units. 


INPUT OFFSET VOLTAGE +5V,+15V 
Offset Voltage Drift +5 V,+15V 
INPUT BIAS CURRENT j . +5 V, +15 V 
Tig to To 
INPUT OFFSET CURRENT +5V,+15V 
Tei to To 
Offset Current Drift +5 V,+15V 
OPEN-LOOP GAIN 
DYNAMIC PERFORMANCE 
Gain Bandwidth Product 


Full Power Bandwidth! 2 Vo =2Vp-p 


Ryoap = 500 9) 


Vo = 20 V p-p 
Rioap = 1 kO 
Rioap = 500 2 
Rioap = 1 kX 
Ay = -19 
-2.5V to +2.5V 
10 V Step 

Croap = 10 pF 


DIFFERENTIAL GAIN ERROR? Rioap = 1009 

| Ccomp = 30 pF 
DIFFERENTIAL PHASE ERROR? | Rioap = 1000 
_ Ccomp = 30 pF 


Slew Rate? Vius: 
Vius 


Settling Time to 0.1% 


Phase Margin? 


COMMON-MODE REJECTION 


POWER SUPPLY REJECTION a sisve +18 V 98 98 120 | €B 

_ uihaa Fo Trin tO Tax 94 ) 4 | dB 
INPUT VOLTAGE NOISE =—s——s| f= 1 kHz L792) | aVA/Hz 
INPUT CURRENT NONE [f= 1 cs a ee a Wi 


INPUT COMMON-MODE 
VOLTAGE RANGE V 
V 
V 
Vv 
OUTPUT VOLTAGE SWING +5V {| +V 
—+5V +V 
+5V +V . 
~+i15V +V 
+15 V +V 
Short Circuit Current +5 V,+15V mA 
INPUT CHARACTERISTICS 
Input Resistance (Differential) | _ . | kQ 
Input Capacitance (Differential)* . s pF - 
Input Capacitance (Common Mode) | “2 ae , pF 
CLOSED-LOOP OUTPUT — “ - . 
RESISTANCE Ay = +1, f = 1 kHz m0? 
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Model 

POWER SUPPLY 
Operating Range 
Quiescent Current 


Tih to Divas 


Trin tO Tax 
TRANSISTOR COUNT 


NOTES | 

‘Full Power Bandwidth = Slew Rate/2 7 Vprgax.- 
Tested at Gain = +20, Ccomp = 0 pF. 

33.58 MHz (NTSC) and 4.43 MHz (PAL & SECAM). 


AD829 


eee AD829 A/S 
Conditions Typ Max Min Typ Max. Units 


Numberof Tamas | —~i|—%SCidY SS 


‘Differential input capacitance consists of 1.5 pF package capacitance plus 3.5 pF from the input differential pair. 


Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS’? 


Supply Voltage: cu ec. eec aS ooo ew ee Gales +18 V 
Internal Power Dissipation” 
Plasu@in athe boscu ha wae Se oy Bee ee 1.3 Watts 
Small Outline (R) .. 0... ... 0.2.00. ee eee eee 0.9 Watts 
Cerdip (OO): 665-456 GG Se he oe eee ie 1.3 Watts 
LCC (BE) ua oe = ee ea- teen e ota ead 0.8 Watts 
INDUE VOlIARE- 9.54! ee oe Be 5 Gk eee ee +Vz 
Differential Input Voltage? ...... S escigeulRr tan acme +6 Volts 
Output Short Circuit Duration ............... Indefinite 
Storage Temperature Range (Q, E)....... —65°C to: +150°C 
Storage Temperature Range (N, R)....... —65°C to +125°C 
Operating Temperature Range 
ADS29)) che ae oe Be ee Oe ee ie be 0 to +70°C 
PIDS2OR: oe dob ori Fe 0 Se a —40°C to +85°C 
ADB298 ve Sic. v8 eke Ro he Oo eo ake —55°C to +125°C 
Lead Temperature Range (Soldering 60 sec) ....... +300°C 
_NOTES 


Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 
?Maximum internal power dissipation is specified so that T, does not exceed 
+175°C at an ambient temperature of +25°C. 
Thermal characteristics: 

8-pin plastic package: 6;, = 100°C/watt (derate at 8.7 mW/°C) 

8-pin cerdip package: 854 = 110°C/watt (derate at 8.7 mW/°C) 

20-pin LCC package: 0,, = 150°C/watt 

8-pin small outline package: @,;, = 155°C/watt (derate at 6 mW/°C). 
3If the differential voltage exceeds 6 volts, external series protection resistors 
should be added to limit the input current. 


METALIZATION PHOTO 


Contact factory for latest dimensions. 
Dimensions shown in inches and (mm). 


NULL 
1 


NULL 
8 +Vzp 
7 


OUTPUT 
6 


eae ij lili! 
+IN we a adj bail 
3 Tle 7 


SUBSTRATE CONNECTED 

TO +Vs 
ESD SUSCEPTIBILITY 
ESD (electrostatic discharge) sensitive device. Electrostatic 
charges as high as 4000 volts, which readily accumulate on the 
human body and on test equipment, can discharge without 
detection. Although the AD829 features proprietary ESD pro- 
tection circuitry, permanent damage may still occur on these 
devices if they are subjected to high energy electrostatic dis- 
charges. Therefore, proper ESD precautions are recommended 
to avoid any performance degradation or loss of functionality. 


ORDERING GUIDE 


AD829JN 
AD829JR 


0 to +70°C 
0 to +70°C 


AD829JR-REEL 0 to +70°C 
AD829AQ —40°C to +85°C 
AD829SQ —§5°C to +125°C 
AD829SQ/883B —55°C to +125°C 
5962-9312901MPA | —55°C to +125°C 
AD829SE/883B —55°C to +125°C 
5962-9312901M2A | —55°C to +125°C 
AD829JChips 0 to +70°C 


AD829SChips —55°C to +125°C 


Temperature Package 
Range Description 


8-Pin Plastic Mini- DIP 


8-Pin Plastic SOIC R-8 
Tape & Reel 

8-Pin Cerdip Q-8 
8-Pin Cerdip Q-8 
8-Pin Cerdip Q-8 
8-Pin Cerdip Q-8 
20-Pin LCC E-20A 
20-Pin LCC E-20A 
Die 


Die 


*E = Leadless Chip Carrier (Ceramic); N = Plastic DIP; Q = Cerdip; R = Small Outline IC (SOIC). 
For outline information see Package Information section. 
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ANALOG | 
DEVICES 


~ High Speed, Video 
Difference Amplifier 


a — AD830 


FEATURES 
Differential Amplification — 


Wide Common-Mode Voltage Range: +12.8 V, —12 V 


Differential Voltage Range: +2 V 
High CMRR: 60 dB @ 4 MHz 
Built-in Differential Clipping Level: +2.3 V 
Fast Dynamic Performance 
85 MHz Unity Gain Bandwidth 
35 ns Settling Time to 0.1% 
360 V/s Slew Rate 
Symmetrical Dynamic Response 
Excellent Video Specifications 
Differential Gain Error: 0.06% 
Differential Phase Error: 0.08° 
15 MHz (0.1 dB) Bandwidth 
Flexible Operation | 
High Output Drive of +50 mA min | 
Specified with Both +5 V and +15 V Supplies — 
Low Distortion: THD = —72 dB @ 4 MHz 
Excellent DC Performance: 3mV max Input Offset 
Voltage , 


APPLICATIONS |. 

Differential Line Receiver 

High Speed Level Shifter 

High Speed In-Amp- 

Differential to Single Ended. Conversion 
Resistorless Summation and Subtraction | 
High Speed A/D Driver 


PRODUCT DESCRIPTION 

The AD830 is a wideband, differencing amplifier designed for 
use at video frequencies but also useful in many other applica- 
tions. It accurately amplifies a fully differential signal at the 


CMRR - dB 


1k 10k 100k 1M 10M 
FREQUENCY — Hz 


Common-Mode Rejection Ratio vs. Frequency 
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CONNECTION DIAGRAM 


8-Pin Plastic Mini-DIP (N), — 
Cerdip (Q) and SOIC (R) Packages 


input and produces an output voltage referred to a user-chosen. 
level. The undesired common-mode signal is rejected, even at . 
high frequencies. High impedance inputs ease interfacing to 
finite source impedances and thus preserve the excellent 
common-mode rejection. In many respects, it offers significant — 
improvements over discrete difference amplifier approaches; in . 
particular in high frequency common-mode rejection. 


The wide common-mode and differential-voltage range of the 
AD830 make it particularly useful and flexible in level shifting 
applications, but at lower power dissipation than discrete solu- 
tions. Low distortion is preserved over the many possible differ- 
ential and common-mode voltages at the input and output. 


Good gain flatness and excellent differential gain of 0.06% and 
phase of 0.08° make the AD830 suitable for many video system 
applications. Furthermore, the AD830 is suited for general pur- 
pore signal processing from dc to 10 MHz. 


ver CC 
woo TTT TE Tt 
TILU Hp a sia 


\ 
istisingt Bill 


10k 100k 1M. 10M 100M 1G 
__ FREQUENCY - Hz 


b & & © w wo © 


_GAIN- dB 


ee 
| |e 


Closed-Loop Gain vs. Frequency, Gain = +1 
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SPECIFICATIONS (Vs = £15 V, Riogn = 150 ©, Croan = 5 pF, Ty, = +25°C unless otherwise noted) 
Conditions Min Typ 


Parameter 


DYNAMIC CHARACTERISTICS 


3 dB Small Signal Bandwidth 


0.1 dB Gain Flatness Frequency 


Differential Gain Error 
Differential Phase Error 


AD830 


AD830S' 
Max |Min Typ Max | Units 


Slew Rate 


3 dB Large Signal Bandwidth 
Settling Time, Gain = 1 


Harmonic Distortion 


Input Voltage Noise 
Input Current Noise 


DC PERFORMANCE 
Offset Voltage 


Open Loop Gain 

Gain Error 

Peak Nonlinearity, R, = 1 kQ, 
Gain = 1 


Input Bias Current 


Input Offset Current 


INPUT CHARACTERISTICS 
Differential Voltage Range 
Differential Clipping Level” 
Common-Mode Voltage Range 
CMRR 


Input Resistance 
Input Capacitance 


OUTPUT CHARACTERISTICS 
-Output Voltage Swing — 


Short Circuit Current 
Output Current 


POWER SUPPLIES 
Operating Range 
Quiescent Current 

+ PSRR (to V,) 
— PSRR (to Vx) 
PSRR — 
PSRR 


NOTES 


Vout = 2 V Step, to 0.1% 
Vour = 4 V Step, to 0.1% 
2 V p-p, Frequency = 1 MHz 
2 V p-p, Frequency = 4 MHz 
Frequency = 10 kHz 


Gain = 1 
Gain = 1, Tym-Tmax 

DC 

R, = 1k0,G = +1 
-IlVsXs+l1V 

ab Vs XS +1 5V 
—-2VsX=+2V 

Vin = OV, +25°C to Tyax 
Vin = OV; Tain 

Vin = 0 V; Tyan-Tomax 


Vom = 0 
Pins 1 and 2 Inputs Only 
Vom = +1V 

DC, Pins 1, 2, +10 V 


Frequency = 4 MHz 


R, = 1kO 
R, 2 1 kQO, +16.5 Vs; 
Short to Ground 

R, = 1500 


Tmin-T max 


+5 to +15 Vs 


1See Standard Military Drawing 5962-9313001MPA for specifications. 
Clipping level function on X channel only. 


Specifications subject to change without notice. 


REV. A 


DC, Pins 1, 2, +10 V, Tum-Tmax 


+5 to £15 Vs, Tur-T max 


Gain = 1, Voyr = 100 mV rms MHz 
Gain = 1, Voyr = 100 mV rms MHz 

0 to +0.7 V, Frequency = 4.5 MHz % 

0 to +0.7 V, Frequency = 4.5 MHz Degrees 
2 V Step, Ry, = 500 0 V/s 

4 V Step, Ry, = 500 0 V/s 
Gain = 1, Voyr = 1 V rms MHz 


+12 +13.8, —13.8 
+13. +15.3, —14.7 
+80 


+12 +13.8, -13.8 
+13) -+15.3, —14.7 
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AD830— SPECIFICATIONS o, - +5%, nus 


Parameter 


DYNAMIC CHARACTERISTICS 


3 dB Small Signal Bandwidth 


0.1 dB Gain Flatness Frequency 


Differential Gain Error 
Differential Phase Error 
Slew Rate, Gain = 1 


3 dB Large Signal Bandwidth 


Settling Time 
Harmonic Distortion 


Input Voltage Noise 
- Input Current Noise 


DC PERFORMANCE 
Offset Voltage 


Open Loop Gain 
Unity Gain Accuracy 


Peak Nonlinearity, Ry = 1 kQ. 


Input Bias Current 


Input Offset Current 


INPUT CHARACTERISTICS 
Differential Voltage Range 
Differential Clipping Level” 


Common-Mode Voltage Range 


CMRR 


Input Resistance 
Input Capacitance 


OUTPUT CHARACTERISTICS © 


Output Voltage Swing 


Short Circuit Current 
Output Current 


POWER SUPPLIES — 
Operating Range 
Quiescent Current 

+ PSRR (to Vp) 

— PSRR (to Vy) 
PSRR (Dual Supply) 
PSRR (Dual Supply) 


NOTES 


Conditions 


Gain = 1, Vout = 100 mV rms 

Gain = 1, Voyr = 100 mV rms | 

0 to +0.7 V, Frequency = 4.5 MHz, G=+2 
0 to. +0.7 V, Frequency = 4.5 MHz, G=+2 
2 V Step, Ry, = 500 0 

4 V Step, Ry = 500 0 

Gain = 1, Vour = 1 V rms 

Vour = 2 V Step, to 0.1% 

Vout =4V Step, to 0.1% 

2 V p-p, Frequency = 1 MHz 

2 V p-p, Frequency = 4 MHz 

Frequency = 10 kHz 


Gain = 1 

Gain = 1, Tym-Tmax 
DC 

R, = 1 kQ 
-1VsXs+1V 
-15VsSXS+15V 
-2VsX<+2V 

Vin = 0 V, +25°C to Tyax 
Vin = 0 V, Tum 


Vin = 0 V; Tarn to Tomax 


Vom = 0 

Pins 1 and 2 Inputs Only 

Vom = +1V 

DC, Pins 1, 2, +4 V to -2 V 

DC, Pins 1, 2, +4 V to —2 V, Tyw-T max 
Frequency = 4 MHz © 


R, 2 1500. 
R, = 1500, +4V;, 
Short to Ground 


Tain-l max 

DC, G = 1, Offset 

DC, G = 1, Offset 

DC, G = 1, +5 to +15 V, . 

DC, G = 1, +5 to +15 Vs, Turn-T max 


1See Standard Military Drawing 5962-9313001MPA for specifications. 
Clipping level function on X channel only. 


Specifications subject to change without notice. 
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= 150 ©, Ciogp = 5 pF, Ty =.+25°C unless otherwise noted) 


Degrees 
V/us 
Vius 
MHz 
ns 

ns 

dBc 
dBc 


+3.2 +3.5_ | 
+2.2 42.7, -—2.4 
-55, +70 


+32 3:5 

+2.2 +2.7, -—2.4 
—55, +70. 

+40 . 
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ABSOLUTE MAXIMUM RATINGS’ 


Supply: Voltabe: 44-2 4.2 s oe ee eae eee ae +18 V 
Internal Power Dissipation? ....... Observe Derating Curves 
Output Short Circuit Duration ..... Observe Derating Curves 
Common-Mode Input Voltage ..................- tV¢. 
Differential Input Voltage ..............-0.0 00% +Vo, 
Storage Temperature Range (Q) ......... 65°C. to +150°C 
Storage Temperature Range (N)......... —65°C to +125°C 
Storage Temperature Range (R) ......... —65°C to +125°C 
Operating Temperature Range 

PADS SOT os 2 eo ye ia bh ee See aes 6 Be 0°C to +70°C 

PADS SOPs Snes ates Gobeil es facta apg rg Aakwak glo ae ee —40°C to +85°C 

PID S309: 5.4.0.8 aso Oe. ee eee ee aS —55°C to +125°C 


Lead Temperature Range (Soldering 60 seconds) . +300°C 
NOTES . 

1§tresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

78-Pin Plastic Package: 6,4 = 90°C/Watt 

8-Pin SOIC Package: 8,4 = 155°C/Watt 

8-Pin Cerdip Package: 0;, = 110°C/Watt 


AD830 


MAXIMUM POWER DISSIPATION 

The maximum power that can be safely dissipated by the 
AD830 is limited by the associated rise in junction temperature. 
For the plastic packages, the maximum safe junction tempera- 
ture is 145°C. For the cerdip, the maximum junction tempera- 
ture is 175°C. If these maximums are exceeded momentarily, 
proper circuit operation will be restored as soon as the die tem- 
perature is reduced. Leaving the AD830 in the “‘overheated”’ 
condition for an extended period can result in permanent dam- 
age to the device. To ensure proper operation, it is important to 
observe the recommended derating curves. 


While the AD830 output is internally short circuit protected, 
this may not be sufficient to guarantee that the maximum junc- 
tion temperature is not exceeded under all conditions. If the 
output is shorted to a supply rail for an extended period, then 
the amplifier may be permanently destroyed. 


ESD SUSCEPTIBILITY 

ESD (electrostatic discharge) sensitive device. Electrostatic 
charges as high as 4000 volts, which readily accumulate on the 
human body and on test equipment, can discharge without 
detection. Although the AD830 features proprietary ESD pro- 
tection circuitry, permanent damage may still occur on these 
devices if they are subjected to high energy electrostatic dis- 
charges. Therefore, proper ESD precautions are recommended 
to avoid any performance degradation or loss of functionality. 


ORDERING GUIDE 


AD830AN 
AD830JR 
5962-9313001MPA7 


—40°C to +85°C 
| 0°C to +70°C 
—55°C to +125°C 


NOTES 
For outline information see Package Information section. 
See standard military drawing 5962-9313001MPA. 
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Temperature Range 
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AD830—Typical Characteristics 
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ngue 1. onion: Mode Rejection Ratio vs. Frequency 
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Figure 2. Harmonic Distortion vs. Frequency 
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Figure 3. Input Bias Current vs. Temperature 
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Figure 4. Power Supply Rejection Ratio vs. Frequency 
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Figure 5. Closed-Loop Gain vs. Frequency G = +1 
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Figure 6. Input Offset Voltage vs. Temperature 
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GAIN = +2 
FREQ = 4.5MHz 


DIFFERENTIAL GAIN — % 


DIFFERENTIAL PHASE - Degrees 
DIFFERENTIAL PHASE - Degrees 


10 11 12 13 14 8615 5 6 7 8 9 10 11 12 13 14 «15 
ene VOLTAGE - +Volts SUPPLY VOLTAGE - +Volts 


Figure 7. Differential Gain and Phase vs. Supply Voltage, Figure 10. Differential Gain and Phase vs. cag Voltage, 
R, = 500 2 R, = 150.2 
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AD830— Typical Characteristics 
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Figure 13. Closed-Loop Gain vs. Frequency for the Three | 
Common Connections of Figure 16 
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Figure 16. Connection Diagrams 


Figure 14. Small Wns ing! Pulse Response, R, = 150 Q, 
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Differential Amplification 


TRADITIONAL DIFFERENTIAL AMPLIFICATION 

In the past, when differential amplification was needed to reject 
common-mode signals superimposed with a desired signal; most 
often the solution used was the classic op amp based difference 
amplifier shown in Figure 19. The basic function Vo = V,-V, 
is simply achieved, but the overall performance is poor and the 
circuit possesses many serious problems that make it difficult 
to realize a robust design with moderate to high levels of 
performance. 


Vout 


Ry ONLY IF R,; = Ro=R3=R, 
DOES Vout = Vi - Vo 


Figure 19. Op Amp Based Difference Amplifier 


PROBLEMS WITH THE OP AMP BASED APPROACH 

@ Low Common-Mode Rejection Ratio (CMRR) 

© Low Impedance Inputs 

@ CMRR Highly Sensitive to the Value of Source R 

® Different Input Impedance for the + and — Input 

@ Poor High Frequency CMRR 

@ Requires Very Highly Matched Resistors R,-R, to Achieve 
High CMRR | 

@ Halves the Bandwidth of the Op Amp 


@ High Power Dissipation in the Resistors for Large Common- . 


Mode Voltage 
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AD830 FOR DIFFERENTIAL AMPLIFICATION 

The AD830 amplifier was specifically developed to solve the 
listed problems with the discrete difference amplifier approach. 
Its topology, discussed in detail in a later section, by design acts 
as a difference amplifier. The circuit of Figure 20 shows how 
simply the AD830 is configured to produce the difference of two 
signals V, and V,, in which the applied differential signal is 
exactly reproduced at the output relative to a separate output 
common. Any common-mode voltage present at the input is 
removed by the AD830. 


Figure 20. AD830 as a Difference Amplifier 


ADVANTAGEOUS PROPERTIES OF THE AD830 

e@ High Common-Mode Rejection Ratio (CMRR) © 

@ High Impedance Inputs 

@ Symmetrical Dynamic Response for +1 and —1 Gain 
@ Low Sensitivity to the Value of Source R 

@ Equal Input Impedance for the + and — Input 

e Excellent High Frequency CARR 

@ No Halving of the Bandwidth 

@ Constant Power Distortion vs. Common-Mode Voltage 
@ Highly Matched Resistors Not Needed 
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UNDERSTANDING THE AD830 TOPOLOGY 
The AD830 represents Analog Devices’ first amplifier product 


to embody a powerful alternative amplifier topology. Referred to — 


as active feedback, the topology used in the AD830 provides 
inherent advantages in the handling of differential signals, dif- 


fering system commons, level shifting and low distortion, high ~ 


frequency amplification. In addition, it makes possible the 
implementation of many functions not realizable with single op 
amp Circuits or is superior to op amp based equivalent circuits. 
With this in mind, it is important to understand the internal 
structure of the AD830. 


The topology, reduced to its elemental form, is shown below in 
Figure 21. Nonideal effects such as nonlinearity, bias currents 
and limited full scale are omitted from this model for simplicity, 
but are discussed later. The key feature of this topology is the 
use of two, identical voltage-to-current converters, G,,, that 
make up input and feedback signal interfaces. They are‘labeled 
with inputs V, and Vy, respectively. These voltage to current 
converters possess fully differential inputs, high linearity, high 
input impedance and wide voltage range operation. This enables 
the part to handle large amplitude differential signals; they also 
provide high common-mode rejection, low distortion and negli- 


gible loading on the source. The label, Gy, is meant to convey 


that the transconductance is a large signal quantity, unlike in 
the front-end of most op amps. The two G,, stage current out- 
puts I, and I,, sum together at a high impedance node which is 
characterized by an equivalent resistance and capacitance con- 
nected to an “ac common.” A unity voltage gain stage follows 
the high impedance node to provide buffering from loads. Rela- 
tive to either input, the open loop gain, Ao;, is set by the 
transconductance, G,,, working into the resistance, Rp; Ao; = 
Gu x Rp. The unity gain frequency wo gg for the open loop 
gain is established by the transconductance, Gm, working into 
the capacitance, Co; @ ap = Gy/Cc. The open loop description 
of the AD830 is shown below for completeness. 


Vx1 


Vyx2 


Ix = (Vx1 — Vo) Guy 
R ly = (Vy — Vy2) Gu 
lz = ly + ly 


P Gy Rp 
oS 1+S (Co Rp) 


Figure 21. Topology Diagram 
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Vx1-— Vyx2 = Vy2 - Vyi 
FOR Vy2 = Vout 
Vout = Vx1 — Vx2 + Vy1) 


1 
1+ S(Cco /Gy) 


Figure 22. Closed-Loop Connection 


Precise amplification is accomplished through closed-loop opera- 
tion of this topology. Voltage feedback is implemented via the 

Y Gx, stage in which where the output is connected to the —Y 
input for negative feedback as shown in Figure 22. An input _ 
signal is applied across the X Gy, stage, either fully differentially 
or single-ended referred to common. It produces a current signal 
which is summed at the high impedance node with the output 
current from the Y Gy, stage. Negative feedback nulls this sum 
to a small error current necessary to develop the output voltage 
at the high impedance node. The error current is usually negli- 
gible, so the null condition essentially forces the Y Gy, output 
stage current to exactly equal the X G,, output current. Since 
the two transconductances are identical, the differential voltage 
across the Y inputs equals the negative of the differential voltage 
across the X input; V, = —V or more precisely V..-Vy, = 
Vx1-Vx2. This simple relation provides the basis to easily ana- 
lyze any function possible to synthesize with the AD830, aa 
ing any feedback situation. 


The bandwidth of the circuit is defined by the Gj and the 
capacitor C,. The highly linear Gy stages give the amplifier a 
single pole response, excluding the output amplifier and loading 
effects. [t 1s important to note that the bandwidth and general 
dynamic behavior is symmetrical (identical) for the noninverting and 
the inverting connections of the AD830. In addition, the input 
impedance and CMRR are the same for either connections. This 
is very advantageous and unlike in a voltage or current feedback 
amplifier, where there is a distinct difference in performance 
between the inverting and noninverting gain. The practical 
importance of this cannot be overemphasized and is a key fea- 
ture offered by the AD830 amplifier topology. 
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INTERFACING THE INPUT 

Common-Mode Voltage Range 

The common-mode range of the AD830 is defined by the aig 
tude of the differential input signal and the supply voltage. The 
general definition of common-mode voltage, Vc, is usually: 
applied to a symmetrical differential signal centered about a par- 
ticular voltage as illustrated by the diagram in Figure 23. This is 
the meaning implied here for common-mode voltage. The inter- 
nal circuitry establishes the maximum allowable voltage on the 
input or feedback pins for a given supply voltage. This con- | 
straint and the differential input voltage sets the common-mode 
voltage limit. Figure 24 shows a curve of the common-mode 
voltage range vs. differential voltage for three sUppLy voltage — 
settings. 


Figure 23. Common-Mode Definition 
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DIFFERENTIAL INPUT VOLTAGE — Vpgax 


Figure 24. inoue Common-Mode Voltage Range vs. 
Differential Input Voltage . 
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Differential Voltage Range 

The maximum applied differential voltage is limited Be the clip- 
ping range of the input stages. This is nominally set at 2.4 volts 
magnitude and depicted in the crossplot (X-Y) photo of Figure 
25. The useful linear range of the input stages is set at 2 volts, 
but is actually a function of the distortion required for a particu- 
lar application. The distortion increases for larger differential 
input voltages. A plot of relative distortion versus input differ- 
ential voltage is shown in Figures 8 and 11 in the Typical Char- 
acteristics section. The distortion characteristics could impose a 
secondary limit to the differential input voltage for high accu- 
racy applications. | 


MAXIMUM OUTPUT SWING — +Volts 


SUPPLY VOLTAGE - Volts | 


Figure 26. Maximum Output Swing vs. Supply — 
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Choice of Polarity | ey 
The sign of the gain is easily selected vesine a solar of 
the connections to the + and — ‘inputs of the X G,, stage. 
Swapping between inverting. and noninverting gain is possible 
simply by reversing the input connections. The response of the 
amplifier is identical in either connection, except for the sign 
change. The bandwidth, high impedance, transient behavior, 
etc., of the AD830, is symmetrical for both polarities of gain. 
This is very advantageous and unlike an op amp. 


Input Impedance | 
The relatively high input impedance of the AD830, for a ‘differ- 


ential receiver amplifier, permits connections to modest imped- _ 


ance sources without much loading or loss of common-mode 
rejection. The nominal input resistance is 300 kQ.. The real limit 
to the upper value-of the source resistance is in its effect on 
common-mode rejection and ‘bandwidth. If the source resistance 
is in only one input, then the low frequency common-mode 
rejection will be lowered to ~ - Ryn /Rsg. The source ‘resistance/ 


input capacitance pole (f = = oe x Rs. x Cys) limits. the band- 


width. Furthermore, the high frequency common-mode 
rejection will be additionally lowered by. the difference in the 


frequency response caused by the Rs x ‘Cyn pole. Therefore, to . 


maintain good low and high frequency common-mode rejection, 
it is recommended that the source resistances of the + and — 
inputs be matched and of modest value (<10 kQ).. _ 

Handling Bias Currents 

The bias currents are typically 4 wA flowing into each pin of the 
Gx, stages of the AD830. Since all applications possess some 
finite source resistance, the bias current through this resistor will 
create a voltage drop (Igras X Rs). The relatively high input 
impedance of the AD830 permits modest values of Rg, typically 
<=10 kQ). If the source resistance is in only one terminal, then an 
objectional offset. voltage may result (e.g., 4 wA x 5 kO = 

20 mV). Placement of an equal value resistor in series with the 
other input will cancel the offset to first order. However, due to 
mismatches in the resistances, a residual offset will remain and 
likely be greater than i aes current) mismatches. 


Applying Feedback 

The AD830 is intended for use with gain from 1 to 100. Gains 
greater than one are simply set by a pair of resistors connected 
as shown in the difference amplifier (Figure 35) with gain >1. 
The value of the bottom resistor R,, should be kept less than 

1 kQ. to insure that the pole formed by C,, and the parallel con- 
nection of R, and R, is sufficiently high in frequency so that it 
does not joduice excessive phase shift around the loop and 

_ destabilizes the amplifier. A compensating resistor, equal to the 
parallel combination of R, and R,, should be placed in series 
with the other Y G,, stage input to preserve the high frequency 
common-mode rejection and to lower the offset voltage induced 
by the input bias current. 


Output Common Mode 

The output swing of the AD830 is defined by the differential 
input voltage, the gain and the output common. Depending on 
the anticipated signal span, the output common (or ground) may 
be set anywhere between the allowable peak output voltage in a 
manner similar to that described for input voltage common 
mode. A plot of the peak output voltage versus supply is shown 
in Figure 26. A prediction of the common-mode range versus 
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the peak output differential voltage can'be easily derived from 
the maximum output swing as Voom Visax-Vprax: 

Output Current . - 

The absolute peak output current is set by the short circuit cur- 
rent limiting, typically greater that 60 mA. The maximum drive 
capability is rated at 50 mA, but without a guarantee of distor- 
tion performance. Best distortion performance is obtained by 
keeping the output current =20 mA. Attempting to drive large 
voltages into low valued resistances '(e.g., 10 V into 150 Q) will 
cause an apparent lowering of the limit for output signal swing, 
but is just the current limiting behavior. 


Driving Cap Loads 

The AD830 is capable of driving modest ded capacitive loads 
while maintaining its rated performance. Several curves of band- 
width versus capacitive load are given in Figures 15 and 18. The 
AD830 was designed primarily as a low distortion video speed 
amplifier, but with a tradeoff, giving up very large capacitive 
load driving capability. If very large capacitive loads must be 
driven, then the network shown in Figure 27 should be used to 
insure stable operation. If the loss of gain caused by the resistor 
Rg in series with the load is objectionable, then the optional 
feedback network shown may be added to restore the lost gain. 
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Figure 28. Closed-Loop Response vs. Frequency with 
100 pF Load and Series Resistor Compensation 
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SUPPLIES, BYPASSING AND GROUNDING (Figure 29) 
The AD830 is capable of operating over a wide range of supply 
voltages, both single and dual supplies. The coupling may be dc 
or ac provided the input and output voltages stay within the 
specified common-mode voltage limits. For dual supplies, the 
device works from +4 V to +16.5 V. Single supply operation is 
possible over +8 V to +33 V. It is also possible to operate the 
part with split supply voltages (e.g., +24 V, —5 V) for special 
applications such as level shifting. The primary constraint is that 
the total potential between the two supplies does not exceed 33 V. 


Inclusion of power supply bypassing capacitors is necessary to 
achieve stable behavior and the specified performance. It is 
especially important when driving low resistance loads. At a 
minimum, connect a 0.1 wF ceramic capacitor at the supply lead 
of the AD830 package. In addition, for the best by passing, we 
recommend connecting a 0.01 jF ceramic capacitor and 4.7 wF 
tantalum capacitor to the supply lead going to the AD830. 


LOAD 4.7uF 

GND 

LEAD 
LOAD 
GND 
LEAD 


(a) (b) 
Figure 29. Supply Decoupling Options 


The AD830 is designed by its functionality to be capable of 
rejecting noise and dissimilar potentials in the ground lines. 
Therefore, proper care is necessary to realize the benefits of the 
differential amplification of the part. Separation of the input and 
output grounds is crucial in rejection of the common mode noise 
at the inputs and eliminating any ground drops on the input 
signal line. For example, connecting the ground of a coaxial 
cable to the AD830 output common (board ground) could 
degrade the CMR and also introduce power-down loading on 
cable grounds. However, it is also necessary as in any electronic 
system, to provide a return path for bias currents back to their 
original power supply. This is accomplished by providing a con- 
nection between the differing grounds through a modest imped- 
ance labeled Zcyy (e.g., 100 2). | 


Single Supply Operation | 
The AD830 is capable of operating in single power supply appli- 
cations down to a voltage of +8 V, with the generalized connec- 
tion shown in Figure 30. There is a constraint on the common- 
mode voltage at the input and output which establishes the 
range for these voltages. Direct coupling may be used for input 
and output voltages which lie in these ranges. Any gain network 
applied needs to be referred to the output common connection 
or have an appropriate offset voltage. In situations where the 
signal lies at a common voltage outside the common mode range 
of the AD830 direct coupling will not work, so ac coupling 
should be used. A tested application included later in this data 
sheet (Figure 42), shows how to easily accomplish coupling to 
the AD830. For single supply operation where direct coupling is 
desired the input and output common-mode curves (Figures 31 
and 32) should be used. 
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Figure 31. Input Common-Mode Range for Single Supply 
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Figure 32. Output Swing Limit for Single Supply 
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Differential Line Receiver ; wT ar 

The AD830 was specifically designed to perform as a differential 
line receiver. The circuit in Figure 33 shows how simple it is to 
configure the AD830 for this function. ‘The signal from system 
“A” is received differentially relative to A’s common, and that. 
voltage is exactly reproduced relative to the common in system 
B. The common-mode rejection versus frequency, shown in Fig- . 
ure 1, is excellent, typically 100 dB at low frequencies. The high 
input impedance permits the AD830 to operate as.a bridging © 
amplifier across low impedance terminations with negligible 
loading. The differential gain and phase specifications are very 
good as shown in Figure 7 for 500 © and Figure 10 for 150 ©. 
The input and output common should be separated to achieve 
the full CMR performance of the AD830 as a differential ampli- 
fier. However, a common return path is necessary between sys- 
tems A and B. 


=" COMMON IN 
Zoy SYSTEM A 


Te S2 COMMON IN 
. SYSTEM B- 

Figure 33. Differential Line Receiver 
Wide Range Level Shifter he | 
The wide common-mode range and accuracy of the AD830 
allows easy level shifting of differential signals referred to an 
input common-mode voltage to any new voltage defined at the 
output. The inputs may be referenced to levels as high as 10 V 
at the inputs with a +2 V. swing about 10 V. In the circuit of 
Figure 34, the output voltage, Vout; is defined by the simple 
equation shown below. The excellent linearity and low distortion 
are preserved over the full input and output common-mode 
range. The voltage sources need not be of low impedance, since 
the high input resistance and modest input bias current of the 
AD830 V-to-I converters permit the use of resistive voltage 
dividers as reference voltages. ae 


Vour = Vi — Vo + V3 


Figure 34. Differential Amplification with Level Shifting 
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Difference Amplifier with Gain.>'1 .000«€C2=~S es 
The AD830 can provide instrumentation amplifier style differen- 
tial amplification at gains greater than 1. The input signal is. © 
connected differentially and the gain is set via feedback resistors 
as shown in Figure 35. The gain, G = (R, + R,)/R,. The ‘ 
AD830 can provide either inverting or noninverting differential 
amplification: The polarity of the gain is established by the « - 
polarity of the connection at the input. Feedback resistors R, 
should generally be R, = 1 kA to maintain closed-loop stability. 
and also keep bias current induced offsets low. Highest CARR 
and lowest dc offsets are preserved by including a compensating 
resistor in series with Pin 3, The gain may. be as high as 100. 


Vout = (V, baad Vo) (1 +R; Ro) 


Figure 35. Gain of G Differential Amplifier, G > 1 


Offsetting the Output with Gain 7 & eee Oe “ 
Some applications, such as A/D drivers, require that the signal... 
be amplified and. also offset, typically.to accommodate the input’ 
range of the device. The AD830 can offset the output signal _ 
very simply through Pin 3 even with gain > 1, The voltage - | 
applied to Pin 3 must be attenuated by an appropriate factor so 
that V3; x G = desired offset. In Figure 36, a resistive divider - 
from a voltage reference-is used to produce the attenuated offset 
voltage. : > re G 


Vout = (Vy =Vz) (1+F Rp) 


Figure 36. Offsetting the Output with Differential Gain > 1 
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Loop Through or Line Bridging Amplifier (Figure 37) 

The AD830 is ideally suited for use as a video line bridging ampli- 
fier. The video signal is tapped from the conductor of the cable 
relative to its shield. The high input impedance of the AD830 
provides negligible loading on the cable. More significantly, the 
benign loading is maintained while the AD830 is powered-down. 
Coupled with its good video load driving performance, the 
AD830 is well suited to video cable monitoring applications. 


OPTIONAL —L 
Ce TT 4992 


Figure 37. Cable Tap Amplifier 


Resistorless Summing 

Direct, two input, resistorless summing is easily realized from 
the general unity gain mode. By grounding V;,, and applying 
the two inputs to V;,, and V,,, the output is the exact sum of 
the applied voltages V, and V3, relative to common; Voyr = V, 
+ V,. A diagram of this simple, but potent application is shown 
below in Figure 38. The AD830 summing circuit possesses sev- 
eral virtues not present in the classic op amp based summing 
circuits. It has high impedance inputs, no resistors, very precise 
summing, high reverse isolation and noninverting gain. Achiev- 
ing this function and performance with op amps requires signifi- 
cantly more components. 


Vout = Vv, + V3 


Figure 38. Resistorless Summing Amplifier 


2x Gain Bandwidth Line Driver 

A gain of two, without the use of resistors, is possible with the 
AD830. This is accomplished by grounding Vx, tying the two 
inputs Vx, and Vy, together and applying the input, Vy, to 
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this wired connection. The output is exactly twice the applied 
voltage, Vin; Vour = 2 X Vin. Figure 39 below shows the 
connections for this highly useful application. The most notable 
characteristic of this alternative gain of two is that there is no 
loss of bandwidth as in a voltage feedback op amp based gain of 
+2 where the bandwidth is halved, therefore, the gain band- 
width is doubled. Also, this circuit is accurate without the need 
for any precise valued resistors, as in the op amp equivalents, 
and it possess excellent differential gain and phase performance 
as shown in Figures 40 and 41. 


DIFFERENTIAL GAIN - % 
DIFFERENTIAL PHASE —- Degrees 


| SUPPLY VOLTAGE - =Volts _ 
Figure 40. Differential Gain and Phase for the Circuit of 
Figure 39 — 


@ TTT TTT NNW 
| 0.1 nN \ 
Pe Seawall 
5 -02 GAIN = +2 \ 
a IE AT 
iu WANT 
ro ee 
E PT TE Mert WV 
a -05 
= 
< os 
ll 
CETTE TY TE TT TAY 
-0.8 
10k 100k 1 100M 


1M 
FREQUENCY — Hz 


Figure 41. 0.1 dB Gain Flatness for the Circuit 
of Figure 39 
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AD830 


AC COUPLED LINE RECEIVER — 
_ The AD830 is configurable as an ac coupled differential afiplis 
fier on a single or bipolar supply voltages. All that is needed is 


inclusion of a few noncritical passive components as illustrated. 


below in Figure 42. A simple resistive network at the X Gy, 
input establishes a common-mode bias. Here, the common mode 
is centered at 6 volts, but in principle can be any voltage within 
the common-mode limits of the AD830. The 10 kQ resistors to 
each input bias the X G,, stage with sufficiently high impedance 
to keep the input coupling corner frequency low, but not too 
large so that residual bias current induced offset voltage 
becomes troublesome. For dual supply operation, the 10 kO 


resistors may go directly to ground. The output common is con- 
veniently set by a Zener diode for a low impedance reference to 
preserve the high frequency CMR. However, a simple resistive 
divider will work fine and good high frequency CMR can be | 
maintained by placing a compensating resistor in series with the 
+Y input. The excellent CMRR response of the circuit is shown 
in Figure 43. A plot of the 0.1 dB flatness from 10 Hz is also 
shown. With the use of 10: F capacitors, the CMR is >90 dB 
down to a few tens of hertz. This level of performance is almost 
impossible to achieve with discrete solutions. 


INPUT prey 
sienaL '0UF ae ie AD830 | : 
75Q 
+,, Your CABLE 
7 
1000 75Q 
a 6 uF 75Q) 
*OPTIONAL TUNING FOR 
IMPROVING VERY LOW 0+12V 
FREQUENCY CMR. ies WAT 
. . 4.7k 
10k 
1N4736 7 6.8V 


V 


Figure 42. AC Coupled Line Receiver | 


WITH CIRCUIT. TRIMMED . 
USING EXTERNAL 2kQ 
{ POTENTIOMETER 


WITHOUT EXTERNAL 


2kQ POTENTIOMETER 


10 10k 100k 1M 10M 100M 
FREQUENCY — Hz , 


COMMON MODE REJECTION - dB 
8 


& 


Figure 43. Common- Mode Rejection vs. Frequency for 
Line Receiver 
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Figure 44. Amplitude Response vs. Frequency for 
Line Receiver | | 


REV. A 


ANALOG 
DEVICES 


Wideband, 
Fast Settling Op Amp 


FEATURES 
Wideband AC Performance 
Gain Bandwidth Product: 400 MHz (Gain = 10) 
Fast Settling: 100 ns to 0.01% for a 10 V Step 
Slew Rate: 400 V/s 
Stable at Gains of 10 or Greater 
Full Power Bandwidth: 6.4 MHz for 20 V p—p into a 
500 © Load 
Precision DC Performance 
Input Offset Voltage: 0.3 mV max 
Input Offset Drift: 3 wV/°C typ 
Input Voltage Noise: 4 nV/V/Hz 
Open-Loop Gain: 130 V/mV into a 1kQ Load 
Output Current: 50 mA min 
Supply Current: 12 mA max 


APPLICATIONS 

Video and Pulse Amplifiers 

DAC and ADC Buffers 

Line Drivers 

Available in 14-Pin Plastic DIP, Hermetic Cerdip 
‘and 20-Pin LCC Packages and in Chip Form 

MIL-STD-883B Processing Available 


PRODUCT DESCRIPTION | 

The AD840 is a member of the Analog Devices’ family of wide 
bandwidth operational amplifiers. This high speed/high precision 
family includes, among others, the AD841, which is unity-gain 
stable, and the AD842, which is stable at a gain of two or 
greater and has 100 mA minimum output current drive. These 
devices are fabricated using Analog Devices’ junction isolated 
complementary bipolar (CB) process. This process permits a 
combination of dc precision and wideband ac performance previ- 
ously unobtainable in a monolithic op amp. In addition to its 
400 MHz gain bandwidth product, the AD840 offers extremely 
fast settling characteristics, typically settling to within 0.01% of 
final value in 100 ns for a 10 volt step. 


The AD840 remains stable over its full operating temperature 
range at closed-loop gains of 10 or greater. It also offers a low 
quiescent current of 12 mA maximum, a minimum output cur- 
rent drive capability of 50 mA, a low input voltage noise of 

4 nV/\/Hz and a low input offset voltage of 0.3 mV maximum 
(AD840K). 


The 400 V/s slew rate of the AD840, along with its 400 MHz 
gain bandwidth, ensures excellent performance in video and 
pulse amplifier applications. This amplifier is ideally suited for 
use in high frequency signal conditioning circuits and wide 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


REV. C 


AD840 


CONNECTION DIAGRAMS 
Plastic DIP (N) Package LCC (E) Package 
and , 7 
Cerdip (Q) Package 5 3 
gs28 8 
3 2 #1 20 19 
18 NC 
-IN 5 17 +V, 
NC 6 P| 16 NC 
15 OUTPUT 
ApD840 
14 NC 


NC = NO CONNECT 


bandwidth active filters. The extremely rapid settling time of 
the AD840 makes it the preferred choice for data acquisition 
applications which require 12-bit accuracy. The AD840 is also 
appropriate for other applications such as high speed DAC and 
ADC buffer amplifiers and other wide bandwidth circuitry. 


APPLICATION HIGHLIGHTS 

1. The high slew rate and fast settling time of the AD840 make 
it ideal for DAC and ADC buffers, line drivers and all types 
of video. instrumentation circuitry. 


2. The AD840 is truly a precision amplifier. It offers 12-bit 
accuracy to 0.01% or better and wide bandwidth, perfor- 
mance previously available only in hybrids. 


3. The AD840’s thermally balanced layout and the high speed 
of the CB process allow the AD840 to settle to 0.01% in 
100 ns without the long “‘tails” that occur with other fast op 
amps. 

4. Laser wafer trimming reduces the input offset voltage to 
0.3 mV max on the K grade, thus eliminating the need for 
external offset nulling in many applications. Offset null pins 
are provided for additional versatility. 


5. Full differential inputs provide outstanding performance in 
all standard high frequency op amp applications where circuit 
gain will be 10 or greater. | | 


6. The AD840 is an enhanced replacement for the HA2540. 
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AD840— - SPECIFICATIONS (@ +25°C and +15 V de, unless otherwise annie 


Model AD840J AD840K owe 
a oe re _ | Conditions Min Typ Max! Min Typ Max | Min Typ Mi “| Units 
INPUT oa VOLTAGE! | | ) | mv" 
Offset Drift 


INPUT BIAS CURRENT 
INPUT OFFSET CURRENT 


INPUT CHARACTERISTICS 
Input Resistance 
Input Capacitance 


INPUT VOLTAGE RANGE 
Common Mode | 
Common-Mode Rejection 


INPUT VOLTAGE NOISE 
Wideband Noise 


OPEN-LOOP GAIN 


OUTPUT CHARACTERISTICS 
Voltage 


Current ‘ | 

Output Resistance © 
FREQUENCY RESPONSE 

Gain Bandwidth Product 

Full Power Bandwidth2 


Rise Time 
Overshoot? 
Slew Rate? 
Settling Time? —10 V Step 


OVERDRIVE RECOVERY 


DIFFERENTIAL GAIN 
DIFFERENTIAL PHASE — 


POWER SUPPLY 
Rated Performance 
Operating Range 
Quiescent Current 


Power Supply Rejection Ratio 


TEMPERATURE RANGE 
Rated Performance* 


TRANSISTOR COUNT 


Differential Mode — . 


Vo = +10V 

Rioap = 1k 100 130 100 130 
se ae 75 ~—-100 
Rioap = 5002 100 


min ~ i ae : 75. 


Rroap = 500 2 


min ~ ee 
Vout = + 10 V 
Open Loop — 


a = 90 mV p-p | 


Ay = —10 . 

Vo = 20 V p-p 

Rroap = 500 0 

Ay = —10 

Ay = —10 20 
Ayv=-10 | 350 400 
Ay = —10 ae = - 
to 0.1% 

to 0.01% , bee 3 100 


— Overdrive 
+ QOverdrive 


f = 4.4 MHz 


| f = 4.4 MHz 


0 


Fata [| m2 | m@ | 2 
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100 130 


350 400 


100 © 


+75 | —55 


REV.C 


NOTES 


‘Input offset voltage specifications are guaranteed after 5 minutes at T, = +25°C. 


Full power bandwidth = slew rate/27 Vpgax- 
3Refer to Figures 22 and 23. 
+S” grade T 


min 


AD840 


T.nax Specifications are tested with automatic test equipment at T, = —55°C and T, = +125°C. 


All min and max specifications are guaranteed. Specifications shown in boldface are tested on all production units. 


Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS' 


Supply Voltages: 4 4 64546865 6 SS HO ee we bs +18 V 
Internal Power Dissipation” 

PIAS ECON 9 taconite: eae Seeley Glow, ee eee eas 1S W 

Cerdip (Oise tees Sadie ss kode Lees oy 1.3 W 

TG CES ae. sz tiss Fit d. eco ay ta vss ai gs Saw ed fore Ag an dod 1.0 W 
Input VONAge: 4 ia-2 a a.acee pecs ote Ree ee eee SE +Vo 
Differential Input Voltage......... Vere re eee ee +6V 
Storage Temperature Range 

Oe Baier tae i ec es we aha ee eae —65°C to +150°C 

IN! oAcuse) oe ied hoe oa oda ge Aree aed —65°C to +125°C 
Junction Temperature (T;)...........02 0.0000. + 175°C 
Lead Temperature Range (Soldering 60 sec) ....... +300°C 
NOTES 


‘Stresses above those listed under “Absolute Maximum Ratings’ may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 
?Maximum internal power dissipation is specified so that T, does not exceed 
+175°C at an ambient temperature of +25°C. 
Thermal Characteristics: © 
Bic 8:4: Derate at 
Cerdip Package 30°C/W 110°C/W 8.7 mW/°C 
Plastic Package 30°C/W 100°C/W 10 mW/°C 
LCC Package 35°C/W 150°C/W 6.7 mW/°C 


Recommended Heat Sink: 
Aavid Engineering® #602B 


ORDERING GUIDE 


Package Options” 
N-14 


AD840JN 


AD840KN N-14 
AD840JQ Q-14 
AD840KQ Q-14 
AD840SQ Q-14 
AD840SQ-883B Q-14 
5962-89640012A Q-14 

 AD840SE-883B E-20A 


5962-8964001CA 


NOTES 

1J and S Grade Chips also available. 

2N = Plastic DIP; Q = Cerdip; E = LCC (Leadless 
Ceramic Chip Carrier). For outline information see 
Package Information section. 


REV. C 


Plastic DIP (N) Package 
and 
Cerdip (Q) Package 


LCC (E) Package | 


tw» OFFSET NULL 
8 OFFSET NULL 


9 10 11 12 13 
“ eo Yo 
8 cf $2e 


NC = NO CONNECT 


AD840 Connection Diagrams 


METALIZATION PHOTOGRAPH 


Contact factory for latest dimensions. 
Dimensions shown in inches and (mm). 


0.099 (2.52) 


BALANCE BALANCE . 
12 


10 


SUBSTRATE CONNECTED TO +Vs J 


OPERATIONAL AMPLIFIERS 9-235 


ANALOG 
DEVICES 


Wideband, Unity-Gain Stable, 
Fast Settling Op Amp 


FEATURES | 

AC PERFORMANCE 

Unity-Gain Bandwidth: 40 MHz 

Fast Settling: 110 ns to 0.01% 

Slew Rate: 300 V/s 

Full Power Bandwidth: 4.7 MHz for 20 V p-p into a 
500 © Load | 


DC PERFORMANCE ; 

Input Offset Voltage: 1 mV max 

Input Voltage Noise: 13 nV/V/Hz typ 
Open-Loop Gain: 45 V/mV into a 1k. Load 
Output Current: 50 mA min 

Supply Current: 12 mA max 


APPLICATIONS 

High Speed Signal Conditioning 

‘Video and Pulse Amplifiers | 

Data Acquisition Systems 

Line Drivers | 

Active Filters 

Available in 14-Pin Plastic DIP, Hermetic Cerdip, 12-Pin 
TO-8 Metal Can and 20-Pin LCC Packages 

Chips and MIL-STD-883B Parts Available 


PRODUCT DESCRIPTION | 

The AD841 is a member of the Analog Devices family of wide 
bandwidth operational amplifiers. This high speed/high preci- 
sion family includes, among others, the AD840, which is stable 
at a gain of 10 or greater, and the AD842, which is stable at a 
gain of two or greater and has 100 mA minimum output current 
drive. These devices are fabricated using Analog Devices’ junc- 
tion isolated complementary bipolar (CB) process. This process 
permits a combination of dc precision and wideband ac perfor- 
mance previously unobtainable in a monolithic op amp. In addi- 
tion to its 40 MHz unity-gain bandwidth product, the AD841 
offers extremely fast settling characteristics, typically settling to 
within 0.01% of final value in 110 ns for a 10 volt step. 


Unlike many high frequency amplifiers, the AD841 requires no 
external compensation. It remains stable over its full operating 
temperature range. It also offers a low quiescent current of 

12 mA maximum, a minimum output current drive capability of 
50 mA, a low input voltage noise of 13 nV/\/Hz and low ne 
offset voltage of 1 mV maximum. 


The 300 Vius. slew rate of the AD841, along with its 40 MHz 
gain bandwidth, ensures excellent performance in video and 
pulse amplifier applications. This amplifier is well suited for use 
in high frequency signal conditioning circuits and wide band- 
width active filters. The extremely rapid settling time of the 
AD841 makes it the preferred choice for data acquisition appli- 
cations which require 12-bit accuracy. The AD841 is also appro- 
priate for other. applications such as high speed DAC and ADC 
buffer amplifiers and other wide bandwidth circuitry. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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CONNECTION DIAGRAMS 
Plastic DIP (N) Package | 
and — 
TO-8 (H) Package 


Cerdip (Q) Package 


BOTTOM VIEW 
NOTE: CAN TIED TO V+ 
NC = NO CONNECT 


TOP VIEW 
NC = NO CONNECT 


LCC (E) Package 


ax} wd 

5 
3 = 
Gi Gi 
2 4 
ire ira 
6 ra] 
2 


1.20 19 


15 OUTPUT 
“O14 NC 


9 10 11 12 13 


ow o OO O 
27 222 


NC = NO CONNECT 


APPLICATION HIGHLIGHTS 

1. The high slew rate and fast settling time of the AD841 make 
it ideal for DAC and ADC buffers, and all WPS of video 
instrumentation circuitry. 


2. The AD841 is a precision amplifier. It offers accuracy to 
0.01% or better and wide bandwidth performance previously 
available only in hybrids. 


3. The AD841’s thermally balanced layout and fie speed of the 
CB process allow the AD841 to settle to 0.01% in 110 ns 
without the long “‘tails” that occur with other fast op amps. | 


4. Laser wafer trimming reduces the input offset voltage to 
1 mV max on the K grade, thus eliminating the need for 
external offset nulling in many applications. Offset null pins - 
are provided for additional versatility. 


5. The AD841 is an enhanced replacement for the HA2541. 


REV.B 


SPECIFICATIONS (@ +25°C and +15 V dc, unless otherwise noted) AD841 
Model Conditions Min Typ Max| Min Typ Max | Min Typ Max Units 
0.8 2.0 
eis 5.0 


INPUT OFFSET VOLTAGE? 0.5 1.0 0.5 2.0 mV 
. | 3.3 


Offset Drift 
INPUT BIAS CURRENT 


35 wV/C 


Input Offset Current 


INPUT CHARACTERISTICS Differential Mode 
_ Input Resistance 


Input Capacitance 


INPUT VOLTAGE RANGE 
Common Mode 
Common Mode Rejection 


+10 
103 


12 
109 


INPUT VOLTAGE NOISE 
Wideband Noise 


OPEN-LOOP GAIN 


- OUTPUT CHARACTERISTICS 
Voltage 


Current 
OUTPUT RESISTANCE 


FREQUENCY RESPONSE 
Unity Gain Bandwidth 
Full Power Bandwidth? 


Rise Time‘ 
Overshoot* 
Slew Rate* 
Settling Time — 10 V Step 


OVERDRIVE RECOVERY 


DIFFERENTIAL GAIN f = 4.4 MHz 
Differential Phase f= 4.4 MHz ~ 


POWER SUPPLY 
Rated Performance 
Operating Range 
Quiescent Current 


Tine lanes 
Vs, = +5 V to +18 V 
i een 


TEMPERATURE RANGE 
Rated Performance? 0 


Power Supply Rejection Ratio 


PACKAGE OPTIONS® 
LCC (E-20A) AD841SE, AD841SE/883B 
Cerdip (Q-14) AD841JQ AD841KQ AD841SQ, AD841SQ/883B 
Plastic (N-14) AD841JN AD841KN 
TO-8 (H-12) AD841JH AD841KH AD841SH, AD841SH/883B 
Chips AD841J CHIPS AD841S CHIPS 
NOTES 


Standard Military Drawing Available: 5962-89641012A — (SE/883B); 5962-8964101CA — (SQ/883B) 

Input offset voltage specifications are guaranteed after 5 minutes at T, = +25°C. 

Full power bandwidth = Slew Rate/27 Vprax:- 

‘Refer to Figure 19. 

*«§” grade T,, and T,,,, specifications are tested with automatic test equipment at T, = —55°C and T, = +125°C. 


For outline information see Package Information section. 
All min and max specifications are guaranteed. Specifications shown in boldface are tested on all production units. 
Specifications subject to change without notice. 
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AD841 


ABSOLUTE MAXIMUM RATINGS? 


\ 


Supply Voltage .... 0... 0.0. cee ec eee eee es .+18V— 
Internal Power Dissipation” ? | 

ROB CH): 6 wate ans se bunmmnde Bip aese eee »..- 1L4W 

Plastic (N).......08 00000 Ie Gh ate ins Cranes 1.5 W 

CErdip- (QO) 53084 Feu eee ee tek paces ded W 
Input. Voltage: iowa a6 eave eye a pb NUS Sw aes ie tk Eee +tVy_ 
Differential Input Voltage ................0000% +6V 
Storage Temperature Range 

Oe ES gsacs Gees oO eee Z Sa ee —65°C to +150°C 

Nie GaSe eet ue oe eae —65°C to +125°C 
Junction Temperature .......... He re pate Bs ano +175°C 
Lead Temperature Range (Soldering 60 sec) ....... +300°C 


NOTES 

1Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only,.and functional 
operation of the device at these.or any other conditions above those 
indicated in the operational section of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended periods may affect 
device reliability. . 

?Maximum internal power dissipation is specified so that T, does not exceed 
+175°C at an ambient.temperature of +25°C. 


Thermal Characteristics: 

Bic By, Osa 
Cerdip Package 35°C/W 110°C/W 38°C/W Recommended Heat Sink: 
TO-8 Package 30°C/W 100°C/W 37°C/W Aavid Engineering ©°#602B 
Plastic Package 30°C/W 100°C/W 
LCC Package 35°C/W 150°C/W 


METALIZATION PHOTOGRAPH 


Contact factory for latest dimensions. 
Dimensions shown in inches and (mm). 


fp 


BALANCE 


as Vin 


0.067 
(1.7) 


: 


SUBSTRATE CONNECTED TO +V5 
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0.099 
(2.5) | 


BALANCE 


+Vs 


— OUTPUT 


REV. B 


ANALOG Wideband, High Output Current, 
DEVICES Fast Settling Op Amp 


AD842 


FEATURES 
AC PERFORMANCE CONNECTION DIAGRAMS 


Gain Bandwidth Product: 80 MHz (Gain = 2) Plastic DIP (N) Package LCC (E) Package 
Fast Settling: 100 ns to 0.01% for a 10 V Step and 

Slew Rate: 375 V/s Cerdip (Q) Package 
Stable at Gains of 2 or Greater 

Full Power Bandwidth: 6.0 MHz for 20 V p—p 


DC PERFORMANCE 

Input Offset Voltage: 1 mV max 
input Offset Drift: 14 pV/°C 

Input Voltage Noise: 9 nV/V/Hz typ 


WW 
(S) 
a 
< 
i 
< 
a 
2 


18 NC 
17 +Vs 
16 NC 


Open-Loop Gain: 90 V/mV into a 500 © Load 15 OUTPUT 
Output Current: 100 mA min 14 NC 
Quiescent Supply Current: 14 mA max TOP VIEW NC = NO CONNECT Racha hae® 
APPLICATIONS S>ees 

Line Drivers NC = NO CONNECT 

DAC and ADC Buffers TO-8 (H) 

Video and Pulse Amplifiers Package SOIC (R-16) Package 


Available in Plastic DIP, Hermetic Metal Can, 
Hermetic Cerdip, SOIC and LCC Packages and in 
Chip Form 

MIL-STD-883B Parts Available 

Available in Tape and Reel in Accordance with 
EIA-481A Standard 


PRODUCT DESCRIPTION _ 
The AD842 is a member of the Analog Devices. family of wide 
bandwidth operational amplifiers. This family includes, among 


others, the AD840 which is stable at a gain of 10 or greater and MC = NOCOMNEST 


the AD841 which is unity-gain stable. These devices are fabri- 
cated using Analog Devices’ junction isolated complementary 


bipolar (CB) process. This process permits a combination of dc APPLICATION HIGHLIGHTS 
precision and wideband ac performance previously unobtainable 1. The high slew rate and fast settling time of the AD842 make 
in a monolithic op amp. In addition to its 80 MHz gain band- it ideal for DAC and ADC buffers amplifiers, lines drivers 


width, the AD842 offers extremely fast settling characteristics, 


typically settling to within 0.01% of final value in less than a 
100 ns for a 10 volt step. 2. The AD842 is a precision amplifier. It offers accuracy to 


0.01% or better and wide bandwidth; performan eviousl 
The AD842 also offers a low quiescent current of 13 mA, a high Sa Oe iy a hybrids. oe pron rare eed ere 
output current drive capability (100 mA minimum), a low input 


and all types of video instrumentation circuitry. 


voltage noise of 9 nV\/Hz and a low input offset voltage (1 mV .—‘: 3: Laser-wafer trimming reduces the input offset voltage of 

maximum). 1 mV max, thus eliminating the need for external offset null- 
ing in many applications. 

The 375 V/s slew rate of the AD842, along with its 30 MHz eer ee | | = 

gain bandwidth, ensures excellent performance in video and 4. Full differential inputs provide outstanding performance In 

pulse amplifier applications. This amplifier is ideally suited for all standard high frequency op amp applications where the 

use in high frequency signal conditioning circuits and wide circuit gain will be 2 or greater. 

bandwidth active filters. The extremely rapid settling time of 5. The AD842 is an enhanced replacement for the HA2542. 


the AD842 makes this amplifier the preferred choice for data 
acquisition applications which require 12-bit accuracy. The 
AD842 is also appropriate for other applications such as high 
speed DAC and ADC buffer amplifiers and other wide band- 
width circuitry. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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AD842— SPECIFICATIONS AG +25°C and +15 V de, unless otherwise noted) 


Model 7 


INPUT OFFSET VOLTAGE 


Offset Drift 
INPUT BIAS CURRENT 


Input Offset Current 


INPUT CHARACTERISTICS 
Input Resistance 
Input Capacitance 


INPUT VOLTAGE RANGE 
Common Mode | 
Common-Mode Rejection 


INPUT VOLTAGE NOISE 
Wideband Noise 


OPEN-LOOP GAIN 


OUTPUT CHARACTERISTICS 
Voltage 
Current 


_ FREQUENCY RESPONSE 


Gain Bandwidth Product 
Full Power Bandwidth* 


Rise Time? 
Overshoot? 
Slew Rate® 7 
Settling Time? 


Differential Gain 
Differential Phase 


POWER SUPPLY 
Rated Performance 
Operating Range 
Quiescent Current 


Power Supply Rejection Ratio 


TEMPERATURE RANGE | 
Rated Performance® 


PACKAGE OPTIONS’ 
Plastic (N-14) 
Cerdip (Q-14) 
SOIC (R-16) 
Tape and Reel 
TO-8 (H-12A) 
LCC (E-20A) . 
Chips 


NOTES 


2 Conditions 


Differential Mode 


Vo= = +10V 
 Rroap=500 2 


min SL a 


Ry oap=200 © 
Open Loop 


Vout = 90 mV 
Vo = 20 V p-p 
Ry, oap=500 2 
Ayer = ~2— 
Aver = —2 
Aver = 2 

10 V Step 

to 0.1% 

to 0.01% 

f = 4.4 MHz 

f = 4.4 MHz 


+18 | 


14/16 


i Dap = 16/19.5 
“Vg = +5 Vto +18 V | 
. y ered Ione 


AD842JN 
AD842JQ 
AD842JR-16 
AD842JR-16-REEL 

“AD842JH 


AD842JCHIPS 


AD842KN 


AD842KQ 


AD842KH 


AD842SQ, AD842SQ/883B 


AD842SH 
AD842SE/883B 
AD842SCHIPS 


1AD842JR specifications differ from those of a AD842JN, JQ and JH due to the thermal characteristics of the SOIC package. 
Standard Military Drawing available 5962-8964201xx 

2A — (SE/883B); XA - (SH/883B); CA — (SQ/883B). 
Input offset voltage specifications are guaranteed after 5 minutes at T, = +25°C. 


“FPBW Slew Rate/2t Vprax: 
Refer to Figures 22 and 23. 


6S” grade T,_;, and T,,,, specifications are tested with automatic test equipment at T, = —55°C and T, = +125°C. 


For outline information see Package Information section. 


All min and max specifications are guaranteed. Specifications in boldface are tested on all production units at final electrical test. Results from 
those tests are used to calculate outgoing quality levels. 


Specifications subject to change without notice. 
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~REV.C. 


ABSOLUTE MAXIMUM RATINGS’ 


Supply: Voltage: ok. hada. b 265-8 Koha coh EOE SS +18 V 
Internal Power Dissipation” 
PlaSuc(N) <a-303sr ao 5s ee OSS Ee Se 1.3 W 
Cerdip (©): & si:ea to awe ea dane: MS ee ls 1.1W 
TOSS) «ce he Sete & wie eicae eRe ae nd 1.3 W 
SOIC” 24-44.463-: Arai ee ed eek ees 1.3 W 
VGC iE) pecs lettin ahd, Weed he 1.0 W 
Tnput, Voltages yore fod te ay bows Beta es et Pe +Vz, 
Differential Input Voltage ................0000- +6V 
Storage Temperature Range 
(On i Bic sine oeew epee ars BE —65°C to +150°C 
CN oR gis eae eS Bathe eae x —65°C to +125°C 
Junction Temperature .............020 eee eee +175°C 
Lead Temperature Range (Soldering 60 sec) ....... +300°C 


NOTES 
Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 
?Maximum internal power dissipation is specified so that T, does not exceed 
+150°C at an ambient temperature of +25°C. 


Thermal Characteristics: 

5c ya Osa 
30°C/W  100°C/W 

Cerdip Package 30°C/W  110°C/W 38°C/W 
TO-8 Package 30°C/W  100°C/W 27°C/W 
16-Pin SOIC Package 30°C/W 100°C/W 

20-Pin LCC Package 35°C/W_ 150°C/W 


Recommended heat sink: Aavid Engineering® #602B 


Plastic Package 


METALIZATION PHOTOGRAPH 


Contact factory for latest dimensions. 
Dimensions shown in inches and (mm). 


REV. C 


0.106 (2.68) ; 
| BALANCE . 
, | J 


OUTPUT 
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34 MHz, CBFET 
Fast Settling Op Amp 


FEATURES 

AC PERFORMANCE _ 

Unity Gain Bandwidth: 34 MHz 
Fast Settling: 135 ns to 0.01% 
Slew Rate: 250 V/s 

Stable at Gains of 1 or Greater 
Full Power Bandwidth: 3.9 MHz 


DC PERFORMANCE 
Input Offset Voltage: 1 mV max (AD843K/B) 
Input Bias Current: 0.6 nA typ 
Input Voltage Noise: 19 nV/V/Hz 
Open Loop Gain: 30 V/mV into a 500 2 Load 
Output Current: 50 mA min 
Supply Current: 13 mA max 
-. Available in 8-Pin Plastic Mini-DIP & Cerdip, 16-Pin 
SOIC, 20-Pin LCC and 12-Pin Hermetic Metal Can 
Packages 
Available in Tape and Reel in Accordance with 
EIA-481A Standard 7 
Chips and MIL-STD-883B Parts Also Available 


APPLICATIONS 
High Speed Samplecand: -Hold Amplifiers | 
High Bandwidth Active Filters |. 

High Speed Integrators 3 

High Frequency Signal Conditioning | 


PRODUCT DESCRIPTION . 
The AD843 is a fast settling, 34 MHz, CBFET input op amp. 
The AD843 combines the low (0.6 nA) input bias currents char- 
acteristic of a FET input amplifier while still providing a 


34 MHz bandwidth and a 135 ns settling time (to within 0. 01% = 


of final value for a 10 volt step). The AD843 is a member of the 
Analog Devices’ family of wide bandwidth operational amplifi- 
ers. These devices are fabricated using Analog Devices’ junction 
isolated complementary bipolar (CB) process. This process per- 
mits a combination of dc precision and wideband ac perform- 
ance previously unobtainable in a monolithic op amp. 


The 250 V/s slew rate and 0.6 nA input bias current of the 
AD843 ensure excellent performance in high speed sample-and- 
hold applications and in high speed integrators. This amplifier 1s 
also ideally suited for high bandwidth active filters and high fre- 
quency signal conditioning circuits. 

Unlike many high frequency amplifiers, the AD843 requires no 
external compensation and it remains stable over its full operat- 
ing temperature range. It is available in five performance grades: 
the AD843J and AD843K are rated over the commercial tempera- 
ture range of 0°C to +70°C. The AD843A and AD843B are rated 
over the industrial temperature range of —40°C to +85°C. The 
AD843S is rated over the military temperature range of —55°C 
to +125°C and is available processed to MIL-STD-883B, Rev. C. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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CONNECTION DIAGRAMS 
16-Pin SOIC (R-16) Package Plastic (N-8) and 


Cerdip (Q-8) Package 


NC = NO CONNECT 


NC = NO CONNECT LCC (E-20A) Package 
_ 'TO-8 (H-12A) Package - : 
: za 
NC ie bi bi 
g&e&s 
3 2 1 «#20 19 


BALANCE 


NC 4 
-IN 5 
=~ | > 
+IN 7 
AD843 


. TOP VIEW < 4 
NOTE: CAN TIED TO V+ 
NC = NO CONNECT 


18 NC 
17 +Vs5 
16 NC 
15 OUTPUT 
14 NC 


-Vs 
NC 
Ni 
N 


NC = NO CONNECT 


The AD843 is offered in either 8-pin plastic DIP or hermetic 
cerdip packages, in 16-pin SOIC, 20-Pin LCC, or in a 12-pin 
metal ¢ can. Chips are also available. 


- PRODUCT HIGHLIGHTS 


i: 


The high slew rate, fast settling time and low input bias 
current of the AD843 make it the ideal amplifier for 12-bit 
D/A and A/D buffers, for high speed sample-and-hold ampli- 
fiers and for high speed integrator circuits. The AD843 

can replace many FET input hybrid amplifiers such as the 
LH0032, LH4104 and OPA600. 


. Fully differential inputs provide outstanding performance in 


all standard high frequency op amp applications such as sig- 
nal conditioning and active filters. 


. Laser wafer trimming reduces the input offset voltage to 


1 mV max (AD843K and AD843B). 


. Although external offset nulling is unnecessary in many 


applications, offset null pins are provided. 


. The AD843 does not require external compensation at closed 


loop gains of | or greater. 
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SPECIFICATIONS (@ T, +25°C and +15 V dc, unless otherwise noted) 


Model 
INPUT OFFSET VOLTAGE! 


Offset Drift 
INPUT BIAS CURRENT 


INPUT OFFSET CURRENT 


INPUT CHARACTERISTICS 
Input Resistance 
Input Capacitance 


INPUT VOLTAGE RANGE 
Common Mode 


COMMON MODE REJECTION 


INPUT VOLTAGE NOISE 
Wideband Noise 


OPEN LOOP GAIN 


OUTPUT CHARACTERISTICS 
Voltage 


Current 
Output Resistance 


FREQUENCY RESPONSE 
Unity Gain Bandwidth 
Full Power Bandwidth? 


Rise Time 
Overshoot 
Slew Rate 
Settling Time 


Overdrive Recovery 


Differential Gain 
Differential Phase 


POWER SUPPLY 
Rated Performance 
Operating Range 
Quiescent Current 


Rejection Ratio 
Rejection Ratio. 
TEMPERATURE RANGE 
Operating, Rated Performance 
Commercial (0 to +70°C) 
Industrial (—40°C to +85°C) 


Military (—55°C to +125°C)* - 


PACKAGE OPTIONS 

Plastic (N-8) 

Cerdip (Q-8) 

Metal Can (H-12A) 
LCC (E-20A) 

SOIC (R-16) 

Tape & Reel 

Chips 
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(.T 


AD843J/A AD843K/B AD843S! 
Conditions Min Typ Max Min Typ Max | Min Typ Max Units 


Initial (T,; = +25°C) 40 50 pA 
Warmed-Up’ 0.8 2.5 0.6 1.0 0.8 2.5 nA 
TP 60/160 23/65 2600 | nA 
initial (1, = 425°C) 30 20 30 pA 
Warmed-Up” 0.25 1.0 0.2 0.4 0.25 1.0 nA 

23/64 9/26 1025 nA 


60 
60 


72 
iz 


Tinin- 1 


min” * max 


yd Dee 


Ry oap=500 


Vout =r 10 V 
Open Loop 


10 V Step 
Aver = —1 
to 0.1% 

to 0.01% . 
— Overdrive 
+ Overdrive 
f = 4.4 MHz 
f = 4.4 MHz 


+5 Vto +18 V 
Arr ee 


AD843K 
AD843B 


AD843J 
AD843A 
AD843S 


AD843KN 
AD843BQ 
AD843BH 


AD843JN 
AD843AQ 


AD843SQ, AD843SQ/883B 
AD843SH, AD843SH/883B 
AD843SE/883B 


AD843JR 
AD843JR-REEL 
AD843]Chips 


AD843SChips 
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NOTES 

1Standard Military Drawings Available: 5962-9098001M2A (SE/883B), 5962-9098001MXA (SH/883B), 5962- 9098001MPA (SQ/883B). 
Specifications are guaranteed after 5 minutes at T, = +25°C. 

3Full power bandwidth = Slew Rate/2 7V peak. . 

*All “S” grade Twin-Tmax Specifications are tested with automatic test equipment at Ty, = —55°C and T, = +125°C. 

‘For outline information see Package Information section. 

Specifications subject to change without notice. 


Specifications in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. 
All min and max specifications are guaranteed although only those shown in boldface are tested on all production units. — 


ABSOLUTE MAXIMUM RATINGS! », NOTES: : -_ | 
Supply Voltage .........0eecuee Lea ease ooo +18V Stresses above those listed under “‘Absolute Maximum Ratings” may cause 


permanent damage to the device at these or any other conditions above those 


Internal Power Dissipation’ indicated in the operational sections of this specification is not implied. 


Plastic Package ............ ae er ee ee 1.50 Watts Exposure to absolute maximum rating conditions for extended periods may 
Cerdip Package............ Patty ote we homies 1.35 Watts Bed bot Beara we 
ts cn is can re ee eee oe | 8-Pin Cerdip ro 6,, = 110°C/Watt 
Bt ue T AE CAO ep Re ear SONY Ser gy : 12-Pin Header Package: 0,;, = 80°C/Watt 
20-Pin LCC Package ........ ee eee 1.00 Watt 16-Pin SOIC Package: 6;, = 100°C/Watt 
INDUE V OMARE 25.2 255 ee ae Se, a ete eo atest tVz 20-Pin LCC Package: 0,;, = 150°C/Watt 
Output Short Circuit Duration ............... Indefinite 
Differential Input Voltage ............... +V, and —V, 
Storage Temperature Range (N, R)....... —65°C to +125°C 
Storage Temperature Range (Q, H, E)..... —65°C to +150°C 
Operating Temperature Range | 
PD S4S IRS i 6B Skos Gtae Yow a eee eee 0 to +70°C 
PD843A/ Binatone se Oda ee eee ae 4 —40°C to +85°C 
P8438 ti nie oe view ee Be hee —55°C to +125°C 
Lead Temperature Range (Soldering 60 SEC) owesces 40% + 300°C 
ESD: Rating: is Goce eet ae bos hws SON 500 V 


METALIZATION PHOTOGRAPH 


Contact factory for latest dimensions. 
Dimensions shown in inches and (mm). 


1 
BALANCE 


(1.690) OUTPUT 
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FEATURES 

Wide Bandwidth: 60MHz at Gain of —1 
33MHz at Gain of —10 

Very High Output Slew Rate: Up to 2000V/ps 

20MHz Full Power Bandwidth, 20V pk-pk, R, =5002 

Fast Settling: 100ns to 0.1% (10V Step) 

Differential Gain Error: 0.03% at 4.4MHz 

Differential Phase Error: 0.15° at 4.4MHz 

High Output Drive: +50mA into 500 Load 

Low Offset Voltage: 150uV max (B Grade) 

Low Quiescent Current: 6.5mA 

Available in Tape and Reel in Accordance with 

EIA-481A Standard 


APPLICATIONS 

Flash ADC Input Amplifiers 

High Speed Current DAC Interfaces 
Video Buffers and Cable Drivers 
Pulse Amplifiers 


PRODUCT DESCRIPTION 

The AD844 is a high speed monolithic operational amplifier fab- 
ricated using Analog Devices’ junction isolated complementary 
bipolar (CB) process. It combines high bandwidth and very fast 
large signal response with excellent dc performance. Although 
optimized for use in current to voltage applications and as an 
inverting mode amplifier, it is also suitable for use in many non- 
inverting applications. 


The AD844 can be used in place of traditional op amps, but its 
current feedback architecture results in much better ac perfor- 
mance, high linearity and an exceptionally clean pulse response. 


This type of op amp provides a closed-loop bandwidth which is 
determined primarily by the feedback resistor and is almost 
independent of the closed-loop gain. The AD844 is free from 
the slew rate limitations inherent in traditional op amps and 
other current-feedback op amps. Peak output rate of change can 
be over 2000V/s for a full 20V output step. Settling time is 
typically 100ns to 0.1%, and essentially independent of gain. 
The AD844 can drive 500 loads to +2.5V with low distortion 
and is short circuit protected to 80mA. 


The AD844 is available in four performance grades and three 
package options. In the 16-pin SOIC (R) package, the AD844]J 
is specified for the commercial temperature range of 0 to +70°C. 
The AD844A and AD844B are specified for the industrial 
temperature range of —40°C to +85°C and are available in the 
cerdip (Q) package. The AD844A is also available in an 8-pin 
plastic mini-DIP (N). The AD844S is specified over the military 
temperature range of —55°C to +125°C. It is available in the 
8-pin cerdip (Q) package. “‘A”’ and “‘S” grade chips and devices 
processed to MIL-STD-883B, REV. C are also available. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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60 MHz, 2000 V/jas 
Monolithic Op Amp 


_ aps44 | 


CONNECTION DIAGRAMS 
8-Pin 16-Pin SOIC 
Plastic (N), (R) Package 
and Cerdip (Q) 
Packages 


PRODUCT HIGHLIGHTS 


L. 


The AD844 is a versatile, low cost component providing an 
excellent combination of ac and dc performance. It may be 
used as an alternative to the EL2020 and CLC400/1. 


. It is essentially free from slew rate limitations. Rise and fall 


times are essentially independent of output level. 


. The AD844 can be operated from +4.5V to +18V power 


supplies and is capable of driving loads down to 500), as 
well as driving very large capacitive loads using an external 
network. | 


. The offset voltage and input bias currents of the AD844 are 


laser trimmed to minimize dc errors; Vog drift is typically 
1pV/°C and bias current drift is typically 9nA/°C. 


. The AD844 exhibits excellent differential gain and differen- 


tial phase characteristics, making it suitable for a variety of 
video applications with bandwidths up to 60MHz. 


. The AD844 combines low distortion, low noise and low drift 


with wide bandwidth, making it outstanding as an input 
amplifier for flash A/D converters. 
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| AD844— SPECIFICATIONS (@ T,+25°C and V,= +15V dc, unless otherwise noted) | | 
[ones Be a 
Model _ . Conditions Min — Max | Min = Max | Min ei = Units 


INPUT OFFSET VOLTAGE! 
fe ene 
vs. Temperature 
- vs. Supply 
Initial 
Tin T ax : 
vs. Common Mode 
Initial 
Tin Ussias - 
INPUT BIAS CURRENT 
—Input Bias Current! 
TT ine pax 
vs. Temperature . 
vs. Supply 
Initial 
ee ee 
vs. Common Mode 
Initial 
Tia? Ll nax 
+Input Bias Current! 
ed ae 
vs. Temperature 
vs. Supply 
Initial 
Toa ak . 
vs. Common Mode 
Initial 


INPUT CHARACTERISTICS 
Input Resistance 
—Input 
_ +Input 
Input Capacitance 
—Input 
+Input 
Input Voltage Range 
Common Mode 


INPUT VOLTAGE NOISE 


INPUT CURRENT NOISE 
—Input 
+Input 


OPEN LOOP TRANSRESISTANCE 


Tia Vines . 
Transcapacitance 


4.5 4S ? 
DIFFERENTIAL PHASE ERROR’ | f=4.4MHz Degree . 


FREQUENCY RESPONSE 
Small Signal Bandwidth 
3Gain=— 1 60 
‘Gain=—10 33 


TOTAL HARMOMIC DISTORTION | f= 100kHz, 
2V rms? 


SETTLING TIME 
10V Output Step +15V Supplies 
Gain=—1, to 0.1%° 100 100 
Gain=— 10, to 0.1%°® 100 100 
2V Output Step +5V Supplies 
Gain=—1, to 0.1%° 110 110 
Gain=—10, to 0.1%°® 100 100 
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Model 
OUTPUT SLEW RATE Overdriven 
. Input 
FULL POWER BANDWIDTH 
Vour=20V p-p” Vs=+I15V 
Vour=2V p-p” Vs=+5V 
THD=3% 
OUTPUT CHARACTERISTICS 
Voltage Ry oap= 2000. | 10 1] 
Short Circuit Current 
ee Gree 


Output Resistance Open Loop 


POWER SUPPLY 
Operating Range 
Quiescent Current 
oD gia | pax 


NOTES - 
‘Rated performance after a 5 minute warmup at T,=25°C. 


apea4 


AD844J/A AD844B AD844S , 
Conditions Min Typ Max | Min Typ Max | Min Typ Max | Units 
1200 2000 1200 2000 


20 20 

2000 20 20 
1 
80 


1200 2000 Vius 
20 


10 


Input signal 285mV p-p carrier (40 IRE) riding on 0 to 642mV (90 IRE) ramp. R, =1000; R1, R2=3000. 


Input signal OdBm, C, = 10pF, R, =5000, R1=500N, R2=5000 in Figure 26. 


‘Input signal 0dBm, C, =10pF, R, =5000, R1=5000, R2=500 in Figure 26. 
°C, =10pF, R, =5000, R1=1kON, R2=1kO in Figure 26. 
°C, = 10pF, R, =500N, R1=5000, R2=500 in Figure 26. 


Specifications subject to change without notice. All min and max specifications are guaranteed. 
Specifications shown in boldface are tested on all production units at final electrical test. 


ABSOLUTE MAXIMUM RATINGS! 


Supply VONAZE aac Gistaee @ OO 4.5, bse doled « Oa Ss _+18V 
Power Dissipation” ............. 0000 cece eee . L1IW 
Output Short Circuit Duration ............... Indefinite 
Common Mode Input Voltage ..............02000- +Vz, 
Differential Input Voltage ......... ch see tee Ses 6V 
Inverting Input Current 
CONUAUOUS: g:-24005. win ecard aoe ote Soe mb aces 5mA 
TYAnSie Mh soak 09. ce es Rar WS BOS Le eee ae ete Se wih 10mA 
Storage Temperature Range (Q)......... —65°C to +150°C 
ONG RY ace ao ote —65°C to +125°C 
Lead Temperature Range (Soldering 60sec) ........ +300°C 
ESD -Raune <-ca8 vse. Batt ae eee ee eee oe OOOPV. 


ORDERING GUIDE 


Temperature 
Range . 


Package 
Option* 


AD844JR 0°C to +70°C R-16 
AD844JR-REEL 0°C to +70°C Tape and Reel 
AD844AN —40°C to +85°C N-8 
AD844AQ —40°C to +85°C Q-8 
AD844BQ —40°C to +85°C Q-8 
AD844SQ —55°C to +125°C Q-8 
AD844SQ/883B —55°C to +125°C Q-8 
5962-8964401PA —55°C to +125°C Q-8 

AD844A Chips —40°C to +85°C Die 


AD844S Chips —55°C to + 125°C 


*N = Plastic DIP; Q = Cerdip; R = Small Outline IC (SOIC). For outline 
information see Package Information section. 


Die 
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NOTES . 
‘Stresses above those listed under “Absolute Maximum Ratings” may cause > 
permanent damage to the device at these or any other conditions above those 
indicated in the operational sections of this specification is..not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 
78-Pin Plastic Package: 8,4 = 100°C/Watt 

8-Pin Cerdip Package: 6,,=110°C/Watt 

16-Pin SOIC Package: @,,= 100°C/Watt 


METALIZATION PHOTOGRAPH 


Contact factory for latest dimensions. 
Dimensions shown in inches and (mm). 


NULL 


NULL +V, 


ae apeccrene | ; pone sina ates mere 
+IN -Vs_ TZ OUTPUT 
0.095 
(2.4) 


SUBTRATE CONNECTED 
TO +Vs 
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Precision, 16 Miz 
CBFET Op Amp 


FEATURES 
Replaces Hybrid Amplifiers in Many Applications 


AC PERFORMANCE: 

Settles to 0.01% in 350 ns 

100 V/s Slew Rate 

12.8 MHz min Unity-Gain Bandwidth _ 
1.75 MHz Full-Power Bandwidth at 20 V p—p 


DC PERFORMANCE: | 

0.25 mV max Input Offset Voltage 

5 pV/°C max Offset Voltage Drift 

0.5 nA Input Bias Current 

250 V/mV min Open-Loop Gain 

4 V p-p max Voltage Noise, 0.1 Hz to 10 Hz 

94 dB min CMRR 

Available in Plastic Mini-DIP, Hermetic Cerdip and SOIC 
Packages. Also Available in Tape and Reel in Accor- 
dance with EIA-481A Standard | 


PRODUCT DESCRIPTION. 

The AD§845 is a fast, precise, N channel JFET input, mono- 
lithic operational amplifier. It is fabricated using Analog 
Devices’ complementary bipolar (CB) process. Advanced laser- 
wafer trimming technology enables the very low input offset 
voltage and offset voltage drift performance to be realized. This 
precision, when coupled with a slew rate of 100 Vis, a stable 
unity-gain bandwidth of 16 MHz, and a settling time of 350 ns 
0.01% —while driving a parallel load of 100 pF and 500 N— 
represents a combination of features unmatched by any FET 
input IC amplifier. The AD845 can easily be used to upgrade 
many existing designs which use BiFET or FET input hybrid 
amplifiers and, in some cases, those which use bipolar input op 
amps. 


The AD845 is ideal fats use in 4 applications such as active filters, 
high speed integrators, photo diode preamps, sample-and-hold 
amplifiers, log amplifiers, and in buffering A/D and D/A con- 
verters. The 250 »V max input offset voltage makes offset null- 
ing unnecessary in many:applications. The common-mode 
rejection ratio of.110 dB over a +10 V input voltage range rep- 
resents exceptional performance for a JFET input high speed op 
amp. This, together witha minimum open-loop gain of 

250 VimV ensures that 12- bit performance i is achieved, even in 
unity-gain buffer circuits. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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CONNECTION DIAGRAMS | 
Plastic Mini-DIP (N) Package 16-Pin SOIC 
and Cerdip (Q) Package 


(R-16) Package 


nuit[1]e AD845 [3 | nue ne} 1] 16] NC 
INPUT | 2 | 7 | ov NC | 2 NC 
+INPUT cae fe Jourpur nuit [3 v4] NULL 
NC = NO CONNECT se ll ia OUTEUE 
“Vs [6 | 11] Ne 


Not to Scale 
NC = NO CONNECT 


The AD845 conforms to the standard op amp pinout except that 
offset nulling is to V+. The AD845J and AD845K grade | 
devices are available specified to operate over the commercial 0 
to +70°C temperature range. AD845A and AD845B devices are 
specified for operation over the —40°C to +85°C industrial tem- 
perature range. The AD845S is specified to operate over the full | 
military temperature range of —55°C to + 125°C. Both the 
industrial and military versions are available in 8-pin cerdip 
packages. The commercial version is available in an 8-pin plastic 
mini-DIP and 16-pin SOIC; “J” and “‘S” grade chips are ats 
available. 


PRODUCT HIGHLIGHTS “A 

1. The high slew rate, fast settling time, and de precision of the 
AD845 make it ideal for high speed applications requiring 
12-bit accuracy. 


2. The performance of circuits using the LF400, HA2520/2/5, 
HA2620/2/5, 3550, OPA605, and T0062 can be upgraded 
in most cases. 


3. The AD845 i is unity-gain stable and iaekeeaiitg compensated. 


4, The AD845 i is specified while driving 100 pF/500 0 toads, 
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SPECIFICATIONS (@ +25°C and +15 V de, unless otherwise noted) AD845 


Model ADS845J/A AD845K/B  ADS845S 
Conditions Min Typ Max | Min Typ Max Min Typ Max | Units 


INPUT OFFSET VOLTAGE! 
Initial Offset 0.7 1.5 
ed Gee 25 
Offset Drift 20 
V 


INPUT BIAS CURRENT? 


Initial cm = 0 0.75 2 0.5 1 0.75 2 nA 
45/75 18/38 500 | nA 
INPUT OFFSET CURRENT 
Initial | = 25 300 15 100 25 300 | pA 
see 3/6.5 1.2/2.6 20 nA 
INPUT CHARACTERISTICS 
Input Resistance 10"! 10!! 10" kn 
Input Capacitance 4.0 4.0 4.0 pF 
INPUT VOLTAGE RANGE 
Differential +20 +20 
Common Mode +10 + 10.5/-13 +10.5/—13 +10 +10.5/—13 


Common-Mode Rejection 
INPUT VOLTAGE NOISE 


pV p-p_ 
nV/\/Hz 
nV/\/Hz 
nV/\/Hz 
nV/\/Hz 
nV/\/Hz 


pA/\/Hz 


INPUT CURRENT NOISE 


OPEN-LOOP GAIN 


V/mV 
Ri oap= 00 V/mV 
=F V/mV 


min max 


OUTPUT CHARACTERISTICS 


Voltage Ry oap=500 2 

Current. . Short Circuit 

Output Resistance Open Loop 
FREQUENCY RESPONSE 

Small Signal Unity Gain 

Full Power Bandwidth’ Vo = +10V 

Ryoap = 500 2 

Rise Time 

Overshoot 

Slew Rate 

Settling Time 10 V Step 


Croap = 100 pF 
Rioap = 5002 
to 0.01% 

to 0.1% 


DIFFERENTIAL PHASE f = 4.4 MHz : Degree 
POWER SUPPLY 

Rated Performance 

Operating Range 

Rejection Ratio Vz, = +5to +15 V 

Quiescent Current Tan 10 Tas 
NOTES 


‘Input offset voltage specifications are guaranteed after 5 minutes of operation at T, = +25°C. 

Bias current specifications are guaranteed maximum at either input after 5 minutes of operation at T, = +25°C. 
3FPBW =slew rate/27 V peak. 

4S” grade Tinin- Vmax are tested with automatic test equipment at T, = —55°C and T, = +125°C. 


All min and max specifications are guaranteed. Specifications shown in boldface are tested on all production units at final electrical test. Results from these tests 


are used to calculate outgoing quality levels. 
Specifications subject to change without notice. 
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AD845 


ABSOLUTE MAXIMUM RATINGS! 


Supply Voltage =o: ces hs 1h 0 ot 8458 See ees +18 V- 
Internal Power Dissipation” 

Plastic Mini-DIP .........0.....0.. 000005 1.6 Watts 

COLI shai e & hhc , age Seestan int dees ase te aed 1.4 Watts 

NOs PU SONG ic eho east eas aa an PCa eda he Aonrok 1.5 Watts 
AODUG VOMARE® .o03) b's 1a Gs act Sah ath 4a Go Ve 
Output Short-Circuit Duration ............... Indefinite 
Differential Input Voltage ............... +V, and —V., 
Storage Temperature Range 

OD aks eed meer teat th: gh tt eoece ee he —65°C to +150°C 

ING Ra eone aed gly aca Ciel na8- Woe elated —65°C to +125°C 
Lead Temperature Range (Soldering 60 sec) ....... +300°C 
NOTES 


'Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

*Mini-DIP package: 0, = 


100°C/W; cerdip package: 8,, = 110°C/W; SOIC 
package: 0,, = 100°C/W. 


_ METALIZATION PHOTOGRAPH 


Dimensions shown in inches and (mm). 
_. Contact factory for latest dimensions. 


+ Vin 


es 0.112 (2.84) ———________—— 


7 8 1 
+V ‘ NULL NULL 


SUBSTRATE CONNECTED TO +V, 


ORDERING GUIDE 


AD845JN 0°C to +70°C 


AD845KN 0°C to +70°C 
AD845JR 0°C to +70°C 
AD845AQ —40°C to +85°C 
AD845BQ —40°C to +85°C 
AD845SQ —55°C to +125°C 
AD845SQ/883B | —55°C to +125°C 
5962-8964501PA | —55°C to +125°C 
AD845J Chips 0°C to +70°C 
AD845S Chips —55°C to +125°C 


AD845JR-Reel 0°C to +70°C 


Temperature Package 
Range Description 


Package 
Option” 


8-Pin Plastic Mini-DIP | N-8 
8-Pin Plastic Mini-DIP | N-8 
16-Pin SOIC 
8-Pin Cerdip 
8-Pin Cerdip 
8-Pin Cerdip 
8-Pin Cerdip 
8-Pin Cerdip 
Die 

Die 

Tape & Reel 


*N = Plastic DIP; Q = Cerdip; R = Small Outline IC (SOIC). For outline information 


see Package Information section. 
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REV. C 


ANALOG 
DEVICES 


FEATURES 


AC PERFORMANCE 

Small Signal Bandwidth: 80 MHz (Ay = —1) 

Slew Rate: 450 V/s 

Full Power Bandwidth: 6.8 MHz at 20 V p-p, 
R, = 500 0 

Fast Settling: for 10 V Step: 110 ns to 0.01%, 
80 ns to 0.1% 

Differential Gain: <0.01% @ 4.4 MHz 

Differential Phase: <0.028° @ 4.4 MHz 

Total Harmonic Distortion (THD): 0.0005% @ 100 kHz 

Open-Loop Transimpedance: 200 MQ. 

Input Voltage Noise: 2 nV/V/Hz 


DC PERFORMANCE 

Input Offset Voltage: 75 1. V max (B Grade) 
input Offset Drift: 3.5 1.V/°C max (B Grade) 
Quiescent Supply Current: 6.5 mA max 


APPLICATIONS 

High Speed DAC Buffers 

Multiflash ADC Error Amplifiers 

Flash ADC Buffers 

Coaxial Cable Drivers 

High Performance Audio Circuitry 

Available in Plastic Mini-DIP, Hermetic Cerdip, and 
Hermetic Metal Can Packages 

MIL-STD-883B Parts Available 


PRODUCT DESCRIPTION 

The AD846 is a monolithic, very high speed operational ampli- 
fier offering high performance. Although technically classed as 
a current-feedback or transimpedance amplifier, it may be used 
in much the same way as traditional op amps while providing 
significant performance benefits. Employing Analog Devices’ 
junction isolated complementary bipolar (CB) process, the 
AD846 achieves true “12-bit” (0.01%) precision on critical ac 
and dc parameters, a level of performance unmatched by ampli- 
fiers fabricated using either the dielectrically isolated (DI) or 
other bipolar processes. 


The AD846 offers significant advantages over conventional high 
speed operational amplifiers. It maintains a nearly constant 
bandwidth and settling time to 0.01% over a wide range of 
closed-loop gains. This makes the AD846 ideal for amplifying 
the residue in multiple-pass analog-to-digital converters. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


REV. B 


450 V/jxs, Precision, 
Current-Feedback Op Amp 


ADB46 


CONNECTION DIAGRAM 


Plastic Mini-DIP (N) Package 
and 
Cerdip (Q) Package 


NC = NOCONNECT 
TOP VIEW 


Other advantages include: low input errors and high open-loop 
transresistance (200 MQ) into a 500 (2 load, ensuring true 12-bit 
dc accuracy for closed-loop gains from —1 to gains greater than 
—100. This combination of ac and dc performance makes the 
AD846 an excellent choice for buffering precision high speed 
DACs and flash ADCs. 


The AD846 is available in three performance grades. The 
AD846A and AD846B are rated over the industrial temperature 
range of —40°C to +85°C. The AD846S is rated over the full — 
military temperature range of —55°C to +125°C and is available 
processed to MIL-STD-883B, Rev C. 


Extended reliability PLUS screening is available specified over 
the commercial temperature range. PLUS screening includes 
168 hour burn-in as well as other environmental and physical 
tests. The AD846 is available in two types of 8-pin package: 
plastic mini-DIP and hermetic cerdip. ““A” and “S” grade chips 
are also available. 


shania HIGHLIGHTS 
. The AD846 achieves settling times of 110 ns to 0.01% for 
gains of —1 to —10, with a 450 V/us slew rate, while con- 
suming only 5 mA of supply current. | 


2. For closed-loop gains of —1 to-—100, the high speed perfor- 
mance of the AD846 is achieved without sien full 
12-bit de precision. 


3. The AD846 is well suited to line driver and ee buffer 
applications where the properties of low distortion and high 
slew rate are required. | 


OPERATIONAL AMPLIFIERS 9-251 


Model — 


INPUT OFFSET VOLTAGE!’ 
- Initial . 
Tain” T max ame 
‘vs. Temperature 
_ vs. Supply (PSRR) 
Initial a 
Tin T nax 
vs. Common Mode (CMRR). 
Initial 
Tai) mex 
INPUT BIAS CURRENT 
—Input Bias Current 
Initial | 
Thain! max 
vs. Temperature 
vs. Supply 
Initial 


vs. Common Mode 
Initial 
Tnin7 max 
+Input Bias Current. 
Initial 
Taine Veaise 
vs. Temperature 


vs. Common Mode’ 
Initial 
T iam max 
INPUT CHARACTERISTICS 
Input Resistance 
- —Input | 
+Input | 
Input Capacitance 
. —Input 
+Input 


INPUT VOLTAGE RANGE 
Common Mode _ 


INPUT VOLTAGE NOISE 
Input Current Noise 
—Input — . 
+Input 


OPEN LOOP 
TRANSRESISTANCE 


OUTPUT CHARACTERISTICS 


Voltage 

Current ; 

Output Resistance 
FREQUENCY RESPONSE 


Small Signal Bandwidth 
(—3dB) 


Full Power Bandwidth‘ 


Rise Time 
Overshoot 
Slew Rate 
Settling Time 
10 V Step, Ay = -1 


TOTAL HARMONIC 
DISTORTION® 


| Conditions. - 


5 V-18 V2 


“Vom = +10 V 


5 V-18 V2 


Vom = +10 V 


Short Circuit — 


| | Open Loop 


Ay = -1R-=1k © 

Ay = -10 Rp = 875.9 

Ay = —30 R,; = 8750 

Vour=20Vp-p 
00 0 


to 0.01% 
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Conditions 
F = 4.4 MHz, R, = 100 0 


Model 
DIFFERENTIAL GAIN 
DIFFERENTIAL PHASE 


POWER SUPPLY 
Rated Performance 
Operating Range 
Quiescent Current 


TRANSISTOR COUNT 


NOTES 


AD846A 
Min oe Max | Min Typ 


AD846 


AD846S 
Max | Min Typ Max | Units 


AD846B 


0.01 


F = 4.4 MHz, R; = 100 esi 028 0.028 0.028 Degree 


Input Offset Voltage Specifications are guaranteed after 5 minutes at T, = +25°C. 
?Test Conditions: +V, = 15 V, -V, = 5 V to 18 V and +V, = 5 Vto 18 V, —V, = 15 V. 
3Bias Current Specifications are guaranteed maximum after 5 minutes at T, = +25°C. 


‘FPBW = Slew Rate/2 7 Vopgax- 
5Total Harmonic Distortion. 


All min and max specifications are guaranteed. Specifications shown in boldface are tested on all production units at final electrical test. 


Results from those tests are used to calculate outgoing quality levels. 
Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS! 


SUPPLY WN Ola Be iio x een Sraiebod bog eat Aap eh bBo +18 V 
Internal Power Dissipation” 

Plastic Package 0.) 2 /u.s00-h sated peace way Boe Sok Gh 1.5 W 

Gerdip Packsee vies ricardo kh be ee aes 1.3 W 
Common-Mode Input Voltage, Max Safe......... IV.| -3 V 
Output Short Circuit Duration ............... Indefinite 
Differential Input Voltage..................004 +1V 
Continuous Input Current 

Inverting or Noninverting ................0. 2.0 mA 
Storage Temperature Range (Q) ........ -, -65°C to + 150°C 
Storage Temperature Range (N)......... —65°C to + 125°C 
Operating Temperature Range 

AD S46A1B ve eo 8oe are ek tia ine he —40°C to +85°C 

PID S465) 25. 5-228 wea Ral & sm cake owl eed c —55°C to +125°C 

ORDERING GUIDE 


Temperature Range 


AD846AN —40°C to +85°C 


AD846BN —40°C to +85°C N-8 
AD846AQ —40°C to +85°C Q-8 
AD846BQ — —40°C to +85°C Q-8 
AD846SQ —55°C to +125°C Q-8 
AD846SQ/883B 55°C to 125°C. . Q-8 


5962-8964601PA —55°C to +125°C 


NOTES 

1A” and “S” grade chips are also available. 

2N = Plastic DIP Package; Q = Cerdip Package. For outline information see 
Package Information section. 


REV. B 


Lead Temperature Range (Soldering 60 sec) ....... +300°C 
ESD Rane: 22.4 hs eotet: oe ied hes 2 eh SB gag 3500 V 
NOTES 


‘Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only; the functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

Maximum internal power dissipation is specified so that T, does not exceed 
+175°C at an ambient temperature of +25°C, derate cerdip (Q) package at 
8.7 mW/°C and plastic (N) package at 10 mW/°C. 

Plastic Package: 8;, = 100°C/Watt, 0,, =33°C/W. 

Cerdip Package: 6;, = 110°C/Watt, 0,, = 30°C/W. 


METALIZATION PHOTOGRAPH 


Dimensions shown in inches and (mm). 
Consult factory for latest dimensions. 


+Vs 


_INPUT 2 6 OUTPUT 
SUBSTRATE 
CONNECTED 
0.087 TO 
(2.20) +Vs5 


5 COMPENSATION 
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ANALOG High Speed, Low Power 
DEVICES ee Monolithic Op Amp 


FEATURES ° a | CONNECTION DIAGRAM 

Superior Performance a Plastic DIP (N), - | 
High Unity Gain BW: 50 MHz | | | Small Outline (R) and 
Low Supply Current: 5.3 mA | Cerdip (Q) Packages 


High Slew Rate: 300 V/s 
Excellent Video Specifications ; 
0.04% Differential Gain (NTSC and PAL) - .& 3 
0.19° Differential Phase (NTSC and PAL) nuit [1] apea7 [8] Nutt 
Drives Any Capacitive Load | _IN 2 | +Vs 
Fast Settling Time to 0.1% (10 V Step): 65 ns | | | oe 
Excellent DC Performance +IN | 3 | 6 | OUTPUT 
High Open-Loop Gain 5.5 V/mV (Ri oap = 1 kD) 
Low Input Offset Voltage: 0.5 mV ~Vs 5 | NC 
Specified for +5 V and +15 V Operation | 
Available in a Wide Variety of Options — . NC = NO CONNECT 
Plastic DIP and SOIC Packages | | 
Cerdip Package 


Die Form i ES specifications which include an open-loop gain of 3500 V/V. (500 

MIL-STD-883B Processing | | Q, load) and low input offset voltage of 0.5 mV. Common-mode — 

Tape & Reel (EIA-481A Standard) | ee rejection is a minimum of 78 dB. Output voltage swing is +3 V 
Dual Version Available: AD827 (8 Lead) A into loads as low as 150 ©. Analog Devices also offers over 30 
Enhanced Replacement for LM6361 other high speed amplifiers from the low noise AD829 (1.7. 
Haplacement tor HAzett, Mizee0i2/3/anc EL2020 | nV/\/Hz) to the ultimate video amplifier, the AD811, which - 


APPLICATIONS _ | : features 0.01% differential gain and 0.01° differential phase. 


Video Instrumentation 
Imaging Equipment 


| APPLICATION HIGHLIGHTS | 
Copiers, Fax, Scanners, Cameras 


1. As a buffer the AD847 offers a full-power bandwidth of | 


High Speed Cable Driver 12.7 MHz (5 V p-p with +5 V supplies) making it outstand- 
High Speed DAC and Flash ADC Buffers ing as an input buffer for flash A/D converters. 
7 | = 2. The low power and small outline package of the AD847 
PRODUCT DESCRIPTION | make it very well suited for high density applications such 
The AD847 represents a breakthrough in high speed amplifiers as multiple pole active filters. 
offering superior ac & dc performance and low power, all at low 3. The AD847 is internally compensated for unity gain opera- 


cost. The excellent dc performance is demonstrated by its +5 V - tion and remains stable when driving any capacitive load. 


6 


< : 
£& Ff 
55 
oy 100pF 
ra LOAD 
3 5 
oO. 
MH 
wi 4.5 | 
re] 1000pF 


LOAD 


0 5 10 15 20 - oe ies a 
SUPPLY VOLTAGE - + Volts AD847 Driving Capacitive Loads 


Quiescent Current vs. Supply Voltage 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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SPECIFICATIONS (@ T, = +25°C, unless otherwise noted) AD847 
Conditions V Min Typ Max | Min Typ Max | Units 


s 
INPUT OFFSET VOLTAGE! +5V 0.5 1 0.5 1 mV 
Twin to Tmax 3.5 4 mV 
INPUT BIAS CURRENT ‘hain | +5V,+15V 33. 6.6 ce ee a 


INPUT OFFSET CURRENT 


Tain tO Tyax 


Offset Current Drift 


OPEN-LOOP GAIN Vour = £2.5V 
Rioap= 500 2 
Tain to Tmax 
~ Rpoap = 1509 
Vout = +10 V 
Rioap = 1k 
Tmin to Tmax 
DYNAMIC PERFORMANCE 
Unity Gain Bandwidth 
Full Power Bandwidth? Vout = 5 V p-p 
Rioap = 500 2, 
Vour = 20 V p-p, 
Roan = 1 kQ 
Slew Rate? Rroap = 1 kQ 
Settling Time 
to 0.1%, Rpoap = 2509 -2.5Vto +2.5V 
10 V Step, Ay = —1 
to 0.01%, Rpoap = 250 9 -2.5Vto +2.5V 
10 V Step, Ay = —1 
Phase Margin CLoap = 10 pF 
: Rioap =] kQ 
Differential Gain f ~ 4.4 MHz, Rpoap = 1 kO 
- Differential Phase ~f ~ 4.4 MHz, Ryoap = 1 kD 
COMMON-MODE REJECTION | Voy = +2.5V 


Tain to Taax 


POWER SUPPLY REJECTION | V,==5Vto=15V 


Tain 60 Tmax 
INPUT CURRENT NOISE f= . . 


INPUT COMMON-MODE 
VOLTAGE RANGE 


OUTPUT VOLTAGE SWING 


Short-Circuit Current 
INPUT RESISTANCE 
INPUT CAPACITANCE 
OUTPUT RESISTANCE 


POWER SUPPLY 
Operating Range 
Quiescent Current 


Tyan to Tyax 


a 


Tan to Tax 


NOTES 

'Input Offset Voltage Specifications are guaranteed after 5 minutes at T, = +25°C. 

2Full Power Bandwidth = Slew Rate/27 Vpgax- 

3Slew Rate is measured on rising edge. 

All min and max specifications are guaranteed. Specifications in boldface are 100% tested at final electrical test. 
Specifications subject to change without notice. 
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AD847 


INPUT OFFSET VOLTAGE! 
Offset Drift 

INPUT BIAS CURRENT 

INPUT OFFSET CURRENT 


Offset Current Drift 
OPEN LOOP GAIN 


DYNAMIC PERFORMANCE 
‘Unity Gain Bandwidth 


Full Power Bandwidth? 


Slew Rate? 


Settling Time 
to 0.1%, Ryoap = 250 0 


to 0.01%, Rioap = 2500 
Phase Margin 


Differential Gain 
Differential Phase — 


COMMON-MODE REJECTION 


POWER SUPPLY REJECTION 


INPUT VOLTAGE NOISE 
INPUT CURRENT NOISE 


INPUT COMMON-MODE 
VOLTAGE RANGE 


OUTPUT VOLTAGE SWING 


Short-Circuit Current 
INPUT RESISTANCE 
INPUT CAPACITANCE 
OUTPUT RESISTANCE 


POWER SUPPLY 
Operating Range 
Quiescent Current 
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| —2.5 V to +2.5 V 


ADS47S.- 


— 
Conditions hee oe Max Min 


Max | Units 


Typ 


Tm to Tyax 


+5 V, eae V 3.3 3.3 
Tain to Tan : 5 ss 5 
po : 


+5 V, baal V 


Twin to Tmax 


Vout = £2.5 V 
Rioap= 500 9) 
Tuan to Tmax 
Rpoap = 1500 
Vout = +10 V 
Rioap = 1 kO 
Tain to Tmax 


Vour = 5 V p-p 
Rroap = 500 Q, 

Vour = 20 V p-p, 
Rioap = 1 kQ 

Rioap =] kQ 


10 V Step, Ay = -1 

-2.5 V to +2.5 V 

10 V Step, Ay = -1 

CLoap = 10 pF 

Rioap = 1 kQ 

f ~ 4.4 MHz, Rpoap = 1 kN 
f ~ 4.4 MHz, Rpoap = 1 kD 


‘Tin to TMax — 
Vs = +5 Vto +15 V 
Tin to Tax . 


f = 10 kHz +15V a 
T= ee A 


500 0 
150 0 
1kO 


Rioap 
LOAD 
Rroap 


Seccd 


Tin to Tmax — 


Tain tO Tmax 


REV. F 


ABSOLUTE MAXIMUM RATINGS’ 


Supply Voltage: sc h622 eh haa eae de as S388 +18.V 
Internal Power Dissipation” 
Plastic: CN) a ancvs ese cre o 6 BA ea oes ne Aas 1.2 Watts 
Small Outline (R) 0446 ves ee eee een Bes 0.8 Watts 
Cerdip (Os 5.8 eb. ol ore Sows eek lees oer acd 1.1 Watts 
Anput Voltage? a2 xs ce4-o9 Ga Oa oe ae eS tV<, 
Differential Input Voltage ................0000- +6V 
Storage Temperature Range (Q)......... —65°C to + 150°C 
CNG TR) nc te 08 ore dia Oe eases weg ee —65°C to +125°C 
Junction Temperature ..............0000 0c eee 7s°C 
Lead Temperature Range (Soldering 60 sec) ......... 300°C 


NOTES 

‘Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

?Mini-DIP Package: 6,, = 100°C/Watt; Oj¢ = 33°C/Watt 

Cerdip Package: @,;, = 110°C/Watt; 0,, = 30°C/Watt 

Small Outline Package: 6;, = 155°C/Watt; 0;, = 33°C/Watt 


AD847 


ESD SUSCEPTIBILITY 

ESD (electrostatic discharge) sensitive device. Electrostatic 
charges as high as 4000 volts, which readily accumulate on the 
human body and on test equipment, can discharge without 
detection. Although the AD847 features proprietary ESD pro- 
tection circuitry, permanent damage may still occur on these 
devices if they are subjected to high energy electrostatic dis- 
charges. Therefore, proper ESD precautions are recommended 
to avoid any performance degradation or loss of functionality. 


METALIZATION PHOTOGRAPH 


Contact factory for latest dimensions. 
Dimensions shown in inches and (mm). 


0.67 
(1.70) 


(1.37) 


+INPUT 3 


L 


NULL 1 
—INPUT 2 : iif = 
0.54 


SUBSTRATE CONNECTED TO + Vs 


6 OUTPUT 


ORDERING GUIDE 


Temperature 
Range — °C 


Package 
Option” 


Package 
Description 


AD847JN 0 to +70 Plastic N-8 
' AD847JR 0 to +70 SOIC R-8 
AD847AQ —40 to +85 Cerdip Q-8 
AD847AR —40 to +85 SOIC R-8 
AD847SQ —55 to +125 Cerdip Q-8 
AD847SQ/883B —55 to +125 Cerdip Q-8 


5962-8964701PA 


NOTES 


—55 to +125 


Cerdip 


1AD847 also available in J and S grade chips, and AD847JR and AD847AR 


are available in tape and reel. 


For outline information see Package Information section. 
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ANALOG 


aA DEVICES 


High Speed, Low Power 
Monolithic Op Amps 


FEATURES sO | 

725MHz Gain Bandwidth — AD849 

175MHz Gain Bandwidth — AD848 — 

4.8mA Supply Current | 

300V/ys Slew Rate 

80ns Settling Time to 0.1% for a 10V Step — AD849 
Differential Gain: AD848 = 0.07%, AD849 = 0.08% 
Differential Phase: AD848 = 0.08°, AD849 = 0.04° 
Drives Capacitive Loads 


DC PERFORMANCE 

3nV/V Hz Input Voltage Noise — AD849 

85V/mV Open Loop Gain into a 1kQ Load — AD849 
ImV max Input Offset Voltage 

Performance Specified for +5V and. +15V Operation 
Available in Plastic, Hermetic Cerdip and Small Outline 


Packages. Chips and MIL-STD-883B Parts Available. 


Available in Tape and Reel in Accordance with 
EIA-481A Standard 


APPLICATIONS 

Cable Drivers 

8- and 10-Bit Data Acquisition Systems 
Video and R,- Amplification 

Signal Generators 


PRODUCT DESCRIPTION 
The AD848 and AD849 are high speed; tow power monolithic 


operational amplifiers. The AD848 is internally compensated sO 
that it is stable for closed loop gains of 5 or greater. The AD849° 


is fully decompensated and is stable at gains greater than 24. 
The AD848 and AD849 achieve their combination of fast ac and 


good dc performance by utilizing Analog Devices’ junction iso- 


lated complementary bipolar (CB) process. This process enables 
these op amps to achieve their high speed while only equine 
4.8mA of current from the power supplies. | 


The AD848 and AD849 are members of. Arislog Devices’ gas 


of high speed op amps. This family includes, among others, the 
AD847 which is unity gain stable, with a gain bandwidth of. 

50MHz. For more demanding applications, the AD840, AD841 
and AD842 offer even greater precision and greater output cur- 
rent drive. ed 


The AD848 and AD849 have good dc performance. When oper- ; 


ating with +5V supplies, they offer open loop gains of 13V/mV 
(AD848 with a 5000 load) and low input offset voltage of 1mV 
maximum. Common-mode rejection is ‘a minimum of 92dB. — 
Output voltage swing is +3V even into loads as low as 1500. 


This is an abridged data sheet. To obtain the most recent version or _ 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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Plastic (N), 
Small Outline (R) and 
Cerdip (Q) Packages 


= 


NC = NO CONNECT ~ 


20-Terminal LCC Pinout 


_. TOP VIEW. 
(Not to Scale) 


io APPLICATIONS HIGHLIGHTS 
_The high slew rate and fast settling time of the AD848 and 


AD849 make them ideal for video instrumentation circuitry, 


: low noise pre-amps. and line drivers. 


- In order to meet the needs of both video and data acquisition 


applications, the AD848 and AD849 are optimized and tested 


‘for +5V and +15V power supply operation. 


. Both amplifiers offer full power bandwidth greater than 
_ 20MHz (for 2V p-p with +SV supplies). 


. The AD848 and AD849 remain stable when driving any 


capacitive load. 


. Laser wafer trimming reduces the input offset voltage to 


ImV maximum on all grades, thus eliminating the need for 


external offset nulling in many applications. 
. The AD848 is an enhanced replacement for the LM6164 


series and can function’ as a pin-for-pin replacement for many 
high speed amplifiers. such as the HA2520/2/5 and EL2020 in 


- applications where the gain is 5 or greater. 


REV. B 


SPECIFICATIONS (@T, = +25°C, unless otherwise noted) 


Model 
INPUT OFFSET VOLTAGE! 


Offset Drift 
INPUT BIAS CURRENT 


INPUT OFFSET CURRENT 


Offset Current Drift 
OPEN LOOP GAIN 


DYNAMIC PERFORMANCE 
Gain Bandwidth 


Full Power Bandwidth? 


Slew Rate 
Settling Time to 0.1% 


Phase Margin 


DIFFERENTIAL GAIN 
DIFFERENTIAL PHASE 


COMMON-MODE REJECTION 


POWER SUPPLY REJECTION 


INPUT VOLTAGE NOISE 
INPUT CURRENT NOISE 


INPUT COMMON-MODE 
VOLTAGE RANGE 


OUTPUT VOLTAGE SWING . 


SHORT CIRCUIT CURRENT 
INPUT RESISTANCE 
INPUT CAPACITANCE 
OUTPUT RESISTANCE 


POWER SUPPLY 
Operating. Range: 
Quiescent Current 


NOTES 


AD848J 


Min 


+5V, +15V 300 
Torin tO Trax +5V, +15V 400 
+5V, +15V 


0 300 50 
400 
0.3 0.3 


+5V 
+15V 


—2.5V to +2.5V 

10V Step, Ay = —4 

= 10pF 
1kO 


CLoap 
Rioap 


f = 4.4MHz : ; 
Vom = £2.5V 
Vom = +12V 
Timin tO T max 
Vy, = +4.5V to +18V 
Trin tO Trax 


f = 10kHz 
f = 10kHz 


Rioap 
Rioap 
Rroap 
Rioap = 


oe 
— 
an 
So 
= 


5 eae to T sag 


Tinin to g ee 


'NInput offset voltage specifications are guaranteed after 5 minutes at Ta = +25°C. 
2Full power bandwidth = slew rate/27 Vprax. Refer to Figure 1. 


All min and max specifications are guaranteed. Specifications in boldface are tested on all production units at final electrical test. All others are guaranteed but not 


necessarily tested. 


Specifications subject to change without notice. 


-REV.B 


ox 
9115/2 HHHt tk hi|<<<a< 


AD848/AD849 


MHz 


MHz 
V/s 
V/us 
ns. 
ns 


Degrees 


%  . 
Degree .. 
dB 
dB 


dB 
dB 


nV/\/Hz 
pA/\/Hz 


<<<] 


BeBB< | 
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AD848/AD849 


. AD849J _ ADSA9A/S 
Model “Conditions oe = Units 


INPUT OFFSET VOLTAGE! 
 yeres to Tacs 
Offset Drift 
INPUT BIAS CURRENT +5V, +15V 
Tia A pees +5V, + 15V 
INPUT OFFSET CURRENT +5V, +15V 
: Tenis ¢ ro +5V, +15V 
Offset Current Drift +5V, +15V 
OPEN LOOP GAIN 
DYNAMIC PERFORMANCE 
Gain Bandwidth 
Full Power Bandwidth? 
Slew Rate 7 


Settling Time to 0.1% 3 8V to +2.5V 


/ 10V Step, Ay = —24 
Phase Margin CLoap = l0pF 
Rioap = 1kO. 


DIFFERENTIAL GAIN f = 4.4MHz % 
DIFFERENTIAL PHASE f = 4.4MHz 4 o. : 


COMMON-MODE REJECTION | V.,y = £2.5V 
Vom = £12V 


Tide to E eae 


POWER SUPPLY REJECTION Vs = +4.5V to +18V 98 120 
. Vata to ie 94 


dB 


INPUT CURRENT NOISE f = 10kHz pA/Hz 
INPUT COMMON-MODE . . 


VOLTAGE RANGE 


OUTPUT VOLTAGE SWING 


Roe ay 
Rioa OAD ~ 
Ryoap = 


SHORT CIRCUIT CURRENT 
INPUT RESISTANCE 
INPUT CAPACITANCE 
OUTPUT RESISTANCE 


POWER SUPPLY 
Operating Range © 
Quiescent Current _ 


T..;, to T 


min 


max 


BEBE (PRBS | ceeeays<<< 


Nie to {en 


NOTES 
‘Input offset voltage specifications are guaranteed after 5 minutes at Ty = +25°C. 
2Full power bandwidth = slew rate/27 Vpgax. Refer to Figure 1. 


All min and max specifications are guaranteed. Specifications in boldface are tested on all production units at final electrical test. All others are guaranteed but not 
necessarily tested. 


Specifications subject to change without notice. . 
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AD848/AD849 


ABSOLUTE MAXIMUM RATINGS! 

Supply Voltage ..........0... 00. eee eee eee +18V METALIZATION PHOTOGRAPH 

Contact factory for latest dimensions. (AD848 and AD849 are identical 
except for the part number in the upper right.) 


Internal Power Dissipation” 
Plasue CN)” soe cg te wee hw AS as 1.1 Watts 


Dimensions shown in inches and (mm). 
Small Outline (R) .......0.0.....0000000% 0.9 Watts 3 
Cardin (QO): <i eerie b 4S ES eae eee Os 1.1 Watts —— 0.067 =e 
|B Gs 5) eRe reaver aera ae mera eee ee ae 0.8 Watts nue 
Input Voltage 2.0.0.2... cece ec ee eee teens +V, [~ = 
Differential Input Voltage ..................0004 +6V oe ; es 
Storage Temperature Range (Q) ......... —65°C to +150°C 
CIN GAR) oe ext de Se we Ge Se a te nd eee td —65°C to +125°C 
Junction Temperature ..........0 0.0... eee eee +175°C — INPUT 2 
Lead Temperature Range (Soldering 60sec) ........ + 300°C 
‘Stresses above those listed under “Absolute Maximum Ratings” may cause (37 
permanent damage to the device. This is a stress rating only, and functional 6 OUTPUT 
operation of the device at these or any other conditions above those 
indicated in the operational section of this specification is not implied. i 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. HINPUTS 
"LCC: 6,4 = 150°C/Watt 
Mini-DIP Package: 6,4 = 110°C/Watt : oes 


Cerdip Package: 8;, = 110°C/Watt Sa 
Small Outline Package: 6,4 = 155°C/Watt. SUBSTRATE CONNECTED TO +V; 


ORDERING GUIDE. 


Gain Min Max 


Bandwidth | Stable | Offset Voltage | Temperature | Package 
Model MHz Gain | mV Range -°C_ | Option! 
AD848JN - 1 | 0 to +70 N-8 
AD848JR? . 1 0 to +70 R-8 
AD848JCHIPS 1 0 to +70 Die Form 
AD848AQ l —40 to +85 Q-8 
AD848SQ 1 —§5to +125 | Q-8 | 
AD848SQ/883B 1 —55 to +125 | Q-8 
AD848SE/883B 1 —55 to +125 | E-20A 
AD849JN | 1 0 to +70 N-8 
AD849JR? 1 0 to +70 R-8 
AD849AQ 0.75 —40 to +85 Q-8 
AD849SQ 0.75 —5§5 to +125 | Q-8 
AD849SQ/883B 0.75 —55 to +125 | Q-8 
AD847]J/A/S See AD847 Data Sheet 


NOTES 
1E = LCC; N = Plastic DIP; Q = Cerdip; R = Small Outline IC (SOIC). For outline information see 
Package Information section. 

Plastic SOIC (R) available in tape and reel. AD848 available in S grade chips. AD849 available in 

J and S grade chips. 
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B DEVICES © 


FEATURES | 
Improved Replacement for Signetics SE/NES539 


AC PERFORMANCE : 
Gain Bandwidth Product: 1.4 GHe | typ 
Unity Gain Bandwidth: 220 MHz typ 
High Slew Rate: 600 V/ps typ | 
Full Power Response: 82 MHz typ . 
Open-Loop Gain: 47 dB ‘min, 52 ie oP 


DC PERFORMANCE fed . 

All Guaranteed DC Specifications Are 100% Tested 
For Each Device Over Its Full Temperature 
Range — For All Grades and Packages - 

Vos: 5 mV max Over ae Temperature range 
(AD5539S) : 

Ip: 20 pA max (AD5539J) © 

CMRR: 70 dB min, 85 dB ‘ac 

PSRR: 100 ».V/V typ 

MIL-STD-883B Parts Available 


PRODUCT DESCRIPTION 

The ADS5539 is an ultrahigh frequency operational amplifier de: 
signed specifically for use in video circuits and RF amplifiers. 
Requiring no external compensation for gains greater than 5, it 
may be operated at lower gains math the addition of external 
compensation. 


As a superior replacement for the Signetics NE/SE5539, each 
AD5539 is 100% dc tested to meet all of its guaranteed dc speci- 
fications over the full temperature range of the device. 


The high slew rate and wide bandwidth of the AD5539 provide 
low cost solutions to many otherwise complex and expensive 
high frequency circuit design problems. 


The AD55339 is available specified to operate over ete the 
commercial (AD5539JN/JQ) or military (AD5539SQ) tempera- 
ture range. The commercial grade is available either in 14-pin 
plastic or cerdip packages. The military version is supplied in 
the cerdip package. Chip versions are also available. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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NI A WU & WN —& 


Ultrahigh Frequency 
Operational Amplifier 


CONNECTION DIAGRAM 
Plastic DIP (N) Package 
or Cerdip (Q) Package © 


INVERTING 


‘ NONINVERTING fad 
INPUT oa INPUT ... 


FREQUENCY 
COMPENSATION 


PRODUCT HIGHLIGHTS 


. All guaranteed dc specifications are 100% tested. 

. The AD5539 drives 50 © and 75 ©. loads directly. 
. Input voltage noise is less than 4 nV1/Hz. 

. Low cost RF and video speed performance. 

. +2 volt output range into a 150 0 load. 

. Low cost. 

. Chips available. 
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SPECIFICATIONS (@ +25°C and V, = +8 V de, unless otherwise noted) AD5939 
Parameter Typ Typ Units 
a arn 
Initial Offset? . mV 
Tyain tO Trex | 5 sey 


INPUT OFFSET CURRENT 
Initial Offset? 
Tags 00 Te 


INPUT BIAS CURRENT 
Initial” 
Vom = 0 
Either Input 
fi <2 


FREQUENCY RESPONSE 

R, = 150 03 

Small Signal Bandwidth 
Acr = 2* 

Gain Bandwidth Product 
Ac, = 26 dB 

Full Power Response 
Act = 2* 


0.1 1 pA 


Settling Time (1%) 
Slew Rate 
Large Signal Propagation Delay 
Total Harmonic Distortion 
R, = 00 
R, = 100 0? 
Vour = 2 V p-p 
Ac, = 7, f = 1 kHz 


INPUT IMPEDANCE. 


OUTPUT IMPEDANCE @<10 ME a 


INPUT VOLTAGE RANGE 

Differential? 

(Max Nondestructive) 
Common-Mode Voltage 

(Max Nondestructive) 
Common-Mode Rejection Ratio 

AVcm = 1.7 V 

R, = 1000 

Tin tO Tmax 


INPUT VOLTAGE NOISE 
Wideband RMS Noise (RTT) 
BW = 5 MHz; R, = 500 
Spot Noise 
F = 1 kHz; R, = 500 


OPEN-LOOP GAIN 
Vo = +2.3V, -1.7V 
R, = 1500? — 
R, = 2k0 
Torin tO Tmax —Ry, = 2k 
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-AD5539 


AD55399 os ADS5539S 


Parameter i Typ - Min Typ Max Units 
OUTPUT CHARACTERISTICS oe _ 
Positive Output Swing © 
R,, = 150 0? : +2.3 +2.8 V 
R, =2k0 : +2.3 +3,3 Vv 
Tanin tO Tenax With i | 
R, =2kO +2.3 Vv 
Negative Output Swing . 
R, = 150 03 ms —2.2 -1.7 © ay 
R, = 2 kO —-2.9 —1.7 V 
Tein tO Tmax With 7 | 
~R, =2k0 —1.5 Vv 
POWER SUPPLY (No Load, No Resistor to —Vs) | 
Rated Performance +8 V 
Operating Range +4,5 +10 Vv 
Quiescent Current 
Initial IGgt 14 18 mA 
Tee tole 20 mA 
Initial IGg- 11 15 mA 
‘Tato 1s 17 mA 
PSRR 
Initial | 100 1000 100 1000 wV/V 
Torin tO Tenax 2000 2000 V/V 
TEMPERATURE RANGE , 
Operating, 
Rated Performance 
Commercial (0 to +70°C) | AD5539JN, AD5539JQ 
Military (—55°C to +125°C) | AD5539SQ 
PACKAGE OPTIONS® . 
Plastic (N-14) AD5539JN | | ae a 
Cerdip (Q-14) ADS5539JQ AD5539SQ, AD5539SQ/883B 
NOTES | 
‘Input Offset Voltage specifications are guaranteed after 5 minutes of operation at T, = +25°C, 
Bias Current specifications are guaranteed maximum at either input after 5 minutes rot operation at T, = +25°C. 
°Rx = 470 0 to —-Vs. 
‘Externally compensated: 
*Defined as voltage between inputs, such that neither exceeds +2.5 V, —5.0 V from ground. 
°For outline information see Package Information section. 
Specifications subject to change without notice. ; 
Specifications in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, although only those shown in boldface are tested on all production units. 
ABSOLUTE MAXIMUM RATINGS? - OFFSET NULL CONFIGURATION 
Supply Voltage: 3%. 5 ve 5,505 ota PALE Wel be OR A -Sle +10 V ) . 
Internal Power Dissipation ...............06-. 550 mW 
Input Voltage ............0000 00 ee +2.5 V, -5.0 V 
Differential Input Voltage .................... 0.25 V 
Storage Temperature Range (Q) ......... —65°C to + 150°C 
Storage Temperature Range (N)......... —65°C to +125°C 
Operating Temperature Range | 
PODS S39 IN 36 cecacsanp cane riers ream aap ace aatathelge 0 to +70°C 
PID9539 IO es hora te ores ed ae Ak oe be ae 0 to +70°C 
ADS5539SQ........ ee ee ... 55°C to +125°C 
Lead Temperature Range (Soldering 60 Seconds) ..... 300°C _ Vin OR GROUND 
NOTE R 
'Stresses above those listed under “Absolute Maximum Ratings” may cause CUTER NULE ANSE SNe ( an gOIENs ( a ) 
permanent damage to the device. This is a stress rating only and functional 


operation of the device at these or any other conditions above those indicated OFFSET NULL CONFIGURATION 
in the operational section of this specification is not implied. Exposure to | 


absolute maximum rating conditions for extended periods may affect device _ 
reliability. 
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DEVICES 


800 MHz, 50 mW 
Current Feedback Amplifier 


AD8001 


FEATURES 
Excellent Video Specifications (R, = 150 Q, G = +2) 
Gain Flatness 0.1 dB to 100 MHz 
0.01% Differential Gain Error 
0.025° Differential Phase Error 
Low Power 
5.5 mA max Power Supply Current (55 mW) 
High Speed and Fast Settling 
880 MHz, -3 dB Bandwidth (G = +1) 
440 MHz, -3 dB Bandwidth (G = +2) 
1200 V/us Slew Rate 
10 ns Settling Time to 0.1% 
Low Distortion 
-65 dBc THD, f, = 5 MHz 
33 dBm 3rd Order Intercept, F, = 10 MHz 
-66 dB SFDR, f = 5 MHz 
High Output Drive 
70 mA Output Current 


Drives Up to 4 Back-Terminated Loads (75 © Each) 
While Maintaining Good Differential Gain/Phase 


Performance (0.05%/0.25°) 


APPLICATIONS 
A-to-D Driver 

Video Line Driver 
Professional Cameras 
Video Switchers 
Special Effects 

RF Receivers 


PRODUCT DESCRIPTION 


The AD8001 is a low power, high speed amplifier designed to 


operate on +5 V supplies. The AD8001 features unique 


Vs =+5V 
Rep = 8202 


GAIN -— dB 


10M . 100M 1G 
FREQUENCY — Hz 


| Figure 1. Frequency Response of AD8001 


REV.A 


FUNCTIONAL BLOCK DIAGRAM 
8-Pin Plastic Mini-DIP and SOIC 


NC = NO CONNECT 


transimpedance linearization circuitry. This allows it to drive 
video loads with excellent differential gain and phase perfor- 
mance on only 50 mW of power. The AD8001 is a current 
feedback amplifier and features gain flatness of 0.1 dB to 100 MHz 
while offering differential gain and phase error of 0.01% and 
0.025°. This makes the AD8001 ideal for professional video 
electronics such as cameras and video switchers. Additionally, _ 
the AD8001’s low distortion and fast settling make it ideal for 
buffer high speed A-to-D converters. 


The AD8001 offers low power of 5.5 mA max (Vs = +5 V) and 
can run on a single +12 V power supply, while being capable of 
delivering up to 70 mA of load current. All this is offered in a 
small 8-pin DIP or 8-pin SOIC package. These features make 
this amplifier ideal for portable and battery powered applica- 
tions where size and power is critical. 


The outstanding bandwidth of 800 MHz along with 1200 V/s 
of slew rate make the AD8001 useful in many general purpose 
high speed applications where dual power supplies of up to +6 V 
and single supplies from 6 V to 12 V are needed. The AD8001 is 
available in the industrial temperature range of —40°C to +85°C. 


Figure 2. Transient Response of AD8001; 2 V Step, G = +2 
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AD8001 —SPEC | FI CATI ONS.. (@ T, = + 25°C, Vs = +5 V, R, = 100 Q, unless otherwise noted) 


 ADSOOIA. 
eo ON te ck, ae oa Conditions Min * . Typ | Max 
DYNAMIC PERFORMANCE ~ ee ag" Pty Bat a: 


-3 dB Small Signal Bandwidth, N Package G = +2, < 0.1 dB Peaking, Rp = 750 Q 
fe 8 | G= +1, < 1 dB Peaking, Rp = 1 kQ 
R Package G= +2, < 0.1 dB Peaking, Re = 681 Q 
' G=+t1,< 0.1 dB Peaking, Rp = 845 Q 


Model 


Bandwidth for 0.1 dB Flatness ~ : : 
N Package G = +2, Rp= 750Q 
R Package G = +2, Rp= 681 Q 


- Slew Rate G = +2, Vo= 2 V Step 
a G =-—1, Vo= 2 V Step 
Settling Time to 0.1% - G =-1, Vo= 2 V Step 
Rise & Fall Time | G =-1, Vo= 2 V Step, Rp = 649 Q 
NOISE/HARMONIC PERFORMANCE 
Total Harmonic Distortion a fo = 5 MHz, Vo = 2 V p-p 
G= +25 Ry = 100 Q 
Input Voltage Noise so . f= 10 kHz 
Input Current Noise _ 7 f = 10 kHz, +In 
. , —. =In 
Differential Gain Error NTSC, G = +2, Rp = 150 Q 
Differential Phase Error $i | eS NTSC, G = +2, Ry = 150 Q 
Third Order Intercept oa f= 10 MHz 
1 dB.Gain Compression © | : | | f=10MHz 
SFDR © | 2, . f= 5 MHz 
DC PERFORMANCE 
Input Offset Voltage 
| . — Tain-T ax 
Offset Drift | 
—Input Bias Current 
|  Tvn-T Max 
+Input Bias Current _ 
— Twm-Tmax 


Open Loop Transresistance : Vo =#2.5V 

: et | Tvin-T max: 

INPUT CHARACTERISTICS | _—_ 

Input Resistance BS — +Input 

ne bc, ee AIRS —Input 

Input Capacitance a ee eae _ +Input 

Input Common-Mode Voltage Range | | 

Common-Mode Rejection Ratio | . 

Offset Voltage a ae Vom =2+2.5V 

-Input Current Vey = £2.5 Vy Tarn-Tmax 

+Input Current hte. Vem = £2.5 V, Tvin-Tmax 


OUTPUT CHARACTERISTICS 
Output Voltage Swing © = 
Output Current _ 
Short Circuit Current 


POWER SUPPLY 


Operating Range 

Quiescent Current Twimn-T max 

Power Supply Rejection Ratio » | +Vg = +4 Vito +6V, -Vs =-5 V 
. -V,5=-4V to-6 V, +Vs = +5 V 

Input Current , | Tn—Toax 

+Input Current Twm—-T max 


Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS! 
Supply Voltage: inde bee baie eae ce ee’ gts itt 12.6V 
Internal Power Dissipation” 2 

Plastic Package (N) ..... ES te Geta dears 6a oe eae Aso! Watts 

Small Outline Package (R) au te ee ewe 0.9 Watts 
Input Voltage (Common Mode) ................+.42- +Vz 
Differential Input Voltage ....... ee re eee +1.2V 
Output Short Circuit Duration 

A ee ne eee ere Observe Power Derating Curves 


Storaze Temperature Range N,R ......... —65°C to +125°C 
Operating Temperature Range (A Grade) ... —40°C to +85°C 
Lead Temperature Range (Soldering 10 sec) ........ +300°C 
NOTES 


'Stresses above those listed Matis “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in the 
operational section of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
Specification is for device in free air: 

8-Pin Plastic Package: 0,4 = 90°C/Watt 

8-Pin SOIC Package: 8;, = 140°C/Watt 


METALLIZATION PHOTO 


Dimensions shown in inches and (mm). 
Connect Substrate to —-Vs. 


<q 0.041 (1.05) 


CAUTION 


ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the AD8001 features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 
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AD8001 


MAXIMUM POWER DISSIPATION 

The maximum power that can be safely dissipated by the 
AD8001 is limited by the associated rise in junction tempera- 
ture. The maximum safe junction temperature for plastic 
encapsulated devices is determined by the glass transition tem- 
perature of the plastic, approximately +150°C. Exceeding this 
limit temporarily may cause a shift in parametric performance 
due to a change in the stresses exerted on the die by the package. 
Exceeding a junction temperature of +175°C for an extended 
period can result in device failure. 


While the AD8001 1s internally short circuit protected, this 

may not be sufficient to guarantee that the maximum junction 
temperature (+150°C) is not exceeded under all conditions. To 
ensure proper operation, it is necessary to observe the maximum 
power derating curves. 


hs 


Ne 
MT} | NX 
Caan 
Lf 


MAXIMUM POWER DISSIPATION -— Watts 


-50 -40 -30 -20-10 0 10 20 30 40 50. 60'.70 80 90 
“AMBIENT TEMPERATURE ~ °C ast 


Figure 3. Plot of Maximum Power Dissipation vs. 
Temperature ; 


ORDERING GUIDE 


Temperature Package 
Range Description 


AD8001AN -40°C to +85°C_ | 8-Pin Plastic DIP |N-8 
AD8001AR ~40°C to +85°C 8-Pin Plastic SOIC |R-8 
AD8001ACHIPS |-40°C to +85°C | Die Form | 
AD8001SMD? -55°C to +125°C. | 8-Pin Cerdip Q-8 
AD8001R-EB+2? SOIC Eval Board, | 


“Gs +2 Fs : 


NOTES 

'For outline information see Package Information section. . 

Standard Military Drawing Device. Ordering Number TBD. Contact our local 
sales office, representative or distributor for availability. 

Refer to Evaluation Board section. 


WARNING! 


oe 


ESD SENSITIVE DEVICE 
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AD8001 


Vout TO 
TEKTRONIX 
CSA 404 COMM. 
SIGNAL 
ANALYZER 


HP8133A RE= 1002 
PULSE 
GENERATOR 


e 
Tr/Tr = 50ps “Vs 


Figure 4. Test Circuit, Gain = +2 


Figure 7. 2 V Step Response, G = +2 


9092 


0.001 1F 


Vout TO 
TEKTRONIX 
‘CSA 404 COMM. 
SIGNAL 
ANALYZER 


_ AD8001 


nae 


LeCROY 9210 
Q 
PULSE (7 
GENERATOR | 
Tr/Tr = 350ps “Vs 


Figure 8. Test Circuit , Gain = 


— Figure 6.. 2.°V Step Response, G = +1 
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Figure 9. 100 mV Step Response, G = +1 — 
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AD8001 


_ = ma 
Vs = +5V 
Reg = 820Q a Lt 
800 
: ead fed 
<= 
a = Las 
3 
| _ hal dl 
r a 
< Vg =+5V = 
ot Se 
400 
3 ca ee ee 
a SS 
ee (es i a ee 
™ al 
es ee 
10M 100M 1G 500 1000 
FREQUENCY — Hz VALUE OF FEEDBACK RESISTOR me ~Q 
Figure 10. Frequency Response, G = +2 Figure 13. -3 dB Bandwidth vs. R- 
B Vout = 2V p-p 
- Ry = 1002 
md GAIN = +2 
Q 
= 
O 
® 
(a) 
Q 
2 
re) 
= 
a 
< 
<= 
ae eet 
0.9: 
1M 10M 100M 10k 100k 10M 100M 
FREQUENCY - Hz esiene ~ Hz 
Figure 11. 0.1 dB Flatness, R Package (for N Package add Figure 14. Distortion vs. Frequency, R, = 100 Q 
50 Q to Rr) 
a” 
® ae ee Ed 
+5V SUPPLIES eer a leet ea 
fa} 
Vout = 2V p-p is 2 BACK TERMINATED 
Ry = 1kQ ul LOADS (759) 
GAIN = +2 = 
oa 
aw 
ue 
ao 


1 BACK TERMINATED 
LOAD (1502) 


A 1 AND 2 BACK TERMINATED 
0.01 LOADS (1502 AND 75Q) 


HARMONIC DISTORTION — dBc 


IFF GAIN - % 
° 
2° 
° 


= ~0.01 
~0.02 
10k 100k 1M 10M 100M Ge 
FREQUENCY - Hz 
Figure 12. Distortion vs. Frequency, R, = 1 kQ Figure 15. Differential Gain and Differential Phase 
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AD8001 


-3dB BANDWIDTH — MHz 


- 600 700 800 900 1000 1100 
FREQUENCY - Hz - # VALUE OF FEEDBACK RESISTOR (Rr) - 22 
Figure16. Frequency Response, G = +1 Figure 19. -3 dB Bandwidth vs. Rr, G = +1 
“1 


ESA 


Re = 6490 


Ry = 1000 


tt GAIN = +1 
ATi Vout = 2Vp-p 
. oO 
; AS ie 
ne] i] 
: ahi z 
5 \ = -70 
: mel LN : 
2 Ri = 10002 | c 
v=somy | | | HG ae 3-20 
» [26 eee 
ae ee ae ae ai 
os ae 
~9 -100 
2M 10M 100M 1G 
FREQUENCY - Hz FREQUENCY - Hz 
Figure 17. Flatness, R Package, G = +1 (for N Package Figure 20. Distortion vs. Frequency, R, = 100Q: 


Add 100 Q to Rr) 


Ry = 1kQ 


Fae aw 


~60 : . 
o ‘ “SY 
a : 
: of eB 
5” oe ae ee oe Ri 
Fe) it le 
os > 
& a 
S -80 Fe 
Q . tp ro) 
a |. 

ps) ae as | 

_ PCE CIE ITH 

-110 

10k 100k: - 400M 1M 10M 100M 
pecueNcy: Hz FREQUENCY — Hz 
Figure 18.. Distortion vs. Frequency, R, = 1kQ Figure 21. Large Signal Frequency Response, G = +1 
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AD8001 


AAPERSD 
a / | a 
TAT 
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JUNCTION TEMPERATURE - °C 


100M 1G 
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Figure 25. Input Offset vs. Temperature 


Figure 22. Frequency Response, G = +10, G = +100 
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Figure 23.\ Output Swing vs.Temperature 


Figure 26. Supply Current vs. Temperature 
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Figure 27. Short Circuit Current vs. Temperature 


Figure 24. Input Bias Current vs. Temperature 
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— AD8001 


TRANSRESISTANCE —- kQ 


NOISE VOLTAGE - nV/ VHz 


CMRR — dB 


9-272 


6k 


ao 
* 


R 


JUNCTION TEMPERATURE - °C 


Figure 28. Transresistance vs. Temperature 


— il a 


NONINVERTING CURRENT Vg = +5V 


10 100 1k «10k 
FREQUENCY - Hz _ 


Figure 29. Noise vs. Frequency 
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Figure 30. CMRR vs. Temperature 
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140 


NOISE CURRENT - pA/ VHz 


OUTPUT — dB 


ACCENT 
Ke 


- 100M 
FREQUENCY — Hz 
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Figure 32. -3 dB Bandwidth vs. Frequency, G=-1 
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Figure 33. PSRR vs. Temperature 
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Figure 34. CMRR vs. Frequency 
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Figure 35. -—3 dB Bandwidth vs. Frequency, G = -2 


Figure 36. 100 mV Step Response, G = -1 
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Figure 39. Input Offset Voltage Distribution 
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THEORY OF OPERATION | 

A very simple analysis can put the operation of the AD8001, a 
current feedback amplifier, in familiar terms. Being a current 
feedback amplifier, the AD8001’s open-loop behavior is ex- 
pressed as transimpedance, AV(/AL wn, or Tz. The open loop 
transimpedance behaves just as the open loop voltage gain of a 
voltage feedback amplifier, that is, it has a large dc value and 
decreases at roughly 6 dB/octave in frequency. 


Since the Ryy is proportional to 1/g\y, the equivalent voltage 
gain is just Tz X gy, where the gy in question is the trans- 
conductance of the input stage. This results in a low open loop 
input impedance at the inverting input, a now familiar result. 
Using this amplifier as a follower with gain, Figure 40, basic 
analysis yields the following result. 


a a 

Vin T,(S)+Gx Ry t+ R, 

Gei+i Rin = Ven = 50 Q 
R, 


Recognizing that G x Rry << R, for low gains, it can be seen to 
the first order that bandwidth for this amplifier is independent 
of gain (G). This simple analysis in conjunction with Figure 41 
in fact can predict the behavior of the AD8001 over a wide 
range of conditions. 


Figure 40. 


Considering that additional poles contribute excess phase at 
high frequencies there is a minimum feedback resistance below 
which peaking or oscillation may result. This fact is used to 
determine the optimum feedback resistance, Rp. In practice _ 
parasitic capacitance at Pin 2 will also add phase in the feedback 
loop, so picking an optimum value for Rg can be difficult. Fig- 
ure 42 illustrates this problem. Here the fine scale (0.1 dB/div) 
flatness is plotted vs. feedback resistance. These plots were 
taken using an evaluation card which is available to customers 
so that these results may readily duplicated (see Evaluation — 
Board section). 


Achieving and maintaining gain flatness of better than 0.1 dB at 
frequencies above 10 MHz requires careful consideration of 
several issues. 
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Figure 41. Transimpedance vs. Frequency 
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Figure 42.'0.1 dB Flatness vs. Frequency 


Choice of Feedback and Gain Resistors 


Because of the above mentioned relationship between the band- 
width and the feedback resistor, the fine scale gain flatness will, 
to some extent, vary with feedback resistance. It, therefore, is 
recommended that once optimum resistor values have been 
determined, 1% tolerance values should be used jf it is desired 
to maintain flatness over a wide range of production lots. In ad- 
dition, resistors of different construction have different associ- 
ated parasitic capacitance and inductance. Surface mount 
resistors were used for the bulk of the characterization for this 
data sheet. It is not recommended that leaded components be 
used with the AD8001. . : 


Printed Circuit Board Layout Considerations <° 

As to be expected for a wideband amplifier, PC board parasitics 
can affect the overall closed loop performance. Of concern are 
stray capacitances at the output and the inverting input nodes. If 
a ground plane is to be used on the same side of the board as 
the signal traces, a space (5 mm min) should be left around the 
signal lines to minimize coupling. Additionally, signal lines con- 
necting the feedback and gain resistors should be short enough 
so that their associated inductance does not cause high fre- 
quency gain errors. Line lengths on the order of less than 5 mm 
are recommended. If long runs of coaxial cable are being driven, 
dispersion and loss must be considered. 
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Power Supply Bypassing 

Adequate power supply bypassing can be critical when optimiz- 
ing the performance of a high frequency circuit. Inductance in 
the power supply leads can form resonant circuits that produce 
peaking in the amplifier’s response. In addition, if large current 
transients must be delivered to the load, then bypass capacitors 
(typically greater than 1 UF) will be required to provide the best 
settling time and lowest distortion. A parallel combination at 
least 4.7 uF and between 0.1 UF and 0.01 pF is recommended. 
Some brands of electrolyic capacitors will require a small series 
damping resistor ~4.7 Q for optimum results. 


DC Errors and Noise 
There are three major noise and offset terms to consider in a 
current feedback amplifier. For offset errors refer to the equa- 
tion below. For noise error the terms are root-sum-squared to 
give a net output error. In the circuit below (Figure 43) they are 
input offset (Vio) which appears at the output multiplied by the 
noise gain of the circuit (1 + Rp/R;), Noninverting input current 
(Ign X Ry) also multiplied by the noise gain, and the inverting 
input current, which when divided between Rg and R, and sub- 
sequently multiplied by the noise gain always appears at the 
output as Ign X Rg. The input voltage noise of the AD8001 is a 
low 2 nV/VHz. At low gains though the inverting input current 
noise times Rg is the dominant noise source. Careful layout and 
device matching contribute to better offset and drift specifica- 
tions for the AD8001 compared to many other current feedback 
amplifiers. The typical performance curves in conjunction with 
the equations below can be used to predict the performance of 
the AD8001 in any application. 
R 
Vout =Viox{14 +Ipr xX Rr 
I 


+ Ipn X Ru {1 +e 
R; 


Figure 43. Output Offset Voltage 


Driving Capacitive Loads 
The AD8001 was designed primarily to drive nonreactive loads. 
If driving loads with a capacitive component is desired, best fre- 
quency response is obtained by the addition of a small series re- 
sistance as shown in Figure 44. The accompanying graph shows 
the optimum value for Rsgrigs vs. capacitive load. It is worth 
noting that the frequency response of the circuit when driving 
large capacitive loads will be dominated by the passive roll-off 
of Rsgrigs and C,. 

9092 


Rseries 


R, C, 
5002 


Figure 44. Driving Capacitive Loads 
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Figure 45. Recommended Regrigs VS. Capacitive Load 


Communications 

Distortion is a key specification in communications applications. 
Intermodulation distortion (IMD) is a measure of the ability of 
an amplifier to pass complex signals without the generation of 
spurious harmonics. The third order products are usually the 
most problematic since several of them fall near the fundamen- 
tals and do not lend themselves to filtering. Theory predicts that 
the third order harmonic distortion components increase in 
power at three times the rate of the fundamental tones. The 
specification of third order intercept as the virtual point where 
fundamental and harmonic power are equal is one standard 
measure of distortion performance. Op amps used in closed- 
loop applications do not always obey this simple theory. At a 
gain of two the AD8001 has performance summarized in Figure 
46. Here the worst third order products are plotted vs. input 
power. The third order intercept of the AD8001 is +33 dBm at 
10 MHz. 
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Figure 46. Third Order IMD; F, = 10 MHz, F, = 12 MHz 
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Operation as a Video Line Driver 

The AD8001 has been designed to offer outstanding perfor- 
mance as a video line driver. The important specifications of dif- 
ferential gain (0.01%) and differential phase (0.025°) meet the 
most exacting HDTV demands for driving one video load. The 
AD8001 also drives up to two’ back terminated loads, as shown 
in Figure 47, with equally impressive performance (0.01%, 
0.07°). Another important consideration is isolation between 
loads in a multiple load application. The AD8001 has more than 
40 dB of isolation at 5 MHz when driving two 75 Q back termi- 
nated loads. qe 7% 


9092 9092 75Q 


0.001LF 


+Vsg 


Figure 47. Video Line Driver 


Driving A-to-D Converters 


The AD8001 is well suited for driving high speed analog-to- 
digital converters such as the AD9058. The AD9058 is a dual 8- 
bit 50 Msps ADC. In the circuit below two AD8001s are shown 
driving the inputs of the AD9058 which are configured for 0 V 
to-+2 V ranges. Bipolar input signals are buffered, amplified... 
(—2x), and offset (by +1.0 V) into the proper input range of the 
ADC. Using the AD9058’s internal +2 V reference connected 
to both ADCs.as shown in Figure 48 reduces the number of ex-. 
ternal components required to create a complete data acquisi- 
tion system. The 20 Q resistors in series with ADC input are 
used to help the AD8001s drive the 10 pF ADC input capaci- 
tance. The two AD8001s only add 100 mW to the power con- 
sumption while not limiting the performance of the circuit 


Layout Considerations is 

The specified high speed performance of the AD8001 requires 
careful attention to board layout and component selection. _ 
Proper RF design techniques and low parasitic component selec- 
tion are mandatory. __ , 


The PCB should have a ground plane covering all unused 
portions of the component side of the board to provide a low 
impedance ground path. The ground plane should be removed 
from the area near the input pins to reduce stray capacitance. 
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Figure 48. AD8001 Driving a Dual A-to-D Converter 
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Chip capacitors should be used for supply bypassing (see Figure 
49). One end should be connected to the ground plane and the 
other within 1/8 in. of each power pin. An additional large 

(4.7 tF-10 wF) tantalum electrolytic capacitor should be 
connected in parallel, but not necessarily so close, to supply 
current for fast, large-signal changes at the output. 


The feedback resistor should be located close to the inverting 
input pin in order to keep the stray capacitance at this node to a 
minimum. Capacitance variations of less than 1 pF at the 
inverting input will significantly affect high speed performance. 


Stripline design techniques should be used for long signal traces 


AD8001 


(greater than about | in.). These should be designed with a 
characteristic impedance of 50 Q or 75 Q and be properly 
terminated at each end. 


Evaluation Board 

An evaluation board for the AD8001 is available that has been 
carefully laid-out and tested to demonstrate that the specified 
high speed performance of the device can be realized. For order- 
ing information, please refer to the Ordering Guide. 


The layout of the evaluation board can be used as shown or 
serve as a guide for a board layout. 


+Vs5 
Ct C3 C5 
1000pF 0.01F 10uF 
C2 C4 C6 
1000pF 0.01,F 10uF 
Vs 
Inverting Configuration Supply Bypassing Noninverting Configuration 


Figure 49. Inverting and Noninverting Configurations for Evaluation Boards 
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Figure 50. Evaluation Board 
Silkscreen (Top) 
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Figure 51. Evaluation Board © 
Layout (Solder Side) 


Table I. Recommended Component Values 


AD8001AN (DIP) 
Gain 


AD8001AR (SOIC) 
‘Gain 


~ goic (R) NONINVERTER 


Figure 52. Evaluation Board 
Layout (Component Side) 
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ANALOG ~—__ Dual 800 MHz, 50 mW 
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FEATURES | | | FUNCTIONAL BLOCK DIAGRAM 
Excellent Video Specifications (R, = 150 , G = +2) 8-Pin Plastic Mini-DIP and SOIC 
Gain Flatness 0.1 dB to 100 MHz : 
0.01% Differential Gain Error 
0.025° Differential Phase Error 
Low Power . 
5.5 mA/Amp max Power Supply Current (55 mW) 
High Speed and Fast Settling 
880 MHz, -3 dB Bandwidth (G = +1) 
440 MHz, -3 dB Bandwidth (G = +2) 
1200 V/us Slew Rate 
10 ns Settling Time to 0.1% 
Low Distortion 


-65 dBc THD, fc = 5 MHz | unique transimpedance linearization circuitry. This allows it to 
33 dBm 3rd Order Intercept, F, = 10 MHz drive video loads with excellént differential gain and phase per- 
-66 dB SFDR, f = 5 MHz formance on only 50 m\ wer per amplifier. The AD8002 


~60 dB Crosstalk, f = 5 MHz 
High Output Drive 
70 mA Output Current 
Drives Up to 8 Back-Terminated Loads (75 Q Each) 
While Maintaining Good Differential Gain/Phase 
Performance (0.05%/0.25°) ) 
Available in Small 8-Pin PDIP or SOIC wero 5 mA/ampliier max (Ve = 


APPLICATIONS | 3 er ok A | gle +12 V power supply, while being 
A-to-D Driver | | = | 4. “€apab ring up to 70 mA of load current. All this is 
Video Line Driver | /_ = , | 
Professional Cameras die this amplifier ideal for portable and battery 
Video Switchers . | powered applications where size and power is critical. 


Special Effects | The outstanding bandwidth of 800 MHz along with 1200. V/s 
RF Receivers . of slew rate make the AD8002 useful in many general purpose 
3 high speed applications where dual power supplies of up to +6 V 
PRODUCT DESCRIPTION a . and single supplies from 6 V to 12 V are needed. The AD8002 is 
The AD8002 is a dual, low power, high speed amplifier de- available in the industrial temperature range of —40°C to +85°C. 
signed to operate on +5 V supplies. The AD8002 features 


is a current feedba ifier and features gain flatness of 0.1 dB 


Vs = +5V 
Rep = 6812 


G=42 
R, = 1002 


GAIN-dB 


FREQUENCY — Hz 


10M a 3 100M 1G | Figure 2. Transient Response of AD8002; 2 V Step, G = +2 
Figure 1. Frequency Response of AD8002 | | 


This is a preliminary data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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SPEC | FI CATI 0 NS (@ T, = + 25°C, V5 = +5 V, R, = 100 ©, unless otherwise noted) 
sn 


Model 


DYNAMIC PERFORMANCE 


~3 dB Small Signal Bandwidth, N Package 


R Package 


Bandwidth for 0.1 dB Flatness 


N Package 
R Package 


Slew Rate 


Settling Time to 0.1% 
Rise & Fall Time 


NOISE/HARMONIC PERFORMANCE 


Total Harmonic Distortion 


Crosstalk 
Input Voltage Noise 
Input Current Noise 


Differential Gain Error 
Differential Phase Error 
Third Order Intercept 

1 dB Gain Compression 
SFDR 


DC PERFORMANCE 
Input Offset Voltage 


Offset Drift 
—Input Bias Current 


+Input Bias Current 


Open Loop Transresistance 


INPUT CHARACTERISTICS 
Input Resistance 


Input Canueiniee 
Input Common-Mode Voltage Range 
Common-Mode Rejection Ratio 
Offset Voltage 
~Input Current 
+Input Current 


OUTPUT CHARACTERISTICS 
Output Voltage Swing 
Output Current! 
Short Circuit Current! 


POWER SUPPLY 
Operating Range 
Quiescent Current/Both Amplifiers 
Power Supply Rejection Ratio 


—Input Current 
+Input Current 


NOTES 


G = +2, < 0.1 dB Peaking, Rp = 681 Q 
G = +1, < 1 dB Peaking, Rg = 1.2 kQ 

G = +2, < 0.1 dB Peaking, Rg = 681 Q 
G=+1, < 0.1 dB Peaking, Rp = 845 Q 


G = +2, Re= 681 Q 

G = +2, Re= 681 Q 

G = +2, Vo= 2 V Step 

G =-1, Vo= 2 V Step 

G =-1, Vo= 2 V Step 

G =-1, Vo= 2 V Step, Rp = 649 Q 


fo = 5 MHz, Vo = 2 V p-p 
G = +2, Rp = 1002 
f= 5 MHz 
f= 10 kHz 
f = 10 kHz, +In 
-In 
NTSC, G = +2, Ry = 150 
NTSC, G = +2, Ry = 150Q.. 


+Input 
—Input 
+Input 


Vom =+2.5V 
Vom = £2.5 V, Tan-Tmax 
Vom = 2.5 V; Tuin-Tmax 


Tam-T max 
+V, = +4 V to +6 V, -V,;=-5V 
-V,;=-4Vto-6V, aS +5 V 
T-Max 
Twin Tmax 


‘Output current is limited by the maximum power dissipation in the package. See the power derating curves. 


Specifications subject to change without notice. 
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Units 


MHz 
MHz 
MHz 
MHz 


MHz 
MHz 
V/s 
V/us 
ns 

ns 


dBc 


dB 

nV/VHz 

pA/VHz 

pA/VHz 

% 

Degree 

= 2 
dBm 

dB 


mV 
mV 
wv/°C 
tyWA 
tHA 


nA 


thA 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 


Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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ABSOLUTE MAXIMUM RATINGS! 


Supply Voltage’ :....... oat Pewee Gablneeen EEE 12.6V. 


Internal Power Dissipation? 
Plastic Package: GN). s i9nee004 peceeee ied due 1.3 Watts 
Small Outline Package (R) ......... pate ie ... 0.9 Watts 
Input Voltage (Common Mode) 
Differential Input Voltage ................. ee. se 2V 
Output Short Circuit Duration 
Git nGra eae ag aman Observe Power Derating Curves 


Storage Temperature Range N,R ......... -65°C to +125°C 
Operating Temperature Range (A Grade) ... —40°C to +85°C 
Lead:Temperature Range (Soldering 10 sec) ........ +300°C 
NOTES | 


'Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indjcated in the 
operational section of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
Specification is for device in free air: 

8-Pin Plastic Package: 0,4 = 90°C/Watt 

8-Pin SOIC Package: 0,4 = 140°C/Watt 


ORDERING GUIDE 


Temperature 
- Range 


—40°C to +85°C | 8-Pin Plastic DIP 
—40°C to +85°C | 8-Pin Plastic $0] 


Package Option* 


AD8002AN 
AD8002AR 


*For outline information see Package Information section. 


CAUTION 


ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human. body and test equipment and can discharge without detection. 
Although the AD8002 features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 


Oe eee uigieedatee EV 


MAXIMUM POWER DISSIPATION 
The maximum power that can be safely dissipated by the 


- AD8002 is limited by the associated rise in junction tempera- 


ture. The maximum safe junction temperature for plastic _ 
encapsulated devices is determined by the glass transition tem- 
perature of the plastic, approximately +150°C. Exceeding this 
limit temporarily may cause a shift in parametric performance 
due to a change in the stresses exerted on the die by the package. 
Exceeding a junction temperature of +175°C for an extended 


period can result in device failure. 


While the AD8002 is internally short circuit protected, his 

may not be sufficient to guarantee that the maximum junction 
temperature (+150°C) is not exceeded under all conditions. To 
ensure proper operation, it is necessary to observe the maximum 
power derating curves. | 


8-PIN MINI-DIP PACKAGE 


Ty = +150°C 


DISSIPATION — Watts 


-30 -20-10 0 10 20 30 40 50 60 70 80 90 
AMBIENT TEMPERATURE -— °C 


Figure 3. Plot of Maximum Power Dissipation vs. 
Temperature 


WARNING! 


ces 


ESD SENSITIVE DEVICE 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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Figure 4. Test Circuit, Gain = +2 Figure 7. 2 V Step Response, G = +2 
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Figure 6. 2 V Step Response, G = +1 Figure 9. 100 mV Step Response, G= +1 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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Figure 12. Distortion vs. Frequency, R, = 1 kQ . Figure 15. Differential Gain and Differential Phase 


This information applies to a product under development..Its characteristics and specifications are subject to change without notice. 
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Figure 16. Frequency Response, G = +1 Figure 19. Large Signal Frequency Response, G = +2 
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Figure 22. Frequency Response, G = +10, G= +100 Figure 25. Input Offset vs. Temperature 
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- CURVES ARE FOR WORST 
CASE CONDITION WHERE 
ONE SUPPLY IS VARIED . 
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_ Figure 34. CMRR vs. Frequency . Figure 37. PSRR vs. Frequency 
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THEORY OF OPERATION 


A very simple analysis can put the operation of the AD8002, a - 


current feedback amplifier, in familiar terms. Being a current 
feedback amplifier, the AD8002’s open-loop behavior is ex- 
pressed as transimpedance, AVo/AI_n, or Tz. The open loop 
transimpedance behaves just as the open loop voltage gain of a 
voltage feedback amplifier, that is, it has a large dc value and 


AD8002 


Considering that additional poles contribute excess phase at 

high frequencies there is a minimum feedback resistance below 
which peaking or oscillation may result. This fact is used to de- 
termine the optimum feedback resistance, Rr. In practice para- 
sitic capacitance at Pin 2 will also add phase in the feedback 

loop, so picking an optimum value for Rg can be difficult. Fig- 
ure 42 illustrates this problem. Here the fine scale (0.1 dB/div) 


decreases at roughly 6 dB/octave in frequency. flatness is plotted vs. feedback resistance. 


Since the Ryy is proportional to 1/gy, the equivalent voltage 
gain is just Tz xX gy, where the gy in question is the trans- 
conductance of the input stage. This results in a low open loop 
input impedance at the inverting input, a now familiar result. 
Using this amplifier as a follower with gain, Figure 40, basic 0.1 
analysis yields the following result. : 


Achieving and maintaining gain flatness of better than 0.1 dB at 
frequencies above 10 MHz requires careful consideration of sev- 
eral issues. 


Vie T,(S)+Gx Ry + R, Pia 
3 -0.3 
ad 

R, 
ne ie Ri = Vey = 502 


se of the above mentioned relationship between the band- 
dth and the feedback resistor, the fine scale gain flatness will, 
to some extent, vary with feedback resistance. It, therefore, is 
recommended that once optimum resistor values have been 
determined, 1% tolerance values should be used if it is desired 
to maintain flatness over a wide range of production lots. In ad- 
dition, resistors of different construction have different associ- 
ated parasitic capacitance and inductance. Surface mount 
resistors were used for the bulk of the characterization for this 
data sheet. It is not recommended that leaded components be 
used with the AD8002. 


Printed Circuit Board Layout Considerations 

As to be expected for a wideband amplifier, PC board parasitics 
can affect the overall closed loop performance. Of concern are — 
stray capacitances at the output and the inverting input nodes. If 
a ground plane is to be used on the same side of the board as 
the signal traces, a space (5 mm min) should be left around the 
signal lines to minimize coupling. Additionally, signal lines con- 
necting the feedback and gain resistors should be short enough 
so that their associated inductance does not cause high fre- 
quency gain errors. Line lengths on the order of less than 5 mm 
are recommended. If long runs of coaxial cable are being driven, 
dispersion and loss must be considered. 


Figure 40. 


Recognizing that G x Rix << R, for low gains, it can be seen to 
the first order that bandwidth for this amplifier is independent 
of gain (G). This simple analysis in conjunction with Figure 41 
in fact can predict the behavior of the AD8002 over a wide 
range of conditions. 3 


1M. sas 4 10M 100M 
FREQUENCY - Hz 


Figure 41. Frequency Response, G = +2 
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- Power Supply Bypassing | . -— worth noting that the frequency response of the circuit when 


Adequate power supply pnnassineds can be critical when optimiz- driving large capacitive loads will be SoRunatee, aby the passive 


ing the performance of a high frequency circuit. Inductance in roll-off of Rseries and oe 
the power supply leads can form resonant circuits that produce 3 
peaking in the amplifier’s response. In addition, if large current 
transients must be delivered to the load, then bypass capacitors 
(typically greater than 1 LF) will be required to provide the best | 
settling time and lowest distortion. A parallel combination at 
least 4.7 UF and between 0.1 JF and 0.01 HF is recommended. 
Some brands of electrolyic capacitors will require a small. series 
damping resistor =4.7 Q for optimum results. 


DC Errors and Noise 
There are three major noise and offset terms to consider in a 
current feedback amplifier. For offset errors refer to the equa- 
tion below. For noise error the terms are root-sum-squared to 
give a net output error. In the circuit below (Figure 43) they are 
input offset (Vio) which appears at the output multiplied by the 
noise gain of the circuit (1 + Re/R), Noninverting input current 
(Ipn X Ry) also multiplied by the noise gain, and the inverting 
input current, which when divided between Rg and R, and sub- 
sequently multiplied by the noise gain always appears at the out- 
put as Ipnx Ry. The input voltage noise of the AD8002 is a low Communicatio: 
2 nV/VHz. At low gains though the inverting input current noise Distortion 4 isak 
times Rg is the dominant noise source. Careful layout and de- 
vice matching contribute to better offset and drift specifications § 
for the AD8002 compared to many other current feedback am- .: a0f ird order products are usually the 
plifiers. The typical performance curves in conjunction wi nce several of them fall near the fundamen- 
equations below can be used to predict the performance emselves to filtering. Theory predicts that 
AD8002 in any application. 


fication in communications applications. 
te (IMD) isa Measure of the ability of 


Vour =Vio x|1+ Re js Ibn ” Rn X|1+ Re + Ir X Re third order intercept as the virtual point where 
) : | R, | _R, l and harmonic power are equal is one standard 


measure of distortion performance. Op amps used in. closed-. 
loop applications do not always obey this simple theory. At a 
gain of two, the AD8002 has performance summarized in Fig- 
ure 46. Here the worst third order products are plotted vs. input 
power. The third order intercept of the AD8002 is +33 dBm at 
10 MHz. 


Figure 43. euinut Offset Voltage 


Driving Capacitive Loads 

The AD8002 was designed primarily to drive nonreactive loads. 
If driving loads with a capacitive component is desired, best 
frequency response is obtained by the addition of a small series 
resistance as shown in Figure 44. The accompanying graph 


F, = 10MHz 
Fp = 12MHz 


THIRD ORDER IMD — dBc 


87-6 5 4-32-1401 23 4 5 6 
INPUT POWER - dBm 


Figure 46. Third Order IMD; F, = 10 MHz, F2.= 12 MHz 


Figure 44. Driving Capacitive Loads 


shows the optimum value for Rggpigs vs. capacitive load. It is 
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AD8002 


Operation as a Video Line Driver 


The AD8002 has been designed to offer outstanding perfor- 75Q 
9090 9092. 75Q CABLE 


mance as a video line driver. The important specifications of 
differential gain (0.01%) and differential phase (0.025°) meet 
the most exacting HDTV demands for driving one video load 
with each amplifier. The AD8002 also drives up to four back 
terminated loads, as shown in Figure 47, with equally impres- 
sive performance. Another important consideration is isolation 
between loads in a multiple load application. The AD8002 has 
more than 40 dB of isolation at 5 MHz when driving two 75 Q 
back terminated loads. 


Driving A-to-D Converters 

The AD8002 is well suited for driving high speed analog-to- 
digital converters such as the AD9058. The AD9058 is a dual 
8-bit 50 Msps ADC. In the circuit below the AD8002 is shown 
driving the inputs of the AD9058 which are configured for 0 V 
to +2 V ranges. Bipolar input signals are buffered, amplified Figure 47. Video Line Driver 
(-2x), and offset (by +1.0 V) into the proper input range of the 
ADC. Using the AD9058’s internal +2 V reference connected 
to both ADCs as shown in Figure 48 reduces the number of ex- 
ternal components required to create a complete data 
acquisition system. The 20 Q resistors in series with ADC in- 
puts are used to help the AD8002s drive the 10 pF ADC input 
capacitance. The two AD8002s only add 100 mW to the power 
consumption while not limiting the performance of the circuit 


649Q 
INA O °F, 202 
1/2 
+0.5V 
AD8002 18 
1.3kQ + Po cecllle. I 
Ce er ry ie 
o 
_2v Ee oe ee 
aie EC es oo eee 5 
V Veer a 1300 aaa ie = 
i ap, ames [= ne 
ee Cee: 2 ee ae 
1.3kQ Rs 
6492 AD9058 
een ae | 
mart a eiye ieee (see 2 
INB O _- o 
+0.5V 1/2 Ee oe es 
AD8002 32 Ud 
+ : Ea be a 
| Ve asd —L, 
O.AuF i eo) ae 
7, 20, po 
J st 5 -5V CLOCK 
RZ1, RZ2 = 2,000Q SIP (8-PKG) 4 
0.1,F 7. 1N4001 


4,19, 21| 25, 27, 42 
V Vy, 


Figure 48. AD8002 Driving a Dual A-to-D Converter 
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Layout Considerations 

The specified high speed performance of the AD8002 requires 
careful attention to board layout and component selection. 
Proper RF design techniques and low parasitic epmponent selec- 
tion are mandatory. 


The PCB should have a ground plane covering all unused por- 
tions of the component side of the board to provide a low im- 
pedance ground path. The ground plane should be removed 
from the area near the input pins to reduce stray capacitance. 


Inverting Configuration 


Chip capacitors should be used for supply bypassing (see Figure V5 
49). One end should be connected to the ground plane and the ct C3 C5 

other within 1/8 in. of each power pin. An additional large AOR [OS AtEES | one 
(4.7 uF-10 pF) tantalum electrolytic capacitor should be con- 


| c2 ca C6 
nected in parallel, but not necessarily so close, to supply current 3 1000pF “7 0.01nF T 10uF 
- for fast, large-signal changes at the output. Vs . : 
The feedback resistor should belocated close to the inverting | 
input pin in order to keep the stray capacitance at this node to a | Suppl y Bypassing 
minimum. Capacitance variations of less than 1 pF at the invert- . | | Re 


ing input will significantly affect high speed performance. 


Stripline design techniques should be used for long signal traces 
(greater than about 1 in.). These should be designed with a 

characteristic impedance of 50 Q or 75 Q and be properly termi- 
nated at each end. 


Table I. Recommended Component Values 


apa (DIP) : | peace sao 
ar 


Rpg oo 1750Q | 499Q , 1210 Q 681.Q | 499Q 
Rg : — | 681 Q | 54.9Q 
Ro (Nominal) ; | i : : : 49.90) 49.90) 49.90 
Rs | 


Rr (Nominal) _ ; 9Q} 49. 49.9Q| 49.9Q] 49.92 
Small Signal BW (MHz) | ) 
0.1 dB Flatness (MHz) 


NOTES 
*100 Q resistor used in series with the noninverting input. 
**90.9 Q resistor used in series with the noninverting input. 
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ANALOG Quad 3000 V/s, 35 mW 
DEVICES Current Feedback Amplifier 


AD8004 


FEATURES FUNCTIONAL BLOCK DIAGRAM 
High Speed 
400 MHz -3 dB Bandwidth (G = +1) 


3000 V/s Slew Rate aureur al fa] output 
10 ns Settling Time to 0.1% 
0.9 ns Rise Time for 2 V Step AN | 2 13] -1N 


Low Power +N | 3 | 112 | +1N 
3.5 mA/Amp Power Supply Current (35 mW/Amp) | +v,[4| AD8004 Vg 
Single Supply Operation (TOP VIEW) 
Fully Specified for +5 V Supply an [5 | oe 
Great Video Specifications (R, = 150 Q, G = +2) AN | 6 | }9 | IN 
Gain Flatness 0.1 dB to 30 MHz OUTPUT 8 | OUTPUT 


0.05% Differential Gain Error 
0.05° Differential Phase Error 
Low Distortion 
-~65 dBc THD at 10 MHz 
33 dBm Third Order Intercept, f = 10 MHz 
-65 dB SFDR, f = 20 MHz 
High Output Current of 50 mA 
Available in a Small 14-Pin PDIP and SOIC 


APPLICATIONS 
image Scanners 
Active Filters 
Video Switchers 
Special Effects | 


PRODUCT DESCRIPTION 
The AD8004 is a quad, low power, high speed amplifier de- la LL | 
signed to operate on +5 V or +5 V supplies. It utilizes a current ee eed dada beet fp 
feedback architecture and features high slew rate of 3000 Vis 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 
making the AD8004 ideal for handling large amplitude pulses. Ad- TIME — ns 

ditionally, the AD8004 provides gain flatness of 0.1 dB to 30 MHz ; } 

while offering differential gain and phase error of 0.05% and Figure 1. 4 V Step Response of ADBO04 
0.05°. This makes the AD8004 suitable for professional video . 
electronics such as cameras and video switchers. 


The AD8004 offers low power of 3.5 mA/amplifier and can run 
on a single +5 V or +12 V power supply, while being capable of 
delivering up to 50 mA of load current. All this is offered in a 
small 14-pin DIP or 14-pin SOIC package. These features 
make this amplifier ideal for portable and battery powered appli- 
cations where size and power is critical. 


The outstanding bandwidth of 400 MHz along with 3000 V/s 
of slew rate make the AD8004 useful in many general. purpose 
high speed applications where dual power supplies of up to +6 V 
and single supplies from 5 V to 12 V are needed. The AD8004 
is available in the industrial temperature range of ss to 
+85°C, 


This is a preliminary data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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AD8004—SPECIFICATI ONS (@T, = +25°C, Vs = +5 V, R, = 100 Q, R; = 500 Quunless otherwise noted) iy a 


Parameter | 


DYNAMIC PERFORMANCE 
~3 dB Bandwidth 


Bandwidth for 0.1 dB Flatness | 
Slew Rate 


Settling Time to 0.1% 
‘Rise & Fall Time 


NOISE/HARMONIC PERFORMANCE 
Total Harmonic Distortion 
Crosstalk 
Input Voltage Noise 
Input Current Noise 


Differential Gain Error 
Differential Phase Error 
Third Order Intercept 
SFDR 

1 dB Gain Compression 


DC PERFORMANCE 
Input Offset Voltage 


Offset Drift 
—Input Bias Current 


+Input Bias Current 


Open-Loop Transresistance 


INPUT CHARACTERISTICS 
Input Resistance 


Input Capacitance 
Input Common-Mode Voltage Range 
Common-Mode Rejection Ratio 
Offset Voltage 
—Input Current 
+Input Current 


OUTPUT CHARACTERISTICS 
Output Voltage Swing 
Output Current 
Short Circuit Current 


POWER SUPPLY 
Operating Range 
Quiescent Current 
Power Supply Rejection Ratio 
—Input Current 
+Input Current 


Specifications subject to change without notice. 
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AD8004A 
Typ 


G = +2, < 0.1 dB Peaking 
Gear = 

G=+2 

G= +2 

G=-1l | 

G =-1, Vo= 2 V Step 

G = 1, Vo= 2 V Step 


fo = 10 MHz, Vo = 2 V p-p 
f= 5 MHz 
f= 10 kHz 
f = 10 kHz, +In 

' -In- 
NTSC, G = +2, Rp = 150 
NTSC, G = +2, Rp = 150 Q 
f= 10 MHz 
f = 20 MHz 
f= 10 MHz 


Vom =+2.5V 
Vom = £2.5 V, TMmn-TMax 
Vom = 2.5. V, Tamn-Tmax 


R, = 150 


| £2.5  +6.0 Vv 
Twm—-lmax 5 io an mA 
Vs = £1.75 V to +6 V fo 60 | dB 
Tam—-l max TBD TBD | pA/V 
Tam_-T max . TBD TBD wA/V 
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(@T, = +25°C, Vs = +5 V, R, = 100 Q, R- = 500 Q unless otherwise noted) 


~ AD8004A 
Conditions ~ | Min Typ Max 


Parameter 


DYNAMIC PERFORMANCE 
—3 dB Bandwidth 


Bandwidth for 0.1 dB Flatness 
Slew Rate 


Settling Time to 0.1% 
Rise & Fall Time 


NOISE/HARMONIC PERFORMANCE 
Total Harmonic Distortion 
Crosstalk 
Input Voltage Noise 
Input Current Noise 


Differential Gain Error 
Differential Phase Error 
Third Order Intercept 
SFDR 

1 dB Gain Compression 


DC PERFORMANCE 
Input Offset Voltage 


Offset Drift 
—Input Bias Current 


+Input Bias Current 


Open Loop Transresistance 


INPUT CHARACTERISTICS 
Input Resistance 


Input Capacitance 
Input Common-Mode Voltage Range 
Common-Mode Rejection Ratio 
Offset Voltage 
Input Current 
+Input Current 


OUTPUT CHARACTERISTICS 
Output Voltage Swing 
Output Current 
_ Short Circuit Current 


POWER SUPPLY 
Operating Range _ 
Quiescent Current 
Power Supply Rejection Ratio 
—Input Current 
+Input Current 


Specifications subject to change without notice. 


G = +2, <0.1 dB Peaking 


G=+1 
G = +2 
G= +2 
G=-l 


G = -1, Vo= 2 V Step 
G = 1, Vo= 2 V Step 


fc = 10 MHz, Vo = 2 V p-p 
f= 5 MHz 
f = 10 kHz 
f = 10 kHz, +In 

—In 
NTSC, G = +2, Rp = 150 2 
NTSC, G = +2, Rp = 150 Q 
f= 10 MHz 
f = 20 MHz 
f= 10 MHz 


‘Tain-T max 
Vo =+t1Vto+3.9V 


Tin- Tmax 


+Input 
—Input 
+Input 


Vom =+1 Vtot+3V 
Vom = +1V to +3 V, Taum—Tmax 
Vom =+1Vto+3V, Tmm-l max 


1.1 to 3.9 

50 

TBD 

0, +5 +12 

Tyrn—Tmax 3.5 
V5 = +3.5 Vto +12 V 60 
Tarn—l max TBD TBD 
Tarn— TP Max TBD TBD 


AD8004 
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AD8004 


ABSOLUTE MAXIMUM RATINGS! _ 
Supply VONMES curs ea riau ead oman 12.6 V 


Internal Power Dissipation’ 
Plastic Package(N)° 9's «.c0-19 sce Gone woke Hoare 1.6 Watts 
Small Outline Package (R) ...........005- .... 1.0 Watts 
Input Voltage (Common Mode) ............0.0 000. .tVs 
Differential Input Voltage ............ 0c eee ee eeee £12V 


Output Short Circuit Duration 
ee ene en Tare Observe Power Derating Curves 


Storage Temperature Range (N, R) ........ —65°C to +125°C 
Operating Temperature Range (A Grade) ....—40°C to +85°C 
Lead Temperature Range (Soldering 10 sec) ........ +300°C 
NOTES | | | 


"Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in the 
operational section of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
Specification is for device in free air: 

14-Pin plastic DIP package: 6j4 = 75°C/W 

14-pin SOIC package: Oj, = 120°C/W. 


ORDERING GUIDE 
| Temperature | Package 
Range — Description | 
AD8004AN | —40°C to +85°C | 14-Pin Plastic DIP | N-14 — 
-40°C to +85°C | 14-Pin Plastic SOIC | R-14. 


AD8004AR 
*For outline infomation see Package Information section. 


CAUTION 


ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the AD8004 features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 


"MAXIMUM POWER DISSIPATION 
The maximum.power that can be safely dissipated by the 


AD8004 is limited by the associated rise in junction tempera- 
ture. The maximum safe junction temperature for plastic en- 
capsulated devices is determined by the glass transition 
temperature of the plastic, approximately +150°C. Exceeding 
this limit temporarily may cause a shift in parametric perfor- 
mance due to a change in the stresses exerted on the die by the 
package. Exceeding a junction temperature of +175°C for an 
extended period can result in device failure. 


While the AD8004 is internally short circuit protected, this 

may not be sufficient to guarantee that the maximum junction 
temperature (+150°C) is not exceeded under all conditions. To 
ensure proper operation, it is necessary to observe the maximum 
power derating curve below. : ; 


2.5 a aaa , 
ay oe J Ty = +150°C. 
a 
i 
or oN 
! 2.0 
z ™ 
= 14-PIN DIP PACKAGE 
< ea 
Q. 
2 
Q 


-20-10 0 10 20 30 40 50 60 70 80 90 
“AMBIENT TEMPERATURE — °C : 


Figu¥e 2. Maximum Power Dissipation v vs. Ambient 
Temperature | . : 


WARNING! 


Tpit? 4 


ESD SENSITIVE DEVICE 
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ANALOG 
DEVICES 


Low Distortion, Wide Bandwidth 
Voltage Feedback Clamp Amps 


FEATURES 
Superb Clamping Characteristics 
<25 mV Clamp Accuracy 
3 ns Overdrive Recovery 
Minimized Nonlinear Clamping Region 


Wide Bandwidth AD8036 AD8037 
Small Signal 350 MHz 240 MHz 
Large Signal (4 V p-p) 200 MHz 150 MHz 


Good DC Characteristics 

2 mV Offset 

10 wV/°C Drift 
Uitralow Distortion, Low Noise 

~90 dBc typ @ 5 MHz 

-64 dBc typ @ 20 MHz 

5.6 nV/VHz Spectral Noise Density 
High Speed 

Slew Rate 1600 V/s 

Settling 11 ns to 0.1%, 16 ns to 0.01% 
+3 V to+ 5 V Supply Operation 


APPLICATIONS 
ADC Buffer 
IF/RF Signal Processing 
High Quality Imaging 
Broadcast Video Systems 
Video Amplifier 


PRODUCT DESCRIPTION . 

The AD8036 and AD8037 are very high speed and wide band- 
width input clamping amplifiers. The AD8036 is unity-gain 
stable. The AD8037 is stable at a gain of two. Utilizing propri- 
etary input clamping architecture, the AD8036 and AD8037 of- 
fer unparalleled clamp amp performance. Also, utilizing a — 
voltage feedback architecture, their exceptional settling time, 
bandwidth, and low distortion performance meet the require- 
ments of many applications that previously depended on current 
feedback amplifiers. Their classical op amp structure works 
much more predictably in many designs. This product can be | 
used as a classical op amp or a clamp amp where a high and low 
output voltage is specified. 


A proprietary design architecture has produced an amplifier that 
combines many of the best characteristics of both current feed- 
back and voltage feedback amplifiers. The AD8036 and 
AD8037 exhibit exceptionally fast and accurate pulse response 
(16 ns to 0.01%) as well as extremely wide small signal and 
large signal bandwidth and ultralow distortion. The AD8036 
achieves —68 dBc at 20 MHz with 350 MHz small signal and 
200 MHz large signal bandwidths. The AD8036 and AD8037’s 
clamp accuracy is 25 mV or less and it recovers from overdrive 
within 2 ns. 


This is a preliminary data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


AD8036/AD8037 


FUNCTIONAL BLOCK DIAGRAM 
8-Pin Plastic Mini-DIP (N), Cerdip (Q), and SO (R) Packages 


NC = NO CONNECT 


teristics position the AD8036/AD8037 ideally for 
las buffering flash and high resolution ADCs. 
yonlinear functions with high speed and wide 
re made possible by the balanced high impedance 
e voltage feedback architecture. | 


The A AD8036 ; is offered in industrial (-40°C to +85°C) and mili- 
tary (-55°C to +125°C) temperature ranges and the AD8037 in 
industrial. Industrial versions are available in plastic DIP and 
SOIC; MIL versions are packaged in cerdip. 
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Figure 1. Clamp Accuracy 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. | 
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AD8036/AD8037-SPECIFICATIONS ne gibsh the k 
ELECTRICAL CHARACTERISTICS Unless otherwise noted, +Vs = +5 V; Rios = 100 0 hy a (aD8036); hy = 2 (aD8037) | . 


DYNAMIC 5 PERFORMANCE 
Bandwidth (—3 dB) A Bra | 
Small Signal AD8036 ~— | Vout ¥ 0.4 V p-p 
| AD8037 |< -Vour $0.4 V p-p 
Large Signal AD8036 | . Vout = 4 V p-p 
AD8037 - | ~ Vour = 4 V p-p 
Amplitude of Peaking | Full Spectrum 
Flatness | 40 MHz 
Common-Mode Rejection Ratio — ~ @ 20 MHz 
Slew Rate | - | Vout = 4 V Step 
Rise/Fall Time | . | Vout = 0.5 V Step 
- e 4 Vout = 4 V Step 
Overshoot Vout = 2 V Step 
Settling Time : 
To 0.1% | Vour=2V Step 
To 0.01% . Vout = 2 V Step 
To0.1% | Vour=4V Step 
To 0.02% Ros Vout = 4 V Step 
CLAMP PERFORMANCE 
Clamp Voltage Range | Vu or Vy 
Clamp Accuracy | 2x Overdrive 
Clamp Nonlinearity Range! 2x Overdrive 


Bias Current (Vy or Vz) | 
Clamp Input Bandwidth (-3 dB) 
Clamp Overshoot 

Overdrive Recovery » 


HARMONIC/NOISE PERFORMANCE 
2nd Harmonic Distortion 


-AD8036 pooner 2 V p-p; 20 MHz 
AD8037) | — 2Vp-p; 20 MHz 
3rd Harmonic Distortion | a , 
AD8036 , - 2 V p-p; 20 MHz 
AD8037 | 2 Vp-p; 20 MHz 
3rd Order Intercept | F 25 MHz 
Spectral Input Noise Voltage. 1 MHz to 200 MHz 
Spectral Input Noise Current = 1. MHz to 200 MHz - 
Average Equivalent Integrated | oe i 
Input Noise Voltage —_—’ | 0.1 MHz to 200 MHz 
Differential Gain (4.3 MHz) | Ry = 150Q 
Differential Phase (4.3 MHz) R, = 150 Q 
Phase Nonlinearity _ DC to 100 MHz 
DC PERFORMANCE? . 
Input Offset Voltage’ 
Offset Voltage Drift . 


Input Bias Current __ 
Input Bias Current TC 
Input Offset Current 


Input Offset Current TC 
Common-Mode Rejection Ratio AVcm =1V 


Open Loop Gain Vout = +2 V p-p 


This information applies to a product under development. Its characteristics and specifications are subject to change wuIEnOUt notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD8036/AD8037 
Param Min ‘Typ Max [Unit 


INPUT CHARACTERISTICS 


Input Resistance 500 kQ 

Input Capacitance 1.2 pF 

Common-Mode Input Range +3.4 V 
OUTPUT CHARACTERISTICS 

Output Voltage Range +3.4 Vv 

Output Current 70 mA 

Output Resistance 0.3 Q 
POWER SUPPLY 

Supply Voltage (+Vs) 3.0 5.0 5.5 V 

Quiescent Current 17 20 mA 

Power Supply Rejection Ratio 66 dB 


NOTES 

1Nonlinearity is defined as signal distortion as the output approaches the clamping levels. 
2Measured at Ay = 20. 

3Measured with respect to the inverting ‘apie 


Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS! 
Supply Voltages G:éVs) scaeGi50us oes doe tetas ees +6.5V NOTES. 
Common-Mode Input Voltage ................0 0008. tV¢5 es 
Differential Input Voltage ................ aeons 
Continuous Output Current? ......... 0.0000 eee ee 
Operating Temperature Ranges 
PING AIR: ais Siew te eaten ayatee Se eae eee 
SO/SS3B wie Oe hou hehe ae Re 
Storage Temperature (Ceramic) ........ 
Storage Temperature (Plastic) ............ { 
Junction Temperature (Ceramic)? ................ 
Junction Temperature (Plastic)? ..............05. 
Lead Soldering Temperature (1 Minute)* .......... +220°C 


ngs are limiting values to be applied individually, and 9 
ryiceability of the circuit may be impaired. Functional 


ring. ee hole devices (ceramic and plastic DIPs) can be soldered at 
*300°C for 10 seconds. 


ORDERING GUIDE 


Temperature Range Package Description 


Package Option* 


AD8036AN —40°C to +85°C Plastic DIP N-8 
AD8036AR ~40°C to +85°C SOIC R-8 
AD8036SQ/883B —55°C to +125°C Cerdip Q-8 
AD8036-EB Evaluation Board 

AD8037AN —40°C to +85°C Plastic DIP N-8 


AD8037AR —40°C to +85°C SOIC 


*N = Plastic DIP; Q = Cerdip; R = SOIC (Smali Outline Integrated Circuit.) For outline information see Package Information section. 


CAUTION 7 

ESD (clectrostanc discharge) sensitive device. Electrostatic charges as high as 4000 V readily — 

accumulate on the human body and test equipment and can discharge without detection. WARNING! Wai 
Although these devices feature proprietary ESD protection circuitry, permanent damage may 

occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 

precautions are recommended to avoid performance degradation or loss of functionality. 


ESD SENSITIVE DEVICE 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD8036/AD8031 


-Vs 


Figure 2. Noninverting Operation 


Clamp Operation 

The AD8036/AD8037 have built-in input clamps that can be 
used to protect sensitive devices connected to the amplifier out- 
put. Clamp operation can only be performed in the noninvert- 
ing configuration. By utilizing input clamps, the maximum 
linear range is achieved in conjunction with the highest clamp 
accuracy. 7 


The clamp voltages (high and low) are connected to pins ViIGH 
(input) and Vow (input) accordingly. These are high zmped. 
ance nodes with minimal current drawn. These input cl 
voltages multiplied by the amplifier gain sets the limi 
swing range. Vy (output) = Vy (input) x Ay and V, (« 
V, (input) x Ay. The chart on the cover page shows the ch 
acteristics of the AD8036/AD8037 in clamped operation versus 
competitors who use output clamping techniques. The im- 
proved accuracy and hard clamping characteristics of the 
AD8036/AD8037 allow clamps to be used in applications where 
output clamps cannot be used. Also, the pecovery from over- 
drive will be 1 ns typical. 


The proprietary input clamp schitecia has also been designed 
to minimize signal distortion as you approach the clamp volt- 
ages. This characteristic is fundamental to the signal integrity in 
the clamp region and allows for maximum useful amplifier . 
range. Figure 3 shows the distortion of the AD8037 as you ap- 
proach a high clamp voltage value of 1 V versus the competitors. 


In addition, the clamp voltage range is only limited by the out- 


- put voltage range (+3.4 V), and the clamp voltages can be set to’ 


any value between the +3.4 V swing. Of course, the clamps can 
be set beyond the output voltage swing, but then the output will 
not be limited by the clamp voltages, but by the swing range. 
Output clamps typically have limited clamp voltage settings and 
cannot be set to.any voltage between +Vcc. For example, it is - 
typical that a low clamp voltage can be set only as high as +2 V, 
and the high clamp voltage as low as —2 V. This can 1 be a neat 
ing feature in many applications. 


| The AD8036/AD8037 have been designed with internal ties ns 


from the clamp voltage pins to + Vcc, and if the clamp pins are 
left floating, the low clamp voltage (V;) will be set to -Vcc and 
the high clamp voltage (Vj) will be set to +Vcc. In this con- 
figuration, the AD8036/AD8037 will perform as a standard op- 
erational amplifier and will not clamp the output. 
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Speed performance of the AD8036/AD8037 
on to board layout and a ean selec- 


é e component side of the sae to provide a low im- _ 
pedance path. The ground plane should be removed from the 


_ area near the input pins to reduce the stray capacitance. 


Chip capacitors should be used for the supply bypassing (see 
Figure 2). One end should be connected to the ground plane 
and the other within 1/8 inch of each power pin. An additional 
large (0.47 uF—10 WF) tantalum electrolytic capacitor should be 
connected in parallel, but not necessarily so close, to supply cur- 
rent for fast, large signal changes at the output. 


The feedback resistor should be located close to the inverting 


input pin in order to keep the stray capacitance at this node to a 


‘minimum. Capacitance variations of less than 1 pF at the in- 


verting input will significantly affect high speed performance. 


Stripline design techniques should be used for long signal traces 
(greater than about 1 inch). These should be designed with a 
characteristic impedance of 50 Q or 75 Q and be EPRORSEY termi- 
nated at each end. 


Evaluation Board 

An evaluation board for the AD8036 i is available that has been 
carefully laid-out and tested to demonstrate that the specified 
high speed performance of the device can be realized. For 
ordering information, please refer to the ordering guide. 


The layout of the evaluation board can be used as shown or 
serve as a guide for a board layout. 


This information applies to a product under development. Its characteristics and specifications are subject to change witout notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD8036/AD8037 


— Table I. 
AD8036AN (DIP) AD8036AR (SOIC) 

Gain Gain 
Re 3 100 Q 
Rg 10Q 
Ro (Nominal) 49.9 Q 
Rs 100 Q 
Rr (Nominal) 49.9 Q 


Noninverting Configuration 


+Vs 


- | 1000pF 
C1 c3 


0.01 pF 10pF 
C5. 


Supply Bypassing 


Figure 4. Noniovering Sanna enon for Evaluation 
Boards 


A Diodeless, High Speed, Full-Wave Rectifier 

A high speed, full-wave rectifier (or absolute-value splise 
circuit using high speed, clamping amplifiers is shown in Fig- 
ure 5. This circuit topology provides both speed and perfor- 
mance enhancements over the traditional diode-based topolo- 
gies that contain diodes in the amplifier feedback path. These 
diode-based topologies have performance limitations at both 
lower signal input levels and higher bandwidths. One limitation 
is due to the increase in dynamic resistance of the diode that 
reduces the amount of feedback at lower signal levels. Another 
limitation is due to the reduction of the amplifier’s open-loop 
gain at higher frequencies which is required to over come the 
forward-bias voltage drop of the diode. These limitations are 


most visible at the zero crossings of the input signal when the di- - 


odes must change states. 


This circuit in Figure 5 consists of three high speed, clamping 
amplifiers (U1-U3: AD8037) along with 1% metal-film resistors 
used for gain control and input bias current compensation. The 
high speed, clamp accuracy and large signal bandwidth of the 
AD8037 make this application feasible. They can accurately 
clamp the input signal within 5 ns to a user defined level. Since 
the internal clamping circuitry of these amplifiers is located 


within their input stages, these amplifiers can clamp only in the 
noninverting mode. In this circuit, only U2 is configured as a 
clamping amplifier while U1 and U3 function as a buffer and 
difference amplifier, respectively. 


2002 2002 


2000 2000 


Figure 5. 


The circuit is configured for positive full-wave rectification by 
configuring U2 as a gain-of-two, positive half-wave rectifier. 
This is accomplished by setting the positive clamping threshold 
level (Pin 8 of U2) to the positive supply (hence, outside the in- 
put voltage range of the amplifiers input) and the negative 
clamping threshold level (Pin 5 of U2) to ground. For negative 
full-wave rectification, U2 must be configured as a gain-of-two, 
negative half-wave rectifier by setting the positive clamping 
threshold level to ground and the negative clamping threshold 
level to the negative supply. U1 is simply configured as a gain 
of two buffer and is required to buffer the input signal source, 
Vin, from the dynamic input impedance presented by U3 as well 
as match the signal delay of U2. U3 subtracts the output of the 
half-wave rectifier (U2) from the buffer output (U1) to produce 
the desired gain-of-two full-wave rectification. An optional trim 
network consisting of a potentiometer can be used to trim out 
any clamping offset error of U2. Precision 1% resistors for the 
gain controlling elements of U1 and U2 will typically maintain 
under 2% gain accuracy while values under 250 Q will not de- 
grade the phase margin of these high speed amplifiers. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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™ ANALOG 
DEVICES _ 


FEATURES | 

Usable Closed-Loop Gain Range: +1 to +40 
Low Distortion: —67 dBc (2nd) at 20 MHz 
Small Signal Bandwidth: 190 MHz (Ay = +3) 
Large Signal Bandwidth: 150 MHz at 4 V p-p 
Settling Time: 10 ns to 0.1%; 14 ns to 0.02% 
Overdrive and Output Short Circuit Protected 
Fast Overdrive Recovery i 34 
DC Nonlinearity 10 ppm 


APPLICATIONS 

Driving Flash Converters 

D/A Current-to-Voltage Converters 

IF, Radar Processors 

Baseband and Video Communications 
Photodiode, CCD Preamps | 


GENERAL DESCRIPTION 

The AD9617 is a current feedback amplifier which utilizes a 
proprietary architecture to produce superior distortion and dc 
precision. It achieves this along with fast settling, very fast slew 
rate, wide bandwidth (both small signal and large signal) and 
exceptional signal fidelity. The device achieves —67 dBc 2nd 
harmonic distortion at 20 MHz while maintaining 190 MHz 
small signal and 150 MHz large signal bandwidths. 


These attributes position the AD9617 as an ideal choice for driv- 
ing flash ADCs and buffering the latest generation of DACs. 
Optimized for applications requiring gain between +1 to +15, 
the AD9617 is unity gain stable without external compensation. 


Additional benefits of the AD9617B and T grades include input 
offset voltage of 500 V and temperature coefficient (TC) of — 
3 wV/°C. These accuracy performance levels make the AD9617 
an excellent choice for driving emerging high resolution 

(12-16 bits), high speed analog-to-digital converters and flash 
converters. Se _ . | 


*Patent pending. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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Low Distortion, Precision, 


*OPTIONAL +V, **OPTIONAL —V, 


NOTE: FOR BEST SETTLING TIME AND DISTOR- 
TION PERFORMANCE, USE OPTIONAL SUPPLY 
CONNECTIONS. PERFORMANCE INDICATED IN 
SPECIFICATIONS IS BASED ON SUPPLY CON- 
NECTIONS TO THESE PINS. | 


The AD9617 offers outstanding performance in high fidelity, 


wide bandwidth applications in instrumentation ranging from 
network and spectrum analyzers to oscilloscopes and in military 
systems such as radar, SIGINT, and ESM systems. The supe- 


_ rior slew rate, low overshoot and fast settling of the AD9617 


allow the device to be used in pulse applications such as com- 
munications receivers and high speed ATE. Most monolithic op 
amps suffer in these precision pulse applications due to slew rate 
limiting. | 


The AD9617J operates over the range of 0 to +70°C and is 
available in either an 8-pin plastic mini-DIP or an 8-lead plastic 
small outline package (SOIC). The AD9617A and B versions are 
rated over the industrial temperature range of —40°C to +85°C. 
The AD9617S and T versions are rated over the military tem- 
perature range of —55°C to +125°C and are available processed 
to MIL-STD-883B. 
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SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS' 


Supply Voltages (+V.5).. 0.0... cee ee ee eee +7V 
Common Mode Input Voltage ................... +Vzy 
Differential Input Voltage ................22000% 3V 
Continuous Output Current? ...............004 70 mA 
Operating Temperature Ranges 
ADOGLT INR as: 36.4 ata ely eae aoe Seek as 0 to +70°C 
AD9I617AQ/BO  % 4.6.65 645 BGR RE SER RO —40°C to +85°C 
AD9617SQ/TQ ....... cc cee eee —55°C to +125°C 


Storage Temperature 
AD9I6I7JN/JJR ........022 080 ee alg 
AD9617AQ/BQ/SQ/TQ .. 2... 0.22208. 

Junction Temperature? 

AD9617JN/JR 
AD9617AQ/BQ/SQ/TQ 


oe @ © © @ © © © © © © © eo © we we 


ee © © © © eo ee we ee 


Lead Soldering Temperature (10 Seconds) .. . 


AD9617 


—65°C to +125°C 
—65°C to + 150°C 


ie ores fet + 150°C 
re ee HIS C 
Gir ars + 300°C 


DC ELECTRICAL CHARACTERISTICS (uniess otherwise noted, Ay = +3; #V = +5 V;R, = 400 O; Rgay = 100 om) 


Test AD9617JN/JR AD9617AQ/SQ AD9617BQ/TQ 
Conditions Temp |Level |Min Typ Max |Min Typ Max |Min Typ Max |Units 


Parameter 


Input Offset Voltage* ° 

Input Offset Voltage TC® 

Input Bias Current° 
Inverting 
Noninverting 

Input Bias Current TC? 
Noninverting 
Inverting 

Input Resistance 
Noninverting 

Input Capacitance 
Noninverting 

Common-Mode Input Range® 


Common-Mode Rejection Ratio’ 


Power Supply Rejection Ratio 
Open Loop Gain 


Output Voltage Range 
Output Impedance 
Output Current (50 2 Load) T = +25°C to Tx 


T= TE hin 


AC ELECTRICAL CHARACTERISTICS (Unless otherwise noted, Ay = +3; Vz = 5 V; R; = 400 0; Rigan = 100 0) 


Parameter 


FREQUENCY DOMAIN 
Bandwidth (—3 dB) 

Small Signal 

Large Signal 
Bandwidth Variation vs. Ay 
Amplitude of Peaking (<50 MHz) T= Tinin tO +25°C 
T = Thnax 
Amplitude of Peaking (>50 MHz) [|T = T,,;, to +25°C 
Amplitude of Roll-Off (<75 MHz) 
Phase Nonlinearity 
2nd Harmonic Distortion 


2 V p-p; 4.3 MHz 


3rd Harmonic Distortion 


2 V p-p; 20 MHz 
2 V p-p; 60 MHz 
Input Noise Voltage 10 MHz 
Inverting Input Noise Current 10 MHz 
Average Equivalent Integrated 
Input Noise Voltage 0.1 to 200 MHz 
REV. A 
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Test AD9617JN/JR AD9617AQ/SQ | AD9617BQ/TQ 
Conditions Temp |Level |Min Typ Max |Min Typ Max |Min Typ Max /|Units 


nV/\/(Hz) 
pA/\/(Hz) 


pV, rms 


9-301 


AD9617 


| Test AD9617JN/JR AD9617AQ/SQ _| - AD9617BQ/TQ | 
Parameter . Comditions Tem mp Level |Min Typ Max |Min Typ Max |Min Typ Max (Units 


TIME DOMAIN 
Slew Rate | Veur=4V¥ Step 1100 1400 
Rise/Fall Time 
Vour =2V Step , 2.0 
Vour = 4 V Step T = +25°C to Ting, 2.4 3.3. 
Vour = 4 V Step : 1T = Tinin . 2.4 3,5 
Overshoot Vour = 2 V Step 3 
Settling Time i. 
To 0.1% — — [Vour = 2 V Step 10 
To 0.02% . Vour = 2 V Step 14 23 
To 0.1% Vour = 4 V Step — ll 
To 0.02% a ~|Vour = 4 V Step 
2x Overdrive. Recovery to 
+2 mV of Final Value Vin = 1.7 V Step 
Propagation Delay — 
Differential Gain® 
Differential Phase® 


POWER SUPPLY REQUIREMENTS 
Quiescent Current 


+I, | Full 
a : Full 
NOTES 


‘Absolute maximum ratings are fnitiag values to be applied individually and beyond which the serviceability of the circuit may be impaired. Functional 
operability is not necessarily implied. Exposure to absolute maximum rating conditions for an extended period of time may affect device reliability. 
2Output is short circuit protected to ground, but not to supplies. Continuous short circuit to ground may affect device reliability. 
Typical thermal impedances (part soldered onto board): 
Mini-DIP: @,, = 140°C/W; 8;- = 30°C/W. Side Brazed/Cerdip: a = 110°C/W; 6,, = 20°C/W. SOIC Package: 6,4, = 150°C/W; 0,, = 30°C/W. 
‘Measured with respect to the inverting input. 
>Typical is defined as the mean of the distribution. 
®Measured in voltage follower configuration. 
7Measured with V;,. = +0.25 V. © 
- ®8Frequency = 4.3 MHz; R, = 1500; Ay = +3. 
Specifications subject to change without notice. 


EXPLANATION OF TEST LEVELS 


Test Level 
I - 100% producto tested. . | +Vs 


II — 100% production tested at +25°C and sample tested at [] C] 
specified temperatures. AC testing of J grade devices done 
on sample basis. 


IfI — Sample tested only. 


IV — Parameter is guaranteed by design and characterization 
testing. | 


V — Parameter is a typical value only. 
VI — All devices are 100% production tested at +25°C. 100% 


Die Connections 


TOP VIEW Cg. 
(Not to Scale) 


production tested at temperature extremes for extended | Ve Vs 
temperature devices; sample tested at temperature 
extremes for commercial/industrial devices. 


DIE SIZE = 53 x 67 x 15 mils 


ORDERING GUIDE 


Temperature ——s—s| Package Package 
| Range _ | Description | Option* 


AD9617JN Oto+70°C Plastic DIP | N-8. 
AD9617JR Oto+70°C R-8 
AD9617AQ —40°C to +85°C Q-8 
AD9617BQ —40°C to +85°C Q-8 
AD9617SQ —55°C to + 125°C Q8 


—55°C to +125°C 


AD9617TQ 


- *For outline information see Package Information section. 
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FEATURES 


Usable Closed-Loop Gain Range: +5/—1 to +100 
Low Distortion: —63 dBc (2nd) at 20 MHz 

Small Signal Bandwidth: 160 MHz (A, = +10) 
Large Signal Bandwidth: 150 MHz at 5 V p-p 
Settling Time: 10 ns to 0.1%; 14 ns to 0.02% 
Overdrive and Output Short Circuit Protected 
Fast Overdrive Recovery 

DC Nonlinearity 5 ppm 


APPLICATIONS 

Driving Flash Converters 

D/A Current to Voltage Converters 

IF, Radar Processors 

Baseband and Video Communications 
Photodiode, CCD Preamps 


GENERAL DESCRIPTION 
The AD9618 is a current feedback amplifier which utilizes a 
proprietary architecture to produce superior distortion and dc 
precision. It achieves this. along with fast settling, very fast slew 
rate, wide bandwidth (both small signal and large signal), and 
exceptional signal fidelity. The device achieves —63 dBc 2nd 
harmonic distortion at 20 MHz while maintaining 160 MHz 
small signal and 150 MHz large signal bandwidths. 


These attributes position the AD9618 as an ideal choice for driv- 
ing flash ADCs and buffering the latest generation of DACs. 
Optimized for applications requiring gain between +5/—1 

to +40, the AD9618 is unity gain stable without external 
compensation. 


Additional benefits of the AD9618B and T grades include 

input offset voltage of 500 wV and temperature coefficient (TC) 
of 3 pV/°C. These accuracy performance levels make the 
AD9618 an excellent choice for driving emerging high resolution 
(12-16 bits), high speed analog to digital converters and flash 
converters. he 3 


The AD9618 offers outstanding performance in high fidelity, 
wide bandwidth applications in instrumentation ranging from 
network and spectrum analyzers to oscilloscopes, and in military 
systems such as radar, SIGINT, and ESM systems. The supe- 
rior slew rate, low overshoot, and fast settling of the AD9618 
allow the device to be used in pulse applications such as com- 
munications receivers and high speed ATE. Most monolithic op 
amps suffer in these precision pulse applications due to slew rate 
limiting. 


*Patent pending. 


This is an abridged data sheet. To obtain the most recent version or 
' complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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Low Distortion, Precision, 
Wide Bandwidth Op Amp 


AD9618* 


PIN CONFIGURATION 


*OPTIONAL +V, 


NOTE: FOR BEST SETTLING TIME AND DISTOR- 
TION PERFORMANCE, USE OPTIONAL SUPPLY 
CONNECTIONS. PERFORMANCE INDICATED IN 
SPECIFICATIONS IS BASED ON SUPPLY CON- 
NECTIONS TO THESE PINS. 


**OPTIONAL —V5 


The AD9618J operates over the range of 0 to +70°C and is 
available in either an 8-pin plastic mini-DIP or an 8 lead plastic 
small outline package (SOIC). The AD9618A and B versions are 
rated over the industrial temperature range of —40°C to + 85°C. 
The AD9618S and T versions are rated over the military tem- 
perature range of —55°C to +125°C; and are available processed 
to MIL-STD-883B. 
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AD9618—SPECIFICATIONS © 


ABSOLUTE. MAXIMUM RATINGS’ 


Supply Voltages (Ve) Gere es er seer a ee re +7V 
Common Mode Input Voltage........-.-. rn Si ate V ge 
Differential Input Voltage .............0. 00000 eee a¥ 
Continuous Output.Current? ..............0005 70 mA 
Operating Temperature Ranges 
ADO6I8JN/JR .........005. ede Fee oo 0 to +70°C 
AD9618AQ/BQ............ eee ees ~40°C to +85°C 
AD9618SQ/TQ ..........-206- “ce 55°C to +125°C 


Storage Temperature . % iy ee : 
AD9618JN/JR ........ eed ey es 65°C to +125°C 


AD9618AQ/BQ/SQ/TQ ..........4.. —65°C to + 150°C 

Junction Temperature’ 
ADSGI8IN/IJIR .5.6 6 6 bbw 6 ha eee eee ee 150°C 
AD9618AQ/BQ/SQ/TQ . 0. 2 ee ee ns 175°C 
ee ee + 300°C 


Lead Soldering Temperature (10 Seconds) 


DC ELECTRICAL CHARACTERISTICS 


Parameter 


Input Offset Voltage* > 

Input Offset Voltage TC? 

Input Bias Current? 
Inverting 
Noninverting 

Input Bias Current TC? 
Noninverting 
Inverting 

Input Resistance 
Noninverting 

Input Capacitance 
Noninverting — 

Common Mode Input Range® 


Common Mode Rejection Ratio’. 


Power Supply Rejection Ratio 
Open Loop Gain 

To 

Nonlinearity 
Output Voltage Range 
Output Impedance 
Output Current (50 © Load) 


T = +25°C to Tirax 
- = Tin 


AC ELECTRICAL CHARACTERISTICS 


Parameter 


FREQUENCY DOMAIN 
Bandwidth (—3 dB) 
Small Signal Vout = 2 V p-p 
Large Signal Vout = 5 V p-p 
Bandwidth Variation vs. Ay Ay = —l1 to +40 
Amplitude of Peaking (<50 MHz) | T = T,j, to +25°C 
T = Tax 
T = Twin to +25°C 
T= pers 


Amplitude of Peaking (>50 MHz) 


Amplitude of Roll-Off (<75 MHz) 
Phase Nonlinearity 
2nd Harmonic Distortion 


dc to 75 MHz 

2 V p-p; 4.3 MHz 
2 V p-p; 20 MHz 
2 V p-p; 60 MHz 
2 V p-p; 4.3 MHz 
2 V p-p; 20 MHz 
2 V p-p; 60 MHz 
10 MHz 

10 MHz 


3rd Harmonic Distortion 


Input Noise Voltage 
Inverting Input Noise Current 
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(unless otherwise noted, Ay = +10; 
Rioap = 100 2) 


Test AD9618JN/JR ~ AD9618AQ/SQ AD9618BQ/TQ _ 
Conditions Temp | Level | Min Typ Max | Min Typ Max | Min Typ Max | Units 


(unless otherwise noted, b= = +10; V5 = #5 V:R, = 1000 0; 
Rioap = 100 ©) z 


Test 
Conditions Temp | Level 


AD9618JN/JR AD9618AQ/SQ AD9618BQ/TQ | 
Min Typ Max | Min Typ Max | Min Typ Max | Units 


—1.1 +0.5 +2.2 | —1.1 +0.5 +2.2 [0.0 +0.5 +1.1 
Ha. aS 25. | SA. ea SEZ: [a4 eB ares 


-45 0 +45 | -—45 +45 | -20 +20 


—25 +5 +35 | -25 +35 | -13 +5 +18. 


~—50 +30 +125 | —50 +125 | —50 +125. 
~50 +40 +130 +130 | —50 +130 | 


i = +0 V; Re = 1 kQ:; 


MHz 
MHz 
MHz 
| dB 
dB 
dB 
dB 
dB. 
Degree 
dBc 
dBc 
dBc 
dBc 
dBc 
dBc 
nV/\/(Hz) 
pA/\/(Hz) 


REV. A 


AD9618 


Test AD9618JN/JR AD9618AQ/SQ AD9618BQ/TQ |. 
Parameter Conditions Temp | Level | Min Typ Max | Min Typ Max | Min Typ Max | Units 
Average Equivalent Integrated 
Input Noise Voltage 0.1 to 200 MHz +25°C | V 38 38 38 wV, rms 
IV 


TIME DOMAIN 

Slew Rate Vout = 4 V Step 

Rise/Fall Time 
Vour = 2 V Step 


1400 1800 1400 1800 V/s 


IV : 2.2 : 2.2 ‘ ns 


Vour = 5 V Step T = +25°C to 2.3 2: 23. 2. ns 
T = Thin 2.3 : 2.3 : ns 
Overshoot Vour = 2 V Step % 
Settling Time 
To 0.1% Vour = 2 V Step ns 
To 0.02% Vour = 2 V Step ns 
To 0.1% Vour = 4 V Step ns 
To 0.02% Vour = 4 V Step ns 
2x Overdrive Recovery to 
+2 mV of Final Value Vin = 0.6 V Step ns 


Propagation Delay 
Differential Gain® 
Differential Phase® 


POWER SUPPLY REQUIREMENTS 
Quiescent Current 


+I, Full 31 43 31 43 (31 «43 mA 
—I, Full 31 43 31 43 31 4943 mA 
NOTES 


‘Absolute maximum ratings are limiting values to be applied individually and beyond which the serviceability of the circuit may be impaired. Functional 
operability is not necessarily implied. Exposure to absolute maximum rating conditions for an extended period of time may affect device reliability. 
Output is short circuit protected to ground, but not to supplies. Continuous short circuit to ground may affect device reliability. 

3Typical thermal impedances (part soldered onto board): 

Mini-DIP: 6,4 = 140°C/W; 6;, = 30°C/W. 

Side Brazed/Cerdip: 0,;, = 110°C/W; 0,, = 20°C/W. 

SOIC Package: 8,;, = .150°C/W; 0;, = 30°C/W. 

‘Measured with respect to the inverting input. 

*Typical is defined as the mean of the distribution. 

6Measured in voltage follower configuration. 

7Measured with V,,, = +0.25 V. 

®Frequency = 4.3 MHz; R, = 1509; Ay = +10. 

Specifications subject to change without notice. 


ORDERING GUIDE 
nr eat OF TEST LEVELS Temperature Package Package 
est Leve Range | Description Option* 


I —- 100% production tested. 


II -— 100% production tested at +25°C and sample tested at Aon : . tee se a R-8 
specified temperatures. AC testing of J grade devices done AD9618AQ ~40°C to +85°C Cerdip Q-8 
at Sarnple Pass, AD9618BQ | -40°C to +85°C | Cerdip Q-8 
III — Sample tested only. AD9618SQ | —55°C to +125°C | Cerdip Q-8 
IV — Parameter is guaranteed by design and characterization AD9618TQ —55°C to +125°C Cerdip 


testing. 
V_ - Parameter is a typical value only. 
VI - All devices are 100% production tested at +25°C. 100% 
production tested at temperature extremes for extended 
temperature devices; sample tested at temperature 
extremes for commercial/industrial devices. 


*For outline information see Package Information section. 


DIE CONNECTIONS 


+Vs 


ae 
-inPuT |[_] []}| +s 


TOP VIEW 
(Not to Scale) 


[_]| oureur 


+inpuT |[_ | 


ae ee 


1 Veg -Vs 


DIE SIZE = 53 x 67 x 15 mils 
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1 ANALOG 
DEVICES 


FEATURES 
Excellent Gain Accuracy: 0.994 V/V 
Wide Bandwidth: 600 MHz 
Slew Rate: 2200 V/ys 
Ultralow Distortion: 
—73 dBc @ 20 MHz 
—91 dBc @ 2.3 MHz 
Fast Settling Time: 8 ns to 0.02% 
Low Noise: 2.0 nV/VHz 


~ APPLICATIONS 
IF/Communications 
impedance Transformations 
Drives Flash ADCs 
Line Driving 


GENERAL DESCRIPTION | 

The AD9620 is a monolithic, unity gain buffer amplifier that 
sets new standards in gain accuracy, wide bandwidth and low 
distortion. Its large signal bandwidth, ultralow distortion over 
frequency, and drive capabilities of the AD9620 make this 
buffer an ideal driver for flash ADCs. Other applications which 
require increased current drive at unity voltage gain, such as 
cable driving, also benefit from the AD9620’s performance. 


In addition to innovative (patent pending) feedback architecture, 
special packaging techniques improve dynamic performance by 
minimizing the reactive effects associated with standard pack- 
ages. The result is —73 dBc harmonic suppression at 20 MHz, 
and —91 dBc at 2.3 MHz. The AD9620 also outperforms other 
amplifiers, including its predecessor AD9630, in terms of small- 
signal pulse response and dc linearity. These features make the 
AD9620 the premier driver for high speed, high resolution 
ADCs. ee 


*Patent(s) Pending. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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Ultralow Distortion, 
600 MHz Buffer 
AD9620* 


+V, ht 
+Vo 2. 


GROUND | 3 | “Vs 


INPUT | 4 | 


AD9620 Vs 


NC = NO CONNECT 


Available in side-brazed ceramic DIP packages, the “A” suffix 
unit is guaranteed for —40°C to +85°C operating temperatures; 
the “S” suffix device is guaranteed from —55°C to +125°C. 
AD9620 die are dc tested at +25°C. 


REV. A 


SPECIFICATIONS AD9620 


ABSOLUTE MAXIMUM RATINGS’ 


Supply Voltages (2V 2s ese ce ee ae eee wees +7V Storage Temperature . 

Input’ V oltave Range: «is. oink oid ditties Ge ware eee & +V~. AD9IGJ0AD! esr kee eee ep ee eS —65°C to + 150°C 

Continuous Output Current? ..............004. 70 mA AD9620SD. 4 eben Hoe eh hee RS —65°C to +150°C 

Operating Temperature Ranges Junction Temperature? .........0. 000000000 ae +75 
AD9G62Z0AD.  isiw a6 Mae ee Reed aa’ A —40°C to +85°C Lead Soldering Temperature (10 seconds)* ........ +300°C 
PD9620S DY eter ie Sir tics ORE See —55°C to +125°C 


DC ELECTRICAL CHARACTERISTICS (untess otherwise noted, +V, = + 5 V; Ry = 50 2, Riga, = 100 ©) 


Test AD9620AD AD9620SD 
Conditions Temp Level|Min Typ Max |Min Typ Max | Units 


Parameter 


DC SPECIFICATIONS 


Output Offset Voltage +25°C mV 
Offset Voltage TC Full pV/°C 

Input Bias Current 20 G pA 
Bias Current TC | Full nA/°C 


Input Resistance 

Input Resistance 

Input Capacitance 

Gain 

Output Voltage Range 
Output Current (50 © Load) 


Vour = 2 V p-p 


+25°C to I 
Laas 

+25°C 

Full 

Full 

Full 


1.0 
0.989 0.994 


Output Impedance At DC 25°C .@) 
Power Supply Rejection Ratio | AV, = +5% Full dB 
DC Nonlinearity +2 V Full Scale +25°C % 
FREQUENCY DOMAIN 
Bandwidth (—3 dB) _ 
Small Signal Vour = <0.7 V p-p | Twin tO +25°C MHz 


Small Signal 
Large Signal 


Vour = =0.7 V p-p 
Vour =-4 V p-p 


max 


Tain to +25°C 


Large Signal Vout = 4 V p-p ae MHz 
Amplitude of Peaking =150 MHz Twin to +25°C dB 
Amplitude of Peaking =150 MHz y peers dB 
Amplitude of Rolloff =150 MHz Full dB 


Group Delay | 
Phase Nonlinearity 
2nd Harmonic Distortion 


3rd Harmonic Distortion 


Spectral Input Noise Voltage 
Average Equivalent Integrated 


DC to 150 MHz 
DC to 150 MHz 

2 V p-p; 2.3 MHz 
2 V p-p; 2.3 MHz 
2 V p-p; 20 MHz 
2 V p-p; 60 MHz 
2 V p-p; 60 MHz 
2 V p-p; 2.3 MHz 
2 V p-p; 20 MHz 
2 V p-p; 60 MHz 
10 MHz 


+29°C 

+25°C 

20 10: bo 
ee 
Full 
+25 
ee 
Full 
Full 
+25°C 
+25°C 


and Tax 


ns . 
Degrees 
dBc 

dBc 

dBc 

dBc 

dBc 

dBc 

dBc 

dBc 
nV/\/Hz 


Output Noise Voltage 0.1 to 200 MHz +25°C pV 
TIME DOMAIN 
Slew Rate _ Vout = 4 V Step +25°C Vips 
Rise/Fall Time Vout = 1 V Step Tinin 10 +25°C ns 
Vour = 1 V Step hee ns 
Vour = 4 V Step Trin tO +25°C ns 
: Vout = 4 V Step E eee ns 
Overshoot Vour = 2 V Step Full % 
Settling Time 
To 0.1% Vout = 2 V Step Full ns 
To 0.02% Vour = 2 V Step Full ns 
Differential Gain 4.4 MHz +25°C % 
Differential Phase 4.4 MHz 2G Degrees 
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AD9620 


Parameter | Conditions 


POWER SUPPLY REQUIREMENTS 
Quiescent Current - 


+I, | +V,=+5V 
NOTES | 


Test | 
Temp Level 


VI 48 
ae VI 48 


AD9620AD igh DED, 
Min Typ Max | Min igh DED, Max Units 


1Absolute maximum ratings are limiting values to be applied individually, and beyond which the serviceability of the circuit may be impaired. Functional opera- 
bility is not necessarily implied. Exposure to. absolute maximum rating conditions for an extended period of time may affect device reliability. 

Output is short-circuit protected to ground, but not to supplies. Continuous short circuit to ground may affect device reliability. 

3Typical side-brazed thermal impedances (part soldered onto board): @ ya = LIO°C/W;  8;¢ = 20°C/W. 

‘External capacitor of AD9620 is attached with 62 Sn/36 Pb/2 Ag solder. Board attachment temperatures should be reviewed to insure the capacitor does: not 


reflow during board mounting. | 
Specifications subject to change without notice. 


EXPLANATION OF TEST LEVELS 


Test Level 
I- 100% production tested. 
II- 100% production tested at + 25°C, and sample tested 


at specified temperatures. 
III- Sample tested only. 


IV - Parameter is guaranteed by design and characterization 
testing. 
V-— Parameter is a typical value only. 


VI-— All devices are 100% production tested at + 25°C. 
100% production tested at temperature extremes for 
extended temperature devices; sample tested at temper- 
ature extremes for commercial/industrial devices. 


AD9620 DIE LAYOUT 
60 (length) x 50 (width) x 15 (height) mils 
NC NC +V5 +Vs 


; - 
OUTPUT 


-C 


ORDERING GUIDE 


Package 
| Option* 
D-8 
D8 


AD9620AD 
AD9620SD 
AD9620 Chips 


—40°C to +85°C 
—55°C to +125°C 
+25°C 


8-Pin DIP 
8-Pin DIP 
Dice 


AD9620 


ms n - 
L 10pF 
0. 1 ue 


«INTERNAL TO 
CERAMIC DIP 


Vs 


AD9620 Bonding Diagram 


THEORY OF OPERATION 
The AD9620 is a wide bandwidth, unity gain buffer amplifier 
that utilizes innovative (patent pending) voltage feedback archi- 


tecture. Large loop gain and high slew rate significantly improve 


dc linearity and large signal bandwidth when compared with 
that achieved with more conventional designs. 


Its large-signal bandwidth compares favorably with competitive 
devices of open-loop design without their limitations. Open-loop 
devices often sacrifice dc linearity and introduce frequency dis- 
tortion when driving low load impedances; the AD9620 does 
not. Its design yields low distortion products that are relatively 
constant for any resistive load greater than 50 ohms. 
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The AD9620 will satisfy any high performance analog signal 
processing application requiring isolation or current boosting 
between the signal source and load. Its combination of high 
input resistance and low capacitance, dc precision, and excep- 
tional dynamic characteristics sets a new standard in perfor- 
mance that has no equal. 


_ Excessive peaking may occur when using the AD9620 to directly 
drive loads with more than 3 pF of capacitance. To prevent this, 


a small value of resistance (Rg) should be placed in series with 
the buffer output. . 


REV.A 


ANALOG Wideband Voltage 
DEVICES Feedback Amplifier 


AD9621* 


FEATURES CONNECTION DIAGRAM 
350 MHz Small Signal Bandwidth 
130 MHz Large Signal BW (4 V p-p) 
High Slew Rate: 1200 V/s 


Fast Settling: 11 ns to 0.01%/7 ns to 0.1% 

+3 V Supply Operation ce 

APPLICATIONS 

ADC Input Driver 

Differential Amplifiers puree 

IF/RF Amplifiers # OPTIONAL CAPACITOR CB CONNECTED HERE 
Pulse Amplifiers DECREASES SETTLING TIME 


Professional Video 
DAC Current-to-Voitage 
Baseband and Video Communications 


| Pin Diode Receivers Other members of the AD962X amplifier family are the 
Active Filters/Integrators/Log Amps AD9622 (G = +2), AD9623 (G = +4), and the AD9624 

GENERAL DESCRIPTION (G = +6). A separate data sheet is available from Analog _ go 
The AD9621 is one of a family of very high speed and wide Devices for each model. Each generic device has been designed 
bandwidth amplifiers utilizing a voltage feedback architecture. for . different minimum stable gain setting, allowing users 
These amplifiers define a new level of performance for voltage flexibility in optimizing system performance. Dynamic perfor- 
feedback amplifiers, especially in the categories of large signal DANSE specifications such as slew rate, settling time, and distor- 
bandwidth, slew rate, settling, and low noise. tion vary from model to model. The table below summarizes 


key performance attributes for the AD962X family and can be 


Proprietary design architectures have resulted in an amplifier used as a selection guide. 


family that combines the most attractive attributes of both cur- . . os 
rent feedback and voltage feedback amplifiers. The AD9621 The AD9621 is offered in industrial and military temperature 


exhibits extraordinarily accurate and fast pulse response charac- ranges. Industrial ver sions are available in plastic DIP, SOIC, 
teristics (7 ns settling to 0.1%) as well as extremely wide small and cerdip; MIL versions are packaged in cerdips. 


and large signal bandwidth previously found only in current 
feedback amplifiers. When combined with balanced high imped- PRODUCT HIGHLIGHTS 


ance inputs and low input noise current more common to volt- 1. Wide Large Signal Bandwidth 
age feedback architectures, the AD9621 offers performance not 2. High Slew Rate 
previously available in a monolithic operational amplifier. 3. Fast Settling 


. 4. Output Short-Circuit Protected 
*Protected by U.S. Patent 5,150,074 and others pending. 


Parameter 


Minimum Stable Gain 
Harmonic Distortion (20 MHz) 
Large Signal Bandwidth (4 V p-p) 
SSBW (0.5 V p-p) 
~ Slew Rate 
Rise/Fall Time (0.5 V Step) 
Settling Time (to 0.1%/0.01%) 
Input Noise (0.1 MHz — 200 MHz) 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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AD9621—SPECIFICATIONS 


DC ELECTRICAL CHARACTERISTICS (Vs = a V, Rioan = 100 ; Ay = 1, unless otherwise noted) : 


Test | AD9621AN/AQ/AR "AD9621SQ 
Conditions | Temp | Level| Min Typ Max | Min Typ Max | Units 


Paraiiieter 


DC SPECIFICATIONS! © 
Input Offset Voltage 


Input Bias Current 


Input Bias Current TC 
Input Offset Current — 


Offset Current TC 
Input Resistance 
Input Capacitance — 
Common-Mode Range 


Common-Mode Rejection Ratio 


Open Loop Gain 
Output Voltage Range 
Output Current 
Output Resistance 


FREQUENCY DOMAIN 

Bandwidth (—3 dB) 

Small Signal © 

Large Signal 
Amplitude of Peaking - 
Amplitude of Roll-off 
Phase Nonlinearity 
2nd Harmonic Distortion | 
3rd Harmonic Distortion 


Common-Mode Rejection Mode | 
Spectral Input Noise Voltage 


Spectral Input Noise Current 


Average Equivalent Integrated | 


Input Noise Voltage 


TIME DOMAIN 
Slew Rate 
Rise/Fall Time 


Overshoot 
Settling Time 
To 0.1% 
To 0.01% 
To 0.1%? 
To 0.01? 
Overdrive Recovery 
Differential Gain (4.3 MHz) 


Differential Phase (4.3 MHz) — 
POWER SUPPLY REQUIREMENTS!’ 


Supply Voltage (+V<5) 
Quiescent Current 

+I, 

—I, 
Power Supply Rejection Ratio 


NOTES 
1Measured at Ay = 21. 


AVem =1V 
Vour = +2 V p-p 


Vour = =0.4V pp 
Vour = 4.0 V p-p 
Full Spectrum 

= 100 MHz 

dc to 100 MHz 

2 V p-p; 20 MHz 
2 V p-p; 20 MHz 
@ 20 MHz. 

1 to 200 MHz 

1 to 200 MHz 


0.1 to 200 MHz 


Vour = 5 V Step 
Vour = 0.5 V Step 
Vour = 5 V Step 
Vout = 2 V Step 


Vout = 2 V Step 
Vour = 2 V Step 
Vout = 4 V Step 
Vout = 4 V Step 
1.5x to +2 mV 


|R, = 1500 


R, = 1500 


2Measured with a 0.001 F C, capacitor connected across Pins | and 8. 


Specifications subject to change without notice. 
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REV.0 


ABSOLUTE MAXIMUM RATINGS’ 


Supply Voltages ($V e)ce eee oath e heey eel ee +6V 
Common-Mode Input Voltage ................... #Vo - 
Differential Input Voltage ................0 00008 6V 
Continuous Output Current?.............0..0004 90 mA 
Operating Temperature Ranges 

INN VAG SAR: seek bs obs Ga ae ee es —40°C to +85°C 

LOE nS oh huss Wee ack oo es airs ae se —55°C to +125°C 
Storage Temperature 

(COLAC sa eh toes ie see be cio ts Rese d eS ace ks —65°C to + 150°C 

PLASC os oe oc Riv ese Denn BB ec —65°C to +125°C 
Junction Temperature 

Ceramic? low acid Bart ad Oe eb BOA es +175°C 

Plast? > 2 Gnk Gal at on Be ERS: + 150°C 
Lead Soldering Temperature (1 minute)*.......... + 220°C 
NOTES 


‘Absolute maximum ratings are limiting values to be applied individually, and 
beyond which the serviceability of the circuit may be impaired. Functional 
operability is not necessarily implied. Exposure to absolute maximum rating 
conditions for an extended period of time may affect device reliability. 
2Output is short-circuit protected; for maximum reliability, 90 mA continuous 
current should not be exceeded. 
°Typical thermal impedances (part soldered onto board; no air flow): 

Ceramic DIP: 6,4 = 100°C/W; 6,, = 30°C/W 

Plastic SOIC: 0,4 = 125°C/W3 6,, = 45°C/W 

Plastic DIP 9, = 90°C/W; 0, = 45°C/W 
“Temperature shown is for surface mount devices, mounted by vapor phase 
soldering. Throughhole devices (ceramic and plastic DIPs) can be soldered at 
+300°C for 10 seconds. 


ORDERING GUIDE 


Temperature Package 
Range Description 


—40°C to +85°C | 8-Pin Plastic DIP | N-8 
—40°C to + 85°C 8-Pin Cerdip 
—40°C to +85°C_ | 8-Pin SOIC 

—55°C to +125°C | 8-Pin Cerdip 


Package 
Option* 


AD9621AN 
AD9621AQ 
AD9621AR 
AD9621SQ 


*For outline information see Package Information section. 


EXPLANATION OF TEST LEVELS 

Test Level 

I — 100% production tested. 

II — 100% production tested at +25°C, and sample tested at 
specified temperatures. AC testing of “‘A” grade devices 
done on sample basis. 

Sample tested only. 

Parameter is guaranteed by design and characterization 
testing. 

Parameter is a typical value only. 

All devices are 100% production tested at +25°C. 100% 
production tested at temperature extremes for 

extended temperature devices; sample tested at 
temperature extremes for commercial/industrial devices. 


—= 
<F 
| | 


OUTPUT 
+Vs e) C] 


54mils 


CB+ | CF] O Vs 


cB-| 


-INPUT “+INPUT 
as 46.5mils mr 
Chip Layout 


REV. 0 


AD9621 


THEORY OF OPERATION 

The AD9621 is a wide bandwidth, unity gain stable voltage 
feedback amplifier. Since its open-loop frequency response fol- 
lows the conventional 6 dB/octave roll-off, its gain bandwidth 
product is basically constant. Increasing its closed-loop gain 
results in a corresponding decrease in small signal bandwidth. 
The AD9621 typically maintains a 55 degree unity loop gain 
phase margin. This high margin minimizes the effects of signal 
and noise peaking. 


Feedback Resistor Choice 

At minimum stable gain (+1), the AD9621 provides optimum 
dynamic performance with Ry = 51 (. This resistor acts only 
as a parasitic suppressor against damped Ry oscillations that can 
occur due to lead (input, feedback) inductance and parasitic 
capacitance. For settling accuracy to 0.1% or less, this resistor 
should not be required if layout guidelines are closely followed. 
This value for Ry provides the best combination of wide band- 
width, low parasitic peaking, and fast settling time. 


When the AD9621 is used in the transimpedance (I-to-V) mode, 
such as for photo-diode detection, the value for Ry and diode 
capacitance (C,) are usually known. See Figure 1. Generally, the 
value of R; selected will be in the kN range, and a shunt capac- 
itor (C,) across Rz will be required to maintain good amplifier 
stability. The value of Cy required to maintain <1 dB of peak- 
ing can be estimated as: 


Cr = [(20,C;Rp- l/wo?Re’)'” 


Rr 2 1kO 


where Wo is equal to the unity gain bandwidth product of the 
amplifier in RAD/sec, and C, is the equivalent total input capac- 
itance at the inverting input. Typically w, is 700 x 10° RAD! 
sec (See Open Loop Frequency Response curve). 


As an example, choosing Rp of 10 kO, and C, of 5 pF, requires 

C; to be 1.1 pF (Note: C, includes both the source and parasitic 

circuit capacitance). The bandwidth of the amplifier can be esti- 

mated using the C, calculated as: | 
1.6 

27 Rr Cr 


For general voltage gain applications, the amplifier bandwidth 
can be estimated as: 


f; dB = 


This estimation loses accuracy for gains approaching +2/—1 or 
lower due to the amplifier’s damping factor. For these “low 
gain”’ cases, the bandwidth will actually extend beyond the cal- 
culated value. See Closed Loop BW plots. 


As a rule of thumb, capacitor Cy will not be required if: 
_.NG 
(Rp|Re) Cr S Aa 
Ye) 


where NG is the Noise Gain (1 + R,/R,) of the circuit. For 
most voltage gain applications, this should be the case. 
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@ ANALOG 
DEVICES 


FEATURES 3 : 

220 MHz Small Signal Bandwidth 
160 MHz Large Signal BW (4 V p-p) 
High Slew Rate: 1500 V/s 

Low Distortion: ~66 dB @ 20 MHz | 
Fast Settling: 14 ns to 0.01% 

3.5 nV/VHz Spectral Noise Density 
+3 V Supply Operation 


APPLICATIONS 

ADC Input Signal Amplifier 
Differential Amplifiers 

IF/RF Amplifiers 

Pulse Amplifiers 

Professional Video 

DAC Current-to-Voltage 

Baseband and Video Communications 
Active Filters/Integrators/Log Amps 


GENERAL DESCRIPTION | 

The AD9622 is one of a family of very high speed and wide 
bandwidth amplifiers utilizing a voltage feedback architecture. 
- These amplifiers define a new level of performance for voltage 
feedback amplifiers, especially in the categories of large signal 
bandwidth, slew rate, settling, low distortion, and low noise. 


Proprietary design architectures have resulted in an amplifier 
family that combines the most attractive attributes of both cur- 
rent feedback and voltage feedback amplifiers. The AD9622 
exhibits extraordinarily accurate and fast pulse response charac- 
teristics (8 ns settling to 0.1%) as well as extremely wide small 
and large signal bandwidth previously found only in current 
feedback amplifiers. When combined with balanced high imped- 
ance inputs and low input noise more common to voltage feed- 
back architectures, the AD9622 offers performance not 
previously available in a monolithic operational amplifier. 


*Protected by U.S. Patent 5,150,074 and others pending. 


Wideband Voltage 
Feedback Amplifier 


# OPTIONAL CAPACITOR CB CONNECTED HERE 
DECREASES SETTLING TIME (SEE TEXT). - 


Other members of the AD962X amplifier family are the 
AD9621 (G = +1), AD9623 (G = +4), and the AD9624 

(G = +6). A separate data sheet is available from Analog 
Devices for each model. Each generic device has been designed 
for a different minimum stable gain setting, allowing users flexi- 
bility in optimizing system performance. Dynamic performance 
specifications such as slew rate, settling time, and distortion 
vary from model to model. The table below summarizes key 
performance attributes for the AD962X family and can be used 
as a selection guide. | | 


The AD9622 is offered in industrial and military temperature - 
ranges. Industrial versions are available in plastic DIP, SOIC, 
and cerdip; MIL versions are packaged in cerdips. 


PRODUCT HIGHLIGHTS 

1. Wide Large Signal Bandwidth 

2. High Slew Rate. 

3. Fast Settling 

4. Low Distortion . 

5. Output Short-Circuit Protected 

6. Low Intermodulation Distortion of High Frequencies 


Parameter AD9621 AD9622 AD9623 AD9624 Units 
Minimum Stable Gain +1 +2 +4 +6 V/V 
Harmonic Distortion (20 MHz) —52 — 66 —64 —66 dB 
Large Signal Bandwidth (4 V p-p) 130 160 190 200 MHz 
SSBW (0.5 V p-p) © 350 220 270 300 MHz 
Slew Rate : 1200 1500 2100 2200 V/us 
Rise/Fall Time (0.5 V Step) 2.4 1.7 1.6 1.5 ns 
Settling Time (to 0.1%/0.01%) 7/11 8/14 8/14 8/14 ~—s_ ns 
Input Noise (0.1 MHz-200 MHz) 80 49 36 32 pV rms 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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SPECIFICATIONS AD9622 
DC ELECTRICAL CHARACTERISTICS <uniess otherwise noted, +V, = +5 V; Rigp = 100 0; Ay = 2; = 270.0) 


Test AD9622AN/AQ/AR ~ AD9622SQ 
Parameter . Conditions Temp | Level | Min Typ Max | Min Typ Max | Units 


DC SPECIFICATIONS! 
Input Offset Voltage 


Input Bias Current 


Bias Current TC 
Input Offset Current 


Offset Current TC 
Input Resistance 
Input Capacitance 
Common-Mode Range 
Common-Mode Rejection Ratio 
‘Open-Loop Gain 
Output Voltage Range 
Output Current 
Output Resistance 


FREQUENCY DOMAIN 
Bandwidth (—3 dB) 


Small Signal Vour = 0.4 V p-p 

Large Signal” Vout = 4V pp 
Amplitude of Peaking Full Spectrum 
Amplitude of Roll-off DC to 100 MHz 
Phase Nonlinearity 0.3 MHz to 100 MHz 
2nd Harmonic Distortion 2 V p-p; 20 MHz 
3rd Harmonic Distortion 2 V p-p; 20 MHz 
Common-Mode Rejection Ratio | @ 20 MHz 


Spectral Input Noise Voltage — 

Spectral Input Noise Current 

Average Equivalent Integrated 
Input Noise Voltage 


1 MHz to 200 MHz 
1 MHz to 200 MHz 


0.1 MHz to 200 MHz 


TIME DOMAIN 
Slew Rate Vour = 5 V Step 
Rise/Fall Time Vout = 0.5 V Step 
Vour = 5 V Step 
Overshoot Vout = 2 V Step 
Settling Time | . 
To 0.1% Vout = 2 V Step 
To 0.01% Vout = 2 V Step 
To 0.1%? | Vour = 4 V Step 
To 0.01%? Vout = 4 V Step 
Overdrive Recovery 2x to +2 mV 
Differential Gain (4.3 MHz) R, = 1500 


Differential Phase (4.3 MHz) R, = 1500 
POWER SUPPLY REQUIREMENTS! 


Supply Voltage (+V5) 

Quiescent Current | 
ee - | tVg =5V 
ee -V,=-5V 


Power Supply Rejection Ratio | AVs = 0.5 V 


NOTES 

1Measured at Ay = 21. 

2Effective large signal bandwidth; the device should not be stressed above 250 V x MHz (Vour P-p X Frequency) to ensure long term reliability. 
3Measured with a 0.001 .F CB capacitor connected across Pins 1 and 8. 


Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS’ 


Supply Voltages (+V,)..........4. eigen Mine oer +6V 
Common-Mode Input Voltage .............-0--- +V¢z 
Voltage Swing x Bandwidth Product ....... 250 V x MHz 
Differential Input Voltage .......... Glnie wale st 6V 
Continuous Output Current? .................. 90 mA 
Operating Temperature Ranges 

AN, AQ, AR 2... ecerees Gh 2e dna brn So —40°C to +85°C 

SO okaed 8 ioe eon oi een bys Sa —55°C to +125°C 
Storage Temperature 

CersMe 4 30 5.6 2 eg ee Awe ae he OOS —65°C to + 150°C 

PIASHC: 00:4 o-oo ce oe ee ee ES —65°C to +125°C 
Junction Temperature | | 

COPAMe? 552 ol 6 xe Sed 5. ide des aes +175°C 

Plastic ace utes io oa hota eeuo seen + 150°C 
Lead Soldering Temperature (1 minute)*.......... +220°C 
NOTES 


‘Absolute maximum ratings are limiting values to be applied individually, and 


beyond which the serviceability of the circuit may be impaired. Functional 
operability is not necessarily implied. Exposure to absolute maximum rating 
conditions for an extended period of time may affect device reliability. 
2Output is short-circuit protected; for maximum reliability, 90 mA continuous 
current should not be exceeded. 
3Typical thermal impedances (part soldered onto board; no air flow): 

Ceramic DIP: 6,4 = 100°C/W; 0,, = 30°C/W 

Plastic SOIC: 6), = 125°C/W; @;¢ = 45°C/W 

Plastic DIP: 0,4 = 90°C/W; 8;- = 45°C/W 
“Temperature shown is for surface mount devices, mounted by vapor phase 
soldering. Through-hole devices (Ceramic and Plastic pice can be soldered at 
+ 300°C for 10 seconds. 


ORDERING GUIDE 


Temperature Package 
Range Description 


—40°C to +85°C | 8-Pin Plastic DIP | N-8 
—40°C to +85°C | 8-Pin Cerdip 
—40°C to +85°C | 8-Pin SOIC 

—55°C to +125°C | 8-Pin Cerdip 


AD9622AN 
—AD9622AQ 

AD9622AR 
~ AD9622SQ 


*For outline information see Package Information section. 


EXPLANATION OF TEST LEVELS. 

Test Level 

I -— 100% production tested. . 

‘II — 100% production tested at +25°C, and sample tested: at 
specified temperatures. AC testing of “A” grade devices 
done on sample basis. 

III— Sample tested only. 

IV- Parameter is guaranteed by design and characterization 
testing. 7 

V — Parameter is a typical value only. 

VI- All devices are 100% production tested at +25°C. 100% 
production tested at temperature extremes for extended 
temperature devices; sample tested at temperature extremes 
for commercial/industrial devices. 


OUTPUT 


-INPUT +INPUT | 
46.5mils 


. | Chip Layout 
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Package | 
Option* .. 


THEORY OF OPERATION | 
The AD9622 is a wide bandwidth voltage feciback anipliser 
that is guaranteed for minimum gain stability of +2. Since its 
open loop frequency response follows the conventional 6 dB/ 
octave roll-off, its gain bandwidth product is basically constant. 
Increasing its closed-loop gain results in a corresponding de- 
crease in small signal bandwidth. The AD9622 typically main- 
tains a 60 degree unity loop gain phase margin with Rp = 

270 . This high margin minimizes the effects of signal and 
noise peaking. 


Feedback Resistor Choice 
At minimum stable gain (+2), the AD9622 provides optimum 
dynamic performance with Rz = 270 ©. When using this value 


and following the high speed layout guidelines, a shunt capacitor 


(C,) should not be required. This value for Rp provides the best 
combination of wide bandwidth, low peaking, and 
distortion. 


However, if improved gain flatness is desired, a shunt capacitor 
(Cy) will provide extra phase margin. This reduces both over- 
shoot and peaking with only a slight reduction of bandwidth. 


As an example, if the amplifier exhibits (worst case) peaking of. 
1 dB with R,||Re = 135 0 (Ay = 2), then using a C, of -— 

=~ 1.5 pF across Rz will reduce this peaking to 0 dB. In addi- 
tion, overshoot, noise, and settling time (0.01%) will also 
improve. This comes at the expense of slightly decreased closed- 
loop bandwidth due to the Rp X< Cy time constant created. 


If the equivalent input capacitance greatly exceeds 2 pF (due to 
source drive or long input traces to the amplifier), then added | 
shunt capacitance (C,) will be necessary to maintain stability. 


Likewise, if larger Ro/Rp minimum-gain setting resistors are 
used, Cy will be necessary. As a rule of thumb, if the product — 


~ of RglIRg x C,; = 270 x 107’? seconds, then C, is not required 


(for maximum bandwidth applications) and the amplifier’s phase 
margin will maintain about 60°. 


For Rg||[Rg >150 0, use.a Cp equal to C; x RoRe. As the 
value of R,|[R, increases, the bandwidth of the amplifier will 
begin to be controlled by the Rz < C, time constant. Increasing 
C, much beyond these guidelines will also cause amplifier 
instability. 7 | 

Pulse Response : 

Unlike a traditional voltage feedback amplifier in which slew 
speed is usually dictated by its front end dc quiescent current 
and gain bandwidth product, the AD9622 provides “on 
demand” transconductance current that increases proportionally 
to the input “step” signal amplitude. This results in slew speeds 
(1500 V/s) comparable to wideband current feedback designs. 


_ This, combined with relatively low input noise current (3.2 pA/ 


\/Hz), gives the AD9622 the best attributes of both voltage and 


current feedback amplifiers. 


Bootstrap Capacitor (C,) . 

In most applications, the Cz capacitor should not be ceanited 
Under certain conditions, it can be used to further enhance set- 
tling time performance. 
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ANALOG Wideband Voltage 
DEVICES Feedback Amplifier 


AD9623* 


FEATURES CONNECTION DIAGRAM 
270 MHz Small Signal Bandwidth 
190 MHz Large Signal BW (4 V p-p) 


High Slew Rate: 2100 V/ps nc# | 1| 8 | NC# 

Low Distortion: —64 dB @ 20 MHz 

Fast Settling: 15 ns to 0.01 sal ao Vs 

2.6 nV/\/Hz Spectral Noise Density | +INPUT | 3 | | 6 | OUTPUT 
+3 V Supply Operation V, ra | rs | Nc 
APPLICATIONS a 

ADC Input Driver # OPTIONAL CAPACITOR CB CONNECTED HERE 
Differential Amplifiers DECREASES SETTLING TIME (SEE TEXT). 
IF/RF Amplifiers | 


Pulse Amplifiers 

Professional Video 

DAC Current-to-Voltage 

Baseband and Video Communications 
Active Filters/Integrators/Log Amps 


Other members of the AD962X amplifier family are the 

AD9621 (G = +1), AD9622 (G = +2), and the AD9624 

(G = +6). A separate data sheet is available from Analog 

Devices for each model. Each generic device has been designed ce 
for a different minimum stable gain setting, allowing users flexi- 

bility in optimizing system performance. Dynamic performance 
specifications such as slew rate, settling time, and distortion 

vary from model to model. The table below summarizes key 

performance attributes for the AD962X family and can be used 

as a Selection guide. 


GENERAL DESCRIPTION | 

The AD9623 is one of a family of very high speed and wide 
bandwidth amplifiers utilizing a voltage feedback architecture. 
These amplifiers define a new level of performance for voltage 
feedback amplifiers, especially in the categories of large signal 


bandwidth, slew rate, settling, low distortion, and low noise. 
The AD9623 is offered in industrial and military temperature . 


ranges. Industrial versions are available in plastic DIP, SOIC, 
and cerdip; MIL versions are packaged in cerdips. 


Proprietary design architectures have resulted in an amplifier 
family that combines the most attractive attributes of both cur- 
rent feedback and voltage feedback amplifiers. The AD9623 
exhibits extraordinarily accurate and fast pulse response charac- 
teristics (8 ns settling to 0.1%) as well as extremely wide small 
and large signal bandwidth previously found only in current 
feedback amplifiers. When combined with balanced high imped- 
ance inputs and low input noise current more common to volt- 
age feedback architectures, the AD9623 offers performance not 
previously available in a monolithic operational amplifier. 


PRODUCT HIGHLIGHTS 

. Wide Large Signal Bandwidth 

. High Slew Rate 

. Fast Settling 

. Low Distortion 

. Output Short-Circuit Protected 

. Low Intermodulation Distortion at High Frequencies 


Nn & WN —& 


*Protected by U.S. Patent 5,150,074 and others pending. 


Parameter AD9621 AD9622 AD9623 AD9624 Units 


Minimum Stable Gain +] +2 +4 +6 V/V 
Harmonic Distortion (20 MHz). —52 — 66 —64 — 66 dB 
Large Signal Bandwidth (4 V p-p) 130 160 190 200 MHz 
SSBW (0.5 V p-p) | — 350 220 270 300 MHz 
Slew Rate 1200 1500 2100 2200 V/s 
Rise/Fall Time (0.5 V Step) 2.4 1.7 1.6 1.5 ns 
‘Settling Time (to 0.1%/0.01%) 7/1 8/14 8/14 8/14 ns 
Input Noise (0.1 MHz-200 MHz) 80 49 36 32 wV rms 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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AD9623 — -SPECIFICATIONS a 
DC: ELECTRICAL CHARACTERISTICS (Unless otherwise noted, +V; = +5 V; Rigay = 100 0; hy = +4, Re = 210 Q) 


| Test AD9623AN/AQ/AR AD9623SQ 
Parameter. i Conditions Temp | Level | Min Typ Max | Min Typ Max | Units 


DC SPECIFICATIONS" 
- Input Offset Volage 


Input Bias Current 


Bias Current TC 
Input Offset Current 


Offset Current TC 
Input Resistance 
Input Capacitance 
Common-Mode Range 
Common-Mode Rejection Ratio 
Open Loop Gain | | 
Output Voltage Range 
Output Current 
Output Resistance. 


Vout = +2 Vp-p 


FREQUENCY DOMAIN 
Bandwidth (—3 dB) 
Small Signal | Vour = 0.4 V p-p 
Large Signal | Vour = 4V pp 
Amplitude of Peaking | Full Spectrum 
Amplitude of Roll-off DC to 100 MHz 
Phase Nonlinearity — 0.3 MHz to.100.MHz 


2 V p-p; 20 MHz 

2 V p-p; 20 MHz 
@ 20 MHz 

1 MHz to 200 MHz 
1 MHz to 200 MHz 


2nd Harmonic Distortion 

3rd Harmonic Distortion 
Common-Mode Rejection Ratio 
Spectral Input Noise Voltage | 
Spectral Input Noise Current 
Average Equivalent Integrated 


Input Noise Voltage 0.1 MHz to 200 MHz | 


TIME DOMAIN ae 
Slew Rate Vout = 5 V Step 
Rise/Fall Time Vour = 0.5 V Step 

: Vout = 5 V Step 
_Overshoot | Vour = 2 V Step 
Settling Time 
To 0.1% Vout = 2 V Step 
To 0.01% Vout = 2 V Step 
To 0.1%? Vour = 4 V Step 
To 0.01%? Vout = 4V Step 
Overdrive Recovery 2X to +2 mV 
Differential Gain (4.3 MHz) R, = 1500) 


Differential Phase (4.3 MHz) 1500 


POWER SUPPLY REQUIREMENTS? 


Supply Voltage (+V<) 
Quiescent Current | 
—I, | -V5;=-5V 


Power Supply Rejection Ratio | AVs = 1V 


NOTES 
1Measured at Ay = 21. 
2Measured with a 0.001 F CB capacitor connected across Pins 1 and 8. 


Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS’ 


Supply Voltages (Ve) s3.0c6 cee awe eee eee estes +6V 
Common-Mode Input Voltage ...............6.. tVz, 
Differential Input Voltage ...........22 002 ee ee 6V 
Continuous Output ‘Current? ..............008. 90 mA 
Operating Temperature Ranges 

ANY AQD AR: See $e oe ES RAREE ENS —40°C to +85°C 

SO rgd ee ode oe bake aati e aS —55°C to +125°C 
Storage Temperature 

CGPaMG 328 oiee 6-4 nw, ete ee 8 AE —65°C to + 150°C 

PIASUC: hee oe a7 4 Ah Sees ew Bre ee aoe eS —65°C to +125°C 
Junction Temperature 

Ceramic” 3s.54:6.6 On bbe Hh ok Sete aoe eed +175°C 

PIASHC?* S.o lactis diccid weak eb oe SO awn a + 150°C 
Lead Soldering Temperature (1 minute)*.......... +220°C 
NOTES 


1Absolute maximum ratings are limiting values to be applied individually, and 
beyond which the serviceability of the circuit may be impaired. Functional 
operability is not necessarily implied. Exposure to absolute maximum rating 
conditions for an extended period of time may affect device reliability. 
2Output is short-circuit protected; for maximum reliability, 90 mA continuous 
current should not be exceeded. 
3Typical thermal impedances (part soldered onto board; no air flow): 

Ceramic DIP: 6,4 = 100°C/W; 0,,< = 30°C/W 

Plastic SOIC: 8,4 = 125°C/W; 8, = 45°C/W 

Plastic DIP: 0,4 = 90°C/W; 8;, = 45°C/W 
“Temperature shown is for surface mount devices, mounted by vapor phase 
soldering. Throughhole devices (Ceramic and Plastic DIPs) can be soldered at 
+300°C for 10 seconds. 


ORDERING GUIDE 


Temperature Package 
Range . Description 


—40°C to +85°C_ | 8-Pin Plastic DIP | N-8 
—40°C to +85°C | 8-Pin Cerdip Q-8 
—40°C to +85°C | 8-Pin SOIC R-8 
—55°C to +125°C | 8-Pin Cerdip 


Package 
Option* 


AD9623AN 
AD9623AQ 
AD9623AR 
AD9623SQ 


*For outline information see Package Information section. 


' EXPLANATION OF TEST LEVELS 
Test Level 


I -— 100% production tested. 

II — 100% production tested at +25°C, and sample ees at 
specified temperatures. AC testing of A-grade devices done 
on sample basis. 

III- Sample tested only. 

IV- Parameter is guaranteed by design and characterization 
testing. 

V — Parameter is a typical value only. 

VI- All devices are 100% production tested at +25°C. 100% 
production tested at temperature extremes for extended 
temperature devices; sample tested at temperature extremes 
for commercial/industrial devices. 


OUTPUT 
+Vs @ CT 
mi 

CB+ D}-v, 
ce-| CJ 

O CO 

~INPUT ell 

eee 


Chip Layout 
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AD9623 


THEORY OF OPERATION 

The AD9623 is a wide bandwidth voltage feedback amplifier 
that is guaranteed for minimum gain stability of +4. Since its 
open-loop frequency response follows the conventional 6 dB/ 
octave roll-off, its gain bandwidth product is basically constant. 
Increasing its closed-loop gain results in a corresponding 
decrease in small signal bandwidth. The AD9623 typically main- 
tains a 60 degree unity loop gain phase margin. This high mar- 
gin minimizes the effects of signal and noise peaking. 


Feedback Resistor Choice 

At minimum stable gain (+4), the AD9623 provides optimum 
dynamic performance with Rp = 390 2. When using this value 
and following the high speed layout guidelines, a shunt capacitor 
(C,) should not be required. This value R, provides the best 
combination of wide bandwidth, low peaking, and distortion. 


However, if improved gain flatness is desired, a shunt capacitor 
(Cy) will provide extra phase margin. This reduces both over- 
shoot and peaking with only a slight reduction of bandwidth. 
See Figure 1. 


As an example, if the amplifier exhibits (worst case) peaking of 
1 dB with Rg|[Rp = 98 © (Ay = 4), then using an effective C, 
of ~ 0.5—1 pF across Ry will reduce this peaking to 0 dB. In 
addition, overshoot, noise, and settling time (0.01%) will also 
improve. This comes at the expense of slightly decreased closed- 
loop bandwidth due to the R, X C, time constant created. 


If total input capacitance greatly exceeds 3 pF (due to source 
drive or long input traces to the amplifier), then added shunt 
capacitance (C,) will be necessary to maintain stability for mini- 
mum gain. 


Likewise, if larger RQ/Re minimum-gain setting resistors are 
used, C, will be necessary. As a rule of thumb, if the product 

of Rg|[Rg <x C, = 300 x 107!” seconds, then C, is not required | 
(for maximum bandwidth at minimum gain) and the anes S 
phase margin will maintain about 60°. 


For RqgIRg >150 2, use a Cy equal to C; X Rg/Rg. For C; 
(total) @ 2 pF, requires C, to be 0.5 pF. This can be achieved 
by two 1 pF capacitors in series, or by using a resistor divider 
network at the amplifier’s output in conjunction with a larger 
capacitor. Increasing C;, much beyond these guidelines will also 
cause amplifier instability. 


Pulse Response 

Unlike a traditional voltage feedback amplifier in which slew 
speed is usually dictated by its front end dc quiescent current 
and gain bandwidth product, the AD9623 provides ‘“‘on 
demand” transconductance current that increases proportionally 
to the input “step” signal amplitude. This results in slew speeds 


_ (2100 V/s) comparable to wideband current feedback designs. 


This, combined with relatively low input noise current (2.5 pA/ 
\/Hz), gives the AD9623 the best attributes of both voltage and 
current feedback amplifiers. 


Bootstrap Capacitor (C,) 

In most applications, the C, capacitor will not be required. 
Under certain conditions, it can be used to further enhance set- 
tling time performance. 
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Wideband Voltage 
Feedback Amplifier 


FEATURES 7 

300 MHz Small Signal Bandwidth 
200 MHz Large Signal BW (4 V p-p) 
High Slew Rate: 2200 V/s 

Low Distortion: —60 dB @ 20 MHz 
Fast Settling: 15 ns to 0.01% 

2.2 nV/V/Hz Spectral Noise Density 
+3 Vv Supply Operation 


APPLICATIONS . 

ADC Input Driver 

Differential Amplifiers 

IF/RF Amplifiers 

Pulse Amplifiers 

Professional Video | 

DAC Current-to-Voltage | 

Baseband and Video Communications 
eae Filters/Integrators/Log Amps_ 


GENERAL DESCRIPTION 

The AD9624 is one of a family of very high speed and wide 
bandwidth amplifiers utilizing a voltage feedback architecture. 
These amplifiers define a new level of performance for voltage 
feedback amplifiers, especially in the categories of large signal: 
bandwidth, slew rate, settling, low distortion, and low noise. 


Proprietary design architectures have resulted in an amplifier 
family that combines the most attractive attributes of both cur- 
rent feedback and voltage feedback amplifiers. The AD9624 . — 
exhibits extraordinarily accurate and fast pulse response charac- 
teristics (8 ns settling to 0.1%) as well as extremely wide small. 
and large signal bandwidth previously found only in current 


feedback amplifiers. When combined with balanced high imped- 
ance inputs and low input noise current more common to volt- _ 
age feedback architectures, the AD9624 offers. performance not 


previously available i in a monolithic operational amplifier. 


*Protected by U.S. Patent 5,150,074 and others pending. 


- AD9621 


aD9624* 


CONNECTION DIAGRAM 


nc#| 1] 
‘INPUT | 2 | +Vg 
+INPUT Pl 

“Vs - 


# OPTIONALCAPACITOR CB CONNECTED HERE 
DECREASES SETTLING TIME (SEE TEXT). 


AD9624 


Other members of the AD962X amplifier family are the’ ’ 
AD9621 (G = +1), AD9622 (G = +2), and the AD9623 (G= 
+4). A separate data sheet is available from Analog Devices for 
each model. Each generic device has been designed for a differ- 
ent minimum stable gain setting, allowing users flexibility in | 
optimizing system performance. Dynamic performance specifica- 
tions such as slew rate, settling time, and distortion vary from 
model to model. The table below summarizes key performance 
attributes for the AD962X family and can be used as a selection 
guide. 


The AD9624 is offered in cade and military: temperature ° 
ranges. Industrial versions are available in plastic DIP, SOIC, 
and cerdip; MIL versions are packaged i in caan 


PRODUCT HIGHLIGHTS 

. Wide Large Signal Bandwidth | 

. High Slew Rate 

. Fast Settling 

. Low Distortion 

. Output Short-Circuit Protected aes 
. Low Intermodulation Distortion at High Frequencies 


Num kh WN 


Parameter | AD9622 AD9623 AD9624 Units 

| ‘Minimum Stable Gain +1. +2 +4 +6 V/V 
Harmonic Distortion (20 MHz) vn a2 —66 —64 —66 dB 

- Large Signal Bandwidth (4 V p-p) 130 160 190 200 ~ MHz 
SSBW (0.5 V PP) eo a 350 220 270 ee!) MHz 
Slew Rate 1200. 1500 2100 ~ 2200 V/s 
Rise/Fall Time (0.5:'V Sep) 7! DA 1.7 1.6 1.5 ns 
Settling Time (to 0.1%/0.01%) == 7/Il1 8/14 8/14 8/14 ns 

| 49 36 32 uV rms 


Input Noise (0.1 MHz-200 MHz) 80 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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SPECIFICATIONS AD9624 
DC ELECTRICAL CHARACTERISTICS (untess otherwise noted, V, = +5 V: Rigg = 100.0; A = +8; R, = 510.0) 


| Test AD9624AN/AQ/AR AD9624SQ 
Parameter Conditions Temp | Level | Min Typ Max | Min Typ Max} Units 


DC SPECIFICATIONS! 
Input Offset Voltage 


Input Bias Current 


Bias Current TC 
Input Offset Current 


Offset Current TC 
Input Resistance 
Input Capacitance 
Common-Mode Range 
Common-Mode Rejection Ratio 
Open-Loop Gain 
Output Voltage Range 
Output Current 
Output Resistance 


FREQUENCY DOMAIN 


Small Signal Bandwidth | | 
Ay=6 — Vout = 0.4 V p-p 
Ay =8 Vour = 0.4 V p-p 
Large Signal Bandwidth Vout = 4 V p-p 
Amplitude of Peaking Full Spectrum 
Amplitude of Peaking (Ay = 6) | Full Spectrum 
Amplitude of Roll-off DC to 100 MHz 
Phase Nonlinearity 0.3 MHz to 100 MHz 


2nd Harmonic Distortion 

3rd Harmonic Distortion 

Common-Mode Rejection Ratio 

Spectral Input Noise Voltage 

Spectral Input Noise Current 

Average Equivalent Integrated 
Input Noise Voltage 


TIME DOMAIN 
Slew Rate 
Rise/Fall Time 


Overshoot Bd 
Settling Time. | 

To 0.1% 

To 0.01% 

To 0.1%? 

To 0.01%? 
Overdrive Recovery 
Differential Gain (4.3 MHz) 
Differential Phase (4.3 MHz) 


POWER SUPPLY REQUIREMENTS? 


Supply Voltage (+V5;) 
Quiescent Current 

+1, 

—I, 
Power Supply Rejection Ratio 


NOTES 
1Measured at Ay = 21. 


2 V p-p; 20 MHz 

2 V p-p; 20 MHz | 

@ 20 MHz 

1 MHz to 200 MHz 
1 MHz to 200 MHz 


0.1 MHz to 200 MHz 


Vout = 5 V Step 
Vout = 0.5 V Step 
Vout = 5 V Step 
Vout = 2 V Step. 


Vout = 2 V Step © 
Vout = 2 V Step 
Vout = 4 V Step 
Vout = 4 V Step 
2x to +2 mV 

R, = 1500 

R, = 1500 


+V, =5V 


-V,=-5V 
AV, =1V 


Measured with a 0.001 .F CB capacitor connected across Pins 1 and 8. 
Specifications subject to change without notice. 
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AD9624 


ABSOLUTE MAXIMUM RATINGS! = 


Supply Voltages (+Vs). 2.0... eee ee Reece Oe es ae 


Common-Mode Input Voltage.............. peewee Ve 
Differential Input Voltage .............. ecbamoncnty 3 6V 
Continuous Output Current” ..... ante ae Gee gah fos 90 mA 
Operating Temperature Ranges 

AN, AQ, AR ......-00008- oe eet —40°C to +85°C 

BOS ih teed Ge Rie 8 ae oe Sa ae —55°C to +125°C 
Storage Temperature 

Coram’ 45 acctki ate eel ae: 4 RR RS —65°C to + 150°C 

PldShGs sos. 9 bes oy Mao ee wd Ses —65°C to +125°C 
Junction Temperature 

Coralie 24..4%. 4s eG ee ea ee a eer ee: . +175°C 

Plastic aegis ua cece ati Draie a aha Be anaes + 150°C 
Lead Soldering Temperature (1 minute)*.......... +220°C 
NOTES 


1Absolute maximum ratings are limiting values to be applied individually, and 

beyond which the serviceability of the circuit may be impaired. Functional 
operability is not necessarily implied. Exposure to absolute maximum rating 
conditions for an extended period of time may affect device reliability. 


2Qutput is short-circuit protected; for maximum reliability, 90 mA continuous. 


current should not be exceeded. 
3Typical thermal impedances (part soldered onto board; no air flow): 
Ceramic DIP: 0,4 = 100°C/W; 8,, = 30°C/W 
Plastic SOIC: 6), = 125°C/W; 6;, = 45°C/W 
Plastic DIP: 0,4 = 90°C/W; @;, = 45°C/W 
‘Temperature shown is for surface mount devices, mounted by vapor phase 


soldering. Through-hole devices (ceramic and plastic vee can be soldered at. 


+300°C for 10 seconds. 


ORDERING GUIDE 


Temperature Package | . 
Range — Description 


—40°C to +85°C | 8-Pin Plastic DIP | N-8 
—40°C to +85°C_ | 8-Pin Cerdip Q-8 
—40°C to +85°C | 8-Pin SOIC 

—55°C to +125°C | 8-Pin Cerdip 


AD9624AN 
~ AD9624AQ 
AD9624AR 
AD9624SQ 


*For outline information see Package Information section. 


EXPLANATION OF TEST LEVELS 

Test Level | 

I — 100% production tested. 

II — 100% production tested at +25°C, and angie tested at 
specified temperatures. AC testing of A-grade devices done 
on sample basis. | 

III— Sample tested only. 

IV- Parameter is guaranteed by design and characterization 
testing. 

V — Parameter is a typical value only. 

VI-— All devices are 100% production tested at +25°C. 100% 
production tested at temperature extremes for extended 
temperature devices; sample tested at temperature extremes 
for commercial/industrial devices. 


OUTPUT 


-INPUT +INPUT 
Pes 46.5 MILS a 
Chip Layout 
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_ THEORY OF OPERATION 


The AD9624 is a wide bandwidth voltage feedback amplifier 
that is guaranteed for minimum gain stability of +6. Since its 


open loop frequency response follows the conventional 6 dB/ 


octave roll-off, its gain bandwidth product is basically constant. 
Increasing its closed-loop gain results in a corresponding de- 
crease in small signal bandwidth. The AD9624 typically main- 
tains a 60 degree unity loop gain phase margin with R; = 

510 ©. This high margin minimizes the effects of signal and 
noise peaking. 

Feedback Resistor Choice | 
At minimum stable gain (+6), the AD9624 provides optimum 
dynamic performance with Rz = 510 0. When using this value 
and following the high speed layout guidelines, a shunt capacitor 


(Cx) should not be required. This value for Ry provides the best 


combination of wide bandwidth, low peaking, and distortion. 


However, if improved gain flatness is desired, a shunt capacitor 


_ (Cy) will provide extra phase margin. This reduces both over- 
shoot and peaking with only a slight reduction of bandwidth. 


As an example, if the amplifier exhibits (worst case) peaking of 
1.2 dB with Rg|IRp = 85 (Ay = 6), then using aC, of © 


=~ 0.5 pF (two 1 pF capacitors in series) across Rp will reduce 
this peaking to 0 dB. In addition, overshoot, noise, and settling 
time (<0.01%) will also improve. This comes at the expense of 
slightly decreased closed-loop bandwidth due to the Rp X Cy, 
time constant created. 7 


If the equivalent input capacitance greatly wgeciie 4 oF (due to 
source drive or long input traces.to the amplifier), then added 
shunt capacitance (C,,) will be necessary to maintain mistaity at 
minimum gain. 


As a rule of thumb, if the product of RelRe x, C; = 300 x 
107}? seconds, then Cy is not required (for maximum band- — 
width applications) and the amplifier’s phase margin will main- 


tain about 60°. Generally, this should be the case. © 


Pulse Response 


Unlike a traditional voltage feedback amplifier in 1 which ing 


speed is usually dictated by its front end de quiescent current — 
and gain bandwidth product, the AD9624 provides “on - 
demand” transconductance current that increases proportionally 
to the input “step” signal amplitude. This results in slew speeds 
(2000 V/\1s) comparable to wideband current feedback designs. 
This, combined with relatively low input noise current (2.5 pA/ 
\/Hz), gives the AD9624 the best attributes of both voltage and 
current feedback amplifiers. 
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FEATURES 
Excellent Gain Accuracy: 0.99 V/V 
Wide Bandwidth: 750 MHz 
Slew Rate: 1200 V/s 
Low Distortion 

—65 dBc @ 20 MHz 

—80 dBc @ 4.3 MHz 
Settling Time 

6 ns to 0.1% 

8 ns to 0.02% 
Low Noise: 2.4 nV/\V/Hz 
Improved Source for CLC-110 


APPLICATIONS 
IF/Communications 
Impedance Transformations 
Drives Flash ADCs 

Line Driving 


General Description 

The AD9630 is a monolithic buffer amplifier that utilizes inno- 
vative (patent pending) closed-loop design techniques to achieve 
exceptional gain accuracy, wide bandwidth, and low distortion. 
Slew rate limiting has been overcome as indicated by the 

1200 V/s slew rate; this improvement allows the user greater 
flexibility in wideband and pulse applications. The second har- 
monic distortion terms for an analog input tone of 4.3 MHz and 
20 MHz are —80 dBc and —66 dBc, respectively. Clearly, the 
AD9630 establishes a new standard by combining in one part 
outstanding dc and dynamic performance. 


The large signal bandwidth, low distortion over frequency, and 
drive capabilities of the AD9630 make the buffer an ideal flash 
ADC driver. The AD9630 provides better signal fidelity than 
many of the flash ADCs that it has been designed to drive. 


*Patent(s) Pending 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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Low Distortion, 750 MHz 
Closed-Loop Buffer Amp 


AD9630* 


PIN CONFIGURATION 


“OPTIONAL +Vs5 
NC = NO CONNECT 


*“OPTIONAL — Vg 


NOTE: FOR BEST SETTLING TIME PERFORMANCE 

USE OPTIONAL POWER SUPPLIES. ALL SPECIFICATIONS 
ARE BASED ON USING SINGLE +Vg CONNECTIONS 
EXCEPT FOR SETTLING TIME TO 0.02% AND SMALL 
SIGNAL S21. CONSULT THE FACTORY FOR VERSIONS 
WITH OPTIONAL POWER SUPPLY PINS DISCONNECTED 
INTERNAL TO THE PACKAGE. 


‘Other applications which require increased current drive at 


unity voltage gain such as cable driving benefit from the 
AD9630’s performance. 


The AD9630 is available in Plastic DIP (N), Ceramic DIP (Q), 
and SOIC (R). Consult with the factory concerning availability 
of MIL-STD-883 parts. Die are dc tested at +25°C. 


DIE LAYOUT 
Die Dimensions 60x50X15 mils | 


OPTIONAL 
+Ves 


UB1308B 


OPTIONAL Vs 
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AD9630— SPECIFICATIONS. 


Lead Soldering Temperature ao se) oe aa paaane +300°C 


ABSOLUTE MAXIMUM RATINGS! 

Supply Voltages CGN Oe waccee ina ia s +7V Storage Temperature has a ae 
Continuous Output Current? ........ 0000000005 70 mA ~AD9630AN/AR/AQ ....... err e ~65°C to +150°C 
Temperature Range over Which Specifications Apply Junction Temperature? 

| ADEEENIARIAG ee a eee ee ee —40°C to +85°C AD9630AN/AR/AQ .. 1... cc ee ee ee ees +150°C 


ELECTRICAL CHARACTERISTICS (unless otherwise noted, -V; = + 5 V; Ry = 50 0, Rigay = 100 0) 


Test ~_ ADSGAN/ARAQ 
Conditions Temp Level Typ Max 


Parameter Units 
DC SPECIFICATIONS 
Output Offset Voltage +25°C 
Offset Voltage TC Full 
Input Bias Current +25°C 
Bias Current TC Full 


Input Resistance | 

Input Resistance 

Input Capacitance _ 

Gain | 

Gain | 

Output Voltage Range 
Output Current (50 0 Load) 
Output Current (50 Load) 
Output Impedance 

PSRR 

DC Nonlinearity 


FREQUENCY DOMAIN 
Bandwidth (—3 dB) 
Small Signal 
Small Signal 
Large Signal 
Large Signal _ 
Output Peaking 
Output Rolloff 
Group Delay 
Linear Phase Deviation 
2nd Harmonic Distortion 


3rd Harmonic Distortion 


Spectral Input Noise Voltage 
Integrated Output Noise 


TIME DOMAIN 
Slew Rate 
Rise/Fall Time 


Overshoot Amplitude 
Settling Time 

To 0.1% 

To 0.1% 

To 0.02%* 

To 0.02%* 
Differential Gain 
Differential Phase 


SUPPLY CURRENTS 
Voc (+1s) 
Veg (-Is) 
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Vour = 2 V p-p 
Vout = 2 Vp-p 


At de 
+2 V Full Scale 


Vo=0.7 V p-p 
Vo=0.7 V p-p 
Vo = 5 V p-p 
Vo =5 Vp-p 
=200 MHz 

=200 MHz 

de to 150 MHz 

dc to 150 MHz 

2 V p-p; 4.3 MHz 
2 V p-p; 20 MHz 
2 V p-p; 50 MHz 
2 V p-p; 4.3 MHz 
2 V p-p; 20 MHz 
2 V p-p; 50 MHz 
2 V p-p; 50 MHz 
10 MHz 

100 kHz — 200 MHz 
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+25 to Tinax 


Train 

+25°C 

2) 10 1 
(ees 

Full 

+25 to Tinax 


Tia 
+25°C 
Full 
+25°C 


4002750 
330 550 


120 


| 105 
Full | © 20a 
Full - a. 3 0 
+25°C | | 0.7 
+25°C : : 0.7 
Full ~80 
Full a —66 
Full | ~52 


Full Ne. 4 —86 
Full P — =75 - 


Tin to +25 —47 
T hax —46 
+25°C 2.4 
+25°C 32 


+25°G 
+25°C 

To tO 
+25°C 
Twin to T 
Full 


max 


ae to +25 


Tnax 

Twin t0 +25 
Tnax 

+25°C 
+25°C 


MHz 
MHz | 
MHz 
dB. 
dB . 
msi. 

_ Degrees 
dBc 
dBc 
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| AD9630 


‘Absolute maximum ratings are limiting values to be applied individually,‘and beyond which the serviceability of the circuit may be impaired. Functional 
operability is not necessarily implied. Exposure to absolute maximum rating conditions for an extended period of time may affect device reliability. 
Output is short-circuit protected to ground, but not to supplies. Prolonged short circuit to ground may affect device reliability. 

>Typical thermal impedances (part soldered onto board): Mini-DIP (N): 6;, = 110°C/W; jc = 30°C/W; SOIC (R): 0,4 = 150°C/W; Bic = S0°C/W; 
Cerdip (Q): 6), = 110°C/W; 6;- = 20°C/W. 

‘Short-term settling with 50 © source impedance. 


EXPLANATION OF TEST LEVELS ORDERING GUIDE 


Test Level 
Temperature Package 
Range Description 


I 100% Production tested. 
—40°C to +85°C | 8-Pin Plastic DIP | N-8 


Package 
Option* 


II 100% Production tested at +25°C and sample tested at 


specified temperatures. AC testing of AN and AR grades AD9630AN 


done on sample basis only. AD9630AR —40°C to +85°C | 8-Pin SOIC 
Tif Sample tested only. AD9630AQ —40°C to +85°C | 8-Pin Cerdip Q-8 
IV Parameter is guaranteed by design and characterization AD9630 Chips 


testing. 

V___ ‘Typical value. es 

VI _ S versions are 100% production tested at temperature 
extremes. Other grades are sample tested at extremes. 


*For outline information see Package Information section. 


1000 
(5%, 0.25W) 


+5V 


aes nc[2] AD9630 
Vv nef) Pri ht antl | | i \ 
s -5.2V a 
V ng 0.25W) O.1nF E: \ “ei 
NC = NO CONNECT v WHEN Cy < 7p; ; 
-AD9630 Burn-in Circuit 7 CAN BE OMITTED 
THEORY OF OPERATION 7 i a: Mec Se 100 


The AD9630 is a wide-bandwidth, closed-loop, unity-gain buffer 
which makes use of a new voltage-feedback architecture (Patent 
Pending). This architecture brings together wide bandwidth and 
high slew rate along with exceptional dc linearity. Most previous 
wide bandwidth buffers achieved their bandwidth by utilizing an 
open-loop topology which sacrificed both dc linearity and fre- 
quency distortion when driven into low load impedances. The 
design’s high loop correction factor radically improves dc linear- 
ity and distortion characteristics without diminishing bandwidth. 
This, in combination with high slew rate, results in exception- 
ally low. distortion over a wide frequency range. — 


The AD9630 is an excellent choice to drive high speed and high 
resolution analog-to-digital Converters. Its output stage is 
designed to drive high speed flash converters with minimal or 
no. series resistance. A current booster built into the output 


FREQUENCY RESPONSE - dB 


driver helps to maintain low distortion. Rants Tee Ge, eee roads 
Parasitic or load capacitance (>7 pF) connected directly to the Figure 2. Frequency Response vs. C, 
AD9630 output will result in frequency peaking. A small series with Recommended Rs 

resistor (Rg) connected between the buffer output and capacitive 

load will negate this effect. Figure 1 shows the optimal value of In pulse mode applications, with Rg equal to approximately 
Rg as a function of C, to obtain the flattest frequency response. 12 ohms, capacitive loads of up to 50 pF can be driven with 
Figure 2 illustrates frequency response for various capacitive minimal settling time degradation. 


loads utilizing the recommended Rg. 
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> 


Ultralow Distortion, Wide 


_ Bandwidth Voltage Feedback Op Amps 


FEATURES | 
Wide Bandwidth AD9631, G = +1 AD9632, G = +2 
Small Signal = =  320MHz ~ 250 MHz 
Large Signal (4 V p-p) 175 MHz 180 MHz 
Ultralow Distortion (SFDR), Low Noise 
-113 dBc typ @ 1 MHz 
-95 dBc typ @ 5 MHz 
-72 dBc typ @ 20 MHz 
+46 dBc 3rd Order Intercept @ 25 MHz 
7.0 nV/VHz Spectral Noise Density 
High Speed 
Slew Rate 1300 V/us 
Settling 16 ns to 0.01%, 2 V Step 
+3 V to +5 V Supply Operation 
17 mA Supply Current. 


APPLICATIONS 

ADC Input Driver 

Differential Amplifiers © 

IF/RF Amplifiers 

Pulse Amplifiers | 

Professional Video 

DAC Current to Voltage . 
Baseband and Video Communications 
Pin Diode Receivers _ 

Active Filters/Integrators/Log Ans 


PRODUCT DESCRIPTION | | 

The AD9631 and AD9632 are very high speed and wide band- 
width amplifiers. They are an improved performance alternative 
to the AD9621 and AD9622. The AD9631 is unity gain stable. 
The AD9632 is stable at gains of two or greater. Utilizing a 
voltage feedback architecture, the AD9631/AD9632’s excep- 
tional settling time, bandwidth, and low distortion meet the 
requirements of many applications which previously depended 
on current feedback amplifiers. Its classical op amp structure 
works much more predictably in many designs. 


A proprietary design architecture has produced an amplifier that 
combines many of the best characteristics of both current feed- 
back and voltage feedback amplifiers. The AD9631 and 
AD9632 exhibit exceptionally fast and accurate pulse response 
(16 ns to 0.01%) as well as extremely wide small signal and 
large signal bandwidth and ultralow distortion. The AD9631 
achieves —72 dBc at 20 MHz with 320 MHz small signal and 
175 MHz large signal bandwidths. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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AD9631/AD9632 


FUNCTIONAL BLOCK DIAGRAM 
8-Pin Plastic Mini-DIP (N), Cerdip (Q), 


and SO (R) Packages 
NC 8} Nc 
INPUT | 2 | +V5 
+INPUT | 3 | 16 | OUTPUT 
-v,| 4] AD9631/32 [5] Nc 


(Top View) 


NC = NO CONNECT 


These characteristics position the AD9631/AD9632 ideally for 
driving flash as well as high resolution ADCs. Additionally, the 
balanced high impedance inputs of the voltage feedback archi- 
tecture allow maximum flexibility when designing active filters. 


The AD9631 is offered in industrial (-40°C to +85°C) and mili- 
tary (~55°C to +125°C) temperature ranges and the AD9632 in 
industrial. Industrial versions are available in plastic DIP and 
SOIC; MIL versions are packaged in cerdip. 


Vo = 2V p-p 
k-Vs = +5V : 
Ry = 5000 


Va 
2ND HARMONIC Ral 


Be t/ 
CAE ae» 
EL EL AA spor | 
| ee TT 
- ax | 


1 Ok 100k 10M 100M 
FREQUENCY -— Hz 


HARMONIC DISTORTION - dBc 


—110 


Figure 1. AD9631 Harmonic Distortion vs. Frequency, 
G= sa 
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SPECIFICATIONS 


AD9631/AD9632 


ELECTRICAL CHARACTERISTICS (+v, = +5 v: Riga = 100.2; Ay = 1 (AD9631); Ay = 2 (AD9632), unless otherwise noted) 


Parameter 


DYNAMIC PERFORMANCE 
Bandwidth (—3 dB) 
Small Signal 
Large Signal! 
Bandwidth for 0.1 dB Flatness 


Slew Rate, Average +/— 
Rise/Fall Time 


Settling Time 
To 0.1% 
To 0.01% 


HARMONIC/NOISE PERFORMANCE 


2nd Harmonic Distortion 
3rd Harmonic Distortion 


3rd Order Intercept 

Noise Figure 

Input Voltage Noise 

Input Current Noise 

Average Equivalent Integrated 
Input Noise Voltage 


Differential Gain Error (3.58 MHz) 
Differential Phase Error (3.58 MHz) 


Phase Nonlinearity 
DC PERFORMANCE’, R, = 150 Q 
Input Offset Voltage? 


Offset Voltage Drift 
Input Bias Current 


Input Offset Current 


Common-Mode Rejection Ratio 
Open-Loop Gain 


INPUT CHARACTERISTICS 
Input Resistance 
Input Capacitance 


Input Common-Mode Voltage Range 


OUTPUT CHARACTERISTICS 


Output Voltage Range, Ry = 150 Q 


Output Current 
Output Resistance 
Short Circuit Current 


POWER SUPPLY 
Operating Range 
Quiescent Current 


_ Power Supply Rejection Ratio 
NOTES — 7 | 


AD9631A AD9632A 
Min Typ Max | Min Typ Max | Units 


Conditions 


Vout <0.4V p-p MHz 
Vout = 4 V p-p MHz 
Vout = 300 mV p-p 

9631, Re = 140 Q; 9632, Re = 425 Q MHz 
Vout =4V Step V/uUs 
Vout = 0.5 V Step ns 
Vout =4V Step ns 
Vout = 2 V Step ns 
Vout =2 V Step ns 


2 V p-p; 20 MHz, Ry, = 100 Q 
R;, = 5000 

2 V p-p; 20 MHz, R, = 100 Q 
R;, = 500 Q 

25 MHz 

Rs =50Q 

1 MHz to 200 MHz 
1 MHz to 200 MHz 


0.1 MHz to 200 MHz 
Ry _ 150 Q 
Ry, = 1500 
dc to 100 MHz 


Tam-l max 


Twm-T max 


Tvin~TMax 
Vom =4+2.5V 
Vout =+2.5V 


Tin~ lax 


Twrn- Tmax 
Twm-lmax 


1See Max Ratings and Theory of Operation sections of data sheet. 


Measured at Ay = 50. 
3Measured with respect to the inverting input. 


Specifications subject to change without notice. 
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AD9631/AD9632 


- ABSOLUTE MAXIMUM RATINGS! 


Supply Voltage 

Voltage Swing x Bandwidth Product 550 V x MHz 

Internal Power Dissipation” ea 
Plastic Package (N) 1.3 Watts 
Small Outline Package (R) 0.9 Watts 


Input Voltage (Common Mode) : tVs 
Differential Input Voltage » +1.2V 
Output Short Circuit Duration 

7 — Observe Power Derating Curves 
Storage Temperature Range N, R —65°C to +125°C 
Operating Temperature Range (A Grade) —40°C to +85°C 
Lead Temperature Range (Soldering 10 sec) +300°C 


NOTES 
1Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those indicated in the 
operational section of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
Specification is for device in free air: | 

8-Pin Plastic Package: 0,4 = 90°C/Watt 

8-Pin SOIC Package: 0), = 140°C/Watt 


METALIZATION PHOTO 


Dimensions shown in inches and (mm). 


Connect Substrate to —Vs. 
N +V5 
; Pn 


eee Tyee 
eee 


pi | U 


6 
OUT 


3 4 AD9631 
+IN Vs 
0.050 (1.27) 
-IN +Vs5 


_ AD9632 
0.050 (1.27) it, 


CAUTION __ 


ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although these devices feature proprietary ESD protection circuitry, permanent damage may ~ 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 
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— 12.6V. 


MAXIMUM POWER DISSIPATION’. __ - | 
The maximum power that can be safely dissipated by these de- 
vices is limited by the associated rise in junction temperature. . 
The maximum safe junction temperature for plastic encapsu- 
lated devices is determined by the glass transition temperature 
of the plastic, approximately +150°C. Exceeding this limit tem- 
porarily may cause a shift in parametric performance due to a 
change in the stresses exerted on the die by the package. Exceed- 
ing a junction temperature of +175°C for an extended period can 
result in device failure. 


While the AD9631 and AD9632 are internally short circuit pro- 
tected, this may not be sufficient to guarantee that the maxi- 
mum junction temperature (+150°C) is not exceeded under all 
conditions. To ensure proper operation, it is necessary to ob- 
serve the maximum power derating curves. 


2.0 Sn ae 3 alk 
. i 8-PIN MINI-DIP PACKAGE 
“LLLP NL 

; real Pai 
TAAL LSS 


Ty = +150°C 


MAXIMUM POWER DISSIPATION — Watts 


0 
-50 —40 -30 -20-10 0 10 20 30 40 50 60 70 80 90 
AMBIENT TEMPERATURE -°C . 


Figure 2. Plot of Maximum Power Dissipation vs. : 
Temperature | 7 


- ORDERING GUIDE 


Temperature Package Package 
Range Description | Option* 


|-40C to +85°C. ‘| Plastic DIP. | N-8 


AD9631AN 


AD9631AR —40°C to +85°C_ | SOIC R-8 
AD9631(SMD)___|-55°C to +125°C | Cerdip Q-8 
AD9631-EB Evaluation — 
Board’ 
AD9632AN -40°C to +85°C_ | Plastic DIP |N-8 
AD9632AR —40°C to +85°C .| SOIC R-8 
AD9632-EB . | Evaluation - 


Board = 


*N = Plastic DIP; Q = Cerdip; R= SOIC (Small Outline Integrated Circuit). | 
For outline information see Package Information section: | 


WARNING! -—< 
caer 1 


ESD SENSITIVE DEVICE 
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THEORY OF OPERATION 

General 

The AD9631 and AD9632 are wide bandwidth, voltage feed- 
back amplifiers. Since their open-loop frequency response fol- 
lows the conventional 6 dB/octave roll-off, their gain bandwidth 
product is basically constant. Increasing their closed-loop gain 
results in a corresponding decrease in small signal bandwidth. 
This can be observed by noting the bandwidth specification 
between the AD9631 (gain of 1) and AD9632 (gain of 2). The 
AD9631/AD9632 typically maintain 65 degrees of phase mar- 
gin. This high margin minimizes the effects of signal and noise 
peaking. 


Feedback Resistor Choice 

The value of the feedback resistor is critical for optimum perfor- 
mance on the AD9631 (gain +1) and less critical as the gain in- 
creases. Therefore, this section is specifically targeted at the 
AD9631. 


At minimum stable gain (+1), the AD9631 provides optimum 
dynamic performance with Rg = 140 Q. This resistor acts only 
as a parasitic suppressor against damped RF oscillations that 
can occur due to lead (input, feedback) inductance and parasitic 
capacitance. This value of Rg provides the best combination of 
wide bandwidth, low parasitic peaking, and fast settling time. 


In fact, for the same reasons, a 100-130 Q resistor should be 
placed in series with the positive input for other AD9631 
noninverting and all AD9631 inverting configurations. The cor- 
rect connection is shown in Figures 57 and 58. 


+Vg 


R 
6214-5 
G 


Figure 57. Noninverting Operation 
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AD9631/AD9632 


Figure 58. Inverting Operation 


When the AD9631 is used in the transimpedance (I to V) mode, 
such as in photodiode detection, the value of Rg and diode ca- 
pacitance (C;) are usually known. Generally, the value of Rp se- 
lected will be in the kQ range, and a shunt capacitor (Cg) across 
Rg will be required to maintain good amplifier stability. The 
value of Cy required to maintain optimal flatness (<1 dB Peak- 
ing) and settling time can be estimated as: 


2 2 1/2 


where Wo is equal to the unity gain bandwidth product of the 
amplifier in rad/sec, and C;is the equivalent total input 
capacitance at the inverting input. Typically mp = 800 x 10° 
rad/sec (see Open-Loop Frequency Response curve (Fig- 
ure 17). 


As an example, choosing Rg = 10 kQ and C; = 5 pF, requires 
Cr to be 1.1 pF (Note: C; includes both source and parasitic 
circuit capacitance). The bandwidth of the a can be es- 
timated using the Cr calculated as:. 


1.6 


faz = 2nRpCp 


Rr 


AD9631 


Figure 59. Transimpedance Configuration 


OPERATIONAL AMPLIFIERS 9-327 


AD9631/AD9632 


For general voltage gain applications, the amplifier bandwidth 
can be closely estimated as: 


This estimation loses accuracy for gains of +2/—1 or lower due 

to the amplifier’s damping factor. For these “low gain” cases, 

the bandwidth will actually extend beyond the calculated value 
(see Closed-Loop BW plots, Figures 15 and 27). 


As.a rule of thumb, capacitor Cr will not be required if: 


NG 
(Rp|[Re) x C; < 40> 


where NG is the Noise Gain (1 + Rp/Rg) of the circuit. For 
most voltage gain applications, this should be the case. 


Pulse Response a. 

Unlike a traditional voltage feedback amplifier, where the slew 
speed is dictated by its front end dc quiescent current and gain 
bandwidth product, the AD9631 and AD9632 provide “on de- 
mand” current that increases proportionally to the input “step” 
signal amplitude. This results in slew rates (1300 V/s) compa- 
rable to wideband current feedback designs. This, combined 
with relatively low input noise current (2.0 pA/VHz), gives the 
AD9631 and AD9632 the best attributes of both voltage and: 
current feedback amplifiers. | ‘ 


Large Signal Performance 
The outstanding large signal operation of the AD9631 and » 
AD9632 is due to a unique, proprietary design architecture. 
In order to maintain this level of performance, the maximum 
550 V-MHz product must be observed, (e.g., @ 100 MHz, 
Vo $5.5 V p-p). 
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Power Supply Bypassing 

Adequate power supply bypassing can be critical when optimiz- 
ing the performance of a high frequency circuit. Inductance in 
the power supply leads can form resonant circuits that produce 
peaking in the amplifier’s response. In addition, if large current 
transients must be delivered to the load, then bypass capacitors 
(typically greater than 1 UF) will be required to provide the best 
settling time and lowest distortion. A parallel combination of at 
least 4.7 WF, and between 0.1 UF and 0.01 UF, is recommended. 
Some brands of electrolytic capacitors will require a small series 
damping resistor =4.7 Q for optimum results. 


Driving Capacitive Loads 

The AD9631 and AD9632 were designed primarily to drive 
nonreactive loads. If driving loads with a capacitive component 
is desired, the best frequency response is obtained by the addi- 
tion of a small series resistance as shown in Figure 60. The ac- 
companying graph shows the optimum value for Rggrygs vs. 
capacitive load. It is worth noting that the frequency response of 
the circuit when driving large capacitive loads will be dominated 
by the passive roll-off of Rszrms and Cy. 


Rseries 


rR. | AD9631/32 


Re 
IN : 
4+ 


L 
1kQ 
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Figure 61. Recommended Rseries vs. Capacitive Load 
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ANALOG Improved Second Source 
DEVICES to the EL2020 


ADEL2020 


FEATURES 
Ideal for Video Applications 

0.02% Differential Gain 

0.04° Differential Phase 

0.1 dB Bandwidth to 25 MHz (G = +2) 
High Speed 

90 MHz Bandwidth (-—3 dB) 

500 V/s Slew Rate 

60 ns Settling Time to 0.1% (V, = 10 V Step) 
Low Noise 

2.9 nV/VHz Input Voltage Noise 
Low Power 

6.8 mA Supply Current 

2.1 mA Supply Current (Power-Down Mode) 
High Performance Disable Function 

Turn-Off Time of 100 ns 

Input to Output Isolation of 54 dB (Off State) 


PRODUCT DESCRIPTION 

The ADEL2020 is an improved second source to the EL2020. 
This op amp improves on all the key dynamic specifications 
while offering lower power and lower cost. The ADEL2020 
offers 50% more bandwidth and gain flatness of 0.1 dB to 


beyond 25 MH. In addition, differential gain and phase are less 


than 0.05% and 0.05° while driving one back terminated cable 
(150 Q). 


The ADEL2020 offers other significant improvements. The 
most important of these is lower power supply current, 33% less 


CCT 
T_T TTA 
TATE TA 
AN 


+0.1 


2 


NORMALIZED GAIN —- dB 


1M 10M 
FREQUENCY - Hz 


Fine-Scale Gain (Normalized) vs. Frequency for Various 
Supply Voltages. R- = 750.0, Gain = +2 
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CONNECTION DIAGRAMS 
8-Pin Plastic Mini-DIP (N) = 20-Pin Small Outline Package 


BAL ls] DISABLE NC 
-IN V+ DISABLE 
+IN aie 16 | OUTPUT NC 
v- cae: BAL V+ 
TOP VIEW Liss NC 
OUTPUT 
NC 
BAL 


ADEL2020 
i) TOP VIEW 12} NC 


NC 


NC = NO CONNECT 


than the competition while offering higher output drive. Impor- 
tant specs like voltage noise and offset voltage are less than half 
of those for the EL2020. 


The ADEL2020 also features an improved disable feature. The 
disable time (to high output impedance) is 100 ns with guaran- 
teed break before make. Finally the ADEL2020 is offered in the 
industrial temperature range of —40°C to +85°C in both plastic 
DIP and SOIC package. 


5 6 7 8 9 10 #11 12 #13 #14 «=~ «15 
SUPPLY VOLTAGE -— + Volts 


Differential Gain and Phase vs. Supply Voltage 
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| ADEL2020 a SPECIFICATIONS (@ T, = +25°C and V, = +15 V de, R, = 150 a unless otherwise noted) 


es 4. “ADEL2020A 
Parameter Conditions Temperature | Min . . Typ Units - 
INPUT.OFFSET VOLTAGE | _— mV 
eo Tmin-T max mV 
_ Offset Voltage Drift pV/PC 
COMMON-MODE REJECTION | 
Vos Twmin-T max dB 
+Input Current Tuan bax wA/V 
POWER SUPPLY REJECTION Vs = +4.5 V to +18 V | | 
Vos | Tmin-T max dB 


+ Input Current Tmin-T max 


INPUT BIAS CURRENT | —Input Tuin-T max 
+Input Twan-T max 


INPUT CHARACTERISTICS 
+Input Resistance 
~—Input Resistance 
+Input Capacitance 


OPEN-LOOP TRANSRESISTANCE | Vo = +10V | 
R, = 400 0 Tmm-T max 


OPEN-LOOP DC VOLTAGE GAIN | R, = 4009, Vour = +10V | TuneTmax | 80 100 dB 


— pA/V 


OUTPUT VOLTAGE SWING | 


R, = 400 0 dye) ore +13.0 vO 
Short-Circuit Current | | 150 mA 
Output Current Tmmn7lm AX mA 


POWER SUPPLY | 
Operating Range 
Quiescent Current 
Power-Down Current 
Disable Pin Current 
Min Disable Pin Current to Disable 


TMin7T max 
Tman- Tmax 
Tmin-T max 
MIN~! Max 


Disable Pin = 0 V 


DYNAMIC PERFORMANCE 
3 dB Bandwidth MHz 
MHz 
MHz 
0.1 dB Bandwidth MHz 
Full Power Bandwidth | 
MHz 
Slew Rate R, = 4000, G = +1 V/s 
Settling Time to 0.1% 10 V Step, G = —1 ns — 
Differential Gain f = 3.58 MHz % 
Differential Phase f = 3.58 MHz Degree 


INPUT CURRENT NOISE | —Iy, f = 1 kHz 13 . pA/\/Hz 
+ly, f = 1 KHz 1.5 pA/\/Hz 


OUTPUT RESISTANCE Open Loop (5 MHz) 7 


Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS’ 


Supply Voltage: o<o.04.0¢ Saw wie: oS e acta WS +18 V 
Internal Power Dissipation® ....... Observe Derating Curves 
Output Short Circuit Duration ..... Observe Derating Curves 
Common-Mode Input Voltage ...............000. +V¢z 
Differential Input Voltage ................00 00. +6V 
Storage Temperature Range 

Plastic DIP and SOIC .............. —65°C to + 125°C 
Operating Temperature Range........... —40°C to +85°C 


Lead Temperature Range (Soldering 60 sec) 


NOTES 

1Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

78-Pin Plastic Package: 6,, = 90°C/Watt 

20-Pin SOIC Package: 8,4 = 150°C/Watt 


ESD SUSCEPTIBILITY _ 

ESD (electrostatic discharge) sensitive device. Electrostatic 
charges as high as 4000 volts, which readily accumulate on the 
human body and on test equipment, can discharge without 
detection. Although the ADEL2020 features ESD protection 
circuitry, permanent damage may still occur on these devices if 
they are subjected to high energy electrostatic discharges. There- 
fore, proper ESD precautions are recommended to avoid any | 
performance degradation or loss of functionality. 


Offset Null Configuration 


re eee +300°C 


ADEL2020 


MAXIMUM POWER DISSIPATION 

The maximum power that can be safely dissipated by the 
ADEL2020 is limited by the associated rise in junction tempera- 
ture. For the plastic packages, the maximum safe junction tem- 
perature is 145°C. If the maximum is exceeded momentarily, 
proper circuit operation will be restored as soon as the die tem- 
perature is reduced. Leaving the device in the “overheated” con- 


dition for an extended period can result in device burnout. To 


ensure proper operation, it is important to observe the derating 
curves below. 


While the ADEL2020 is internally short circuit protected, this 
may not be sufficient to guarantee that the maximum junction 
temperature is not exceeded under all conditions. 


TOTAL POWER DISSIPATION — Watts 


—40 -20 0 20 40 60 80 100 
AMBIENT TEMPERATURE - °C 


Maximum Power Dissipation vs. Temperature 


ORDERING GUIDE 


ADEL2020AN 
ADEL2020AR-20 
ADEL2020AR-20-REEL 


Temperature ‘Package 
Range Description 


—40°C to +85°C 
—40°C to +85°C | 20-Pin Plastic SOIC | R-20 
—40°C to +85°C | 20-Pin Plastic SOIC | R-20 


8-Pin Plastic DIP 


*For outline information see Package Information section. 
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ADEL2020 
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Figure 2. Closed-Loop Gain and Phase vs. Frequency, Figure 3. Closed-Loop Gain and Phase vs. Frequency, 


G = +1,R, = 1500, Re = 1kO for +15V,9100 for+5V G=+1,R,=1k0,R-=1kO for +15 V, 9100 for +5V 
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Figure 4. —3 dB Bandwidth vs. Supply Voltage, . 
Gain = +1, R, = 1502 | 
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Figure 7. Closed-Loop Gain and Phase vs. Frequency, 


Figure 6. Closed-Loop Gain and Phase vs. Frequency, ) 
G = —-1,R, = 1kQ, Re = 680 2 for Vs = +15 V, 6202 


G = -1,R, = 150 0, R,; = 680 2 for +15 V, 620 2 for 
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Figure 8. —3 dB Bandwidth vs. Supply Voltage, 
Gain = —1, R, = 1502 
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ADEL2020 
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Figure 10. Closed-Loop Gain and Phase vs. Frequency, Figure 11. Closed-Loop Gain and Phase vs. Frequency, 
G = +2, R, = 150.0, Re = 750 0 for +15 V, 715 0 for G = +2,R, = 1k0, Re = 750 0 for +15 V, 7150 for +5V 
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Figure 12. —3 dB Bandwidth vs. Supply Voltage, 
Gain = +2, R, = 15020 
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ADEL2020 
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Figure 14. Closed-Loop Gain and Phase vs. Frequency, Figure 15. Closed-Loop Gain and Phase vs. Frequency, 
G = +10, R, = 150 kQ G = +10,R, = 1k | 


G=+10 
R, = 1502 


2 4 6 8 12 14 1 18 
SUPPLY VOLTAGE ~ +Volts 


Figure 16. —3 dB Bandwidth vs. Supply Voltage, 
Gain = +10, R, = 1502 
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ADEL2020 | 7 
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Figure 17. Maximum Undistorted Output Voltage vs. Figure 20. Closed-Loop Output Resistance vs. Frequency 
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GENERAL DESIGN CONSIDERATIONS 

The ADEL2020 is a current feedback amplifier optimized for 
use in high performance video and data acquisition systems. 
Since it uses a current feedback architecture, its closed-loop 
bandwidth depends on the value of the feedback resistor. The 
—3 dB bandwidth is also somewhat dependent on the power 
supply voltage. Lowering the supplies increases the values of 
internal capacitances, reducing the bandwidth. To compensate 
for this, smaller values of feedback resistor are used at lower 
supply voltages. 


POWER SUPPLY BYPASSING 

Adequate power supply bypassing can be critical when optimiz- 
ing the performance of a high frequency circuit. Inductance in 
the power supply leads can contribute to resonant circuits that 
produce peaking in the amplifier’s response. In addition, if large 
current transients must be delivered to the load, then bypass 
capacitors (typically greater than 1 jF) will be required to pro- 
vide the best settling time and lowest distortion. Although the 
recommended 0.1 j.F power supply bypass capacitors will be 
sufficient in most applications, more elaborate bypassing (such 
as using two paralleled capacitors) may be required in some cases. 


CAPACITIVE LOADS 


When used with the appropriate feedback resistor, the ADEL2020 
can drive capacitive loads exceeding 1000 pF directly without 
oscillation. Another method of compensating for large load 
capacitance is to insert a resistor in series with the loop output. 
In most cases, less than 50 (0 is all that is needed to achieve an 
extremely flat gain response. 


OFFSET NULLING 

A 10 kQ pot connected between Pins 1 and 5, with its wiper 
connected to V+, can be used to trim out the inverting input 
current (with about +20 A of range). For closed-loop gains 
above about 5, this may not be sufficient to trim the output off- 
set voltage to zero. Tie the pot’s wiper to ground through a 
large value resistor (50 kQ. for +5 V supplies, 150 kQ for +15 V 
supplies) to trim the output to zero at high closed-loop gains. 


OPERATION AS A VIDEO LINE DRIVER 

The ADEL2020 is designed to offer outstanding performance at 
closed-loop gains of one or greater. At a gain of 2, the ADEL2020 
makes an excellent video line driver. The low differential gain 
and phase errors and wide —0.1 dB bandwidth are nearly inde- 
pendent of supply voltage and load. For applications requiring 
widest 0.1 dB bandwidth, it is recommended to use 715 2 feed- 
back and gain resistors. This will result in about 0.05 dB of 
peaking and a —0.1 dB bandwidth of 30 MHz on +15 V supplies. 
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ADEL2020 


DISABLE MODE 

By pulling the voltage on Pin 8 to common (0 V), the 
ADEL2020 can be put into a disabled state. In this condition, 
the supply current drops to less than 2.8 mA, the output 
becomes a high impedance, and there is a high level of isolation 
from input to output. In the case of a line driver for example, 
the output impedance will be about the same as for a 1.5 kO 
resistor (the feedback plus gain resistors) in parallel with a 

13 pF capacitor (due to the output) and the input to output iso- 
lation will be better than 50 dB at 10 MHz. 


Leaving the disable pin disconnected (floating) will leave the 
part in the enabled state. 


In cases where the amplifier is driving a high impedance load, 
the input to output isolation will decrease significantly if the 
input signal is greater than about 1.2 V peak to peak. The isola- 
tion can be restored to the 50 dB level by adding a dummy load 
(say 150 ()) at the amplifier output. This will attenuate the feed- 
through signal. (This is not an issue for multiplexer applications 
where the outputs of multiple ADEL2020s are tied together as 
long as at least one channel is in the ON state.) The input 
impedance of the disable pin is about 35 kin parallel with a 
few pF. When grounded, about 50 »A flows out of the disable 
pin for +5 V supplies. 


Break before make operation is guaranteed by design. If driven 
by standard CMOS logic, the disable time (until the output is 
high impedance), is about 100 ns and the enable time (to low 
impedance output) is about 160 ns. Since it has an internal pull- 
up resistor of about 35 kN, the ADEL2020 can be used with _ 
open drain logic as well. In this case, the enable time is 
increased to about 1 ps. 


If there is a nonzero voltage present on the amplifier’s output 
at the time it is switched to the disabled state, some additional 
decay time will be required for the output voltage to relax 

to zero. The total time for the output to go to zero will 
generally be about 250 ns and is somewhat dependent on the 
load impedance. | 
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DEVICES 


Closed-Loop 
High Speed Buffer 


FEATURES 

Bandwidth — 110 MHz | 

Slew Rate —3000 V/ps 

Low Offset Voltage — < 1mV 
Very Low Noise — < 4nV/VHz. 
Low Supply Current — 8.5 mA Mux 
Wide Supply Range — +5 to +15 V 
Drives Capacitive Loads | 

Pin Compatible with BUFO3 


APPLICATIONS 

instrumentation Buffer 

‘RF Buffer 

Line Driver 

High Speed Current Source 

Op Amp Output Current Booster 
High Performance Audio 

High Speed AD/DA 


GENERAL DESCRIPTION 

The BUF04 is a wideband, closed-loop buffer that combines 

state of the art dynamic performance with excellent dc 
performance. This combination enables designers to maximize 

system ee without any speed versus dc accuracy 

compromises. 


Built on a high speed Complementary Bipolar (CB) process for 
better power performance ratio, the BUF04 consumes less than 
8.5 mA operating from +5 V or +15 V supplies. With a 

2000 V/s min slew rate, and 100 MHz gain bandwidth prod- 
uct, the BUF04 is ideally suited for use in high speed applica- 
tions where low power dissipation is critical. 


Full +10 V output swing over the extended temperature range 
along with outstanding ac performance and high loop gain accu- 
racy makes the device useful in high speed data acquisition 
systems. 


*Patent pending. 


9-338 OPERATIONAL AMPLIFIERS ° 


FUNCTIONAL BLOCK DIAGRAM 


Plastic DIP 
8-Lead and Cerdip 


8-Lead Narrow-Body SO 
(P, Z Suffix) 


(S Suffix) 


NC = NO CONNECT 


High slew rate and very low noise and THD, coupled with wide 
input and output dynamic range, make the BUF04 an excellent 
choice for video and high performance audio circuits. 


The BUF04’s inherent ability to drive capacitive loads over a 
wide voltage and temperature range makes it extremely useful 
for a ‘wide variety of applications in military, industrial, and 
commercial equipment. | 


The BUF04 is specified over the extended industrial (—40°C to 
+85°C) and military (—55°C to + 125°C) temperature range. 
BUF04s are available in plastic and ceramic DIP plus SO-8 sur- 
face mount packages. 


Contact your local sales office for MIL-STD-883 data sheet and 
availability. 
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SPECIFICATIONS BUFO4 
ELECTRICAL CHARACTERISTICS (@ v, = +15.0, 1, = +25°C unless otherwise noted) 


INPUT CHARACTERISTICS 
Offset Voltage 


—40°C < T, < +85°C 
Vom = 0 
—40°C < T, <= +85°C 


Input Bias Current 


Input Voltage Range 
Offset Voltage Drift 
Offset Null Range 


Vom 
AVos/AT 


OUTPUT CHARACTERISTICS 
Output Voltage Swing R, = 1509, 
—40°C = T, = +85°C 
R, = 2k, 
—40°C = T, = +85°C 
Output Current — Continuous 
Peak Output Current Note 2 
TRANSFER CHARACTERISTICS 
Gain Aver R, = 2k0 
—40°C <= T, = +85°C 
Gain Linearity NL R, = 1k0, Vo = +10 V 
R, = 150 kQO 
POWER SUPPLY 
Power Supply Rejection Ratio PSRR Vs = +45 Vto +18 V 
—40°C <= T, = +85°C 
Supply Current Igy Vo = OV,RL = = 
—40°C = T, = +85°C 
DYNAMIC PERFORMANCE | 
Slew Rate SR R, = 2 kO, C, = 70 pF V/s 
Bandwidth BW —3dB,C, = 20pF,R, = ~ MHz 
Bandwidth BW | —3dB,C, = 20 pF,R, = 1k0 MHz 
Bandwidth BW —3dB,C, = 20pF,R, = 1500 MHz 
Settling Time Vin = £10 V Step to 0.1% ns 
Differential Phase f= 3.58 MHz, R, = 1500 Degrees 
f= 4.43 MHz, R,; = 1500 Degrees 
Differential Gain f= 3.58 MHz, R, = 1500 % 
f= 4.43 MHz, R, = 1500 % 
Input Capacitance pF 
NOISE PERFORMANCE 
Voltage Noise Density nV/\/Hz 
Current Noise Density pA/\/Hz 


NOTE 
1Long term offset voltage is guaranteed by a 1000 hour life test performed on three independent lots at + 125°C, with an LTPD of 1.3. 


Specifications subject to change without notice. 
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BUFO4 
ELECTRICAL CHARACTERISTICS (@ V, = +5.0V,T, = -+25°C unless otherwise noted) | 
Parameter | Min Typ Max | Units 


INPUT CHARACTERISTICS 
Offset Voltage 


Input Bias Current 


Input Voltage Range Vom 

Offset Voltage Drift AVos/AT 

Offset Null Range Ma 

OUTPUT CHARACTERISTICS | | 

Output Voltage Swing Vo R, = 1500, 
—40°C < T, = +85°C 
R, = 2 kQ, © | 
-40°C =T, = 

Output Current — Continuous lout 

Peak Output Current lourp Note 2 


TRANSF ER CHARACTERISTICS | 
Gain 


R,. = 2k0, 
-40°C < T, 
R, = 1kO 


IA 


+85°C | 


Gain Linearity 


POWER SUPPLY — 
Power Supply Rejection Ratio PSRR Vs = +4.5Vto+18V. 
| —40°C = T, = +85°C © 
Supply Current | ley Vo=O0V,RL => | 
| i —40°C = Ty = +85°C 
DYNAMIC PERFORMANCE 
Slew Rate SR R, = 2k, C, = 70 pF 
Bandwidth BW —3 dB, C, = 20 pF, Ry = ~ 
Bandwidth | BW —3 dB, C, = 20 pF, R, = 1k0 
Bandwidth BW —3 dB, C, = 20 pF, Ry = 150 
Differential Phase f = 3.58 MHz, R, = 1500 
: f = 4.43 MHz, R,, = 1500 
Differential Gain f = 3.58 MHz, R, = 1500 
_ 'f = 4.43 MHz, R, = 1500 
NOISE PERFORMANCE | 
Voltage Noise Density 


Current Noise Density 
NOTE 


1Long term offset voltage is guaranteed by a 1000 hour life test performed on three incepencent lots at + 125°C, with an LTPD of 1.3. 
Specifications subject to change without notice. 
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WAFER TEST LIMITS (@ v, = +15. v, t, = +25°C unless otherwise noted) 


Parameter 


Offset Voltage 


Input Bias Current pA max 
Power Supply Rejection Ratio V= +45 Vto +18 V dB 
Output Voltage Range R, = 1500 V min 
Supply Current Vo = 0V,R, = 2 k0 mA max 
Gain Vo = +10 V, Ry = 2k0 


NOTE 


Electrical tests and wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guaranteed for 
standard product dice. Consult factory to negotiate specifications based on dice lot qualifications through sample lot assembly and testing. 


ABSOLUTE MAXIMUM RATINGS’ DICE CHARACTERISTICS 
Supply Voltage: 368i ined seh Ewe ee +18 V 
Input Volare’ 2c. c-cha Yeo eae else een. AG +18 V ee: on 
Maximum Power Dissipation ............. See Figure 16 
Storage Temperature Range 
ZL PACKAGE a ni ea bw Wes Chae pee eS —65°C to +175°C 
Pe OPAC KISS kerk Gaels ee He eS See A —65°C to + 150°C 
Operating Temperature Range 
BUPOGZ. 26. See wt we ace G4 RS Vee —55°C to +125°C 
BUFO4S,P .. 0... . ee ee ee ees 40°F to +85°C 
Junction Temperature Range 
Z Package 6 cians dave os asl tocaetetie 2 —65°C to + 150°C 
Py cS Package fnew i a oe cee a ee 765°C to +150°C 
Lead Temperature Range (Soldering 60sec) ....... + 300°C 


Package Type 
8-Pin Cerdip (Z) 
8-Pin Plastic DIP (P) 
8-Pin SOIC (S) 


°C/W BUF04 Die Size 0.075 x 0.064 inch, 5,280 Sq. Mils 
Substrate (Die Backside) ls Connected to V+ 
Transistor Count 45. 


NOTES 

‘Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. 

76, a is specified for the worst case conditions, i.e., 6,4 is specified for device in 
socket for cerdip, P-DIP, and LCC packanes: 8;4 is specified for device 


soldered in circuit board for SOIC package. 


ORDERING GUIDE | 


Package 
Option* 


BUFO04AZ/883 | —55°C to +125°C Cerdip Q-8 
BUF04GP —40°C to +85°C Plastic DIP N-8 
BUF04GS —40°C to +85°C SO-8 


+25°C 


BUF04GBC 


*For outline information see Package Information section. 
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BUFO4—Typical Performance Characteristics 


150 


Vs = +15V 
315 CERDIPS 
Ty = +25°C 


“120 


UNITS 


30 
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Figure 1. Input Offset Voltage (Vos) Distribution @ Figure 4. Input Offset Voltage (Vos) Distribution @ +15 V, 
+15 V, P-DIP . Cerdip 
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Vs = +5V 
315 PLASTIC DIPS 


Vs = +5V 
315 CERDIPS 


UNITS 


0 02 O04 O68 08 10 .12 1.4 0 02 04 O06 O08 10 12 14 
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Figure 2. Input Offset Voltage (Vos) Distribution @ +5 V, Figure 5. Input Offset Voltage (Vos) Distribution @ +5 V, 
P-DIP Cerdip | . 
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Figure 3. Input Offset Voltage (Vos) vs. Temperature Figure 6. Input Bias Current vs. Temperature 
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INPUT 
(S0mV/DIV) 


OUTPUT 
(SOmV/DIV) 


Vg = +15V, R, = 2kQ, C, = 15pF 


Figure 25. Small-Signal Transient Response 


OUTPUT 
(2v/DIV) 


| Vg = +15V, Ry = 2kQ, C, = 15pF 


Figure 26. Large-Signal Transient Response 
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Figure 27. THD + Noise vs. Amplitude 
FUNCTIONAL DESCRIPTION 


The BUF04 is a closed-loop voltage buffer based on a current- 
feedback architecture. Its high open-loop transimpedance, high 
output current drive capability, and its low input offset voltage 
makes it useful in a variety of applications, such as buffering the 
inputs of sampling and flash A/D converters, audio and video 
line drivers, active filters, and precision op amp boosters. 


A transistor-level equivalent circuit for the BUF04 is illustrated 
in Figure 29. The input stage consists of a pair of emitter- 
follower transistors, Ql and Q2, whose outputs drive a second 
set of transistors, Q3 and Q4. The emitters of Q3 and Q4 are 
connected together through diodes, D1 and D2, to form a low- 
impedance input for the feedback signal (in current mode) from 
the output stage. The outputs of Q3 and Q4 are then “mir- 
rored” to Q5 and Q6 which form the gain stage of the BUF04. 
The signal is taken from the collectors of Q5 and Q6 which 
drive a “Darlington-connected” output stage made up of transis- 
tors Q7-Q10. Three R-C networks (R1-Cl, R2-C2, and R3-C3) 
form feed-forward paths which bypass certain sections of the 
BUF04 for improved high frequency performance and capacitive 
load drive capability. Since the signal conveyed internally in the 
' BUF04 is a current, the frequency response and slew rate of the 
BUF04 are insensitive to supply voltage variations. 
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Figure 28. Bandwidth vs. Frequency 


Figure 29. Transistor-Level Equivalent Circuit 


An interesting feature of the BUF04 architecture is the use of 
“slew-enhancement” transistors, Q11-Q14. Under normal small- 
signal (Vj; < 2 V;.S) conditions, these transistors are normally 
“OFF.” In large signals, high speed transient applications where 
the input signal is > 2 V,,s, these transistors turn on and liter- 
ally “brute-force” the output to follow the input. When the 
input signal drops below 2 V,,,S, the transistors return to their 
normally “OFF” state. | 
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A two-terminal equivalent circuit of the BUF04 is shown in Fig- 
ure 30 where the transistor-level equivalent circuit is reduced to 
its essential elements. The input stage develops a signal current, 
Ix, that is replicated by an internal current conveyor so as to 
flow through R,, the transimpedance of the BUF04. The voltage 
developed across R, is buffered by a unity-gain output voltage 
follower. With an open-loop R, of 400 kQ and an Ryy of 30 Q, 
the voltage gain of the BUF04, given by the ratio R,/R,y is 
approximately 13,000—accurate to approximately 13.5 bits. The 
BUF04’s open-loop ac transimpedance response is determined 
by the open-loop pole formed by R, and C,. Since C, is typically 
8 pF, the open-loop pole occurs at approximately 50 kHz. 


Rin = 302 
R, = 400 kQ 
C, = 8pF 
RFB = 1002 


Figure 30. Current-Feedback Functional Equivalent Circuit 
of the BUF04 


Grounding and Bypassing Considerations 

To take full advantage of the BUF04’s very wide bandwidth, 
high slew rates, and dynamic range capabilities requires due dili- 
gence with regard to supply bypassing. In high speed circuits, 
the supply bypassing network must provide a very low- 
impedance return path for currents flowing to and from the load 
network. As with any high speed application, multiple bypassing 
is always recommended. A 10 wF tantalum electrolytic in paral- 
lel with a 0.1 2F ceramic capacitor is sufficient for most applica- 
tions. For those high speed applications where output load 
currents approach 50 mA, small-valued resistors (1.1 0 to 

4.7 ()) in series with the tantalum capacitors may improve cir- 
cuit transient response by damping out the capacitor’s self- 
inductance. Figure 31 illustrates bypassing recommendations. 


V+ 


V- FOR LOAD CURRENT 


NOTE 
USE SHORT LEAD LENGTHS (<5mm) 


Figure 31. Recommended Power-Supply Bypassing 
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To minimize the effects of high-frequency coupling, circuits 
must be built with short interconnect leads, and large ground 
planes should be used whenever possible to provide a low resis- 
tance, low-inductance circuit path. Sockets should be avoided 
because the increased interlead capacitance can degrade band- 
width and stability. If sockets are necessary, individual pin sock- 
ets (oftentimes called ‘“‘cage jacks,” AMP Part No. 5-330808-3 or 
5-330808-6) should be used. They contribute far less stray reac- 
tance than molded socket assemblies. 


Offset Voltage Nulling 

Although the offset voltage of the BUF04 is very low (1 mV, 
maximum) for such a high speed buffer, the circuit shown in 
Figure 32 can be used if additional offset voltage nulling is 
required. A potentiometer ranging from 1k to 10k can be used 
for Vos nulling; with a 10 kQ potentiometer, the trim range is 
+30 mV. 


Figure 32. Optional Offset Voltage Nulling Scheme 


APPLICATIONS 


Output Short-Circuit Protection 

To optimize the transient response and output voltage swing of 
the BUF04, internal output short-circuit current limiting was 
omitted. Although the BUF04 can provide continuous output 
currents of 50 mA without protection, direct connection of the 
BUF04’s output to ground or to the supplies will destroy the 
device. An active current limit technique, illustrated in Figure 
33, provides the necessary short-circuit protection while retain- 
ing full dc output voltage swing to the load. 


+15V 
O 


SET ISC +(ISC—) <60mA, 
CONTINUOUS 0.6V 


RSC1 (RSC2) = sec tees 


Figure 33. Short-Circuit Current Limiting Using Current 
Sources 
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Output Current Transient Recovery : 

_ Settling characteristics of high speed buffers also. ee ihe’ 
buffer’s ability to recover, i.e., settle, from a transient output 
current load condition. When driving the input of an A/D con- 
verter, especially the successive-approximation converter types, 
the buffer must maintain a constant output voltage under 
dynamically changing load current conditions. In these types of 
converters, the comparison point is usually diode-clamped,- but — 
it may deviate several hundred millivolts resulting in high fre- 
quency modulation of the A/D input current. Open-loop and 
closed-loop buffers (also, op amps configured as followers) that 
exhibit high closed-loop output impedances and/or low unity- 
gain crossover frequencies recover very slowly from output load 
current transients. This slow recovery leads to linearity errors or 
missing codes because of errors in the instantaneous input volt- 
age. Therefore, the buffer (or op amp) chosen for this type of 
application should exhibit low output impedance and high unity- 
gain bandwidth so that its output has had a chance to settle to 
its nominal value before the converter makes its comparison. 


The circuit in Figure 34 illustrates a settling measurement cir- 
cuit for evaluating the recovery time of high speed buffers from 
an output load current transient. The input to the buffer is 
grounded for ease of measuring 'the recovery time, and two 
resistors are used to sum steady-state and transient load currents 
at the output. As a worst-case condition, Rl, was chosen such 
that the BUF04 would source (or sink) a steady-state current of 
25 mA. R2 was then chosen to add a 10 mA transient current 
upon the steady-state value. To set accurately the nodal voltages 
internal to the BUF04, the supply voltages were offset by the 
voltage applied to R1. Because of its high transimpedance, wide 
bandwidth, and low output impedance, the BUF04 exhibits an . 
extremely fast recovery time of 60 ns to 0.01%, as shown in Fig- 
ure 34. Results were identical regardless whether the BUF04 — 
was sourcing or sinking current. | 


SOURCE: Oo” -2.5V 


SINK: 0° +2.5V 
SOURCE: -5V 


SINK: +5V 


Figure 34. Transient Output Load Current Test Circuit 
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Figure 35. BUF04’s Output Load Current Recovery Time 


Terminated Line Drivers __. 

The BUF04’s high output current, large slew rate, and wide 
bandwidth all combine to make it an ideal device for high speed 
line driver applications. As shown in Figure 36, the BUF04 can 
be configured for driving doubly terminated 50 1 and 75 
cables. To optimize the circuit’s pulse response, a capacitor, Cy 
(Cy + Crpim), is connected across the series back termination. 
The BUF04 can drive a 50 12 line to +2.5 V and a 75 © line to 
+3.75 V when operating on +15 V supplies. 


Zo | COAX | Rg, R,| Ry 


Cy ae 
sac [RG-s8 | soa" | 50 | OipF | Step 


752 | RG-59 | 752 | 75 | 62pF | 3-15pF 


| Figure 36. Line Driver Configuration 


Low-Pass Active Filter 

In many signal-conditioning applications, filters are required to 
band-limit noise or altogether eliminate other unwanted signals 
prior to conversion. Often, high frequency filters are needed for 
these applications; however, there are few op amps that exhibit 
the high open-loop gain and wide unity-gain crossover frequency 
required for these applications. As illustrated in Figure 37, the 
BUF04 and a handful of passive components can be configured 
as a high frequency, low-pass active filter. Since the filter con- 
figuration is a unity-gain Sallen-Key topology, the BUF04 is 
particularly well suited for this application. In this circuit, an 
additional resistor, R3, was added to prevent interaction 
between C2 and the BUF04’s input capacitance. 


_ Ct 
44pF (22pF x 2) 


cae 
/ 1 C1 
Wo= VR1- R2-C1-C2 ; Q= 4-C2 


Figure 37. A 10 MHz Low-Pass Active Filter 


* SILVERED MICA OR . 
DIPPED CERAMIC 
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Operation Within an Op Amp Feedback Loop 

The BUF04 is well suited as a current booster or isolation buffer 
within the closed loop of precision op amps such as the OP177, 
the OP97, the OP27, or the OP77. Since the BUF04 is a closed- 
loop voltage buffer, no interstage coupling resistor between the 
op amp and the buffer’s input is required for circuit stability. 
The wide bandwidth and high slew rate of the BUF04 assure 
that the loop has the characteristics of the op amp; hence, no 
additional rolloff is required. 


O Vout 


R, C. 
50002 L 1000pF 
GAIN — R2 (kQ) > ag 
10 1 
100 10 
1000 100 


Figure 38. BUF04 as Booster Stage for a Precision Op 
Amp 
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Paralleling BUF04s for Increased Load Drive Capability 

In applications where continuous output currents greater than 
50 mA are required or where heat management is an issue, a 
number of BUF04s can be connected in parallel to reduce the 
drive requirement of any one buffer. An example of one such 
application is illustrated in Figure 39. In this circuit, the 
BUF04s are required to drive a doubly terminated 50 ( line to 
+5 V. This type of a load for a single BUF04 would certainly 
cause a power dissipation problem. Parallel operation results in 
lower input and output impedances and increased bias currents; 
on the other hand, input equivalent noise voltage is reduced and 
input offset voltage remains unchanged. 


Figure 39. Paralleling BUF04s for High Output Currents 


Overdrive Recovery and Phase Reversal 

In applications where the inputs could be driven to the supply 
rails, the BUF04 recovers in 10 ns from positive or negative 
overdrive. The BUF04 does not exhibit any output voltage 
phase reversal when the input signal exceeds its input voltage 
range. 
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* BUF04 SPICE Macro-model ; ‘ 
t | JCB / PMI 


x 


* Copyright 1993 by Analog Devices, Inc. 
- | i : | 


* 


* Node assignments 

* noninverting input 
* Ositive supply _ 
* “negative supply 
x output 
i | 
* 


.SUBCKT BUF04 1 99 50 6 


* 


* INPUT STAGE 


Q3 8 61 30 QN 
Q4 10 7 30 QP 


* INPUT ERROR SOURCES 
* 


IB1 99 1 0.7E-6 
vos 3 1 0.3E-3 
LS1 30 2 1E-9 
CS1 99 2 2.0E-12 
CS2. 99 1 3.0E-12 
* 


EREF 97 0 2201 
* 
* TRANSCONDUCTANCE STAGE 


RS 12 97 365E3 

C3 12 97 8E-12 

Gl 97 12 99 8 5E-3 

10 50 5E-3 

E3 13 97 POLY(1) 99 97 -2.5 1.1 
E4 97 14 POLY(1) 97 50 -2.5 1.1 
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G8 97 21 
* 


* POLE AT 200 MHz 


* 


Rll 2097 1K | 
C7 20 97_—s«O0.759E-15 
G7 9720 12 22 IES. 
* : 


* POLE AT 200 MHz 

* 

R12 2197 ~—«1E6 

C8 2197 —0.759E-15 
20 22 1E-6 


* OUTPUT STAGE 


POLY(2) V7 V8 1.85E-3 1 ] 
R13 22:99 16.67E3 


99 21. 12.5E-3 
21 50 12.5E-3 


* MODELS USED 

* 

.MODEL QN NPN(BF= 1000 IS =1E-15) 
.MODEL QP PNP(BF = 1000 IS =1E-15) 
.MODEL DX DS =1E-15) 

.ENDS BUF04 
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§ ANALOG 
DEVICES 


FEATURES | 
@ Low Vos ..........0eeee teahad aetseatalts Dacentwas 25uV Max 
@ LOW Vos Drift .......... cc cece eee eee 0.6uV/°C Max 
@ Ultra-Stable vs Time ............. .. 1.04V/Month Max 
@ Low Noise ............. cece cece eee eens 0.6:V,-p Max 
© Wide Input Voltage Range ............... we ROLES +14V 
@ Wide Supply Voltage Range ............. +3V to +18V 
@ Fits 725, 108A/308A, 741, AD510 Sockets 
@ 125°C Temperature-Tested Dice 
ORDERING INFORMATION | 
T, = +25°C PACKAGE OPERATING 
Vog MAX CERDIP PLASTIC LCC TEMPERATURE 
(uv) TO-99 8-PIN 8-PIN 20-CONTACT RANGE 
25. OPO7AJ* OPO07AZ* — — MIL 
75 OPO7EJ OPO7EZ OPO7EP _ COM 
75 OPO7J* OP07Z" — OP07RC/883 MIL 
150 OPO7CJ OPO7CZ OPO7CP = XIND 
150 — —  OPO7CStt — XIND 
150  OPO7DJ —  OPO7DP — XIND 


For devices processed in total compliance to MIL-STD-883, add /883 after part 
number. Consult factory for 883 data sheet. 

t Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 

tt For availability and burn-in information on SO and PLCC packages, contact 

your local sales office. 


GENERAL DESCRIPTION 


The OP-07 has very low input offset voltage (25uV max for 
OP-07A) which is obtained by trimming at the wafer stage. 
These low offset voltages generally eliminate any need for 
external nulling. The OP-07 also features low input bias cur- 
rent (+2nA for OP-07A) and high open-loop gain (300V/mvV for 
OP-07A). The low offsets and high open-loop gain make the 
OP-07 particularly useful for high-gain instrumentation 
applications. 


The wide input voltage range of +138V minimum combined 
with high CMRR of 110dB (OP-07A) and high input impedace 
provides high accuracy in the noninverting circuit configura- 
tion. Excellent linearity and gain accuracy can be maintained 


Ultralow Offset Voltage 
Operational Amplifier 


PIN CONNECTIONS 


gs Vos TRIM 
Vos TRIM 1, 7 V+ 
-IN 2 6 OUT 
+N 3 BNC. EPOXY MINI-DIP (P-Suffix) 
| Bees cata, 8-PIN HERMETIC DIP 
TO-99 (J-Suffix) (Z-Sutfix) 
8-PIN SO 
(S-Suffix) 
OP-07RC/883 
LCC 


(RC-Suffix) 


even at high closed-loop gains. 

Stability of offsets and gain with time or variations in temper- 
ture is excellent. The accuracy and stability of the OP-07, 
even at high gain, combined with the freedom from external 
nulling have made the OP-07 a new industry standard for 
instrumentation and military applications. 


The OP-07 is available in five standard performance grades. The 
OP-07A and the OP-07 are specified for operation over the full mili- 
tary range of -55°C to +125°C; the OP-07E is specified for operation 
over the 0°C to +70°C range, and OP-07C and D over the -40°C to 
+85°C temperature range. 


~ The OP-07 is available in hermetically-sealed TO-99 metal can or 


ceramic 8-pin Mini-DIP, and in epoxy 8-pin Mini-DIP. It is a direct 
replacement for 725, 108A, and OP-05 amplifiers; 741-types may 
be directly replaced by removing the 741's nulling potentiometer. The 
OP-207, a dual OP-07, is available for applications requiring close 
matching of two OP-07 amplifiers. For improved specifications, see 
the OP-77/OP-177. 


SIMPLIFIED SCHEMATIC 


v+ 0 


*NOTE: 
R2A AND R2B ARE 
ELECTRONICALLY 
ADJUSTED ON CHIP 
AT FACTORY FOR 
MINIMUM INPUT 
OFFSET VOLTAGE. 


NON- 
INVERTING O 
INPUT 
INVERTING 
INPUT 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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ABSOLUTE MAXIMUM RATINGS (Note 1) 


PACKAGE TYPE @,, (Note 3 8 UNITS 

Supply Voltage sii eigsircsdiani osetia oeds +22V Lita be 
Differential Input Voltage 0... ccc ccesssesscscteseceeseeeeeeees +30V 10-99 (J) 3 150 18 °C 
Input Voltage (Note 2) .............eccssscecesersceeesseeecscessensees +22V 8-Pin Hermetic DIP (2) 148 16 °C/W 
Output Short-Circuit Duration ................cccccessseeessreeees Indefinite 8-Pin Plastic DIP (P) 103 43 °C/W 
Storage Temperature Range 20-Contact LCC 98 38 °C/W 

J, RC and Z Packages ..............ccceccceceeees —65°C to +150°C 8-Pin SO (S) 158 43 °C/W 

P Package Sees aSecesecsbccddesesecccdesecesevecteveeseeuce —65°C to +125°C NOTES: 
Operating Temperature Range 1. Absolute maximum ratings apply to both DICE and packaged parts, unless 

OP-07A, OP-07, OP-O07PC ...............000000 —55°C to +125°C otherwise noted. 

,@ | 2c 0 f= ee ema Pn ere ROA PE Re Tre Re 0°C to +70°C 2. For supply voltages less than +22V, the absolute maximum input voltage is 

equal to the supply voltage. 

OP-07C, OP-07D occcccnes Niki pica ae ieee —40°C to 7 © 3. @.. is specified for worst case mounting conditions, i.e., 8, is specified for 
Lead Temperature (Soldering, 60 Sec) ............:ccssceeeee +300°C device in socket for TO, CerDIP, P-DIP, and LCC packages; @. , is specified 
Junction Temperature (T) seb dusbieaun devas citets Weseleneg a vuceines +150°C for device soldered to printed circuit board for SO package. 


ELECTRICAL CHARACTERISTICS at Vs = + 15V, Ta = 25°C, unless otherwise noted. 


. OP-07A OP-07 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
Input Offset Voltage Vos (Note 1) _ 10 25 _ 302s 75 pV 
Long-Term Input Offset 
—_ 0.2 1. _ : A 
Voltage Stability Noes time: . Note) 0 02 1.0 uV/Mo 
Input Offset Current los _ 0.3 2.0 — 0.4 2.8 nA 
Input Bias Current Ip — j;+0.7 +2.0 — +10 +3.0° nA 
Input Noise Voltage np-p 0.1Hz to 10Hz (Note 3) —_— 0.35 0.6 — 0.35 0.6. BVp-p 
fo = 10Hz (Note 3) — 11003 18.0 — 103 #180 
Input Noise Voltage Density en fo = 100Hz (Note 3) — ‘10.0 13.0 _ 10.0 13.0 nV/\/ Hz 
‘fo = 1000Hz (Note 3) _— 96 11.0 - 96 11.0 
input Noise Current inp-p 0.1Hz to 10Hz (Note 3) — 14 30 — 14 30 PAp-p 
fo = 10Hz (Note 3) — 032 0.80 — 032 0.80 
Input Noise Current Density in fo = 100Hz (Note 3) — 0.14 0.23 — 0.14 0.23 pA// Hz 
| fo = 1000Hz (Note 3) — 012 0.17 — 012 0.17 
Input Resistance — 
30 80 _— 20 60 _— M 
Ditferential-Mode Rin Myow:3) ° 
Input Resistance — 
_ 200 — _ 200 _ ro} 
Common-Mode Rincm S 
Input Voltage Range IVR +13 +14 _ +13 +14 _ Vv 
Common-Mode Rejection Ratio CMRR Vom = £13V 110 126 —_ 110 126 = dB 
Power Supply Rejection Ratio PSRR Vg = +3V to +18V _ 4 10 so ee 4 10 BV/V 
R, = 2kN, Vo = +10V 300 500 _ 200 500 _ 
Large-Signal Voltage Gain Avo R, 2 5000, Vo = +0.5V, 150 '400 i 150 400 - | V/mV 
Vg = +3V (Note 4) 
R= 10k0 . +125 +13.0 _ +125 +13.0 _ 
Output Voltage Swing Vo R, 2 2k +12.0 +12.8 ~ +12.0 +128 _ Vv 
| R_ = 1kn +105 +12.0 — +10.5 +12.0 — 
Slew Rate SR R, = 2k20 (Note 3) 0.1 0.3 — 0.1 0.3 —_ V/s 
Closed-Loop Bandwidth BW Avci = +1 (Note 3) 0.4 0.6 _ 0.4 0.6 - MHz 
Open-Loop Output Resistance Ro Vo = 0, lg =0 = 60 a a 60 _ 2 
Vs = + 15V, No Load —_ 75 120 _- 75. 120 
, mw 
Power Consumption Pg Vs = +3V, No Load ae 4 6 _ 4 8 
Offset Adjustment Range Rp= 20kN _ +4 - _ +4 _ mV | 
NOTES: | | 
1. OP-07A grade Vos is measured approximately one minute after apptica- Excluding the initial hour of operation, changes in Vog during the first 30 
tion of power. For all other grades Vog is measured approximately 0.5 operating days are typically 2.5uV — refer to typical performance curves. 
seconds after application of power. Parameter is sample tested. 
2. Long-Term Input Offset Voltage Stability refers to the averaged trendline of © 3. Sample tested. 
Vos v8. Time over extended periods after the first 30 days of operation. 4. Guaranteed by design. 
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ELECTRICAL CHARACTERISTICS at Vs = + 15V, -55°C < Ta < + 125°C, unless otherwise noted. 


= ot 7 - OP-O7A_ - | OP-07 | 
PARAMETER . SYMBOL CONDITIONS — . WIN TYP MAX MIN TYP MAX - UNITS 
Input Offset Voltage is iNee; (Note 1) - : — 2 60 — 60 200 uV 
Average Input Offset | | a - 
Voitage Drift With- ; ; 
out External Trim TCVos (Note 2) —_ 0.2 0.6 — 03 #413 pV/°C 
With External Trim TCVosn Rp = 20kN (Note 3) _ 02 0.6 _ 0.3 13 pV/°C 
Input Offset Current log = 08 4 — 12 56 nA 
Average input Offset Current TClos (Note 2) _ 5 95 - 8 50 pA/?C 
Drift - 
Input Bias Current . : Ip. . | a _ +1 +4 So +2 +6 - nA 
Average Input Bias Current TCle (Note 2) a 8 25 a 43 50 pac 
Drift 
Input Voltage Range IVR +13 = +13.5. _ +13 «=+13.5 _ Vv 
Common-Mode Rejection Ratio - CMRR- Vom = £13V | 106 123 _ - 106 123 _— - dB 
Power Supply Rejection Ratio PSRR Vg = t3V to + 18V —- § 20 =, 5 20 pVv/V 
Large-Signal Voltage Gain Ayo R, 2 2kN, Vo = +10V 200 400 _ 150 400 _ V/mV 
Output Voltage Swing Vo . R, 2>2k0 © +12 +126 — #12 +126 — V 
NOTES: —— .? ; > 
1. OP-07A grade Vos is measured approximately one minute after applica- 
tion of power. For all other grades Vog is measured approximately 0.5 
seconds after application of power. 
2. Sample tested. | 
3. Guaranteed by design. : 
TYPICAL OFFSET VOLTAGE TEST CIRCUIT TYPICAL LOW-FREQUENCY NOISE TEST CIRCUIT. 


—O OUTPUT 
T 


<== (=10Hz FILTER) © 


__VO__ SmV/em _ 
INPUT REFERRED NOISE = 35,000" 25,000 200nV/cm 


(SEE SCOPE PHOTO IN TYPICAL PERFORMANCE CURVES) 


PINOUTS SHOWN FOR J, P, AND Z PACKAGES 


OPTIONAL OFFSET NULLING CIRCUIT BURN-IN CIRCUIT 


PINOUTS SHOWN FOR. J, P, AND Z PACKAGES PINOUTS SHOWN FOR J, P, AND Z PACKAGES 
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ELECTRICAL CHARACTERISTICS at Vs = + 15V, Ta = 25° C, unless otherwise noted. 


OP-07E OP-07C OP-07D 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 
Input Offset Voltage Vos (Note 1) — 30 7 —- 6 150 = 60150 | uV 
Long-Term Vos | 
Vos/Ti te 2 — ; : _— E i _ 

Stability ‘os/Time (Note 2) 0.3 1.5 0.4 2.0 0.5 3.0 pV/Mo 
Input Offset Current los ~— 0.5 3.8 —_ 0.8 6.0 = 0.8 6.0 nA 
Input Bias Current lp —_ +1.2 +4.0 _ +1.8 +7.0 _ +2.0 +12 nA 

0.1Hz to 10Hz . 
input Noise Voltage Onn. _— ; : _ 0: 0. — : } 
p g np-p (Note 3) 0.35 0.6 38 65 0.38 0.65 BVp-p 
fo = 10Hz _ 10.3 18.0 _ 10.5 20.0 _ 10.5 20.0 
worl oui e fo = 100Hz (Note 3 10.0 130 10.2 135 10.3 13 y 
Voitage Density 9 Oo” Mote) ‘ : . . ae . 5S nVv/V Hz 
fo = 1000Hz —_ 9.6 11.0 _ 9.8 11.5 _ 9.8 11.5 
Baik 0.1Hz to 10Hz 
Input Noise Current j _ 14 30 —_ 15 35 — 1 
° nee (Note 3) > oP PAp- P 
. fo = 10Hz _ 0.32 0.80 _ 0.35 0.90 _ 0.35 0.90 
input Noise 
. in fo = 100Hz (Note 3) _— 0.14 0.23 _ 0.15 0.27 _ 0.15 0.27 pA/V/ Hz 
Current Density 
fo = 1000Hz _ 0.12 0.17 _— 0.13 0.18 _ 0.13 0.18 
Input Resistance — | 
R N 4 15 50 _ 8 _ fe _— 

Differential-Mode IN (None) st f a bia 
Input Resistance — 

R _ 160 _ _— 120 _ _ 1 _ 

Common-Mode INCM 20 Gn 
Input Voltage Range IVR +13 £14 _— +13 +14 _ +13 +14 _ Vv 
Common-Mod 

ee . CMRR ss Vgy=£13V 16 128 — 100 120 = 4 8110 — dB 

Rejection Ratio 
Power Supply Vg = +3V . 

PSAR — 5 20 — 7 32.—C«; — 7 32 V/V 

Rejection Ratio to +18V 

> 
AE ene. 200 500 _ 120 400 = 120. 400 = 
Large-Signal o- 
Voltage Gain Avo Ay = S000 ls 
7 Vo = +0.5V 150 400 — 100 440002 — —- 40 — 
Vg = £3V (Note 4) 
Output Volta R, 2 10kN +125 +13.0 _ +12.0 +13.0 _ +12.0 +13.0 ae 
: loltage Vo R, > 2k +12.0 +128 _ +115 +128 — +115 +128 _ Vv 
bis R, = 1kn +105 +120 — — +120 — — +120 — 
Slew Rate SR R, 2 2kN (Note 3) 0.1 0.3 —_ 0.1 0.3 _ 0.1 0.3 _— V/s 
Closed-Loop BW Avot = +1 04 06 — 04 06 — 04 06 — MHz 
Bandwidth (Note 5) 
Open-Loop Output 
R Vo = 0, lo = 0 —_ 60 _ _- 60 _ _ 60 _ a 
Resistance ° 2 ° 
Vs = +15V, No Load _ 75 120 _ 80 150 _ 80 150 
ion P ; mw 
Power Consumptio 'd Vg = +3V, No Load = 4 6 = 4 8 _ 4 8 
Offset Adjustment Rp = 20kn = +4 —Z =e +4 = a +4 ~— mV 

Range 

NOTES: 


1. Input Offset Voltage measurements are performed by automated test 
equipment approximately 0.5 seconds after application of power. 

2. Long-Term input Offset Voltage Stability refers to the averaged trend line 
Of Vog vs. Time over extended periods after the first 30 days of operation. 


Excluding the initial hour of operation, changes in Vos during the first 30 
operating days are typically 2.5uV — refer to typical performance curves. 
Parameter is sample tested. 

Sample tested. 

Guaranteed by design. 

Guaranteed but not tested. 


> o 


an 
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ELECTRICAL CHARACTERISTICS atV, = #1 5V,0°Cs Ty, = +70°C for OP-07E, and 40°C s un = +85°C for Deere: unless 
otherwise noted. 


OP-07E OP-07C OP-07D _ | 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 
Input Offset Voltage Vos (Note 1) -— 45 130 _ 85 250 _ 85 250 pv 
a 

Average Input Offset 

Voltage Drift With- . 

out External Trim | TCVog (Note 3) _ 0.3 1.3 _ 05 1.8. _ 0.7 2.5 uve 

With External Trim TCVos,.  - Rp = 20kN (Note 3) ~ 03 13 _ 0.4 1.6 _ 0.7 25 pv/°C 
Input Offset Current los _ 09 5.3 _ 1.6 8.0 _ 1.6 8.0 nA 
Average Input Offset | 

T a _ 1 i ° 

Surank bait Clos (Note 2) 8 35 2 50 12 50 pA/°c 
Input Bias Current Ip — +15 +55 — +22 +90 | = — +30 +1 ~ © AA 
Average Input Bias . . — | 

TCI Note 2 _ 1 35 —_ 18 50 _ 18 

Current Drift ie ner <) 3 | | 50 pare 
Input Voltage Range IVR . +13.0 +135 = +13.0 +135 _— +13.0 +13.5 _ Vv 
Common-Mode 

MRR Vow = + 18V 1 1 —_ 97 120 _ 94 106 _ ; 

Rejection Ratio “ i - = 
peti apace PSRR Vg = +3V to +18V_ = 7 82 - 0 5 -~ © 5 | www 
Rejection Ratio . . 
Large-Signal Ry 2 2kn 

180 _ 100 400 = 100 400 _ V/mV 

Voltage Gain Avo Vo = +10V bid : 
Output Voltage Vo Ry > 2kn +12 +126 — +11 +126 — . £1 +126 — | Vv 

Swing 
NOTES: 


1. Input offset voltage measurements are performed by automated test 
equipment approximately 0.5 seconds after Beare of power. 

2. Sample tested. 

3. Guaranteed by design. 
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ANALOG 
DEVICES 


Low Noise, Precision 
Operational Amplifier 


OP27 


FEATURES 
@ Low Noise .................... 80nV,., (0.1Hz to 10Hz) 
Oe eee Se eR RENT ECON nt am yar 3nV/\/ Hz 
© LOW DMG cesses eotois csc eracsceesecens D2aVEC 
@e High Speed ........................ 2.8V/yus Slew Rate 
Lunges neha cee na wieecaew le haiweak 8MHz Gain Bandwidth 
©. LOW Vee sos hie tained Mae edd dares BERG ex 10uV 
e Excellent CMRR ............... 126dB at Voy of +11V 
e High Open-Loop Gain ..................... 1.8 Million 
e Fits 725, OP-07, OP-05, AD510, AD517, 5534A sockets 
e Available in Die Form 
ORDERING INFORMATION ' 
| PACKAGE 
T, = +25°C OPERATING 
Vos MAX CERDIP PLASTIC LCC TEMPERATURE 
(1V) TO-99 8-PIN 8-PIN 20-CONTACT RANGE 
25 OP27AJ* OP27AZ* ~ - MIL 
25 OP27EJ OP27EZ OP27EP - IND/COM 
60 OP27BJ*  OP27BZ* - OP27BR/883 MIL 
60 OP27FJ OP27FZ  OP27FP _ IND/COM 
100 OP27CJ OP27CZ - - MIL 
100 OP27GJ OP27GZ OP27GP - XIND 
100 - = op27qastt -. XIND 


* For devices processed in total compliance to MIL-STD-883, add /883 after part 
number. Consult factory for 883 data sheet. 

t Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 

tt For availability and burn-in information on SO and PLCC packages, contact 
your local sales office. 


GENERAL DESCRIPTION 


The OP-27 precision operational amplifier combines the low 
offset and drift of the OP-07 with both high speed and low 
noise. Offsets down to 25uV and drift of 0.64V/° C maximum 
make the OP-27 ideal for precision instrumentation applica- 
tions. Exceptionally low noise, e, = 3.5nV/V Hz , at 10Hz, a 
low 1/f noise corner frequency of 2.7Hz, and high gain (1.8 
million), allow accurate high-gain amplification of low-level 


SIMPLIFIED SCHEMATIC 


INVERTING 
INPUT (+) 


INVERTING 
INPUT (-) 


~ |* R1& R2 ARE PERMANENTLY ADJUSTED 
AT WAFER TEST FOR MINIMUM 
OFFSET VOLTAGE. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


REV.A 


signals. A gain-bandwidth product of 8MHz and a 2.8V/ysec 
slew rate provides excellent dynamic accuracy in high-speed 
data-acquisition systems. 


- A low input bias current of +10nA is achieved by use of a 


bias-current-cancellation circuit. Over the military temper- 
ature range, this circuit typically holds I, and log to +20nNA 
and 15nA respectively. 


The output stage has good load driving capability. Aguaran- 
teed swing of + 10V into 6000 and low output distortion make 
the OP-27 an excellent choice for professional audio applica- 
tions. 


PSRR and CMRR exceed 120dB. These characteristics, 
coupled with long-term drift of 0.24V/month, allow the circuit 
designer to achieve performance levels previously attained 
only by discrete designs. 


PIN CONNECTIONS 


BAL 8 
BAL 1 7 Vt 
-IN2 6 OUT 
+IN3 BNC. 8-PIN HERMETIC DIP 
4 V- (CASE) (2-Suffix) 
TO-99 EPOXY MINI-DIP 
(J-Suffix) (P-Suffix) 
8-PIN SO 
(S-Suffix) 
OP-27BRC/883 


LCC PACKAGE 
(RC-Suffix) 
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_ Low cost, high-volume productions of OP-27 is achieved by Operating Temperature Henge: 


using an-on-chip zener-zap trimming network. This reliable OP-27A, OP-27B, OP-27C (J, z, RC) ou 55°C: to 4125°C 
and stable offset trimming scheme has proved its effective- § | OP-27E, OP-27F (J, Z)............ wenaeedesidiweans ~25°C to +85°C 
Ness .Overhmeny. years of production history. OP=27E, OP<27F (P) vcessescceiteccnussiceisacscaecasssbave 0°C to +70°C 
The OP-27 provides excellent performance in low-noise OP-27G (P, S, J, 2) WcideiswaveSoceccess sare webicssessaees —40°C to +85°C 
high-accuracy amplification of low-level signals. Applica--- Lead Temperature Range (Soldering, 60 sec) ............. . 300°C 
tions include. stable integrators, precision summing ampli- Junction Temperature ..............scccsessrcenreesees ~65°C to +150°C 
fiers, precision voltage-threshold detectors, comparators, PACKAGE TYPE a @, , (Note 3) Qe << UNITS 


and professional audio circuits such as tape-head and : 
microphone preamplifiers. = TO-99 (J) © 150 18 °C/W 


8-Pin Hermetic DIP 148 | ve 
The OP-27 is a direct replacement for 725, OP-06, OP-07 and ee BRC So 2 —— a 
OP-05 amplifiers; 741 types may be directly replaced by Se ae as 
removing the 741’s nulling potentiometer. _ 20-Contact LCC (RC) 98 38 CN 
8-Pin SO (S) 4 158 43 - °C 
ABSOLUTE MAXIMUM RATINGS (Note 4) os | NOTES: 
Sup ply Volta ge +20V 1. For supply voltages less than +22V, the absolute maximum input voltage i is 
wasvnsSesac bi cedaubeeveuseveandecds saceuesavidoues dveaueonese équal to the supply voltage. 
Input Voltage (Note 1) PPYTTETIPEIEC OI TT OT TeeT ere errr err errr rrr rer rrr re Titre +22V 2. The OP-27's inputs are protected by back-to-back diodes. Current limiting 
Output Short-Circuit Duration 0.00. eeeeeeees Indefinite resistors are not used in order to achieve low noise. If differential i input voltage 
Differential Input Voltage (Note 2) .............:csccssseeeseeseees +0.7V exceeds +0.7V, the input current should be limited to 25mA.._ 
ee gs _ 3. @., is specified for worst case mounting conditions, i.e., @. is specified for 
Peitetueeictls jA jA 
piferentias Input Curre nt (Note 2) oe we tpt : peeomy device in socket for TO, CerDIP, P-DIP, and LCC packages; @;, is specified 
Storage Temperature Range ec eeceeccceee pageereane? 65 C to +1 50 Cc 5 for. device soldered to printed circuit board for SO package. : 
4. Absolute maximum ratings apply to both DICE and pacnege’ parts, unless 
otherwise noted. | | | 
ELECTRICAL CHARACTERISTICS at Vs = +15V, Ta = 25°C, unless otherwise noted. re 
| OP-27A/E OP-27B/F OP-27C/G .. nc! 
PARAMETER ~ SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX _ MIN TYP MAX UNITS 
Input Offset Voltage Vos (Note 1) | — 10 250°C —. 20 60 . = . 80 ©1002 wv 
Long-Term Vos aa | . co 
Stability  Vos/Time (Notes 2, 3) — 0.2 1.0 — 0.3 1.5 _— os . 20 - uV/Mo. 
Input Offset Current log | — 7 35. ie ee. 50 as | 12 - 75 | nA 
Input Bias Current Ig = #10 £40 — +12 £55 — +15 +80 — nA 
‘ 0.1Hz to 10Hz : nce 
Input Noise Voltage | €np-p (Notes 3, 5) _ 0.08 0.18 — 0.08 0.18 — - 0,09 0.25. ~~ pVp-p 
. fo = 10Hz (Note 3) = 3.5 5.5 | ge BB. oe 38 | 8.0 = 
pale daais e fo = 30Hz (Note 3 —- 31 45 ee oe ~ 933 66 nv/He 
Voltage Density ogi 2 dediaie: a ee ce 2 eee 
fo = 1000Hz (Note 3) —. 3.0 3.8° — 3.0 3.8 ne 1 45° va 
moucniss fo = 10Hz (Notes 3,6) Se a OD 4.0 nn 17 40 en = | | 
Current Density In fo = 30Hz (Notes 3, 6) — . 1.0 2.3. = 10 2.3 = 1.0 ix pA/\/ Hz 
fo = 1000Hz (Notes 3, 6) in 0.4 0.6 _ 0.4 0.6 = 04° 0.6 
Input Resistance — | : . - . 
Differential-Mode Rin (Note 7) 1.3 6 _ 0.94 5 _ ais 4 = MQ 
Input Resistance — 
Common-Mode Rincm ee an = =e : = | sal 
_ Input Voltage Range IVR | +110 | +123 = +110 +123 = +110 +123 = V 
eemmon Nees CMRR- ss Vgy=tt1V 6, 126 = 106 123 — 400 120 = dB 
Rejection Ratio ue 
Power Supply = . A : | 
ee . PSRR Vg = +4V to +18V es | 10 — 1 ~ 10 _ 2 20 pV/V 
Rejection Ratio 
Large-Signal ‘ Ry 2 2k0, Vo = +10V 1000 1800 — 1000 1800 - 700° 1500 Wa 
Voltage Gain las _ Ry 26000, Vo = +10V 800. 1500 ‘i 800 15000 — . 600. 1500 _ 
Output Voltage 7 R, =2k0 +120 +138 — +120 +138 0 — © +115 +13.5 _ y 
Swing 6 R, 26000 +10.0 . +115 — | £100 +11.5 — +10.0 +115 — 
Slew Rate SR Ry 2 2k (Note 4) > Ay 2.8 = 1.7 2.8 — 17 2.8 = V/us 
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ELECTRICAL CHARACTERISTICS at Vs = +15V, Ta = 25°C, unless otherwise noted. (Continued) 


OP-27A/E OP-27B/F OP-27C/G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP. MAX UNITS 
Gain Bandwidth Prod. GBW (Note 4) 5.0 8.0 =a = § 5.0 8.0 a 6.0 8.0 — = ‘MHz 
Ss t | 

Cpe oe CUP UE ie Vo = 0, Ig =0 = 7.0 = = 70 = <4, 70 = 0 
Resistance . 2 

Power Consumption Pg Vo — 90 140 . — 90 140 = 100 170 mw 

j t 

i cad Rp = 10k — +40 = — +40 2 — +40 = mv 
Range 

NOTES: days are typically 2.54V — refer to typical performance curve. 


Sample tested. 

Guaranteed by design. 

See test circuit and frequency response curve for 0.1Hz to 10Hz tester. 
- See test circuit for current noise measurement. 

Guaranteed by input bias current. 


1. Input offset voltage measurements are performed ~ 0.5 seconds after 
application of power. A/E grades guaranteed fully warmed-up. | 

Long-term input offset voltage stability refers to the average trend line of 
Vos VS. Time over extended periods after the first 30 days of operation. 
Excluding the initial hour of operation, changes in Vos during the first 30 


ELECTRICAL CHARACTERISTICS for Vs = +15V, -55°C < Ta < + 125°C, unless otherwise noted. 


nm 
a Oo 


OP-27A OP-27B OP-27C 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNIT: 
Input Offset Voltage _ Vos_ - (Note 1) _— 30 60 = 50 . 200 — 70 300 aV 
Average Input TCVos (Note 2) Fe . 
Offset Drift TCVosn _— (Note 3) a ue me 7 is - 7 Be : aus 
Input Offset Current Ios ie 15 50 o. e 22 85 _ | 80 185 nA 
Input Bias Current = Ig — +20 +60 _ +28 +95 — +35 +150 nA 
Input Voltage Range IVR $10.3 +115 — +103 +115 _ +10.2 +115 - Vv 
Common-Mode | ye | | 
MR =+1 1 1 — 1 1 = 4 e9-" Sabo 
paiectisii Adio CMRR Vom = £10V 08 22 00 9 9 116 | ae 
eit att PSRR Vs = £4.5V to +18V —- 2 16 = 2 20 - 4 51 wv 
Rejection Ratio aaah 7 ‘ 
Large-Signal . a 
> 2kN, Vo=+1 1200 — 500 1000 _ 300 «#8 p= 

Voltage Gain Avo BLS eke Yor 210% me 00 ‘Vimy 
Output Voltage 

oe ’ Vo R, > 2kn +115  +£13.5 = +110 4132 = +10.5 +13.0 = v 


ELECTRICAL CHARACTERISTICS at V, = #15V, -25°C <T, < +85°C for OP-27J and OP-27Z, 0°C <T, = +70°C for OP-27EP, 
FP and -40°C = T, < +85°C for OP-27GP, GS, unless otherwise noted. | _— 


OP-27E OP-27 OP-27G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN § TYP MAX MIN TYP MAX UNITS 
Input Offset Voltage Vos — 20 50 _ 40 140 — 55 220 uv 
Average Input TCVos (Note 2) 
_ 0.2 0 _ 0.3 1.3 _ 4 1.8 V/°C 
Offset Drift ‘TCVosn (Note 3) 6 0 Mm 
Input Offset Current los = 10 50 —— 14 85 —— 20 135 nA. 
Input Bias Current Ig | — +14 +60 — +18 +95 — +25 +150 | nA 
Input Voltage Range IVR +10.5 +11.8 _ +105 +118 — +105 +118 _ Vv 
Common-Mode | | ; 
=+ 1 124 _ 102 121 = 96 118 _ 
Rejection Ratio MAR Vom = t10V 10 2 1 dB 
Rite said PSRR Vg = +4.5V to +18V 2 15 a 2° 6 ee 2 32° 
Rejection Ratio Sree rs } | . 
Large-Signal | ‘ 
2 »Vo=t 7 1500 _ 700 1300 _ 450 1 — V/mV 
Voltage Gain Avo Ri 2kN. Vo 10V 50 000 m 
eee eee Vo R, > 2kn +11.7 £136 22 +114 £135 - +10 +133 °° — v 
Swing 
NOTES: | 2. The TCVog performance is within the specifications unnulled or when 


nulled with Rp = 8k to 20kN. TCVog is 100% tested for A/E grades, 
sample tested for B/C/F/G grades. 
3. Guaranteed by design. 


1. Input offset voitage measurements are performed by automated test 
equipment approximately 0.5 seconds after application of power. A/E 
grades guaranteed fully warmed-up. 
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DICE CHARACTERISTICS 


4. NULL 


eect! 

ee 2. (-) INPUT 
3. (+) INPUT 
4. V- 
6. OUTPUT 
7. V+ 
8. NULL 


DIE SIZE 0.109 < 0.055 inch, 5995 sq. mils 
(2.77 X 1.40mm, 3.88 sq. mm) 


WAFER TEST LIMITS at Vs = +15V, Ta = 25°C for OP-27N, OP-27G, and OP-27GR devices; T, = 125°C for OP-27NT and 
OP-27GT devices, unless otherwise noted. 


OP-27NT OP-27N OP-27GT OP-27G OP-27G 


PARAMETER SYMBOL CONDITIONS LIMIT LIMIT LIMIT LIMIT LIMIT UNITS. 
Input Offset Voltage = Vos (Note 1) 60 35 200 60 100 pV MAX 
Input Offset Current los 50 35 85 50 75 _ nA MAX 
Input Bias Current Ig +60 +40 +95 +55 +80 nA MAX 
Input Voltage Range IVR +10.3 +11 +10.3 +11 +11 V MIN 


Common-Mode 


= 114 1 1 | AIN | 

eecian Rats CMRR .— Voy=IVR 108 , 00 06 100 dB MIN 
ee PSRR Vg = +4V to + 18V 23 10 a 10 20 = wV/V MAX. 

Rejection Ratio 

Large-Signal F R= 2kN, Vo=+10V 600 1000 500 - 4000 700 any ai 
Voltage Gain ee Ry. 2 6000, Vo = + 10V | — 800 — 800 600 

; R,>2kO +115 +12.0 +11.0 +12.0 +115 

PMEUNOOP ENN: 10 R, > 6000 = +10.0 = +10.0 +10.0 visa 


Power Consumption = Py Vo=0 — 140 — 140 170 mW MAX 


NOTE: 
Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 


TYPICAL ELECTRICAL CHARACTERISTICS at Vs = + 15V, Ta = +25°C, unless otherwise noted. 


. OP-27N | OP-27G OP-27GR - 
PARAMETER SYMBOL _— CONDITIONS © TYPICAL TYPICAL TYPICAL UNITS 
Average Input Offset TCVos or Nulled or Unnulled ae 
3 0.2 0.3 4 ° 

Voltage Drift TCVosp Rp = 8k to 20kn : goa ili 
Average Input Offset . Z 

Current Drift TClos 80 130 180 pA/°C 
Average Input Bias , 

1 ; : i) 

Current Drift TClp ve = sad _ Pare 
ee or fo= 10Hz 3.5 3.5 3.8 

ear en fo= 30Hz | 3.1 3.1 3.3 nV// Hz 

° aa fo = 1000Hz 3.0 3.0 3.2 

Input Noise fo= 10Hz 1.7 1.7 1.7 

neces aie in fo = 30Hz 1.0 1.0 40 pA// Hz 

Pad fo = 1000Hz 0.4 0.4 0.4 | 

Input Noise Voltage Cnp-p _-—-=—=—s.1 Hz to. 10Hz 0.08 0.08 0.09  pVp-p 
Slew Rate SR Ry = 2k0 2.8. 2.8 2.8 V/us 
Gain Bandwidth Product GBW 8 8 8 (MHz 
NOTE: . | 


1. Input offset voltage measurements are performed by automated test 
equipment approximately 0.5 seconds after application of power. 
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ANALOG 
DEVICES 


Low Noise, Precision, High Speed 
Operational Amplifier (Ay, = 5) 


OP37 


FEATURES 
@ Low Noise .................. 80nV p-p (0.1Hz to 10Hz) 
au tua we eae eemess 3nV/\/ Hz at 1kHz 
© SLOW DI. coi whee eee ea Rete eta 0.2uV/°C 
@ High Speed .......................... 17V/yus Slew Rate 
Sig eran se ees 63MHz Gain Bandwidth 
© Low Input Offset Voltage ....................... 10uV 
e Excellent CMRR ... 126dB (Common-Voltage of + 11V) 
@ High Open-Loop Gain ..................... 1.8 Million 
e Replaces 725, OP-05, OP-06, OP-07, AD510, AD517, 


SE5534 in Gains >5 
® Available in Die Form 


ORDERING INFORMATION ' 
PACKAGE 
T, = 425°C OPERATING 
Vos MAX CERDIP PLASTIC LCC TEMPERATURE 
(uV) TO-99 8-PIN 8-PIN 20-CONTACT RANGE 
25 OP37AJ* OP37AZ* - - MIL 
25 OP37EJ OP37EZ OP37EP = IND/COM 
60 OP37BJ* OP37BZ* - OP37BRC/883 MIL 
60 OP37FJ OP37FZ OP37FP -_ IND/COM 
100 OP37CJ* OP37CZ - - MIL 
100 OP37GJ OP37GZ OP37GP ~ XIND 
100 - - OP37GStt ~ XIND 


For devices processed in total compliance to MIL-STD-883, add /883 after part 

number. Consult factory for 883 data sheet. 

t Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 

tt For availability and burn-in information on SO package, contact your local 

sales office. 


GENERAL DESCRIPTION 


The OP-37 provides the same high performance as the OP-27, 
but the design is optimized for circuits with gains greater 
than five. This design change increases slew rate to 17V/ysec 
and gain-bandwidth product to 63MHz. 


PIN CONNECTIONS 


8 Vos TRIM 
Vos TRIM 1 7 V+ 
-IN2 6 OUT 
+iN 3 5 N.C. 
4V- (CASE) 8-PIN HERMETIC DIP 
(Z-Suffix) 

(a Suttix) EPOXY MINI-DIP 
(P-Suffix) 
8-PIN SO 
(S-Suffix) 


OP-37BRC/883 
LCC PACKAGE 
(RC-Suffix) 


The OP-37 provides the low offset and drift of the OP-07 plus 
higher speed and lower noise. Offsets down to 25uV and drift 
of 0.64V/°C maximum make the OP-37 ideal for precision 
instrumentation applications. Exceptionally low noise 
(€n=3.5nV/V/ Hz at 10Hz), alow 1/f noise corner frequency of 
2.7Hz, and the high gain of 1.8 million, allow accurate high-gain 
amplification of low-level signals. 


The lowinput bias current of + 10nA and offset current of 7nAare 
achieved by using a bias-current-cancellation circuit. Over 
the military temperature range this typically holds lg and los 
to +20nA and 15nA respectively. 


The output stage has good load driving capability. A guaran- 
teed swing of + 10V into 6002 and low output distortion make 
the OP-37 an excellent choice for professional audio 
applications. 


SIMPLIFIED SCHEMATIC 


NON- 
INVERTING 
INPUT (+) 


INVERTING 
INPUT (-) 


*R1 & R2 ARE PERMANENTLY ADJUSTED 
AT WAFER TEST FOR MINIMIM 
OFFSET VOLTAGE. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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PSRR and CMRR exceed -120dB. These characteristics, . 
coupled with long-term drift of 0.2uV/month, allow the circuit’ 
designer to achieve performance levels previously attained | 


only by discrete designs. 


Low-cost, high-volume production of the OP-37 is achieved by 
using on-chip zener-zap trimming. This reliable and stable 
offset trimming scheme has proved its effectiveness over 
many years of production history. 


The OP-37 brings low-noise instrumentation-type perfor- 
mance to such diverse applications as microphone, tape- 
head, and RIAA phono preamplifiers, high-speed signal con- 
ditioning for data acquisition systems, and wide-bandwidth 
instrumentation. 


ABSOLUTE MAXIMUM RATINGS (Note 4) 


SUPDIV: VONAGG wxicicescceirtone seeareieiset enim aaveantnteaimadns +22V 
Internal Voltage (Note 1) 0.0... ceseeccssssteeesssreeeessneeees +22V 
Output Short-Circuit Duration.................... andeuastusaeraes indefinite 
Differential Input Voltage (Note 2) ............. ce eesssreeeseees +0.7V 
_ Differential Input Current (Note 2)... ceeeeeeees +25mA 
Storage Temperature Range ................... —65°C to +150°C 


Operating Temperature Range“. i. 
OP-37A, OP-37B, OP-37C (J, Z, FO) sie 


55°C to + 125°C 
OP-37E, OP-37F (J, Z) .......ccccsssssssessesseeserees 25°C to +85°C 
OP-37E; OP-37F (P) scciasdictuicdicaecene 0°C to +70°C 
OP-37G (P, S, J, Z) .rscscsscessscsesecssessosssenseorees —40°C to +85°C 
Lead Temperature Range (Soldering, 60 sec) ...............300°C 
Junction Uctidblesadds soatassoushaaussanciasevaauesaaeenn ~65°C to +150°C 
PACKAGE TYPE @,(NOTE3) = > "UNITS 
-TO-99 (J) 150 18 °C/W 
8-Pin Hermetic DIP (Z) 148 16 °C/W 
8-Pin Plastic DIP (P) 103 43 °C/W 
20-Contact LCC (RC, TC) 98 38 °C/W 
8-Pin SO (S) 158 43. °C/W 
NOTES: 


hy 


. For supply voltages less than +22V; the absolute maximum input voltage is 
equal to the supply voltage. 

The OP-37's inputs are protected by back-to-back diodes. Current limiting 
resistors are not used in order to achieve low noise. If differential input voltage 
exceeds +0.7V, the input current should be limited to 25mA. 

@,, is specified for worst case mounting conditions, i.e., 8, a 'S specified for 
device in socket for TO, CerDIP, P-DIP, and LCC packages; 8, ais specified 
for device soldered to printed circuit board for SO package. 

Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. 


~ 


ad 


> 


ELECTRICAL CHARACTERISTICS at Vs = + 15V, Ta = 25°C, unless otherwise noted 


OP-37A/E _OP-37B/F OP-37C/G | 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 
Input Offset Voltage Vos (Note1) ~ 10 25 — 20 60 _ 30 100 uV 
Long-Term Vog Pie a Mel 
Vos/Time - ; _ 1. _ 1. _ k 
Stability | Os es (Notes 2, 3) 0.2 0 a | 5 | 0.4 2.0 uV/Mo 
Input Offset Current los _ 7 35 << 9 50 = 12 75 nA 
Input Bias Current In — +10 +40 — +12 +55, — 415° +80 nA 
0.1Hz to 10Hz i 7 
Input Noise Volta Cnp- _ 0.08 0.18 = 0.08 0.18 _ 0.09 0.25 . pVp- 
ii a APP (Notes 3, 5) SaEN Pp, 
‘scat Noléa fo = 10Hz (Note 3) —- 385 5.5 — 3.5 5.5 — 3.8 8.0 
cainas andl ®n foe coe (Ole) = ST 48 — 31 45 — 33 86 nV//Hz 
fo = 1000Hz (Note 3) —- 30 38 —- 30 38 ae gor. agg. = 
iat i fo = 10Hz (Notes 3, 6) _ 17.4.0 _ 17> 7&0 — 4 a re 
Aaeh Sanaien 2 in | - fq = 30Hz (Notes 3,6) _ 1.0 2.3 —~ 1.0 2.3 — 1.0 — pA//Hz 
fo = 1000Hz (Notes 3, 6) - 04 06 —- 04 06 —- 04 06 °- 
Input Resistance — | ; 
R te 7 1.3 6 _ 0.94 5 — 0.7 4 _ Mo 
Differential-Mode IN Dd, : 
Input Resistance — 
R _ 3 _ — 2.5 ~ — 2 — Go 
Common-Mode Nee 
Input Voltage Range IVR +11.0 | +12.3 ~ 411.0 +123 — +11.0 +123 — V 
mM - 
perme Nore CMRR  Voy=+11V_ 14° «1260¢C*«C«~ 106128 — 100 1200S = dB 
Rejection Ratio 
Power Supply : 
ne PSSR-—. Vg = +4V to +18V _ 1 10 — 1 10 _ 2 20 uV/V 
Rejection Ratio 
| Ry = 2k0, Vo = +10V 1000 1800 — 1000 —- 1800. — 700 1500 _ 
Large-Signal | Ry = 1kQ, Vo = +10V 800 1500 _ - 800. 1500 — 400 = 1500” 
Itage Gain Avo Ry = 6000, Vo = +1V , se aN 
poe : eta 250 700 — 250 700 ~ 200 500 °° — 
Vg = +4V, (Note 4) a =e - 
Output Voltage j R, = 2kn +12.0 +13.8 _ +12.0 +13.8 — +115 +13.5 _ : 
Swing © R, = 6000 +10.0 +115 _ +10.0 +115 — +10.0 © $11.5 = 
Slew Rate SR R, = 2k0 (Note 4) 11 17 — 1 17 — "1 7 — V/us 
} fo = 10kHz (Note 4) 45 63 _ 45 6 2= — 45 63 — . 
" . ics * s eg MHz 
Gain Bandwidth Prod. GBW fo= 1MHz _ _ a 40 <. a 40 = 
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ELECTRICAL CHARACTERISTICS at Vs = + 15V, Ta = 25°C, unless otherwise noted. (Continued) 
LL eS SSS SSS Ss sean 


OP-37A/E OP-37B/F OP-37C/G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX . MIN TYP MAX UNITS 
I a a es ee an ee i Oe 
Open-Loop Output R ae _ . 
Resistance oO oS Orlo=? | 4 70 | * is 70 = — 70 ae Q 
ee 
Power Consumption Pq Vo =0 : _ 90 140 _ 90 140 —_ 100 170 mw 


a a a a ne ee 
Offset Adjustment . 


| Range Rp = 10k} a +4.0 —_ — +4.0 _— _— +4.0 — mV 
NOTES: 
1. Input offset voltage measurements are performed by automated test days are typically 2.5uV — refer to typical performance curve: 


equipment approximately 0.5 seconds after application of power. A/E 
grades guaranteed fully warmed up. 

2. Long-term input offset voltage stability refers to the average trend line of 
Vos VS. Time over extended periods after the first 30 days of operation. 
Excluding the initial hour of operation, changes in Vos during the first 30 


Sample tested. 

Guaranteed by design. 

See test circuit and frequency response curve for 0.1Hz to 10Hz tester. 
See test circuit for current noise measurement. 

Guaranteed by input bias current. 


NOOhY 


ELECTRICAL CHARACTERISTICS for Vs = + 15V, -55°C < Ta < + 125°C, unless otherwise noted. 


nS eee eet 


OP-37A OP-37B OP-37C 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 
Input Offset Voltage Vos (Note 1) a 30 60 = 50 200 = 70 300 pV 
Average Input TCV Note 2 
gene os phlei = 0.2 0.6 e 0.3 1.3 = 0.4 1.8 
Offset Drift TCVosn (Note 3) 
Input Offset Current log -_ 15 50 az 22 © 85 ad 30 135 
Input Bias Current ip _ +20 +60 _ +28 +95 — +35 +150 nA 
Input Voltage Range IVR +10.3 +11.5 _ +10.3 +115 _ +10.2 +11.5 — V 
Common-Mode 
Pe ; CMRR Vom = +10V 108 122 = 100 119 —_— 94 116 — dB 
Rejection Ratio 
Power Supply 
a PSRR Vg = +4.5V to + 18V _ 2 16 _ 2 20 _ 4 51 BV/V 
Rejection Ratio | ; 
-Signal De 
sk Ayo’ R, > 2k, Vo = +10V 600 1200 - 500 1000 ae 300 800  — ~© V/mv 
Voltage Gain ee aa 
ae Voltage Vo Ry = 2k0 +115  +13.5 — +110 +13.2 _ +10.5 +13.0 - Vv 
wing 


ELECTRICAL CHARACTERISTICS for Ve = £15V, -25°C < T, < +85°C for OP-37EJ/FU and OP-37EZ/FZ, 0°C < T, < +70°C for 
OP-37EP/FP and —40°C < T, < +85° for OP-37GP/GS/GJ/GZ, unless otherwise noted. 


OP-37E OP-37F - OP-37G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 
Input Offset Voltage Vos = 20 50 —_ 40 140 aa 55 220 | uV 
averegennee PeNOs: nS) = 0.2 0.6 2 0.3 1.3 = 0.4 18  yVPC 
Offset Drift TCVosn (Note 3) 
Input Offset Current los _ 10 50 — 14 85 — 20 1385 nA 
input Bias Current Ip _ +14 +60 = +18 +95 os +25 +150 nA 
Input Voltage Range IVR +105 +118 _ +105 +118 - +105 +118 — NM 
ConmencMece CMRR Vom = +10V 110 124 _ 102 121 — 96 118 — dB 
Rejection Ratio 
Sidetanan sein PSRR Vg = +4.5V to +18V = we 15 = 2° 16 = 2 32 uV/V 
Rejection Ratio . 
Eargersone Avo Ry 2 2k, Vo =+10V 750 1500 = 700 1300 = 450 1000 2 v/v 
Voltage Gain . 
obsess Vo Ry > 2k +117 +13.6 = +114 +135 = #110 +133 a v 
Swing 
NOTES: 2. The TCVos performance is within the specifications unnulled or when 
1. Input offset voltage measurements are performed by automated test nulled with Rp= 8k0.to 20kN.. TCVog is 100% tested for A/E grades, sample 
equipment approximately 0.5 seconds after application of power. A/E tested for B/C/F/G grades. 
grades guaranteed fully warmed up. 3. Guaranteed by design. 
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DICE CHARACTERISTICS 


DIE SIZE 0.098 x 0.056 inch, 5488 sq. mils Nate: 
(2.49 X 1.42 mm, 3.54 sq. mm) 


LF A) 4, NULL 
ets 2. (-) INPUT 
3. (+) INPUT 
4. V- 

6. OUTPUT 
7. V+ 

8. NULL 


WAFER TEST LIMITS at Vs = + 15V, Ta = 25°C for OP-37N, OP-37G and OP-37GR devices; T, = 125°C for OP-37NT and 
OP-37GT devices, unless otherwise noted. 


OP-37NT OP-37N OP-37GT OP-37G OP-37GR 


PARAMETER SYMBOL CONDITIONS | LIMIT LIMIT LIMIT  —s_ LIMIT LIMIT = ‘~ UNITS 
input Offset Voltage Vos (Note 1) 60 35 200 60 100 uV MAX 
Input Offset Current loa 50 35 85 50 75 nAMAX 
Input Bias Current «sig +60 +40 +95 +55 +80 nA MAX 
Input Voltage Range IVR +103 +11 +10.3 +11 +11. | VMIN 
Se woe CMRR Vom=£11V 108 ti(<i«é‘«i 100 106 100 dBMIN 
Rejection Ratio ; 
Power Supply Ta = 25°C, Vg = t4V to +18V 10 10 10 10 | 
Rejection Ratio re Ty = 125°C, V5 = +4.5V to +18V 16 — 20 — ate 
Large-Signal R, 2 2k, Vo = +10V 600 — 1000 500 1000 700 . 
v/mV 
Voltage Gain 7 Avo RL = 1k, Vo = +10V _ 800 — 800 a5, 
; R, > 2kn +11.5 +12.0 +11.0 +12.0 +115 

SulpulNoltage Swing Vo R, > 6000 - | =a +10.0 = +10.0 +10.0 ven 
Power Consumption Py Vo=O0 | _ 140 | — 140 CO 170 mW MAX 
NOTES: | 


For 25° C characteristics of OP-37NT and OP-37GT devices, see OP-37N and 
OP-37G characteristics, respectively. 


Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot asembly and testing. 


TYPICAL ELECTRICAL CHARACTERISTICS at Vs = +15V, Ta = + 25°C, unless otherwise noted. | 
| | OP-37NT OP-37N OP-37GT OP-37G OP-37GR | 


PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL TYPICAL TYPICAL TYPICAL UNITS 
Average Input Offset TCVos 0r _— Nulled or Unnulled 
: 2 0.3 : s . 
Voltage Drift TCVosn Rp= 8k? to 20kN vie - a e i ee, 


Average Input Offset 


o 
Current Drift TClos 80 80 130 130 180. pA/ c 
Average Input Bias | . ° 
Current Drift TClp 100 100 160 160 200 pA/°C 
Input Noise fo = 10Hz 3.5 3.5 3.5. 3.5 3.8 
olla e Densit en fo = 30Hz 3.1 3.1 3.1 3.1 3.3. nV//Hz 
" ¥ fo = 1000Hz 3.0 3.0 3.0 3.0 3.2 
Input Noise fo = 10Hz 1.7 1.7 1.7 17 17 
Sinea Densit in 19 ore ay 1.0 1.0 1.0 1.0 pA/V Hz 
a fo = 1000Hz 0.4 0.4 0.4 0.4 0.4 , 
Slew Rate SR R= 2ko 17 17 17 17 17 V/us 
Gain Bandwidth Product GBW ‘fo = 10kHz 63 63 63 63 63 MHz 
NOTE: 


1. Input offset voltage measurements are performed by automated test 
equipment approximately 0.5 seconds after application of power. 
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FEATURES 


Fast 

® SIO@W Rate viccaiccnedishi coats cecieainccaee. 50V/us Min 
© Settling-Time (0.01%) .........csssccsssscssseseeessesssteres 1us Max 
* Gain-Bandwidth Product ........ ce cssssseceeees 10MHz Typ 
Precise 

© Common-Mode Rejection .............cccsscsscsssseeees 88dB Min 
© Open-LOop Gain .........ccsssccssscccsstsssscesesseccsees 500V/mV Min 
© OUGEtVONAGC sisi isssssseisivesiseliencrevecvtedensdevssdieees 750ynV Max 
© Bias Current vssisicssssiscsesedsetscassccvvcecadavanecsveveaxences 200pA Max 


Excellent Radiation Hardness 
Available in Die Form 


ORDERING INFORMATION ' 
PACKAGE 
T, =25°C OPERATING 
Vos MAX CERDIP PLASTIC SO LCC TEMPERATURE 
(mV) TO-99 8-PIN &PIN 8-PIN 20-CONTACT RANGE 
1.0 OP42AJ* OP42Az* -  OP42ARC/883 MIL 
0.75 OP42EJ OP42EZ = - - - IND 
15 OP42FJ OP42FZ - - - IND 
5.0 - - _OP42GP OP42GS - XIND 


* For devices processed in total compliance to MIL-STD-883, add /883 after part 
number. Consult factory for 883 data sheet. 

t Burn-in is available on commercial and industrial temperature range parts in 
cerdip, plastic dip, and TO-can packages. 


GENERAL DESCRIPTION 


The OP-42 is a fast precision JFET-input operational amplifier. 
Similar in speed to the OP-17, the OP-42 offers a symmetric 


High Speed, Fast Settling 
Precision Operational Amplifier 


PIN CONNECTIONS 


NULL 1 7 V+ 
-IN 2 6 OUT 


+IN 3 5 NULL 


vV- (CASE) 
TO-99 
(J-Suffix) 


20-CONTACT LCC 
(RC-Suffix) 
8-PIN CERDIP 


(Z Suffix) 
EPOXY MINI-DIP 
(P-Suffix) 
--8-PINSO | 
(S-Suffix) 


58V/us slew rate and is internally compensated for unity-gain 
operation. OP-42 speed is achieved with a supply current of less 
than 6mA. Unity-gain stability, a wide full-power bandwidth of 
900kHz, and a fast settling-time of 800ns to 0.01% make the OP- 
42 an ideal output amplifier for fast digital-to-analog converters. 


Equal attention was given to both speed and precision in the OP- 
42 design. Its tight 7501.V maximum input offset voltage com- 
bined with well-controlled drift of less than 10uV/°C eliminates 
the need for external nulling in many circuits. The OP-42's 

Continued 


SIMPLIFIED SCHEMATIC 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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Storage Temperature Range see iwntaess soot eats —65°C to +175°C 


GENERAL DESCRIPTION Continued — 

common-mode rejection of 88dB minimum over a +11¥V input Operating Temperature Range 

voltage range is exceptional for a high-speed amplifier. High OPSOA (I. 2) ieee tees eccrine amgaeetes —55°C to +125°C 
CMR combined with a minimum 500V/mvV gain into 10kQ load OPAQE oh (I: 2) cesses contac ccracns, ercaet ee iuuest —25°C to +85°C 
ensure excellent linearity in both noninverting and inverting gain OR 42G is cchinsinae soreness bicgscetednaselopacsy —40°C to +85°C 
configurations. The low input bias and offset currents provided Junction Temperature ............ceeeccseecseeeeeees —65°C to +175°C 
by the JFET input stage suit the OP-42 for use in high-speed Lead Temperature Range (Soldering, 60 sec.) ........... +300°C 


sample and hold circuits, peak detectors, and log amplifiers. 
Excellent radiation hardness characteristics make the OP-42 


ideal for military and aerospace applications. PACKAGE TYPE 8, q(NOTE 3) ®c ent 
The OP-42 conforms to the standard 741 pinout with nulling to 10380) ee ues 
V—. The OP-42 upgrades the performance of circuits using the S-Pin Hermetic DIP 2) “ ke soy 
AD544, AD611, AD711, and LF400 by direct replacement. In orn Flastis Be 109 re “CW 
circuits without nulling, the OP-42 offers an upgrade for designs eo Comach iC? OCT) sti =e ae 

8-Pin SO (S) 158 43 °C/W 


using the OP-16, OP-17, LT1022, LT1056, and HA2510. 

NOTES: 

1. Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. 


ABSOLUTE MAXIMUM RATINGS (Note 1) 


2. For supply voltages less than +20V, the absolute maximum input voltage is 
Supply Voltage cee eee were een e cece ease eee e eee e essen emcee eens eeeeteeeeeeeesaee +20V equal to the supply voltage. 
Input Voltage (Note 2) ................cccecesssssscccesssssessesesvesesseees +20V 3. @,, is specified for worst case mounting conditions, i.e., @,, is specified for 
Differential Input Voltage (Note 2) occ eeeeeeeeees 40V device in socket for TO, CERDIP, P-DIP, and LCC packages; 6,, is specified 
Output Short-Circuit Duration 0... essessseesneeeseees Indefined Oe eg ecitered To panied Grew parton ee package: 


ELECTRICAL CHARACTERISTICS at Vg = #15V, T, = +25°C, unless otherwise noted. 


OP-42E OP-42F OP-42G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 
Offset Voltage Vos | = 0.3 0.75 = 0.4 1.5 -~ 15 §.0 mV 
Input Bias Current lp Vom = OV Tj = 25°C - 80 200 - 130 250 - 130 250 pA 
Input Offset Current los Vem = OV T, = 25°C - 4 40 - - 6 50 - 6 50 pA 
+12.5 +12.5 +12.5 
Input Voltage Mange IVR (Note 1) | +11 12.0 - +11 -12.0 - +11 12.0 ~ V 
cornmmen:Meds:” CMR VoyeetlV 88 98 é 80 92 : 80 92 -  — @B 
Rejection CM . si ; 
Power-Supply | Vg = #10V . _ : 
Rejection Ratio Rene to +20V a ue me is ee al 
, R, = 10kQ 500 900 - 500 900 - 500 900 -_ 
. L = : 
Getic see Avo R.=2kq Yo"sY 200 © 260 - 200 260 - 200 260 - Vimv 
: Ro=1ka'i* 100 170 - 100 «1702 100 1702 = 
Output Voltage +12.5 +12.5 412.5 
= : ~ ‘ - 11. - 
Swing Vo cee a ae ee 24h eu 4g ‘ 
Short-Circuit . Output Shorted +33 +33 +330 
Current Limit Isc to Ground sa —28 70 na0 —28 =o =ey —28 ats me 
No Load | 
Supply Current Isy Vo =0V _ 5.1 6.0 - 5.1 6.5 5.1 6.5 mA 
aa Oa ee Ne ee Se De ee 
Slew Rate SR 50 58 - 40 50 - 40 50 - Vis 
Full-Power 
ms a = kH 
Bandwidth BW, (Note 2) 750 900 600 800 600 800 z 
Gall: Bandwidth GBW sf, = 10kHz | “ 10. = a 10 i ne |: cane MHz 
Product 0 
; 10V Step 0.01% 
- _ : - : 1.2 - 0.9 1.2 s 
Settling -Time t, | (Note 3) 0.8 1.0 0.9 my 
vecree eve t - 700 = - 700 - - 700 = ns 
Time OR 
_ Phase Margin , Odb Gain _ 47 - a 47 _ “ 47 - degrees 
180° Open-Loop — _ _ _ _ 7 - | gB 
Gain Margin Ai 80 Phase Shift 9 9 9 
Capacitive Load Unity-Gain Stable 
1 - 100 300 - 100 300 _ F 
Drive Capability C (Note 4) oo eee P 
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ELECTRICAL CHARACTERISTICS at Vg = #15V, T, = +25°C, unless otherwise noted. Continued 


OP-42E OP-42F OP-42G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 
Differential Input | 
Impedance ZN - 10'7\\6 a - 10'7\\6 os - 10'*\\6 2 Q||pF 
Open-Loop 
Output Resistance Ro . 50 ~ > 50 ~ = 50 = Q 
Voltage Noise Sip 0.1Hz to 10Hz = 2 - - 2 _ - 2 - WV,» 
fo = 10Hz - 38 - - 38 - - 38 - 
Voltage Noise f,, = 100Hz - 16 - - 16 - - 16 
fe) hap 
Density Sn fo = 1kHz - 13 - - 13 - - 13 ANE Ee 
fo = 10kHz - 12 = - 12 oe = 12 os 
Current Noise , 
Density i, fo = 1kHz - 0.007 - - 0.007 - - 0.007 -  pAWHz 
External V 
os 2 2 = = a s as 
Trim Range Root = 20k 4 4 4 mv 
Long-Term 
Vog Drift = 5 = = 5 - - 5 — pV/month 
Supply Voltage Range Vg +8 215 +20 +8 £15 +20 +8 +15 +220 Vv 
NOTES: 3. Settling-time is sample tested for A and E grades. Test circuit is shown in 
1. Guaranteed by CMR test. Figure 4. Settling-time for F grade is guaranteed but not tested. 
2. Guaranteed by siew-rate test and formula BW, = $R/(2x1 OVoeak): 4. Guaranteed but not tested. 
ELECTRICAL CHARACTERISTICS at V, = +15V, T, = +25°C, unless otherwise noted. 
OP-42A 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 
Offset Voltage Vos . ~ 0. 1.0 mV 
Input Bias Current lp Vom =0V T = 25°C - 80 200 pA 
Input Offset Current los Vo = OV T = 25°C - 4 40 pA 
+12.5 
Input Voltage Range IVR (Note 1) +11 12.0 - Vv 
Common-Mode 
= -_ dB 
Rejection CMR Vom =2t1V 86 96 
Power-Supply Vg = #10V 
- 9 40 VV 
Rejection Ratio poe to +20V " 
R, = 10kQ 500 900 - 
Si L = 
a es eel Avo R, = 2ka i peed 200 260 7 VimvVv 
oliage Gain R, = 1kQ i> 100 170 - 
Output Voltage 7 +12.5 = Vv 
Swing Vo R, = 1kQ £11.5 “119 
Short-Circuit Output Shorted +33 
20 60 mA 
Current Limit Isc to Ground - ~28 . 
No Load 
- : A mA 
Supply Current Isy Vo = 0V 5.1 6.0 
Siew Rate SR 45 52 - Vins 
Full-Power 
700 850 - - kHz 
Bandwidth BW, araneie 
Gain-Bandwidth 
= 10k = 10 ~ MHz 
Prodiict GBW fo = 10kHz 
10V Step 0.01% 
ing -Ti : - 0. 1.0 s 
Settling -Time t, (Note 3) 8 B 
Overload Recovery t on 700 Z ia 
Time OR 
Phase Margin %, Odb Gain - 47 - degrees 
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ELECTRICAL CHARACTERISTICS at V, = #15V, T, = 25°C, unless otherwise noted. Continued 


a ~~ 9 * OP-42A— ce 4 2 
PARAMETER SO ag SYMBOL a . CONDITIONS MIN TYP MAX UNITS 
. a. an 180° Open-Loop  siét=tS . an . . ees 
Gain M ; = is 
ee A180 Phase Shift a ab 
Capacitive Load — . Unity-Gain Stable a - 
Drive Capability oi (Note 4) me is ~ pF 
Differential Input — ine meee, | 
‘Impedance ZN ~ tor"llé - Q||pF 
Open-Loop 
Output Resistance Ro a 50 7 a2 
Voltage Noise ®n p-p 0.1Hz to 10Hz | - 2 - BV op 
fo = 10Hz = 38 a 
Voltage Noise f,, = 100Hz - 16 
O ar 
Density en fy = 1kHz _ 13 nV/V/Hz 
fo = 10kHz = 12 — 
Current Noise | ga a 
Density In fo = 1kHz x 0.007 - pA/VHz 
External V 
os = se - 
Trim Range : Root = coxe ss my 
Long-Term . . ” Hs ' 4 
Meee ; - 5 | - uV/month 
Vog Drift v3 2 | | oak me 
Supply Voltage Range Vs +8 +15 +20 Vv 
NOTES: 3. Settling-time is sample tested for A and E grades. Test circuit is shown in 
1. Guaranteed by CMR test. ; Figure 4. Settling-time for F grade is guaranteed but not tested. © : 
2.. Guaranteed by slew-rate test and.formula BW, = SR/(2x1 OVecaK): © 4. Guaranteed but not tested. 
ELECTRICAL CHARACTERISTICS at V, = +15V, -25°C s T, s 85°C for E/F grades, and —40°C s T, = +85°C for G ede 
unless otherwise noted. | | 
/ | OP-42E OP-42F | OP-42G 
. PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX — UNITS 
Offset Voltage Vos - 04 12 - 06 25 - 20 60 mv 
Offset Voltage 7 | 
Temperature _ Tos ~ 3 _ 4 10 - 8 - - 8 - pvc 
Coefficient . . 
Input Bias Current lp (Note 1) - 0.5 1.2 - 0.6 2.0 - 0.6 2.0 — nA 
Input Offset Current log —S (Notte 1) - - 0.05 0.2 - 006 0.4 - 006 04 ~~ nA 
412.5 | 412.5 +12.5 
Input Voltage Range IVR (Note 2) 211 12.0 _ 21100 12.0 - 2170 12.0 -. Vv 
commen Meee CMR Voy =#tiV 86 960C~é«C 80 4 80 94 +- 4B 
Rejection CM 
Power-Supply | Vg =210V_ 
- - - Vi 
Rejection Ratio BeAr to +20V é ev ° iu . sia uv 
Large-Signal . R, = 10kQ (Note 1) | 200 500 - 200. 500 _ 200 500 - Vimv 
Voltage Gain Avo R, = 2kQ Vo = 210V 100 160 - 100 160 - 100 160 - ; 
Output Voltage | J +12.3 412300 | +12.3 7 I gear: 
Swag Vo R, = 2kQ | 2 410 Jae e10Y oa Vv 
Short-Circuit Output Shorted 
- - _ mA 
Current Limit Isc to Ground ae ane sia ay a sd 
| No Load 7 | | 
= 6. 25 Gs mA 
_ Supply Current Igy Vo = OV | 5.1 6.0 5.1 6.5 5.1 | 6.5 | 
‘SlewRate SR R, = 2ka 45 57 = 40 50 a 40 50 = Uys 
Capacitive Load Unity-Gain Stable | 
1 2 - 100 250 - 100 250 - F 
Drive Capability. C,. (Note 3) a = P 
NOTES: | ; | 2. Guaranteed by CMR test. 
1. T= : 85°C for E/F/G Grades; ts = 125°C for A grade. 3. Guaranteed but not tested. 
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ELECTRICAL CHARACTERISTICS at V, = +15V, -55°C < T, = 125°C for A grade, unless otherwise noted. - 


a) 


. OP-42A 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 
Offset Voltage Vos ~ 0.5 2.0 mV 
Offset Voltage 

Temperature TCVo5 - 4 10 pVv/PC 

Coefficient 
Input Bias Current lp (Note 1) - 6 20 nA 
Input Offset Current los (Note 1) _- 0.2 1.0 nA 
Input Voltage Range IVR (Note 2) +11 ae ~ Vv 
Common-Mode 

Rejection CMR Vom = #11V 80 94 - dB 
Power-Supply Vg = #10V 

Rejection Ratio Eenn to +20V ~ 10 a0 VN 
Large-Signal R, = 10kQ (Note 1) 160 350 - 

Voltage Gain Avo R, =2kQ V, =210V 80 110 nw 
Output Voltage ; +12.3 

Swing Vo A, = 2kQ +11.0 11.8 - Vv 
Short-Circuit Output Shorted +8 eg +60 

Current Limit sc to Ground 

No Load 
Supply Current ley Vy =0V | - 5.1 6.0 
Slew Rate SR R, = 2kQ | 40 52 _ V/us 
Capacitive Load Unity-Gain Stable 
~ F 
Drive Capability Cc (Note 3) Laie a) P 


NOTES: 

1. T, = 85°C for E/F Grades; T = 125°C for A grade. 
2. Guaranteed by CMR test. 

3. Guaranteed but not tested. 
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w ANALOG 


FEATURES 

¢ Outstanding Gain Linearity 

© Ultra High Gain ........... eee cecesstceseecteeensnces 5000V/mV Min 
© Low Vog Over Temperature ..........ssseresececeeseees 60 V Max 

© Excellent TOV, . .nsssssscssscesesesessssesoresseeseececens 0.3nV/°C Max 

© IGT PSR eset scccccsnsvieasstautaneisccwscesseneteacescacsasnats 3uV/V Max 

e Low Power Consumption .............cscssssccsceeeeees 60mW Max 

e Fits OP-07, 725, 108A/308A, 741 Sockets 

¢ Available in Die Form : 


ORDERING INFORMATION ' 
PACKAGE | 
OPERATING 
CERDIP PLASTIC LCC TEMPERATURE 
TO-99 8-PIN _ 8 PIN 20-PIN RANGE 
OP77AJ* OP77AZ"* “ = MIL 
OP77EJ OP77EZ = = IND 
~ - OP77EP = COM 
OP77Bu" OP77B2" - OP77BRC/883 | MIL 
OP77FJ OP77FZ os IND 
- - OP77FP “ COM 
“ = OP77GP = COM 
- - op77Gs" - COM 
- - OP77HP - XIND 
- - OP77HStt ~ XIND 


For devices processed in total compliance to MIL-SDT-883, add /883 after part 

number. Consult factory for 883 data sheet. 

t Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 

tt For availability and burn-in information on SO and PLCC packages, contact 

your local sales office. 


GENERAL DESCRIPTION 


The OP-77 significantly advances the state-of-the-art in preci- 
sion op amps. The OP-77's outstanding gain of 10,000,000 or 
more is maintained over the full +10V output range. This excep- 
tional gain-linearity eliminates incorrectable system nonlineari- 
ties common in previous monolithic op amps, and provides 


V+ 


2A* 
(OPTIONAL 
NULL) 


*NOTE: 
R2A AND R2B ARE 
ELECTRONICALLY 
ADJUSTED ON CHIP 
AT FACTORY. 


NON- 
INVERTING O 
INPUT 


INVERTING 
INPUT 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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DEVICES Ultralow Offset Voltage Operational Amplifier 


Next Generation OP07, 


OPT] 


PIN CONNECTIONS 
Vos TRIM ths, E Vos TRIM 

.-In[2 | 7 |] V+ 8 Vos TRIM 

+IN[ 3 | Fe y 16 |OUT Vos TRIM 1 7 V+ 

v—[4 | |S | N.C. 
-IN 2 6 OUT 
EPOXY MINI-DIP (P-Suffix) 

8-PIN HERMETIC DIP a fide 

(Z-Suffix) a ¥-tcaae) 

8-PIN SO TO-99 (J-Suffix) 


OP-77BRC/883 
LCC 
(RC-Suffix) 


superior performance in high closed-loop-gain applications. 
Low initial V,,, drift and rapid stabilization time, combined with 
only 50mW power consumption, are significant improvements 
over previous designs. These characteristics, plus the excep- 
tional TCV, of 0.3uV/°C maximum and the low Vog Of 25uV 
maximum, eliminates the need for Vos adjustment and in- 
creases system accuracy over temperature. 


PSRR of 3nV/V (110dB) and CMRR of 1.0uV/V maximum virtu- 
ally eliminiate errors caused by power supply drifts and com- 
mon-mode signals. This combination of outstanding character- 
istics makes the OP-77 ideally suited for high-resolution instru- 
mentation and other tight error budget systems. Continued 


SIMPLIFIED SCHEMATIC 


REV. D 


This product is available in six standard grades and five stan- 
dard packages: the TO-99 can, the 8-pin mini-DIP in ceramic, 
SO or epoxy, and the 20-contact LCC. 


The OP-77 is adirect or upgrade replacement for the OP-07, 05, 
725, or 108A op amps. 741-types can be replaced by eliminat- 
ing the V,, , adjust pot. For higher precision performance refer to 
OP-177. 


ABSOLUTE MAXIMUM RATINGS (Note 2) 


SUDOIV: VONAGO saz. aacceiueenseevcnleeeriaatandncdar Neaaseerieiciadeumnsans +22V 
Differential InpUt VOiAage .......... eee ecce cece cee ceeeceeceueeeeeeeneee +30V 
Input Voltage (Note 1) oo... tececeeceeeeeeceeessresseneaees +22V 
Output Short-Circuit Duration... eetceeeeeeeee Indefinite 
Storage Temperature Range 

J, Z, and RC Packages .............eeeeseseeeeeees —65°C to +150°C 

PP aCKAGS ic aevireccctatencem esata —65°C to +125°C 
Operating Temperature Range 

OP-77A, OP-77B (J, Z, RC)... ceeeeeeeees —55°C to +125°C 

OP-77E, OPP-77F (J, Z) ....csccccssscessseneceeeseees —25°C to +85°C 


OP77 


OP-77E, OP-77F, OP-77G (P, S) ......csscccccccceseseees 0°C to 70° 
ORS7THP SS) pccceresi eoectrateacd ce biekee —40°C to +85°C 
Junction Temperature (T)) ...........ccccccceeceesseees —65°C to +150C 
Lead Temperature (Soldering, 60 SeC.) ................. eee +300°C 
PACKAGE TYPE 6, , (Note 3) Bic UNITS 
TO-99 (J) 150 18 °C/W 
8-Pin Hermetic DIP (Z) 148 16 °C/W 
8-Pin Plastic DIP (P) 103 43 °C/W 
20-Contact LCC (RC, TC) 98 38 °C/W 
8-Pin SO (S) 158 43 °C/W 


NOTES: 

1. For supply voltages less than +22V, the absolute maximum input voltage is 
equal to the supply voltage. 

2. Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. 

3. 8, is specified for worst case mounting conditions, i.e., 8. A is specified for 
device in socket for TO, CerDIP, P-DIP, and LCC packages; 8; , is specified 
for device soldered to printed circuit board for SO package. 


ELECTRICAL CHARACTERISTICS at Vg = +15V, T, = +25°C, unless otherwise noted. 


| OP-77A OP-77B 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX 
Input Offset Voltage Vos - 10 25 - 20 60 

‘Long-Term Input Offset . , 

Voltage Stability AV,,/Time (Note 1) - 0.2 - - 0.2 = 

Input Offset Current lo s - 0.3 1.5 - 0.3 2.8 nA 

Input Bias Current ly -0.2 1.2 2.0 -0.2 1.2 2.8 nA 

input Noise Voltage e,.- 0.1Hz to 10Hz (Note 2) - 0.35 0.6 - 0.35 0.6 pVp-p 
fy = 10Hz (Note 2) - 10.3 18.0 - 10.3 18.0 

Input Noise Voltage Density e, fo = 100Hz (Note 2) - 10.0 13.0 - 100 13.0 vi/z 
fo = 1000Hz (Note 2) - 9.6 11.0 _ 9.6 11.0 

Input Noise Current he 0.1Hz to 10Hz (Note 2) - 14 30 - 14 30 pAp-p 
fo = 10Hz (Note 2) - 0.32 0.80 - 0.32 0.80 

Input Noise Current Density i, fo = 100Hz (Note 2) - 0.14 0.23 - 0.14 0.23 pAWHz 
fo = 1000Hz (Note 2) - 0.12 0.17 ~ 012 0.17 

girs pr Riy (Note 3) 26 245 2 185 45 a Ma 

Input Resistance — 

Caan aie Ricci - 200 - - 200 Ga 
Input Voltage Range IVR +13 +14 - +13 +14 - V 
Common-Mode Rejection Ratio CMRR Voy = £13V ~ 0.1 1.0 - 0.1 10 = pV/V 
Power Supply Rejection Ratio PSRR Vs = t3V to +18V - 0.7 3 - 0.7 3 pv/V 
Large-Signal Voltage Gain Avo R, 2 2kQ, VO = +10V 5000 12000 - ‘ 2000 8000 = V/mV 

R, 2 10k +13.5 +14.0 - 413.5 +14.0 - 
Output Voltage Swing Vo R, 22k 412.5 +13.0 - #125 +13.0 - Vv 
| R, 2 1k2 412.0 412.5 - #120 £125 - 
Slew Rate SR R, 2 2kQ (Note 2) 0.1 0.3 - 0.1 0.3 - V/ps 
Closed-Loop Bandwidth BW Avo, = +1 (Note 2) 0.4 0.6 _ 0.4 0.6 - MHz 
Open-Loop Output Resistance Ro - 60 - - 60 - Q 
V,. = +15V, No Load - 50 60 - 50 60 
° $ ’ 
Power Consumpron Ps V,, = 23V, No Load -~ 35 45 - 35 45 ue 
Offset Adjustment Range R,=20kQ - +3 ai s +3 - mV 
NOTES: Excluding the initial hour of operation, changes in V,, , during the first 30 oper- 


1. Long-Term Input Offset Voltage Stability refers to the averaged trend line of 


Vos vs Time over extended periods after the first 30 days of operation. 
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ating days are typically 2.5pV. 
2. Sample tested. 
3. Guaranteed by design. 
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ELECTRICAL CHARACTERISTICS at Vs = +15V, -55°C < Ta < +125°C, unless otherwise noted. 


7 : ee ee eee: OP-77A OP-77B | 
PARAMETER . SYMBOL CONDITIONS MiN TYP MAX MIN TYP MAX UNITS 
Input Offset Voltage _ . . Vos. | _ : 25 60 a “48 . a0 a a 
Average Input Offset . eee ; ven | _ | : 
Voltage Drift TCVos (Note 1) | : ee 0.1 0.3 ae 2 06 - uV/°C 
Input Offset Current | los | = 05 2.2 - O58 (45 | nA 
A Input Offset Current eae | | - ie 
ill cati as Cae TClos (Note 2) ee ee — 15 50 ~ parc 
Drift a 
Input Bias Current . lp — F -0.2 2.4 4 -02 24 6 nA. 
A Input Bi . 4 . — 
ee Ee eer asl Cle (Note 2) ae 8 «25 —~ 6 35 pA/?C 
Drift 
Input Voltage Range WR. | 413° «$13.5 an +13 +1359 °° = i V 
Common-Mode Rejection Ratio CMRR Vom =+13V_ | — 0.1 1.0 _ 0.1 - 3 . KV/V 
Power Supply Rejection Ratio | PSRR Vg = +3V to +18V _— 1 3 — 1 5 : uV/V 
Large-Signal Voltage Gain Avo R.= 2k9), Vo = +10V 2000 6000 — 1000 4000. — V/mV 
Output Voltage Swing Vo R, 2 2k +12 +13.0 — +12 +13.0 = V 
Power Consumption Pg Vg = +15V, No Load = 60 1 / Ge 60 75 mw 
. NOTES:, 9. : | | 
1. OP-77A: TCVog is 100% tested. 
2. Guaranteed by end-point limits. 
TYPICAL OFFSET VOLTAGE TEST CIRCUIT TYPICAL LOW-FREQUENCY NOISE TEST CIRCUIT 


O: OUTPUT 
i 4.7uF 


<= (~10Hz FILTER) 


7 Vo 
INPUT REFERRED NOISE = 25,000 | 


OPTIONAL OFFSET NULLING CIRCUIT 
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OP77 


ELECTRICAL CHARACTERISTICS at Vs = + 15V, Ta = 25°C, unless otherwise noted. 


A a a a a aE EE I DI CE To AE OP IE TT FI PE TSE IT ES aT PTY TI I SIGE ET EE I BR SHES 


OP-77E OP-77F OP-77G/H 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 
Input Offset Voltage Vos — 10 25 — 20' 60 — 50 100 pV 
pong Ter Nos Vos/Ti Note 1 0.3 ive 3 

Stability os/Time (Note 1) _ ; = _ : _ _ 0.4 = uV/Mo 
Input Offset Current los = 0.3 1.5 = 0.3 2.8 _ 0.3 2.8 nA 
Input Bias Current Ip -0.2 1.2 2.0 -0.2 12 2.8 -0.2 1.2 2.8 nA 

0.1Hz to 10Hz: 
Input Noise Volta —_ : ‘ _ : ; _ : : 
put Noi oltage enp-p (Note 2) 0.35 0.6 0.38 0.65 038 0.65 LV p-p 
put Noiée fo = 10Hz — 10.3 18.0 _ 10.5 20.0 — 105 20.0 
Woltaae-Densit en fo = 100Hz (Note 2) _ 10.0 13.0 co 10.2 13.5 — 102 13.5 nV/\/ Hz 
aes y fo = 1000Hz — 96 11.0 — 98 15 — 98 115 
: 0.1Hz to 10Hz 
Input Noise Current inp-p (Note 2) _ 14 30 =, 15 35 = 15 35 PAp-p 
: fo = 10Hz — 032 0.80 — 035 0.90 — 035 0.90 
Input Noise ; 
Currant Banslt ti fo = 100Hz (Note 2) — 0.14 0.23 _ 0.15 0.27 _ 0.15 0.27 pA/\/Hz 
Y fo = 1000Hz — 012 0.17 — 013 0.18 — 013 018 
Input Resistance — : 
4 _— ‘ _ ; — 

Differential-Mode . Rin ee a : ee i es ~ im 
Input Resistance — 

Common-Mode Rincm ma 200 a rene 200 Farr as 200 ie GO. 
Input Voltage Range IVR +13 +14 _ +13 +14 _ +13 +14 — Vv 
Common-Mode 

=+ _ 0.1 1.0 _ 0.1 1.6 — 0.1 1.6 / 

Rejection Ratio abel Vom ny ey 
P | 

Owel Supe y . PSRR Vg = +3V to +18V — 0.7 3.0 — 0.7 3.0 _ 0.7 3.0 pV/V 

Rejection Ratio 
Large-Signal — R, = 2k, ae 

: 1200 _ 2000 6000 _ 2000 6000 _ V/mV 

Voltage Gain Avo Vo = +10V ee 
au a a R, 2 10kN +13.5 +14.0 —_ +13.5 +14.0 —_ +13.5 +140 — 

= joel Vo R, > 2k +125 +130 — +125 +130 — +125 +130 —. V 

ke R, > 1k +120 +125 — +120 +125 — +120 +125 — 
Slew Rate SR R, = 2k (Note 2) 0.1 0.3 _ 0.1 0.3 _ 0.1 0.3 _ V/s 
Closed-Loop Avet = +1 
BW 0.4 0.6 — 0.4 0.6 _ 0.4 0.6 _ MHz 

Bandwidth (Note 2) 

Open-Leop Output Ro _ 60 = - 60 _ = 60 - re) 

Resistance 

Vg = +15V, No Load _ 50 60 _ 50 60 — 50 60 
i : mw 
Power Consumption Py Ve = +3V, No Load . a 35 45 = 3.5 4.5 — 3.5 4.5 
Offset Adjustment Rp = 20k = +3 _ _ +3 = oe +3 ae mV 

Range 

NOTES: 


1. Long-Term Input Offset Voltage Stability refers to the averaged trend line 
of Vos vs. Time over extended periods after the first 30 days of operation. 
Excluding the initial hour of operation, changes in Vog during the first 30 
operating days are typically 2.5yV. 

Sample tested. 

3. Guaranteed by design. 


© 
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ELECTRICAL CHARACTERISTICS at Vs = +15V, -25°C s T. s +85°C for OP-77E/FJ and OP-77E/FZ, o°c s Th = +70°C for 
OP-TTEMFIGPIGS, 40°C. < Ue < +85°C for OP- 7THPIHS, unless. otherwise noted. 


| | OP-77E " ~ OP-77F - OP-77G/H 
PARAMETER | SYMBOL CONDITIONS MIN MAX — MIN TYP MAX MIN TYP MAX UNITS 
- J, Z Packages = 10 . 45 - 20 ~—- 100 = - - 
Input Offest Voltage, Vg  P Package - 10 55 2 20 100 zs 80 150 uv 
Average input Offset J, Z Packages - 0.1 ' 0.3 - 0.2 0.6 ~ - ~ a 
Voltage Drift WEo5 PPackage ‘Note 1) 03 06 - 04 10 -~ o7 12 HVC 
Input Offset Current — los ~ 0.5 2.2 - 0.5 4.5 _ 05 4.5 nA 
Average Input Offset . . 
nailer TClos (Note 2) - 15 40 - 15 85 - 15 85 pAC 
: _E, F, G Grades . —0.2 2.4 4.0 —0.2 2.4 6.0 0.2 2.4 6.0 
Input Bias Current lp H Grade 7 2 e 2 _ _ 24 46.0 nA 
Average Input Bias | | . . : 
Current Drift TCl, (Note 2) _ 8 40. - 15 60 - 15 60 pA/°C 
Input Voltage Range IVR 213.0 +13.5 - #13.0 +2£13.5 - +13.0 £13.5 - Mv 
Common-Mode iy 
Rejection Ratio CMRR | Vom = = 3V - 0.1 : .0 - 0.1 3.0 - 0.1 3.0 pV/V 
Power Supply 3 | - a 
Rejection Ratio PSRR Vs = #3V to +18V 1.0 3.0 | 1.0 5.0 1.0 5.0 pV/V 
Large-Signal | 7 R, z 2kQ | a ; 
Voltage Gain : Avo aT Vo = +10V 2000 6000 : 1000 4000 1000 4000 VimV 
Cutput Vellage V R, 2 2kaQ 212 £13. 2 212 #13.0 a 212 2130 29 - V 
Swing °) L - é; 
Power Consumption Ps Vg = #15V, No Load ~ 60. 75 - 60 75 oo 60 75 mW 
NOTES: 


1. OP-77E: TCV, s is 100% tested on J and Z packages. 
2. Guaranteed by end-point limits. 


OPEN-LOOP GAIN LINEARITY 


TYPICAL 
PRECISION OP AMP 


Ry = 2k2 


NOTES: 

1. GAIN NOT CONSTANT CAUSES NONLINEAR ERRORS. 

2. Ayo SPEC IS ONLY PART OF THE SOLUTION. 

3. CHECK YOUR OP AMP PERFORMANCE, ESPECIALLY AT TEMPERATURES. 


Ayo ~ 10,000V/mv 
Ry = 2k 


Actual open-loop voltage gain can vary greatly at various output This is the output gain linearity trace for the new OP-77. The 
voltages. All automated testers use end-point testing and there- output trace is virtually horizontal at all points, assuring ex- 
fore only show the average gain. This causes errors in high tremely high gain accuracy. The average open-loop gain is truly 
closed-loop gain circuits. Since this is so difficult for manufac- impressive — approximately 10,000,000. 


turers to test, you should make your own evaluation. This simple 
test circuit makes it easy. An ideal op amp would show a hori- 
zontal scope trace. 
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ANALOG 
DEVICES 


Precision, Low Voltage Micropower 


Operational Amplifier 


OP90 


FEATURES 


e Single/Dual Supply Operation. .................. +1.6V to +36V 
+0.8V to +18V 
e True Single-Supply Operation; Input and Output 
Voltage Ranges Include Ground 


e@ Low Supply Current .............. se seessssccseceeesssenes 20uA Max 
@ High Output Drive 2.2... ttttesetterestcereeteeee 5mA Min 
e Low Input Offset Voltage ............... esses 150uV Max 
e High Open-Loop Gain ..............cccssssseeceeees 700V/mV Min 
e@ Outstanding PSRR ou... cc ccscssesessssscscceees 5.6uV/V Max 
e Standard 741 Pinout with Nulling to V— 

e Available in Die Form 


GENERAL DESCRIPTION 


The OP-90 is a high performance micropower op amp that 
operates from a single supply of + 1.6V to +36V or from dual 
supplies of +0.8 to +18V. Input voltage range includes the 
negative rail allowing the OP-90 to accommodate input 
signals down to ground in single supply operation. The 
OP-90’s output swing also includes ground when operating 
from a single supply, enabling “zero-in, zero-out” operation. 


The OP-90 draws less than 20uA of quiescent supply current, 
while able to deliver over 5mA of output current to a load. 
Input offset voltage is below 150uV eliminating the need for 
external nulling. Gain exceeds 700,000 and common-mode 
rejection is better than 100dB. The power supply-rejection 
ratio of under 5.6uV/V minimizes offset voltage changes 
experienced in battery powered systems. 


The low offset voltage and high gain offered by the OP-90 
bring precision performance to micropower applications. 
The minimal voltage and current requirements of the OP-90 


PIN CONNECTIONS 


Vos NULL aN EB N.C. 
—In [2] 7] V+ 
+IN Fae 16] OUT 
v— La] 15} Vog NULL 
8-PIN HERMETIC DIP 
(2-Suffix) 


8-PIN EPOXY MINI-DIP 
(P-Suffix) 


8-PIN SO (S-Suffix) 


OP-90 ARC/883 
LCC (RC-Suffix) 


suit it for battery and solar powered applications, such as 
portable instruments, remote sensors, and satellites. 


ORDERING INFORMATION '! 
PACKAGE 
T, = 25°C OPERATING 
Vog MAX CERDIP PLASTIC LCC TEMPERATURE 
(mV) 8-PIN 8-PIN © 20-CONTACT RANGE 
150 OP90AZ* e OPS0ARC/883 MIL 
150 OP90EZ = 7 IND 
250 OP90FZ “ = IND 
450 - OP90GP - XIND 
450 - opsoastt a XIND 


* 


For devices processed in total compliance to MIL-STD-883, add /883 after part 
number. Consult factory for 883 data sheet. 

t Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 

tt For availability and burn-in information on SO and PLCC packages, contact 

your local sales office. 


SIMPLIFIED SCHEMATIC 


*ELECTRONICALLY ADJUSTED ON CHIP 
FOR MINIMUM OFFSET VOLTAGE 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


REV. B 
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O OUTPUT 
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OP90 


ABSOLUTE MAXIMUM RATINGS (Note 1) Junction Temperature (T) .. aces, -65°C to +150°C 


Supply Voltage ...........ceescssesesssessseessssecssseccsssecesseecssseeeessees . +18V Lead Temperature (Soldéring, GO:SOC) ee eciesteecciss: we +300°C 
Differential Input Voltage .............. [(V—) — 20V] to [(V+) + 20 le Sa ae Se Rae gee Pn eee ee 
Common: Mode Input Voltage ) + 20V] PACKAGE TYPE @, 4 (Note 2) Gc UNITS 
seveesuesssatssssauessseestisvessstesssiessseesssees [(V—) — 20V] to [(V4) + 20V] 8-Pin Hermetic DIP (2) _ 148 16 "CW 
Output Short- Circuit Duration errr Saurnennteaccay: Indefinite 8-Pin Plastic DIP (P) 103 49 © . °CW 
Storage Temperature Range _ | “20-ContactLCC (RC) ==~S~*~—<“i—‘—‘:*~«SS*~“‘CSOCORS*~*~*C*CCN 
Z PACMAG foes chepccciactedcceectressseittaes rome -65°Cto+150°C  epnso(S) 188 © 43 GW 
P Package iscciaishvscnveiescnssrcanseiciiosheasss Se5Ciosis0C: ‘wine eee 
Operating Temperature Range | 1. Absolute maximum ratings apply to both DICE and packaged parts, unless other- 
OP aGOA  siussiceactodies ccleatioestnctelss i asecests —55°C to +125°C wise noted. 
(0) Ss :)0) = 0) |) re =26°C to 485°C. =. Se enec ted ior worst cece mowing concitions, i. is spected for device 


in socket for CerDIP, P-DIP, and LCC packages; 8, ais Specified for device sol- 


OP-90G $2 SVedlee sive gees ateadecoraietous aves seve siredees .. ~40°C to +85°C dered to printed circuit board for SO package. 


ELECTRICAL CHARACTERISTICS at Vs = +1.5V to +15V, Ta = +25°C, unless otherwise noted. — 


7 | OP-90A/E OP-90F OP-90G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX. UNITS 
Input Offset Voltage Vos —_ 50 150 _ 75 250 — 125 450 pV 
input Offset Current los Vom = OV — 0.4 3 — 0.4 5 _ 0.4 5 nA 
Input Bias Current | le Vom = OV =, 4.0 15 — 40 . 20 = 40 2 nA 
Vs =+ 15V, Vo =+ 10V , : : : 
- Ry = 100k - 700. 1200 _ 500 1000 = - 400 800 =, 
R, = 10kn 350 600 — 250 500 — 200 400 ee 
rd ae a Ree RL= akin _ 125. 250 = 100 200 — 100 =. 200 — oye 
ouage aan V+ = 5V, V- = OV, 
W<Vo<4V0 7 
Ry = 100k 200 400 _ 125 300 — 100 2500S — 
Rp=10kn = 100. 180 = 75 ~~ 140 — 70 140 _ 
V+=5V,V-=0V 1 7), 04 — — | 
Input Voltage Range IVR Vg=+15V (Note 2) -15/13.5 ie ise -15/13.5 = = ~15/13.5 = an y 
Vs =+15V “ ; 
Vo Ry = 10kn ’ +14 414.2 —~ +14 +142 — #14 414.2 -—.. Vv 
Ry = 2k0 ‘ +11 +12 — +1 «= +12 _ +11 +12 _ | 
| . V+=5V,V-=0V © 
Output voliage Swings. Vox RL=2kQ 40 42 = 40 42 = 40 42 — ’ 
. V+ = 5V, V- =0V | | | ' 
OL R, = 10k0) — 100 500 — 100 500 — 100 500 % 
V+ = 5V, V-= OV, 90° «110 = 80 100 _ 80 100 — 
Common Mode CMR OV < Vom < 4V . dB 
maid ‘s 
Hesection VS “alos 10 «4130 2=O— 90 1200 «— 9 20 — 
-15V < Voy < 13.5V 
ROWSESUPENY. | PSRR ai 40° 86 —- 10 56 — 32 10 V/V 
Rejection Ratio 
Slew Rate SR Vg=+15V- - 5 12 _ | 5 12 _ 5 12 — V/ms 
Vg = +1.5V . _— 9 15 _ Oo ° _ 9 15 - 
Supply eulion ; Isy Ve = +15V _ 14 20 44 20 14 20 BA 
nk Ay =+1 # : 
patina No Oscillations 200 650 — 20 60 — 250 650 — pF 
Stability 
(Note 1) 
7 fo = 0.1Hz to 10Hz | 
-Input Noise Voltage Cnp-p Ve = +15V = 3 _ _ 3 _ _ 3 _ BVp-p 
input Resistance . | 
= +15V — 30 _ — 30 _ _ 30 _ MoO. 
Differential Mode Rin Vs : ; 
Input Resistance - Vg = £15V ze 0 — = 20 a3 oe 20 = Go 


Common Mode 


NOTES: 
. 1. Guaranteed but not 100% tested. 
2. Guaranteed by CMR test. 
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ELECTRICAL CHARACTERISTICS at Vs = +1.5V to +15V, -55°C < Ta < 125°C, unless otherwise noted. 


SSS SSS SSS SSS SS ss Ss rs nv SU SEER 


OP-90A 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 
Input Offset Voltage Vos — 80 400 pV 
Average Input Offset 
TCV, — ° 
Voltage Drift oe os 2 BIG 
input Offset Current los Vom = OV _ 15 5 nA 
Input Bias Current lp Vom = OV _ 4.0 20 nA 
Vg = +15V, Vo = +10V 
R, = 100k 225 400 — 
Ry = 10k 125 240 — 
Large Signal R, = 2k 50 110 — 
A V/mV 
| vo 
Voltage Gain V+ =5V, V-=oVv, 
1V <Vo<4V 
Ry, = 100k) 100 200 — 
R, = 10k 50 110 = 
V+ = 5V, V- =0V 0/3.5 —_ _— 
t Vol R IVR Note 1 
Input Voltage Range Ve = #15V (Note 1) -15/13.5 _ = Vv 
Vs = +15V 
Vo Ry = 10k +13.5 +13.7 _— V 
Ry = 2kN +10.5 +11.5 —_ 
Output Voltage Swing ; V+ = 5V, V-=O0V J 
ia Ry = 2k0 3.9 4.1 = 
V V+ = 5V, V-=0V V 
of Ry = 10k = 100 500 . 
ae V+ = 5V, V- = OV, OV < Voy < 3.5V 85 105 _ 
Common Mode Rejection CMR Ve = +15V, -18V < Voy < 13.5V 95 115 _ dts 
Power Supply . PSRR — 3.2 10 uV/V 
Rejection Ratio 
Vg = +1.5V — 15 125 ! 
Supply Current Isy Vg = +15V ~ 19 30 uA 
NOTE: 
1. Guaranteed by CMR test. 
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OP90 


ELECTRICAL CHARACTERISTICS at Vs = +1.5V to +15V, —25°C = T, =< +85°C for OP-90E/F, —40°C = qT, < +85°C for OP-90G, 
unless otherwise noted. | , | 


OP-90E OP-90F . OP-90G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 
Input Offset Voltage Vos — 7 270 — 110 550 — 180 67  — 4yV 
Average Input Offset 
: TCV, ie 2 a 6 oe ° 
Voltage Drift ¢ oe 0.3 0 5 1.2 5 uV/°C 
Input Offset Current los Vom = OV - 0.8 3 _ 1.0 5 _ 1.3 ‘ ae nA 
Input Bias Current Ip Vom = OV — . 40 15 _ 4.0 20 ~ 4.0 25 nA 
Vg = +15V, Vo = +10V 
Ry = 100k 500 800 = 350 700 — 300 600 — 
Ry = 10k0 250 400 — 175 350 — 150-2500 — 
Large signal Avo Ry, = 2k0 100 200 _ 75 150 — 75 125 V/mV 
Voltage Gain V+ =5V. V-=O0V 
1V <Vo<4V 
Ry = 100k02 150 280 — 100 2202C— 80 60 — 
Ry = 10k0 7. 40 £— 50 10 8 — 40 9 — 
V+ = 5V, V- =0V 0/3.5 = = yc nn a 0/3.5 a se 
peewee iat Vg=+15V (Note1) -15/135 — — 18/135 — — -6/85 — = 
Vg = +15V 
Vo Ry = 10k0 #135 +14 = — +135 +146 = — +135 +14 °&2— V 
| Ry = 2k +105 +118 ~~ +105 +18 — +105 +18 — 
; V+ = 5V, V- =0V | : 
rere: rk Ru = 2k 39 414 = 39 44 = 39 44° — : 
‘ V+ = 5V, V-=0V | ‘j 
OL Ry, = 10k | — 100 500 — 100 500 — 100 500 ‘ 
Ve 90 «10 = — so 100 — 80 00 — 
Common Mode CMR OV < Voy < 3.5V dB 
Hejechon ‘ores 100 1200 — 9 #10 £— 90 10 — 
~15V < Voy < 13.5V 
power oupply: PSRR —- 10 56 — 32 1 — 56 178 uV/V 
Rejection Ratio j 
Vg = +1.5V oe 138-25 ze 13 25 ma 12-28 
A. 
pa osu. Isv Vg = +15V AY 30 —- 7 30 — 6 30 ’ 


NOTE: 
1. Guaranteed by CMR test. 
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ANALOG Low Power, High Precision 
DEVICES Operational Amplifier 


OP97 


FEATURES GENERAL DESCRIPTION 

; repeats as lone peng eee eooun pax The OP-97 is a low-power alternative to the industry-standard 
Bai e 20uV M OP-07 precision amplifier. The OP-97 maintains the standards 
Offset pea Diliicn ee ae ics of performance set by the OP-07 while utilizing only 600nA 

° Very Low ae Current pe = ee eee mis = supply current, less than 1/6 that of an OP-07. Offset voltage is 
a 100pA Max an ultra-low 25,.V, and drift over temperature is below0.6uV/°C. 
es Lo fil Og (oi ok (4 ed Oe 250pA Max External offset trimming is not required in the majority of circuits. 

¢ High Common-Mode Rejection ....................... 114dB Min 

¢« Extended Industrial Temp. Range ........... —40°C to +85°C 

¢ Available in Die Form PIN CONNECTIONS 


ORDERING INFORMATION ' 


PACKAGE OPERATING 

«CC TEMPERATORE 

TO-99 CERDIP PLASTIC RANGE 

OP97AJ* OP97AZ* - MIL 

OP97EJ OP97EZ OP97EP XIND 

OP97FJ OP97FZ OP97FP XIND EPOXY MINI-DIP 

- - opg7Fsit XIND (P-Suffix) 

creer ne On EE NCE NR v- (CASE) 

For devices processed in total compliance to MIL-STD-883, add /883 after part 8-PIN CERDIP 

number. Consult factory for 883 data sheet. (Z-Suffix) TO-99 
Tt Burn-in is available on commercial and industrial temperature range parts in ( J-Suffix) 

CerDIP, plastic DIP, and TO-can packages. EPOXY SOj{t 
tt For availability and burn-in information on SO and PLCC packages, contact (S-Suffix) 


your local sales office. 


SIMPLIFIED SCHEMATIC 


NULL (1) NULL (8) OVERCOMP 
O 6 O 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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OPo7 


linprovernénts have been made over OP-07 specifications in 
several areas. Notable is bias current, which remains below 
250pA over the full military temperature range. The OP-97 is 
ideal for use in precision long-term integrators or sample-and- 
hold circuits that must operate at elevated temperatures. 


Common-mode rejection and power-supply rejection are also 
improved with the OP-97, at 114dB minimum over wider ranges 
of common-mode or. supply voltage. Outstanding PSR, a 
supply range specified from +2.25V to +20V and the OP-97’s 
minimal power requirements combine to make the OP-97 a 
preferred device for portable and battery-powered instruments. 


The OP-97 conforms to the OP-07 pinout, with the ‘null 
potentiometer connected between pins 1 and 8 with the wiper 
to V+. The OP-97 will upgrade circuit designs using 725, OP05, 
OP07, OP12, and 1012 type amplifiers. It may replace 741-type 
amplifiers in circuits without nulling or where the nulling 
circuitry has been removed. 


ABSOLUTE MAXIMUM RATINGS (Note 1) 


Supply Voltage .............ccsesssececeeeeees evotee sans onedavevseeonanglaves +20V 
Input Voltage (Note 3)... eee alan See ioena th +20V 
Differential Input Voltage (Note 4) ooo... eee ceseeeeeeee +1V 


Differential Input Current (Note 4) ..0...0..... si uve sadgsdsciace +10mA 


J ate 
f* 
ae 


Output Short-Circuit Duration ....0..... eee ge! Indefinite 


Operating Temperature Range. Pde 
OP STA SZ) ccctivee ecosevancssacenscentesercientees —-55°C to +125°C 
OP-97E. F.1d Pi ZS) sociiectocistecrvens aveease ee —40°C to +85°C 

Storage Temperature Range ...............0.0006 —65°C to +150°C 

Junction Temperature Range ..............:...06 —65°C to +150°C 

Lead Temperature (Soldering, 60 sec)...................3 +800°C 

PACKAGE TYPE @, 4 (Note 2) Gc “UNITS 
. TO-99 (J) 150 18 °C/W 
8-Pin Hermetic DIP (Z) 148 -16 - °° °C/W 
8-Pin Plastic DIP (P) 103 43 °C/W 


8-Pin'SO (S) . | 158 43 °C/W 

NOTES: 

1. Absolute maximum ratings apply to both DICE and packaged parts, oilers 

otherwise noted. | 

8; a iS Specified for worst case mounting conditions, i.e.,.6. ais specified for 

device in socket for TO, CerDIP, and P-DIP packages; 8; a |S Specified for 

device soldered to printed circuit board for SO package. 

For supply voltages less than +20V, the absolute maximum input voltage is 

equal to the supply voitage. 

. The OP-97's inputs are protected by back-to-back diodes. Current-limiting re- 
sistors.are not used in order to achieve low noise. Differential input voltages 
greater than 1V will cause excessive current to flow through the input protec- 
tion diodes unless limiting resistance is used. 


Lad 


o 


> 


ELECTRICAL CHARACTERISTICS at Vs = +15V, Vom = OV, Ta = +25°C, unless otherwise noted. 
NN 


OP-97A/E OP-97F . ca 
PARAMETER SYMBOL CON DITIONS . MIN TYP . MAX MIN TYP MAX _ UNITS 
Input Offset 
Voltage Vos — 10 25 30 75 pV 
Long-Term 
Offset Voltage AVos/Time _ 0.3 — a 0.3 — pV/Month 
Stability 
Input Offset 
— 30 100 _ 30 150 A 
Current los ( p 
aes ig = +30" +100 — +30 +150 pA 
Current 
Input Noise ‘ 0.1Hz to 10Hz is 0.5 on — 0.5 — BV, 
Voltage nee 1 se T ia 
Input Noise P fo = 10Hz (Note 2) a 17 30 = 17 30 nW//Hz 
Voltage Density : fo = 1000Hz (Note 3) _ 14 22 _— 14 22 nW//Hz 
Input Noise : 
fo = 10H — 20 = _ 20 _ fA/\/Hz 
Current Density 'N 2 5 7 
Large-Signal 
A Vo = £10V; R, = 2kN 300 2000 = 200 2000 — V/mV 
Voltage Gain v0 2 PPR - cS 
pormmon Mode. eur Vom = £:13.5V 114 132 = 110 0200 ee 
Rejection 
Rehebenad PSR Vg = £2V to +20V 114 132 ae 110 132 a dB 
Rejection 
input Voltage IVR (Note 1) 413.5 +14.0 = +13.5 +14.0 — Vv 
Range 
Culpur Menage Vo R, = 10k | +13. +14 = +13 +14 2 V 
Swing 
Slew Rate SR | 0.1 0.2 _ 0.1 0.2 _ V/ps 
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ELECTRICAL CHARACTERISTICS at Vs = +15V, Vow = OV, Ta = +25°C, unless otherwise noted. (Continued.) 


OP-97A/E OP-97F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
Differential 

Input Resistance Rin iNetes) 30 = = 30 — a MQ 
Closed-Loop >. 

Sarawidin BW Avo. = +1 0.4 0.9 _ 0.4 0.9 _ MHz 
Supply Current iS = 380 600 = 380 600 uA 
Supply Voltage Vs Operating Range +2 +15 +20 +2 +15. +20 Vv 
NOTES: 


a 


Guaranteed by CMR test. 

10Hz noise voltage density is sample tested. Devices 100% tested for noise 
are available on request. 

Sample tested. 

Guaranteed by design. 


Nn 


Po 


ELECTRICAL CHARACTERISTICS at Vg = £15V, Voy = OV, 40°C < T, < +85°C for the OP-97E/F and -55°C < T, < +125°C 
for the OP-97A, unless otherwise noted. 


OP-97A/E OP-97F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
Input Offset 
Voltage View - 25 60 - 60 200 nV 
Average Temperature = 0.2 0.6 - 0.3 2.0 : 
Coefficient of V, WeVas S-Package _ ~ - - 0.3 WES 
Input Offset 
Ratcit ios - 60 250 - 80 — 750 pA 
Average Temperature ; 
Coefficient of | TClos - 0.4 2.5 - 0.6 7.5 pArc 
Input Bias | | | | ; 
Bn ls +60 £250 +80 +750. pA 
feo eg te TCI - 04 25 - 06 75 parC 
Coefficient of |, B 
Large-Signal aan of 
Voltage Gain Ay O Vo = +10V; R, = 2kQ 200 1000 150 1000 V/imV 
nee CMR Vo y= 213.5V 108 128 e 108 128 : dB 
Rejection CM 
powee rey PSR V_ = #2.5V to £20V 108 126 2 108 128 : dB 
Rejection Ss 
pur voltage IVR (Note 1) 413.5 +£14.0 * 413.5 +14.0 = V 
Range 
page V R, = 10k 413-414 2 +130 £14 rs V 
Swing °) L 
Slew Rate SR 0.05 0.15 - 0.05 0.15 - V/ps 
Supply Current Isy - 400° 800 - 400 800 pA 
Supply Voltage Vo Operating Range +2.5 +15 +20 +2.5 +15 +=+20 V 
NOTES: 


1. Guaranteed by CMR test. 
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ANALOG 
DEVICES. 


Low Noise, Low Drift 


~ Single-Supply Operational Amplifiers 


FEATURES 

Single- or Dual-Supply Operation 
Low Noise: 4.7 nV//Hz @ 1 kHz 
Wide Bandwidth: 3.4 MHz 

Low Offset Voltage: 100 pV 
Very Low Drift: 0.2 pV/°C 

Unity Gain Stable 

No Phase Reversal 


APPLICATIONS 

Digital Scales 

Multimedia 

Strain Gages 

Battery Powered Instrumentation 
Pemperature Hlansducer emer 


‘GENERAL DESCRIPTION - 

The OP-113 family dual operational amplifier features the lowest 
noise and drift of any single-supply amplifier. It has been 
designed for systems with internal calibration. Often these pro- 
cessor based systems are capable of calibrating corrections for 
offset and gain, but they cannot correct for temperature drifts 
and noise. Optimized for these parameters, the OP-113 family 
can be used to take advantage of superior analog performance 
combined with digital correction. Many systems using internal 
_ calibration operate from unipolar supplies, usually either +5 
volts or +12 volts. The OP-113 family is designed to operate 
from single supplies from +4 volts to +36 volts, and:to main- 
tain its low noise and precision performance. 


The OP-113 family is unity gain stable and has a typical gain 

~ bandwidth product of 3.4 MHz. Slew rate is in excess of 1 V/s. 
Noise density is a very low 4.7 nV/\/Hz, and noise in the 0.1 Hz 
to 10 Hz band is 120 nV p-p. Input offset voltage is guaranteed 
and offset drift is guaranteed to be less than 0.8 wV/°C. Input 
common-mode range includes the negative supply and to within 
1 volt of the positive supply over the full supply range. Phase 
reversal protection is designed into the OP-113 family for cases 
where input voltage range is exceeded. Output voltage swings 
also include the negative supply and go to within 1 volt of the 
positive rail. The output is capable of sinking and sourcing cur- 
rent throughout its range and is specified with 600 Q loads. 


Digital scales and other strain gage applications benefit from the — 


very low noise and low drift of the OP-113 family. Other appli- 
cations include use as a buffer or amplifier for both A/D and 

D/A sigma-delta converters. Often these converters have high — 
resolutions requiring the lowest noise amplifier to utilize their | 
full potential. Many of these converters operate in either single- 
supply or low-supply voltage systems, and attaining the greater 
signal swing possible increases system performance. No other 


*Protected by U.S. Patent No. 5,146,181. 
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PIN CONNECTIONS | 
8-Lead Epoxy DIP 


a | (P Suffix) — 
8-Lead Narrow-Body SO _8-Lead Ceramic DIP 
(S Suffix) (Z Suffix) 


8-Lead Epoxy DIP 


(P Suffix) ; 
8-Lead Narrow-Body SO 8-Lead Ceramic DIP 
(S Suffix) (Z Suffix) 


14-Lead Epoxy DIP 
— (P Suffix) | 
14-Lead Ceramic DIP 16-Lead Wide-Body SOL 
(Y Suffix) — (S Suffix) | 

OUT A 
OUTA| 1 | OUTDO 
-INA [2] “IND INA 
HINA] 3 H2}4IND = V+ 
+IN B 
V+ 4 | V- NB 
+N B oe rr +INC oyTB 


-INC = NC 


VVE 


single supply amplifier provides better performance for these 
applications. 


The OP-113 family is saccetes for single +5 volt and dual +15 
volt operation over the XIND—extended industrial (—40°C to 
+85°C) temperature range. They are available in plastic and 
ceramic 8-pin DIPs, plus SOIC-8 surface mount packages. 


Contact your local sales office for MIL-STD-883 data sheet and 
availability. 


REV. 


SPECIFICATIONS OP113/0P213/0P413 
ELECTRICAL CHARACTERISTICS (@ V, = +15.0 V, T, = +25°C unless otherwise noted) — | | 


OP-113E/OP-413E OP-113F/OP-413F 
Parameter . Symbol | Conditions Min Typ Max | Min Typ Max | Units 


INPUT CHARACTERISTICS 
Offset Voltage 


OP-113 

—40°C = T, = +85°C 
OP-213 

-40°C = T, = +85°C 
OP-413 

—40°C = T, S +85°C 
Vom = 0V; 

-40°C = T, = +85°C 
Vom =0OV 

-—40°C = T, S +85°C 


Input Bias Current 


Input Offset Current 


Input Voltage Range 
Common-Mode Rejection 


-15V<=Vom = +14V 
-15V Ss Vom = +14V, 
—40°C = Ty, = +85°C 
OP-113, OP-213, R, = 600 0, 
—-40°C = Ty, = +85°C | 
OP-413, R, = 1 kQ, 

—40°C = T, = +85°C 

R, = 2 kQ, 

—40°C = T, = +85°C 

Note 1 
Note 2 


Large Signal Voltage Gain 


Long Term Offset Voltage! 
Offset Voltage Drift 


OUTPUT CHARACTERISTICS 
Output Voltage Swing High Vou 


Ry = 2 kO 


R,. = 2 kQ, 

| -40°C <= T, = +85°C 
Output Voltage Swing Low VoL R, = 2k0 
| R, = 2 kQ, 


| —40°C = T, = +85°C 
Short Circuit Limit 


POWER SUPPLY 
Power Supply Rejection Ratio 


Vs = +2 Vto +18 V 
Vs = +2Vto+18V 
-40°C = T, = +85°C 


Supply Current/Amplifier Vour = 0V, Ry, = &, 
Vs = +18 V 
—40°C = T, = +85°C 
Supply Voltage Range 
AUDIO PERFORMANCE 
THD + Noise Vin =3V rms, Ry =2k0 


f = 1 kHz, 
Voltage Noise Density f = 10 Hz 
f = 1 kHz 

Current Noise Density f = 1 kHz 


0.1 Hz to 10 Hz 


Voltage Noise 
DYNAMIC PERFORMANCE 
Slew Rate SR R, = 2 k0 0.8 1.2 0.8 12 V/s 
Gain Bandwidth Product GBP 3.4 3.4 MHz 
Channel Separation Vout = 10 V p-p 
R, = 2 kO, f = 1 kHz 105 105 dB 
Settling Time ts to 0.01%, 0 to 10 V Step 9 9 WS 
NOTES 


1Long term offset voltage is guaranteed by a 1000 hour life test performed on three independent lots at 120°C, with an LTPD of 1.3. 
*Guaranteed specifications, based on characterization data. 


Specifications subject to change without notice. 
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0P113/0P213/0P413 


ELECTRICAL CHARACTERISTICS (@ V, = +5.0 V, Tl, = = ox unless otherwise noted) 


OP-213E OP-213F 
Parameter ymbol Conditions Min Typ Max| Min Typ Max Units - 


INPUT CHARACTERISTICS . 
Offset Voltage 


Input Bias Current 
Input Offset Current 


Input Voltage Range 
Common-Mode Rejection 


Large Signal Voltage Gain 


Long Term Offset Voltage! 
Offset Voltage Drift 


OUTPUT CHARACTERISTICS 
Output Voltage Swing High 


Output Voltage Swing Low 


Short Circuit Limit 


POWER SUPPLY 
Supply Current 
Supply Current 


AUDIO PERFORMANCE 
THD + Noise 
Voltage Noise Density 
Voltage Noise Density 
Current Noise Density 
Voltage Noise 


DYNAMIC PERFORMANCE 
Slew Rate 
Gain Bandwidth Product 
Settling Time 

NOTES 


‘Long term offset voltage is guaranteed by a 1000 hour life test performed on three independent lots at 120°C, with an LTPD of 1.3. 
2Guaranteed specifications, based on characterization data. 


Specifications subject to change without notice. 
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OP-113 

—-40°C = T, = +85°C 
OP-213 

-40°C = T, = +85°C 
OP-413 | 

—40°C = Ty, = +85°C 
Vom = 0 V; Vour = 2 
-40°C = T, = +85°C 
Vom = 0V; Vour = 2 
—40°C <= T, = +85°C 


0= Vom =4V 
0=Vcou =4V 
~40°C = T, = +85°C 


OP-113, OP-213, Ry, = 600, 2k 
0.01 V Ss Vour = 3.9 V 


OP-413, R, = 600, 2k 


0.01 V <= Vour <= 3.9V 


Note 1 
Note 2 


R, = 6000 


R, = 100k, —40°C < T, < +85°C 
R,. = 600 9, -40°C = T, = +85°C 


R, = 100k 


R,, = 600 0, —40°C <= T, < +85°C 
Ry. = 100 kM, —40°C < T, < +85°C 


Vout = 2.0 V, No Load 


—40°C < T, < +85°C 


Vout = 0 dBu, f = 1 kHz 


f = 10 Hz 
f = 1 kHz 
f = 1 kHz 
0.1 Hz to 10 Hz 


R, = 2 kO 


to 0.1%, 2 V Step 
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OP113/0P213/0P413 
WAFER TEST LIMITS (@ V, = +5.0 V, T, = +25°C unless otherwise noted) 


Offset Voltage Vs= +15V. uwV max 

Vem = 0, Vour = 2V wV max 
Input Bias Current Vem =90V nA max 
Input Offset Current Vom =0V nA max 
Input Voltage Range! V min 
Common-Mode Rejection 0=Voy=4V dB min 
Power Supply Rejection Ratio Vs = +2 Vto+l18V V/V 
Large Signal Voltage Gain R, = 2k0, Vg = +15 V V/V min 
Output Voltage Swing High R, = 600 0 V min 
Supply Current/Amplifier Vo = 0V,R, = % Vs, Vg = +18 V mA max/amp 
NOTES 


Electrical tests and wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guaranteed for 
standard product dice. Consult factory to negotiate specifications based on dice lot qualifications through sample lot assembly and testing. 
1Guaranteed by CMR test. 


ABSOLUTE MAXIMUM RATINGS’ ORDERING GUIDE 


Supply Voltage ........ 0... eee eee ee ee ees +18 V 
Input Voltage ook tea arin eiiae-on Oren eee +18 V Package 
Differential Input Voltage ............0002 eee +10 V Range Description 
Output Short-Circuit Duration toGND ......... Indefinite Op113AZ/883 | —55°C to +125°C | 8-Pin Cerdip 
Storage Temperature Range OP113BZ/883 | —55°C to +125°C | 8-Pin Cerdip 
ZY. Packages a ccbine ov hbataes —65°C to +175°C_) 3—_ & PE113EZ ~40°C to +85°C_ | 8-Pin Cerdip 
P..S Packaee’s..2 ss Sateen be eee ee —65°C to +150°C = @ P113EP ~40°C to +85°C._ | 8-Pin Plastic DIP 
Operating Temperature Range OP113ES —40°C to +85°C_ | 8-Pin SOIC 
OP-113/OP-213/OP-413A, B.......... —55°C to +125°C OP113FP ~40°C to +85°C._ | 8-Pin Plastic DIP 
OP-113/OP-213/OP-413E, De rei aaesan eats —40°C to +85°C OP113FS —40°C to +85°C. | 8-Pin SOIC 
Junction Temperature Range OP113GBC 425°C DICE. 
PS Package oe, =65C to 415°C OPZIBAZ/BES | ~58°C wo + 125°C |8-Pin Crd 
: ; ° P213BZ/883 | —55°C to +125°C | 8-Pin Cerdip 
Lead Temperature Range (Soldering, 60 sec) ....... +300°C OP213EZ 40°C to +85°C_ | 8-Pin Cerdip 
Package Type OP213EP —40°C to +85°C_ | 8-Pin Plastic DIP 
: : o OP213ES —40°C to +85°C_ | 8-Pin SOIC 
aoe Dae cow OP2IBEP—| —40°C to +85°C | 8-Pin Plastic DIP 
‘ 6 OP213FS —40°C to +85°C_ | 8-Pin SOIC 
se dhengehcaa CW OP213GBC_| +25°C DICE 
14-Pin Cerdip (Y) °C/W 
14-Pin Plastic DIP (P) OP413AY/883 | —55°C to +125°C | 14-Pin Cerdip 
16-Pin SOL (S) OP413BY/883 | —55°C to +125°C | 14-Pin Cerdip 
come pees —40°C to +85°C | 14-Pin Cerdip 
; 1s P413EP —40°C to +85°C | 14-Pin Plastic DIP 
serpents ratings apply to both DICE and packaged parts, unless OP413ES ~40°C to +85°C |] 6-Pin S OL 
79,, is specified for the worst case conditions, i.e., 8), is specified for device in OP413FP —40°C to +85°C | 14-Pin Plastic DIP 
socket for cerdip, P-DIP, and LCC packages; @,, is specified for device OP413FS —40°C to +85°C | 16-Pin SOL 
soldered in circuit board for SOIC package. OP413GBC +25°C ‘| DICE 


‘DICE CHARACTERISTICS 


OP-113 Die Size 0.064 X 0.0627 inch, 3,968 sq. mils. 
Substrate (Die Backside) ls Connected to V+. 
Transistor Count, 66. 
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*For outline information see Package Information section. 
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OUTA V+ 


v- +INB 


OP-213 Die Size 0.062 X 0.097 inch, 6,014 sq. mils. 
Substrate (Die Backside) Is Connected to V+. 
Transistor Count, 132. 


- OUTA OUTD 


—— -IND 


—— -INC 


OUTB OouTCc 


OP-413 Die Size 0.106 X 0.106 inch, 10,176 sq. mils. 
Substrate (Die Backside) Is Connected to V+. : 
Transistor Count, 256. 


APPLICATIONS 

The OP-113, OP- 213 and OP-413 form a new w family of high 
performance amplifiers that feature precision performance in 
standard dual supply configurations, and, more importantly, — 
maintain precision performance when a single power supply is 
used. In addition to accurate dc specifications, it is the lowest 
noise single supply ampunet: available with only 4.7 BV//Hz Hz 
typical noise density. 


Single supply applications have special requirements due to the 
generally reduced dynamic range of the output signal. Single 
supply applications are often operated at voltages of +5 volts or 
+12 volts, compared to dual supply applications with supplies 
of +12 volts or +15 volts. This results in reduced output 
swings. Where a dual supply application may often have 20 volts 
of signal output swing, single supply applications are limited to 
at most the supply range, and more commonly several volts 
below the supply. In order to attain the greatest swing the single 
supply output stage must swing closer to the supply rails than in 
dual supply applications. 


The OP-113 family has a new patented output stage that allows 
the output to swing closer to ground, or the negative supply, 
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than previous bipolar output stages. Previous op amps had out- 


puts that could swing to within about ten millivolts of the nega- 
tive.supply in single supply applications. However the OP-113 
family combines both a bipolar and a CMOS device in the out- 
put stage, enabling it to swing to within a few hundred micro- 
volts of ground. 


When operating with reduced supply voltages, the input range 
is also reduced. This reduction in signal range results in reduced 


- signal-to-noise ratio, for any given amplifier. There are only two 


ways to improve this; increase the signal range or reduce the 
noise. The OP-113 family addresses both of these parameters. 
Input signal range is from the negative supply to within one volt of 
the positive supply over the full supply range. Competitive parts . 
have input ranges that are a half a volt to five volts less than this. 
Noise has also been optimized in the OP-113 family. At 4.7 nV/ 
\/Hz, it is less than one fourth that of competitive devices. 


Phase Reversal 


‘The OP-113 family is protected meanest Shae reversal as joni as 


both of the inputs are within the supply ranges. However, if there 
is a possibility of either input going below the negative supply 
(or ground in the single supply case), then the inputs should be 
protected with a series resistor to limit input current to 2 mA. 


OP-113 Offset Adjust 

The OP-113 has the facility for external offset aaiineacne using 
the industry standard arrangement. Pins 1 and 5 are used in 
conjunction with a potentiometer of 10 k. total resistance, con- 
nected with the wiper to V— (or ground in single supply appli- 
cations). The total agysment range is about +2 mV using this 
configuration. 


Adjusting the offset to zero has minimal effect on offset drift 


(assuming the potentiometer has a tempco of less than 1000 ppm/ 
°C). Adjustment away from zero, however, (like all bipolar ~ 
amplifiers) will result in a TCVog of approximately 3.3 V/°C 
for every millivolt of induced offset. 


It is, therefore, not generally recommended that this trim be. 
used to compensate for system errors originating outside of the 
OP-113. The initial offset of the OP-113 is low enough that 


external trimming is almost never required, but if necessary, the 
2 mV trim range may be somewhat excessive. Reducing the 


trimming potentiometer to a 2 kO value will give a more reason- 
able range of +400 pV. 


R3 
17.2kQ .. R4 
0.1% 500Q 
CMRR TRIM 

10-TURN 

T.C. LESS THAN 50PPM/°C 


9 OUTPUT 


OP-213 F.S. 


Rt Ri ot 
17.2kQ2 3012 — 
0.1% 0.1% © 


Figure 1. Precision Load Cell Scale Amplifier 
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APPLICATION CIRCUITS 

A High Precision Industrial Load-Cell Scale Amplifier 

The OP-113 family makes an excellent amplifier for conditioning 
a load-cell bridge. Its low noise greatly improves the signal reso- 
lution, allowing the load cell to operate with a smaller output 
range, thus reducing its nonlinearity. Figure 1 shows one half of 
the OP-113 family used to generate a very stable 10.000 V 
bridge excitation voltage while the second amplifier provides a 
differential gain. R4 should be trimmed for maximum common- 
mode rejection. 


A Low Voltage Single Supply, Strain-Gage Amplifier 

The true zero swing capability of the OP-113 family allows the 
amplifier in Figure 2 to amplify the strain-gage bridge accurately 
even with no signal input while being powered by a single +5 
volt supply. A stable 4.000 V bridge voltage is made possible by 
the rail-to-rail OP-295 amplifier, whose output can swing to 
within a millivolt of either rail. This high voltage swing greatly 
increases the bridge output signal without a corresponding 
increase in bridge input. 


OUTPUT 
OV — 3.5V 


Rg = 2,127.42 


e Figure 2. Single Supply Strain-Gage Amplifier 


A High Accuracy Linearized RTD Thermometer Amplifier 
Zero-suppressing the bridge facilitates simple linearization of the 
RTD by feeding back a small amount of the output signal to the 
RTD (Resistor Temperature Device). In Figure 3 the left leg of 
the bridge is servoed to a virtual ground voltage by amplifier 
Al, while the right leg of the bridge is also servoed to zero-volt 
by amplifier A2. This eliminates any error resulting from 
common-mode voltage change in the amplifier. A three-wire 
RTD is used to balance the wire resistance on both legs of the 
bridge, thereby reducing temperature mismatch errors. The 
5.000 V bridge excitation is derived from the extremely stable 
AD588 reference device with 1.5 ppm/°C drift performance. 


Linearization of the RTD is done by feeding a fraction of the 
output voltage back to the RTD in the form of a current. With 
just the right amount of positive feedback, the amplifier output 
will be linearly proportional to the temperature of the RTD. 
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~15V +15V 
1g—{2) 
(11) 
0 
& 
(3) aDsssBD 
Bry Rg FULL SCALE ADJUST 
RS R7 
(7{2) OD 4.02kQ 1002 
, 
Rwi () 
x4 (s) 
oe 1) O Voyy (10mv/°C) 
RTD (5) ~1,50V = -150°C 
(4) +5.00V = +500°C 
een V 
-15V 
Rws RO 
5kQ 
ied - LINEARITY 
v7 6)—(2) : 07 ADJUST 
@12 FS. 
Al ' 
. U20P-213 


W) 
Figure 3. Ultraprecision RTD Amplifier 


To calibrate the circuit, first immerse the RTD in a zero-degree 
ice bath or substitute an exact 100 (0 resistor in place of the 
RTD. Adjust the ZERO ADJUST potentiometer for a 0.000 V 
output, then set R9 LINEARITY ADJUST potentiometer to 
the middle of its adjustment range. Substitute a 280.9 © resistor 
(equivalent to 500°C) in place of the RTD, and adjust the 
FULL-SCALE ADJUST potentiometer for a full-scale voltage 
of 5.000 V. : 


To calibrate out the nonlinearity, substitute a 194.07 ( resistor 
(equivalent to 250°C) in place of the RTD, then adjust the LIN- 
EARITY ADJUST potentiometer for a 2.500 V output. Check 
and readjust the full-scale and half-scale as needed. | 


Once calibrated, the amplifier outputs a 10 mV/°C temperature 
coefficient with an accuracy better than +0.5°C over an RTD 
measurement range of — 150°C to +500°C. Indeed the amplifier 
can be calibrated to a higher temperature range, up to 850°C. 


A High Accuracy Thermocouple Amplifier 

Figure 4 shows a popular K-type thermocouple amplifier with 
cold-junction compensation. Operating from a single +12 volt 
supply, the OP-113 family’s low noise allows temperature mea- 
surement to better than 0.02°C resolution from 0°C to 1000°C 
range. The cold-junction error is corrected by using an inexpen- 
sive silicon diode as a temperature measuring device. It should 
be placed as close to the two terminating junctions as physically 
possible. An aluminum block might serve well as an isothermal 
system. 


OV TO 10.00V 
(0°C TO 1000°C) 


Figure 4. Accurate K-Type Thermocouple Amplifier 
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R6 should be adjusted for a zero-volt output with the thermo- 
couple measuring tip immersed in a zero-degree ice:bath. When 
_ calibrating, be sure to adjust R6 initially to cause the output to 
swing in the positive direction first. Then back off in the nega- 
tive direction until the output just stops changing. 


An Ultralow Noise, Single Supply Instrumentation Amplifier 
Extremely low noise instrumentation amplifiers can be built 
using the OP-113 family. Such an amplifier that operates off a 
single supply is shown in Figure 5. Resistors RI-R5 should be 
of high precision and low drift type to maximize CMRR perfor- 
mance. Although the two inputs are capable of operating to zero 
volt, the gain of — 100 configuration will limit the amplifie 
input common mode to not less than 0.33 V. : 


+5V TO +36V 


Vout 


R3* 
2k2 
: By 
(2008 + 12.79) 
na 20k2 
GAIN = 6 
*ALL RESISTORS +0.1%, +25PPM/°C | Rg 


Figure 5. Ultralow Noise, Single Supply Instrumentation 
Amplifier : 


Supply Splitter Circuit | 

The OP-113 family has excellent frequency response characteris- 
tic that makes it an ideal pseudo-ground reference generator as 
shown in Figure 6. The OP-113 family serves as a voltage fol- 
lower buffer. In addition, it drives a large capacitor that serves 
as a charge reservoir to minimize transient load changes, as well 
as a low impedance output device at high frequencies. The 
circuit easily supplies 25 mA load current with good settling 
characteristics. 


V,* = +5V > +12V 


Figure 6. False Ground Generator 
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Low Noise Voltage Reference 


Few reference devices combine low noise and high output drive 


_ capabilities. Figure 7 shows the OP-113 family used as a two- 


pole active filter that band limits the noise of the 2.500 V refer- 
ence. Total noise measures 3 ,V p-p. | 


Figure 7. Low Noise Voltage Reference 


+5 V Only Stereo DAC For Multimedia _ 

The OP-113 family’s low noise and single supply capability are 
ideally suited for stereo DAC audio reproduction or sound syn- 
thesis applications such as multimedia systems. Figure 8 shows 
an 18-bit stereo DAC output setup that is powered from a single 
+5 volt supply. The low noise preserves the 18-bit dynamic 
range of the AD1868. For DACs that operate on dual supplies, 
the OP-113 family can also be powered from the same supplies. 


+5V SUPPLY 


Figure 8. +5 V Only 18-Bit Stereo DAC 


Low Voltage Headphone Amplifiers i 
Figure 9 shows a stereo headphone output amplifier for the __ 
AD1849 16-bit SoundPort® Stereo Codec device. The pseudo- — 
reference voltage is derived from the common-mode voltage gen- 
erated internally by the AD1849, thus providing a convenient 
bias for the headphone output amplifiers. 


SoundPort is a registered trademark of Analog Devices, Inc. | 
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OPTIONAL 
GAIN 
1kQ SkQ 


Var A = 
10nF 
LOUTIL 220uF 
&) L VOLUME ie + HEADPHONE 
CONTROL LEFT 
ATkQ = 
| 
I 
I 
| 
cmout (19) 


10kQ 220 F 


I 
I 
162 
NI + HEADPHONE 
Ny RIGHT 
1R 
LOUTIR (9) R VOLUME 47kQ = : 
10xF = CONTROL = 


10kQ 


N 
N 


| 5k2 


1kQ OPTIONAL 
GAIN 


Vaer 
Figure 9. Headphone Output Amplifier for Multimedia 
Sound Codec 


Low Noise Microphone Amplifier for Multimedia 

The OP-113 family is ideally suited as a low noise microphone 
preamp for low voltage audio applications. Figure 10 shows a 
gain of 100 stereo preamp for the AD1849 16-bit SoundPort Ste- 
reo Codec chip. The common-mode output buffer serves as a 
“phantom. power” driver for the microphones. | 


LEFT 
ELECTRET 
CONDENSER 
mic 

INPUT 


RIGHT 
ELECTRET 
CONDENSER 
mic 

INPUT 


Figure 10. Low Noise Stereo Microphone Amplifier for 
Multimedia Sound Codec 
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Precision Voltage Comparator 

With its PNP inputs and zero volt common-mode capability, the 
OP-113 family can make useful voltage comparators. There is 
only a slight penalty in speed in comparison to IC comparators. 
However, the significant advantage is its voltage accuracy. For 
example, Vos can be a few hundred microvolts or less, com- 
bined with CMRR and PSRR exceeding 100 dB, while operating 
on 5 V supply. Standard comparators like the 111/311 family 
operate on 5 volts, but not with common-mode at ground, nor 
with offset below 3 mV. Indeed no commercially available single 
supply comparator has a Vog less than 200 pV. 


Figure 11 shows the OP-113 family response to a 10 mV over- 
drive signal when operating in open loop. The top trace shows 
the output rising edge has a 15 ys propagation delay, while the 
bottom trace shows a 7 ws delay on the output falling edge. This 
ac response is quite acceptable in many applications. 


+10mV OVERDRIVE +5V 
+2.5V 
| | | 25k 
OV O 
0 
—2.5V 1002 
t, = t = 5ms 


Figure 11. Precision Comparator 


The low noise and 250 .V (maximum) offset voltage enhance 
the overall dc accuracy of this type of comparator. Note that 
zero crossing detectors and similar ground referred comparisons 
can be implemented even if the input swings to —0.3 volts 
below ground. 
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100 


“400 x OP AMPS 
PLASTIC PKG 


. 20 


0 
-50 -40 -30 -20 -10 0 10 20 30 40 50 


INPUT OFFSET VOLTAGE, Vog-—uV 


Figure 12a. OP-113 neu Offset (Vos) Distribution 
@+15V 


UNITS 


~100 ~80_ ~60 40 -20 0 20 40 60 80 100 
INPUT OFFSET VOLTAGE, Vos - Vv 


Figure 12b. OP-213 Input Offset ( Vos) Distribution 
@ +15V 


500 


1220 x OP AMPS 
PLASTIC PKG 
300 
e 
z 
=] 
200 
100 


-60 -40 -20 0 20 40 60 980 100 120 140 
INPUT OFFSET VOLTAGE, Vos - nV 


Figure 12c. OP-413 Input Offset Vos) Distribution 
@+15V 
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—40°C sT, = +85°C 
400 x OP AMPS 
PLASTIC PKG 


0 01 02 03 04 05 O6 O7 O08 09 10 | 


TCVo5 - uv 


Figure 13a. OP-113 Temperature Drift TCV 
Distribution @ +15 V 


500 


300 


UNITS 


- 200 


100 


0 0.1 #02 03 #04 05 O06 O07 O08 O09 1.0 


Figure 13b. OP-213 Temperature Drift (TCVos) 
Distribution @ +15 V 


40°C = T, = +85°C 
1220 x OP AMPS 
PLASTIC PKG 


0 Of 02 03 04 05:06 O07 O8 09 1.0 


Figure 13c. OP-413 Temperature Drift (TCVos) 
Distribution @ +15 V 
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l I 
zi z 
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a mene, | ma 
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a a. 
z z 
-75 —50 —25 0 25 50 75 100 125 -75 -50 ~25 0 +25 +50 +75 +100 +125 
TEMPERATURE - °C - TEMPERATURE - °C 
Figure 14. OP-113 Input Bias Current vs. Temperature Figure 17. OP-213 Input Bias Current vs. Temperature 
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Figure 15. Output Swing vs. Temperature and R, @ +5 V Figure 18. Output Swing vs. Temperature and R, @ +15 V 
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Figure 16. Channel Separation Figure 19. Open-Loop Gain vs. Temperature @ +5 V 
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ee 

i OLD 

a i ns ay a 
Ry, = 2kQ 
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> co a Di, ee 
> 
z 2 6 
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2 5 5 
° co) 
a a4 
r4 Ww 
a. 5 3 
o o 
3 n 

1 

0 

-75 -50 -25 0° +25 +50 +75 +100 +125 

TEMPERATURE -°C TEMPERATURE - °C 
Figure 20. OP-413 Open-Loop Gain vs. Temperature Figure 23. OP-213 Open-Loop Gain vs. Temperature 
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Figure 21. Open-Loop Gain, Phase vs. Frequency @ +5 V Figure 24. Open-Loop Gain Phase vs. Frequency @ +15 V 


V+ = 5V 
V—- = 0V Ty = +25°C 


50 


40 ety 

ae Ser A, = +100 T, = +25°C Ay = +100 IN Vg = #15V_ 
= 30 ‘ 1 30 | 
@ 20 @ 20 
: CNS ‘Ril : SIs Will 
3 10 = 10 : 
: CHAINS : CCHIT 
WwW WW 
” o . 
S 0 S 0 a 
* eT EEE ETE EN eae | 

a ~20 : 

1k: 10k 100k 10M 1k 10k 100k 1M 10M 
FREQUENCY - Hz . FREQUENCY - Hz 
Figure 22. Closed-Loop Gain vs. Frequency @ +5 V Figure 25. Closed-Loop Gain vs. Frequency @ +15 V - 
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PHASE MARGIN - Degrees 


a 
oi 
GAIN-BANDWIDTH PRODUCT - MHz 


GAIN-BANDWIDTH PRODUCT — MHz 
PHASE MARGIN - Degrees 


TEMPERATURE - °C TEMPERATURE ~ °C 
Figure 26. Gain Bandwidth Product and Phase Margin vs. Figure 29. Gain Bandwidth Product and Phase Margin 
Temperature @ +5 V vs. Temperature @ +15 V 
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Figure 27. Voltage Noise Density vs. Frequency Figure 30. Current Noise Density vs. Frequency 
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Figure 28. Common-Mode Rejection vs. Frequency @ +5 V Figure 31. Common-Mode Rejection vs. Frequency 
@+15V 
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Figure 32. Power Supply Rejection vs. Frequency Figure 35. Closed-Loop Output Impedance vs. a ts 
@ +15V @+15V 
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Figure 33. Maximum Output Swing vs. Frequency @ +5 V Figure 36. Maximum Output Swing vs. Frequency 
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Figure 34. Small Signal Overshoot vs. Load Capacitance Figure 37. Small Signal Overshoot vs. Load Capacitance 
@+5V @+15V 
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Figure 41. Slew Rate vs. Temperature @ 
+ 10.0 V) 


{- 


Figure 38. Slew Rate vs. Temperature @ +5 V 


(0.5 V < Voyr < +4.0 V) 


Figure 39. Input Voltage Noise @ +15 V 


(20 nV/div) 


Figure 42. Input Voltage Noise @ +5 V 


(20 nV/div) 


Figure 40. Noise Test Diagram 


TEMPERATURE - °C 


Figure 43. Supply Current vs. Temperature 
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0P113/0P213/0P413 


Figure 44. OP-213 Simplified Schematic 


*OP113 Family SPICE Macro-Model _ 


9/92, Rev. A 
* | JCN/PMI 
*Copyright 1992 by Analog Devices, Inc. 
* . 
*Node Assignments | 
* 
* _ Noninverting Input 
* tog . Inverting Input 
x ~ Positive Supply . 
* . el Negative Supply ~ 
* —— Output 
| 
-SUBCKT OP113 Family 3 2 7 4 6 
* 
* INPUT STAGE 
R3 4 19 1,5E3 
R4 4 20. 1.5E3 
Cl 19 20 5.31E-12 
Il 7 18 106E-—6 
IOS 2 3 = 25E-09 
EOS 12 5 POLY(1) 51 4 25E-06 1. 
Ql 19 3 18 PNPI 
Q2 20 12 18 + PNPI 
CIN 3 2 = 3E-12 
D1 3 1 DY 
D2 2 #1 #DY 
EN 5 2 22 0 1 
GNl1 0 2 25 O IE-5 
GN2 0 3 28 O IE-5 


* 


* VOLTAGE NOISE SOURCE WITH FLICKER NOISE 
DN1 21 22 DEN 

DN2 22 23 DEN 

VN1 21 0 DC2 

VN2 0 23 DC2 

* 

* CURRENT NOISE SOURCE WITH FLICKER NOISE 
. DN3 24 25 DIN 

DN4 25 26 DIN 

VN3 24 0 DC2 

VN4 0 26 DC2 


* 
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* SECOND CURRENT NOISE SOURCE 
DNS 27 28 DIN | 

DN6 28 29 DIN 

VNS5 27 0 DC2 

VN6 0 29 DC2 


* 


* GAIN STAGE & DOMINANT POLE AT .2000E+01 HZ 
G2 34 36 «19 20 2.65E-—04 

R7 34 36 ©639E+06 | 

4 DC 6 

D4 36 35 DX 

VB2 34 4 16° 


* SUPPLY/2 GENERATOR 


ISY 7 4 0.2E-3 
R10 7 60 40E+3 
Rll 60 4 40E+3 


C3 60 0 IE-9 
* 

* CMRR STAGE & POLE AT 6 kHZ | 

ECM 50 4 POLY(2) 3 60 2 60 0 16 0 16 
CCM 50 51 26.5E—12 

RCM1 50 51 156 

RCM2 51 4 1 


* 
* 


OUTPUT STAGE 

R12 37 36—«1E3. 

R13 38 «36 500 

C4 37: 6 ~—(20E-12 3 

CS 38-39 -«-20E-12 Bie 

Mi 39 36 4 4MN L=9E-6 W=1000E—6 AD=15E-9 AS=15E-9 
M2 45 36 4 4MN L=9E-6 W=1000E—6 AD=15E—9 AS=15E-9 
DS 39 47 DX prey ee 


Q4 417 43 QNAI 
R17 7 43 15 

Q5 43 39 6 QNA20 
Q6 46 45 6 QPA20 
R18 46 4 = 15 | 
Q7 36 464 QNAI 


M3 6 36 44 MNL=9E-6 W=2000E~—6 AD=30E—9 AS=30E-9 


* NONLINEAR MODELS USED 


* 
-MODEL DX D (IS=1E-15) 

-MODEL DY D (IS=1E-15 BV=7) 

-MODEL PNP1I PNP (BF=220) 

-MODEL DEN D(IS=1E-12 RS=1016 KF=3.278E—15 AF=1) 

-.MODEL DIN D(IS=1E-12 RS=100019 KF=4.173E-15 AF=1) 

-MODEL QNA NPN(IS=1.19E-16 BF=253 VAF=193 VAR=15 RB=2.0E3 

+ IRB=7.73E—6 RBM= 132.8 RE=4 RC=209 CJE=2.1E—13 VJE=0.573 

+ MJE=0.364 CJC=1.64E-13 VJC=0.534 MJC=0.5 CJS=1.37E—12 

+ VJS=0.59 MJS=0.5 TF=0.43E-9 PTF=30) 

-MODEL QPA PNP(IS=5.21E—17 BF=131 VAF=62 VAR=15 RB=1.52E3 

+ IRB=1.67E—5 RBM=368.5 RE=6.31 RC=354.4 CJE=1.1E—13 

+ VJE=0.745 MJE=0.33 CJC=2.37E—13 VJC=0.762 MJC=0.4 

+ CJS=7.11E—13 VJS=0.45 MJS=0.412 TF=1.0E—-9 PTF=30) 

-MODEL MN NMOS(LEVEL=3 VTO=1.3 RS=0.3 RD=0.3 TOX=8.5E-8 
+LD=1.48E—6 WD=1E-6 NSUB=1.53E16 UO=650 DELTA=10 VMAX=2E5 
+ XJ=1.75E—6 KAPPA=0.8 ETA=0.066 THETA=0.01 TPG=1 CJ=2.9E—4 
+ PB=0.837 MJ=0.407 CJSW=0.5E-—9 MJSW=0.33) 

x 


-ENDS OP113 Family 
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FEATURES _ 

Low Noise: 6 nV/VHz 

High Slew Rate: 25 V/s 
Wide Bandwidth: 10 MHz 
Low Supply Current: 2.5 mA 
Low Offset Voitage: 1 mV 
Unity Gain Stable 

SO-8 Package 


APPLICATIONS 
Line Driver 
Active Filters 
Fast Amplifiers 
Integrators 


GENERAL DESCRIPTION 

The OP176 is a low noise, high output drive op amp that 
features the Butler Amplifier front-end. This new front-end 
design combines both bipolar and JFET transistors to attain 
amplifiers with the accuracy and low noise performance of 
bipolar transistors, and the speed and sound quality of JFETs. 
Total Harmonic Distortion plus Noise equals previous audio 
amplifiers, but at much lower supply currents. 


Improved dc performance is also provided with bias and offset 
currents greatly reduced over purely bipolar designs. Input 
offset voltage is guaranteed at 1 mV and is typically less than 


' *Protected by U.S. Patent No. 5101126. 


Bipolar/JFET, 
Audio Operational Amplifier 


| OP176* 


PIN CONNECTIONS 
8-Lead Narrow-Body SO 8-Lead Epoxy DIP 
(S Suffix) (P Suffix) 


200 UV. This allows the OP 176 to be used in many dc coupled 
or summing applications without the need for special selections 


or the added noise of additional offset adjustment circuitry. 


The output is capable of driving 600 Q loads to 10 V rms while 
maintaining low distortion. THD + Noise at 3 V rms is a low 


0.0006%. 


The OP176 is specified over the extended industrial (-40°C to 
+85°C) temperature range. OP 176s are available in both plastic 
DIP and SO-8 packages. SO-8 packages are available in 2500 


piece reels. Many audio amplifiers are not offered in SO-8 


surface mount packages for a variety of reasons, however, the 
OP176 was designed so that it would offer full performance in 


surface mount packaging. 


Simplified Schematic 
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OP176-SPECIFICATIONS — a 
ELECTRICAL CHARACTERISTICS (@ V; = +15.0 V, T, = +25°C unless otherwise noted) | 


INPUT CHARACTERISTICS 


Offset Voltage © . Vos 
Offset Voltage ee es 
Input Bias Current I, 
Input Offset Current Ios 
Input Voltage Range Vom 
Common-Mode Rejection CMRR 


Large Signal Voltage Gain Ayo. 


Offset Voltage Drift AV 95/AT 


OUTPUT CHARACTERISTICS 
Output Voltage Swing 


Output Short Circuit Current 


POWER SUPPLY 
Power Supply Rejection Ratio | 


Supply Current 
Supply Current 


Supply Voltage Range 


DYNAMIC PERFORMANCE 
Slew Rate 
Gain Bandwidth Product 


AUDIO PERFORMANCE 
THD + Noise . 


Voltage Noise Density 
Current Noise Density | 


Specifications subject to change without notice. 
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-40°C < T, $ +85°C 
Vom = 0V 


Vem = 0 V, -40°C < T, $ +85°C 


Vom = 0V | 
Vom = 0 V, -40°C < T, < +85°C 


Vey = 10.5 V, 
-40°C < T, < +85°C 

R, =2kQ 

R, = 2 kQ, -40°C < T, < +85°C 
R, = 600Q 


, R, = 2 kQ, —40°C < Te < +85°C 


R, = 600 Q, V, = +18 V 


V, =+4.5 Vtot18V 
-40°C < T, $ +85°C 


V, =+4.5 Vtot18 V, Vo =0V, 


R, = ~, -40°C < T, $ +85°C 
V, = +22 V, Vo = 0V, R=, 
-40°C < T, $ +85°C | 


Vin = 3 Vrms, 

R, = 2 kQ, f= 1 kHz 
f= 1 kHz 

f= 1 kHz 


Units 
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OP176 
WAFER TEST LIMITS (@ V, = +15.0 V, T, = +25°C unless otherwise noted) 


Offset Voltage mV max 
Input Bias Current nA max 
Input Offset Current nA max 
Input Voltage Range’ V min 
Common-Mode Rejection cM = dB min 
Power Supply Rejection Ratio =+45Vto+tI18V dB min 
Large Signal Voltage Gain R, = 2 kQ V/mV min 
Output Voltage Range R, = 2 kQ V min 
V, = +18.0 V, R, = 600 Q V min 
Supply Current V; = £22.0 V, Vo =O V, RL = © mA max 
V, = +4.5 V to +18 V, mA max 


Vo =0V,R, = 


NOTES 

Electrical tests and wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guaranteed for standard 
product dice. Consult factory to negotiate specifications based on dice lot qualifications through sample lot assembly and testing. 

‘Guaranteed by CMR test. 


ABSOLUTE MAXIMUM RATINGS! DICE CHARACTERISTICS 
Supply VOllAGe «och cee eee ies kx tae owas tees oe $22:V 
INPUE VOlASE esi nc ck wie wen Gardens ward Peer aelex +18V 
Differential Input Voltage’ .... 0.0.0.0... cece eee +7.5V 
Output Short-Circuit Duration toGND .......... Indefinite 
Storage Temperature Range 

Py S Packatescvawa dae tn bee ee dae eas —65°C to +150°C 
Operating Temperature Range 

OP 116G: dx = eo A ae Ree Ora Fe hes ~40°C to +85°C 
Junction Temperature Range 

PS Packaee a7. oop ence eans neues —65°C to +150°C 
Lead Temperature Range (Soldering, 60 sec) ....... +300°C 


Package Type 


8-Pin Plastic DIP (P) 


8-Pin SOIC (S) OP176 Die Size 0.069 x 0.067 Inch, 4,623 Sq. Mils. 
NOTES Substrate (Die Backside) Is Connected to V-. 
‘Absolute maximum ratings apply to both DICE and packaged parts, unless Transistor Count, 26. 

otherwise noted. 
*For input voltages greater than +7.5 V limit input current to less than 5 mA. 
*Q,, is specified for the worst case conditions, i.e., 8), is specified for device in socket 
for P-DIP packages; 8,, is specified for device soldered in circuit board for SOIC 


package. 
ORDERING GUIDE 
Temperature Range | Package Description | Package Option* 
OP176GP —40°C to +85°C 8-Pin Plastic DIP N-8 
OP176GS —40°C to +85°C 8-Pin SOIC SO-8 
OP176GSR | -—40°C to +85°C SO-8 Reel, 2500 Pieces 
OP176GBC | +25°C DICE 
*For outline information see Package Information section. 
‘CAUTION 


ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. WARNING! S| 
Although the OP176 features proprietary ESD protection circuitry, permanent damage may Adi 

occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD | 
precautions are recommended to avoid performance degradation or loss of functionality. 


ESD SENSITIVE DEVICE 
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OP176—Typical Characteristics 


120 


Ve =+15V 
-40°C < un < +85°C 


Y 


a. 


i777 72a 


0 


. i a Cc 


Figure 1. Input Offset Voltage Drift Distribution @ +15 V 


ABSOLUTE OUTPUT VOLTAGE - V 


TEMPERATURE - °C — 


Figure 2. Output Swing vs. Temperature 


INPUT BIAS CURRENT - nA 


TEMPERATURE — °C 


Figure 3. Input Bias Current vs. Temperature 
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2 6 7 8 


- MAXIMUM OUTPUT SWING - Volts 


1k 10k 100k 1M 10M 
FREQUENCY - Hz 


Figure 4. Maximum Output Swing vs. Frequency 


OUTPUT SWING - Volts 
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Figure 5. Maximum Output Swing vs. Load Resistance 


SUPPLY CURRENT - mA 


0 +5 +0 +15 +20 +25 
SUPPLY VOLTAGE - V 


Figure 6. Supply Current per Amplifier vs. Supply Voltage 
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ABSOLUTE OUTPUT CURRENT - mA 
POWER SUPPLY REJECTION — dB 


100 1k 10k 100k 1M 
TEMPERATURE - °C FREQUENCY - Hz 
Figure 7. Short Circuit Current vs. Temperature @ +15 V Figure 10. Power Supply Rejection vs. Frequency 
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Figure 9. Closed-Loop Gain vs. Frequency Figure 12. Closed-Loop Output Impedance vs. Frequency 
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Hz 


VOLTAGE NOISE — nV/ 
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Figure 19. Voltage Noise Density vs. Frequency 


Vout 
(50mV/DIV) 


TIME ~100ns/DIV 


Figure 20. Small Signal Transient Response 
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FREQUENCY - Hz 


Figure 21. Current Noise Density vs. Frequency 


Vout 
(5V/DIV) 


TIME — 500ns/DIV 


Figure 22. Large Signal Transient Response 
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APPLICATIONS | | 

Short Circuit Protection 

The OP176 has been designed with output short circuit 
protection. The typical output drive current is +50 mA. This. 
high output current and wide output swing combine to yield an 
excellent audio amplifier, even when driving large signals, at low 
power and in a small package. 


Total Harmonic Distortion 

Total Harmonic Distortion + Noise (THD + N) of the OP176 
is well below 0.001% with any load down to 600 Q. However, 
this is dependent upon the peak output swing. In Figure 23 it is 
seen that the THD + Noise with 3 V rms output is below 
0.001%. In the following Figure 24, THD + Noise is below 
0.001% for the 10 kQ and 2 kQ loads but increases to above 
0.01% for the 600 Q load condition. This is a result of the 
output swing capability of the OP176. Notice the results in 
Figure 25, showing THD vs. V,,, (V rms). 


fos Vo = 3Vrms ae fen poms 


Ve = 118V as! 
F Vg = 10Vrms™ 


0.010 :: 


0.001 ! 


Figure 24. THD + Noise vs. R,oap 
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Vs = +1 8V 
R, = 6000 
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Figure 25. THD + Noise vs. Output Amplitude (V rms) 


The output of the OP176 is designed to maintain low harmonic 
distortion while driving 600 Q loads.. However, driving 600 Q 
loads with very high output swings results i in: higher distortion if 
clipping occurs. 


To attain low ee ee erer large output swings, 
supply voltages may be increased. Figure 26 shows the perfor- 
mance of the OP176 driving 600 Q loads with supply voltages 
varying from +18 volts to +20 volts. Notice that with +18 volt 
supplies the distortion is fairly high, while with +20 volt supplies 
it is a very low 0.0007%. 
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Noise 

The voltage noise density of the OP 176 is below 6 nV/VHz from 
30 Hz. This enables low noise designs to have good perfor- 
mance throughout the full audio range. Figure 27 shows a 
typical OP176 with a 1/f corner at 6 Hz. 


CH A: 80.0 pV FS 


; 10.0 pV DIV 
MKR: 15.9 pV../Hz 


Figure 27. 1/f Noise Corner 


Noise Testing 

For audio applications the noise density is usually the most 
important noise parameter. For characterization the OP176 is 
tested using an Audio Precision, System One. The input signal 
to the Audio Precision must be amplified enough to measure 
accurately. For the OP176 the noise is gained by approximately 
1020 using the circuit shown in Figure 28. Any readings on the 
Audio Precision must then be divided by the gain. In imple- 
menting this test fixture, good supply bypassing is essential. 


‘Figure 28. Noise Test 


Upgrading “5534°’ Sockets 

The OP176 is a superior amplifier for upgrading existing 
designs using the industry standard 5534. In most application 
circuits, the OP176 can directly replace the 5534 without any 
modifications to the surrounding circuitry. Like the 5534, the 
OP176 follows the industry standard, single op amp pinout. The 
difference between these two devices is the location of the null 
pins and the 5534’s compensation capacitor. 


The 5534 normally requires a 22 pF capacitor between Pins 5 
and 8 for stable operation. Since the OP176 is internally 
compensated for unity gain operation, it does not require 
external compensation. Nevertheless, if the 5534 socket already 
includes a capacitor, the OP176 can be inserted without 
removing it. Since the OP176’s Pin 8 is a “NO:;CONNECT”’ 
pin, there is no internal connection to that pin. Thus, the 22 pF 
capacitor would be electrically connected through Pin 5 to the 
internal nulling circuitry. With the other end left open, the 
capacitor should have no effect on the circuit. However, to 
avoid altogether any possibility for noise injection, it is recom- 
mended.that the 22 pF capacitor be cut out of the circuit 
entirely. 
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If the original 5534 socket includes offset nulling circuitry, one 
would find a 10 kQ to 100 kQ potentiometer connected between 
Pins | and 8 with said potentiometer’s wiper arm connected to 
V+. In order to upgrade the socket to the OP 176, this circuit 
should be removed before inserting the OP176 for its offset 
nulling scheme uses Pins | and 5. Whereas the wiper arm of the 
5534 trimming potentiometer is connected to the positive 
supply, the OP176’s wiper arm is connected to the negative 
supply. Directly substituting the OP176 into the original socket 
would inject a large current imbalance into its input stage. In 
this case, the potentiometer should be removed altogether, or, if 
nulling is still required, the trimming potentiometer should be 
rewired to match the nulling circuit as illustrated in Figure 29. 


0 +Vs 


P1 = 10kQ 
Vs Vos TRIM RANGE = t2mvV 


Figure 29. Offset Voltage Nulling Scheme 


Input Overcurrent Protection 

The maximum input differential voltage that can be applied to 
the OP 176 is determined by a pair of internal Zener diodes 
connected across its inputs. They limit the maximum differen- 
tial input voltage to +7.5 V. This is to prevent emitter-base 
junction breakdown from occurring in the input stage of the 
OP176 when very large differential voltages are applied. 
However, in order to preserve the OP176’s low input noise . ~ 
voltage, internal resistances in series with the inputs were not 
used to limit the current in the clamp diodes. In small signal 
applications, this is not an issue; however, in applications where 


large differential voltages can be inadvertently applied to the 


device, large transient currents can flow through these diodes. 
Although these diodes have been designed to carry a current of 
+5 mA, external resistors as shown in Figure 30 should be used 
in the event that the OP 176’s differential voltage were to exceed 
£7.5 V. 


Figure 30. Input Overcurrent Protection 
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Output Voltage Phase Reversal : 

Since the OP176’s input stage combines Ginelar transistors for: 
low noise and p-channel JFETs for high speed performance, the 
output voltage of the OP176 may exhibit phase reversal if either 
of its inputs exceeds the specified negative common-mode input 
voltage. This might occur in some applications where a trans- . 
ducer, or a system, fault might apply very large voltages upon 
the inputs of the OP176. Even though the input voltage range 
of the OP176 is +10.5 V, an input voltage of approximately 
~-13.5 V will cause output voltage phase reversal. In inverting 
amplifier configurations, the OP176’s internal 7.5 V clamping 
diodes will prevent phase reversal; however, they will not | 
prevent this effect from occurring in noninverting applications. 
For these applications, the fix is a 3.92 kQ resistor in series 

with the noninverting input of the device and is illustrated in 
Figure 31. 


Rs 
2 92kQ 


*Reg IS OPTIONAL = 


Figure 31. Output Voltage Phase Reversal Fix 


Overdrive Recovery 

The overdrive recovery time of an speratonal amplifier is the 
time required for the output voltage to recover to a rated output 
level from a saturated condition. This recovery time is impor- 
tant in applications where the amplifier must recover quickly 
after a large abnormal transient event. The circuit shown in 
Figure 32 was used to evaluate the OP176’s overload recovery’ 
time. The OP176 takes approximately 1 us to recover to Voy; = 
+10 V and approximately 900 ns to recover to Voy; = -10 V. 


Ri R2 
1kQ 10kQ 


Figure 32. Overload Recovery Time Test Circuit 


High Speed Operation 

As with most high speed amplifiers, care should be taken with 
supply decoupling, lead dress, and component placement. 
Recommended circuit configurations for inverting and 


noninverting applications are shown in Figure 33 and Figure 34. 
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6. 
-15V 


2.49kQ 


Figure 34. Unity Gain Inverter 


In inverting and noninverting applications, the feedback 
resistance forms a pole with the source resistance and capaci- 
tance (R, and C,) and the OP176’s input capacitance (C,,), as 
shown in Figure 35. With R, and R, in the kQ range, this pole 
can create excess phase shift and even oscillation. A small 
capacitor, C,,, in parallel with R,, eliminates this problem. By 
setting Rs (C; + Cy) = Reg Cg, the effect of the feedback pole is _ 
completely removed. : : 


_ Figure 35. Compensating the Feedback Pole 
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Attention to Source Impedances Minimizes Distortion 
Since the OP176 is a very low distortion amplifier, careful 
attention should be given to source impedances seen by both 
inputs. As with many FET-type amplifiers, the p-channel 
JFETs in the OP176’s input stage exhibit a gate-to-source 
capacitance that varies with the applied input voltage. In an 
inverting configuration, the inverting input is held at a virtual 
ground and, as such, does not vary with input voltage. Thus, 
since the gate-to-source voltage is constant, there is no distor- 
tion due to input capacitance modulation. In noninverting 
applications, however, the gate-to-source voltage is not 
constant. The resulting capacitance modulation can cause 
distortion above | kHz if the input impedance is > 2 kQ and 
unbalanced. 


Figure 36 shows some guidelines for maximizing the distortion 
performance of the OP176 in noninverting applications. The 
best way to prevent unwanted distortion is to ensure that the 
parallel combination of the feedback and gain setting resistors 
(R, and R,) is less than 2 kQ. Keeping the values of these 
resistors small has the added benefits of reducing the thermal 
noise of the circuit and dc offset errors. If the parallel combina- 
tion of R, and R, is larger than 2 kQ, then an additional 
resistor, R,, should be used in series with the noninverting 


O Vout 


FOR MINIMUM DISTORTION 


Figure 36. Balanced Input Impedance to Mininize 
Distortion in Noninverting Amplifier Circuits 


input. The value of R, is determined by the parallel combina- 
tion of R, and R, to maintain the low distortion performance of 
the OP176. For a more generalized treatment on circuit 
impedances and their effects on circuit distortion, please review 
the section on Active Filters at the end of the Applications 
section. 


Driving Capacitive Loads | 

As with any high speed amplifier, care must be taken when 
driving capacitive loads. The graph in Figure 14 shows the 
OP176’s overshoot versus capacitive load. The test circuit is a 
standard noninverting voltage follower; it is this configuration 
that places the most demand on an amplifier’s stability. For 
capacitive loads greater than 400 pF, overshoot exceeds 40% 
and is roughly equivalent to a 45° phase margin. If the applica- 
tion requires the OP176 to drive loads larger than 400 pF, then 
external compensation should be used. 


Figure 37 shows a simple circuit which uses an in-the-loop 
compensation technique that allows the OP176 to drive any — 
capacitive load. The equations in the figure allow optimization 
of the output resistor, R,, and the feedback capacitor, C,, for 
optimal circuit stability. One important note is that the circuit 
bandwidth is reduced by the feedback capacitor, C,, and is 
given by: 


Bw =___l. 
21 Rr Cr 
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Ry = Ro Rg WHERE Ro = OPEN-LOOP OUTPUT RESISTANCE 
Re 


/ 
oe 
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Figure 37. In-the-Loop Compensation Technique for 
Driving Capacitive Loads 


APPLICATIONS USING THE OP176 

A High Speed, Low Noise Differential Line Driver 

The circuit of Figure 38 is a unique line driver widely used in 
many applications. With +18 V supplies, this line driver can 
deliver a differential signal of 30 V p-p into a 2.5 kQ load. The 
high slew rate and wide bandwidth of the OP176 combine to 
yield a full power bandwidth of 130 kHz while the low noise 
front end produces a referred-to-input noise voltage spectral 
density of 15 nV/VHz. The circuit is capable of driving lower 
impedance loads as well. For example, with a reduced output 
level of 5 V rms (14 V p-p), the circuit exhibits a full-power 
bandwidth of 190 kHz while driving a differential load of 249 Q! 
The design is a transformerless, balanced transmission system 
where output common-mode rejection of noise is of paramount 
importance. Like the transformer-based design, either output 
can be shorted to ground for unbalanced line driver applications 
without changing the circuit gain of 1. Other circuit gains can 
be set according to the equation in the diagram. This allows the 
design to be easily set for noninverting, inverting, or differential 
operation. 


Ai, A2, A3 = OP176 


GAIN = BS 
SET R2, R4, R5 = R1 AND R6, R7, R8 = R3 


Figure 38. A High Speed, Low Noise Differential Line 
Driver 
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A Low Noise Microphone Preamplifier with a Phantom 
Power Option 

Figure 39 is an example of a circuit that combines the strengths 
of the SSM2017 and the OP176 into a variable gain micro- 
phone preamplifier with an optional phantom power feature. 
The SSM2017’s strengths lie in its low noise and distortion, and 
gain flexibility/simplicity. However, rated only for 2 kQ or 
higher loads, this makes driving 600 Q loads somewhat limited 
with the SSM2017 alone. A pair of OP176s are used in the 
circuit as a high current output buffer (U2) and a DC servo 
stage (U3). The OP176’s high output current drive capability 
provides a high level drive into 600 Q loads when operating 
from +18 V supplies. For a complete treatment of the circuit 
design details, the interested reader should consult application 
note AN-242, available from Analog Devices. | 


This amplifier’s performance is quite good over programmed 
gain ranges of 2 to 2000. For a typical audio load of 600 Q, 
THD + N at various gains and an output level of 10 V rms is 
illustrated in Figure 40. For all but the very highest gain, the | 
THD + N is consistent and well below 0.01%, while the gain of 
2000 becomes more limited by noise. The noise performance of 
the circuit is exceptional with a referred-to-input noise voltage | 
spectral density of 1 nV/VHz at a circuit gain of 1000. 


Cut Rpt 
47pF/ 49.9 
__63V 


TO MICROPHONE 
VV 


| Cin? Rp? 
47pF/ 49.92 
| e3v 


NOTES: 

1) Z1-24 1N752 (SEE TEXT). 

2) Cyyx» Cgx LOW LEAKAGE ELECTROLYTIC TYPES (SEE TEXT). 
3) GAIN = G = 2x ((10k/Rg ) +1) (SEE TEXT). 

4) ALL RESISTORS 1% METAL FILM. 


5) DOTTED PHANTOM POWER RELATED COMPONENTS OPTIONAL (SEE TEXT). 


| 

| 

PHANTOM POWER SUPPLY CONNECTIONS, 
: INTERLOCKED WITH +/-V, (SEE NOTE 5). 
| 


oe seense 


Be 


3 
3 
3 
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2 
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Figure 40. Low Noise Microphone Preamplifier THD + N 
Performance at Various Gains (Voy; = 10 Vrms and 
R, = 600 Q). | 


we oo 
C6 + 3 


0.1 pF 100pF/25V 


+ 


C7 ca - 
T 0.1pF T 100pF/25V 
~Vs -18V 
C5 
33pF 


U1 
SSM2017P 


R1 
10kQ R3 
6 49.92 
OUT COMMON 


C2 
1pF FILM 


Figure 39. A Low Noise Microphone Preamplifier 
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A Low Noise, +5 V/+10 V Reference 

In many high resolution applications, voltage reference noise 

_ can be a major contributor to overall system error. Monolithic 
voltage references often exhibit too much wide band noise to be 
used alone in these systems. Only through careful filtering and 
buffering of these monolithic references can one realize wide- 
band microvolt noise levels. The circuit illustrated in Figure 41 
is an example of a low noise precision reference optimized for 
both ac and dc performance around the OP176. With a +10 V 
reference (the AD587), the circuit exhibits a 1 kHz spot output 
noise spectral density < 10 nV/VHz. The reference output 
voltage is selectable between 5 V and 10 V, depending only on 
the selection of the monolithic reference. The output table 
illustrated in the figure provides a selection of monolithic 
references compatible with this circuit. 


OUTPUT TABLE 


TOLERANCE 
(+/-mV) 
5 TO 10 
30 TO 100 
30 TO 50 
5 TO 30 

2 TO 10 
2.5 TO 20 
15 TO 50 
15 TO 25 


R4 
10002 Vout 
e 


R6 
3.3Q 


RS 
1.1kQ 


Rraim 
10kQ 


| (OPTIONAL) 


C5 
10pF/25V 


Figure 41. A Low Noise, +5 V/+10 V Reference 


In operation, the basic reference voltage is set by U1, either a 

5 V or 10 V 3-terminal reference chosen from the table. In this 
case, the reference used is a 10 V buried Zener reference, but 
all U1 IC types shown can plug into the pinout and can be 
optionally trimmed. The stable 10 V from the reference is then 
applied to the RI-C1-C2 noise filter, which uses electrolytic 
capacitors for a low corner frequency. When electrolytic 
capacitors are used for filtering, one must be cognizant of their 
dc leakage current errors. Here, however, a dc bootstrap of Cl 
is used, so this capacitor sees only the small R2 dc drop as bias, 
effectively lowering its leakage current to negligible levels. The 
resulting low noise, dc-accurate output of the filter is then 
buffered by a low noise, unity gain op amp using an OP176. 
With the OP176’s low Vos and control of the source resistances, 
the dc performance of this circuit is quite good and will not 
compromise voltage reference accuracy and/or drift. Also, the 
OP176 has a typical current limit of 50 mA, so it can provide 
higher output currents when compared to a typical IC reference 
alone. 
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A Differential ADC Driver 

High performance audio sigma-delta ADCs, such as the stereo 
16-bit AD1878 and the 18-bit AD1879, present challenging 
design problems with regards to input interfacing. Because of 
an internal switched capacitor input circuit, the ADC input 
structure presents a difficult dynamic load to the drive amplifier 
with fast transient input currents due to their 3 MHz ADC 
sampling rate. Also, these ADCs inputs are differential with a 
rated full-scale range of +6.3 V, or about 4.4 V rms. Hence, the 
ADC interface circuit of Figure 42 is designed to accept a 
balanced input signal to drive the low dynamic impedances seen 
at the inputs of these ADCs. The circuit uses two OP176 


xa O.1pF 100/25V 
U1, U2 a oe age COM 

C1 ae 100/25V 
100pF Veo. I it 9 -12V 


ANALOG 


BALANCED 
INPUTS ; TO 
(+)O Vin — AD1878/. 
AD1879 
(-)o SIGMA- 
C3 DELTA 
0.0047pF ADC 
Vin + L&R : 
INPUTS 
C5 
b 0.01pF db 
= AG, PIN 10 OR 18 
(+) 
NOTES 
7 C1—C5 = NPO CERAMIC, NON-INDUCTIVE, 
SK2 > 5kQ |! | USE C3-C5 CLOSE TO ADC 
FOR R1—R6 = 1% METAL FILM 
SINGLE-ENDED 
INPUTS 


Figure 42. A Balanced Driver Circuit for Sigma-Delta ADCs 


amplifiers as inverting low-pass filters for their speed and high 
output current drive. The outputs of the OP176s then drive the 
differential ADC inputs through an RC network. This RC 
network buffers the amplifiers against step changes at the ADC 
sampling inputs using one differential (C3) and two common- 
mode connected capacitors (C4 and C5). The 51 Q series 
resistors isolate the OP176s from the heavily capacitive loads, 
while the capacitors absorb the transient currents. Operating on 
+12 V supplies, this circuit exhibits a very low THD + N of 
0.001% at 5 Vrms outputs. For single-ended drive sources, a 
third op amp unity gain inverter can be added between R2’s (+) 
input terminal and R4. For best results, short-lead, noninduc- 
tive capacitors are suggested for C3, C4, and C5 (which are 
placed close to the ADC), and 1% metal-film types for R1 
through R6. For surface mount PCBs, these components can 
be NPO ceramic chip capacitors and thin-film chip resistors. 
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An RIAA Phono Preamp | 

Figure 43 illustrates a simple phono preamplifier using RIAA 
equalization. The OP176 is used here to provide gain and is 
chosen for its low input voltage noise and high speed perfor- 
mance. The feedback equalization network (RI, R2, Cl, and 
C2) forms a three time constant network, providing reasonably 
accurate equalization with standard component values. The © 
input components terminate a moving magnet phono cartridge 
as recommended by the manufacturer, the element values 
shown being typical. When this ac coupled circuit is built with a 
low noise bipolar input device such as the OP176, amplifier bias 
current makes direct cartridge coupling difficult. This circuit 
uses input and output capacitor coupling to minimize biasing 
interactions. 


Input ac coupling to the amplifier is provided via C5, and the 
low frequency termination resistance, R,, is the parallel equiva- 
lent of R6 and R7. R3 of the feedback network is ac grounded 
via C4, a large value electrolytic. Additionally, this resistor is 
set to a low value to minimize circuit noise from nonamplifier 
sources. These design measures reduce the dc offset at the 
output of the OP176 to a few millivolts. The output coupling 
network of C3 and R4 is shown as suitable for wide band 
response, but it can be set to a 7950 is time constant for use as . 
a 20 Hz rumble filter. 


The 1 kHz gain (“G”) of this circuit, controlled by R3, is 
calculated as: 


G (@ 1 kHz) = 0.101 x(1 a 
Gee R3 


For an R3 of 200 Q, the circuit gain is just under 50 x (= 34 dB), 
and higher gains are possible by decreasing R3. For any value 
of R3, the R5-C6 time constant should be equal to R3 and the 

_ Series equivalent of Cl and C2. 


Using readily available standard values for network elements 
(R1, R2, Cl, and C2) makes the design easily reproducible and 
inexpensive. These components are ideally high quality 
precision types, for low equalization errors and minimum 


MOVING - 


C5 | +V 
MAGNET s 
PICKUP ia aa 


t = 6) |R7 
= 50kQ 


parasitics. One percent metal-film resistors and two percent 
film capacitors of polystyrene or polypropylene are recom- 
mended. Using the suggested values, the frequency response 
relative to the ideal RIAA characteristic is within +0.2 dB over 
20 Hz-20 kHz. Even tighter response can be achieved by using 
the alternate values, shown in brackets “[{ ],” with the trade-off _ 
of a non off-the-shelf part. 


As previously mentioned, the OP176 was chosen for three 
reasons: (1) For optimal circuit noise performance, the 
amplifier used should exhibit voltage and current noise densities 
of 5 nV/VHz and 1 pA/VHz, respectively. (2) For high gain 
accuracy, especially at high stage gains, the amplifier should 
exhibit a gain bandwidth product in excess of 5 MHz. (3) 
Equally important because of the 100% feedback through the 
network at high frequencies, the amplifier must be unity gain 
stable. With the OP176, the circuit exhibits low distortion over 
the entire range, generally well below 0.01% at outputs levels of 
5 V rms using +18 V supplies. To achieve maximum perfor- 
mance from this high gain, low level circuit, power supplies 
should be well regulated and noise free, and care should be 
taken with shielding and conductor layout. 


Active Filter Circuits Using the OP176 

A general active filter topology that lends itself to both high-pass 
(HP) and low-pass (LP) filters is the well known Sallen-Key 
(SK) VCVS (Voltage-Controlled, Voltage Source) architecture. 
This filter type uses the op amp as a fixed gain voltage follower 
at either unity or a higher gain. Discussed here are simplified 2- 
pole, unity gain forms of these filters, which are attractive for 
several reasons: One, at audio frequencies, using an amplifier 
with a 10 MHz bandwidth such as the OP 176, these filters 
exhibit reasonably low sensitivities for unity gain and high © 
damping (low Q). Second, as voltage followers, they are also 
inherently gain accurate within their pass band; hence, no gain 
resistor scaling errors are generated. Third, they can also be 
made “dc accurate,” with output dc errors of only a few 
millivolts. The specific filter response in terms of HP, LP and | 
damping is determined by the RC network around the op amp, 
as shown in Figure 44a. 


+Vs O- +18V 
+ 
0.1pF 100pF 
+ 
5 0.1pF . 100pF 4. 
~Vs ra te —18V 


3 
100uF/25V. 


Vout 


C4 
1000yF/16V 


Figure 43. An RIAA Phono Preamplifier Circuit 
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High Pass Sections 

Figure 44a illustrates the high-pass form of a 2-pole SK filter 
using an OP176. For simplicity and practicality, capacitors C1 
and C2 are set equal (“C”), and resistors R2 and R1 are 
adjusted to a ratio, N, which provides the filter damping 
coefficient, a, as per the design expressions. This high pass 
design is begun with selection of standard capacitor values for 
Cl and C2 and a calculation of N. The values for Rl and R2 
are then determined from the following expressions: 


| 
7 2a x FREQ XC xVN 


and 


R2=NxXRI 


R1 


0.01pF 11k 
(11.254k) 


GIVEN: a. FREQ 
SETC1=C2=C 


C2 
0.01pF ae 2 4 
= =G 

4 _R2 

R2 aa aa 

22k 1 


1= 
2 n FREQ x C xv N 


R2=NxR1 


1 kHz BW SHOWN 


Zcomp (HIGH PASS) 
IN (-) OUTPUT 
4 R2 4 
t C2 C1 > 
L4e-94e-+ 

| R1 
La 


Figures 44a. Two-Pole Unity Gain HP/LP Active Filters 


In this examples, circuit o (or 1/Q) is set equal to V2, providing 
a Butterworth (maximally flat) characteristic. The filter corner 
frequency is normalized to 1 kHz, with resistor values shown in 
both rounded and (exact) form. Various other 2-pole response 
shapes are possible with appropriate selection of a, and fre- 
quency can be easily scaled, using inversely proportional R or 
C values for a given a. The 22 V/us slew rate of the OP 176 will 
support 20 V p-p outputs above 100 kHz with low distortion. 
The frequency response resulting with this filter is shown as the 
dotted HP portion of Figure 45. 
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Low Pass Sections 

In the LP SK arrangement of Figure 44b, the R and C elements 
are interchanged where the resistors are made equal. Here, the 
ratio of C2/C1 (“M”) is used to set the filter a, as noted. 
Otherwise, this filter is similar to the HP section, and the 
resulting 1 kHz LP response is shown in Figure 45. The design 
begins with a choice of a standard capacitor value for Cl and a 
calculation of M. This then forces a value of “M x C1” for C2. 
Then, the value for Rl and R2 (“R”) is calculated according to 
the following equation: 


/ 
~ 20x FREQxCIx VM 


R1 


(11.254k) 
R2 GIVEN: a, FREQ 
11k 2 1 
(11.254k) ia 
-4. _C2 
~g2 ~ C1 


C2 
0.01 pF il CHOOSE C1 
C2=MxC1 
4 4 R= J 
‘oamtemtoeaton | | 2nFREQx C1 xv M 


iL ZcomP!|— 
tas 1 kHz BW SHOWN 
Zcomp (LOW PASS) 


IN (~) OUTPUT 


Se iiey Hz 


Figure 45. Relative Frequency Response of 2-Pole, 1 kHz 
Butterworth LP (Left) and HP (Right) Active Filters 
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Passive Component Selection for Active Filters 


The passive components suitable for active filters deserve more 


than casual attention. Resistors should be 1%, low TC, metal- 
film types of the RN55 or RN60 style. Capacitors should be 1% 
or 2% film types preferably, such as polypropylene or polysty- 
rene, or NPO (COG) ceramic for smaller values. 


Active Filter Circuit Subtleties 

In designing active filter circuits with the OP 176, moderately 
low values (10 kQ or less) for Rl and R2 can be used to 
minimize the effects of Johnson noise when critical. The 
practical tradeoff is, of course, capacitor size and expense. DC 
errors will result for larger values of resistance, unless compen- 
sation for amplifier input bias current is used. To add bias 
compensation in the HP filter section of Figure 42a, a feedback 
compensation resistor equal to R2 can be used. This will 
minimize bias current induced offset to the product of the 
OP176’s Ip, and R2. For an R2 of 25 kQ, this produces a typical 
compensated offset voltage of 50 nV. Similar compensation is 
applied to Figure 42b, using a resistance equal to R1+ R2. 
Using dc compensation, filter output dc errors using the OP176 
will be dominated by its Vos, which is typically 1 mV or less. A 
caveat here is that the additional resistors can increase noise 
substantially. For example, a 10 kQ resistor generates ~ 12 nV/ 
VHz of noise and is about twice that of the OP176. These 
resistors can be ac bypassed to eliminate their noise using a 
simple shunt capacitor chosen such that its reactance (X,) is 
much less than R at the lowest frequency of interest. 


A more subtle form of ac degradation is also possible in these 
filters, namely nonlinear input capacitance modulation. This 
issue was previously covered for general cases in the section on 
minimizing distortion. In active filter circuits, a fully compen- 
sating network (for both dc and ac performance) can be used to 
minimize this distortion. To be most effective, this network 
(Zcomp) Should include R1 through C2 as noted for either filter 
type, of the same style and value as their counterparts in the 
forward path. The effects of a Z.oyp network on the THD + N 
performance of two 1 kHz HP filters is illustrated in Figure 46. 
One filter (A) is the example shown in Figure 44a (Curves Al 
and A2), while the second (B) uses RC values scaled 10 times 
upward in impedance (Curves B1 and B2). Both filters operate 
with a 2 V rms input, +18 V supplies, 100 kQ loading, and 
analyzer bandwidth of 80 kHz. 
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Figure 46. THD + N (%) vs. Frequency for Various 1 kHz HP 
Active Filters Illustrating the Effects of the Zcoyp Network 


Curves Al and B1 show performance with Z.oup shorted, 
while curves A2 and B2 illustrate operation with Zooup active. 
For the “A” example values, distortion in the pass band of 

1 kHz-20 kHz is below 0.001% compensated, and slightly 
higher uncompensated. With the higher impedance “B” net- 
work, there is a much greater difference between compensated 
and uncompensated responses, underscoring the sensitivity to 
higher impedances. Although the positive effect of Zooup is seen 
for both “A” and “B” cases, there is a buffering effect which 
takes place with lower impedances. As case “A” shows, when 
using larger capacitance values in the source, the amplifier’s 
nonlinear C-V input characteristics have less effect on the 
signal. 


Thus, to minimize the necessity for the’ complete Zooyp com- 
pensation, effective filter designs should use the lowest capaci- 
tive impedances practical, with an 0.01 WF lower value limit as a 
goal for lowest distortion (while lower values can certainly be 
used, they may suffer higher distortion without the use of full 
compensation). Since most designs are likely to use low relative 
impedances for reasons of low noise and offset, the effects of _ 
CM distortion may or may not actually be apparent to a given 
application. | 
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Figure 47. OP176 Spice Model Schematic 
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OP176 SPICE Model 

* 

* Node Assignments 

Noninverting Input 
Inverting Input 


| 

| | | 
| | | 
| | | 
SSUBCKT OP176 1 2. 99 50 
x 


+ + + 4 & H+ 


* INPUT STAGE & POLE AT 100 MHz 
fe | 


R35 51 ~~ 2.487 

R4 6 51 2.487 

CIN 1 2 3.7E-12 
CM11 98 _ 7.5E-12 
CM22 98 7.5E-12 

C2 5 6 320E-12 

Il 97 4 100E-3 

Is 1 2 1E-9 

EOS 93 POLY(1) (26,28) 
Ql 5 2 7 QX 

Q2 6 9 8 QX 

RB 7 4 1.970 

R6 8 4 1.970 

DI 2 36 DZ 

D2 1 36 £4DZ 

EN 3 1 (10,0) 

GNI 0 2 (13,0) 1E-3 
GN20 1 (16,0) 1E-3 


* VOLTAGE NOISE SOURCE 
x 


DN1 35 10 ° #£#.DEN 
DN2 10 = 11 DEN 
VN1 35 0 DC 2 
VN2 0 11 DC 2 
x 


* CURRENT NOISE SOURCE 
* 


DN3 12 13 DIN 
DN4 1314 DIN 
VN3 12 = 0 DC 2 
VN4 0 14 DC 2 
x 


* CURRENT NOISE SOURCE 
* 


DN5 15 16 DIN 
DN6 16 17 DIN 
VN5 15 0 DC 2 
VNO 0 17 DC 2 


x 


| Positive Supply 
| Negative Supply 


Output 


0.2E-3 


* GAIN STAGE & DOMINANT POLE AT 32 Hz 
m | " 


R7 18 98 1.243E6 

C3 18 98 4E-9 

Gl 98 18 (5,6) 4.021E-1 
V2 #97 19 1.35 

V3 #20 ~=«#+51 1.35 

D3 18 = 19 DX 

D4 2018 DX 


* 
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* POLE/ZERO PAIR AT 1.5 MHz/2.7 MHz 
* fe 


R8 21 98 1E3 

RO 21 22 1.25E3 

C4 22 98 47.2E-12 

G2 98 21 (18,28) 1E-3 


* POLE AT 100 MHz | 
‘ : 


R10 23 98 1 
C5 23 98 1.59E-9 


G3 98 23 (21,28) 1 
* : 


* POLE AT 100 MHz 
* Y “ 


Rll 24 98 1 
C6 24 ° 98 = 1.59B-9 
G4 98 24 (23,28) 1 


* COMMON-MODE GAIN NETWORK WITH ZERO AT 
1 kHz 
* 


R12 25 26 1E6- 

C7 25 26 60E-12 

R13 26 98 1 

E2 25 98 POLY(2) (1,98) (2,98) 0 2.50 2.50 
x 


* POLE AT 100 MHz 
x 
R14 27 98 ] 


C8 27 98 1.59E-9 : 
G5 98 27 (24,28) 1 
; _ , 


* OUTPUT STAGE 

* 

RI5 28 99  58,333B3 
R16 28 °50 58,333E3 


C9 28 50 1E-6 


G8 29 99 (99,27)  10E-3 
G9 50 29 (27,50)  10E-3 
V4 30 «20~—«1.74 
V5 29 31° 41.74 
Fl 29 0 V4 1 


F2 «0 29 V5 1 


D5 27 30 “DX 
D6 31 27 Dx 


D7 99 = 32 DX 


D&8 99 33 DX 
D9 50 32 “DY = 
D10 50 33 DY 


* MODELS USED 
*« ‘ 


-MODEL QX PNP(BF=5E5) 


‘MODEL DX D(IS=1E-12) 
_.MODEL DY D(S=1E-15 BV=50) 


“MODEL DZ D(IS=1E-15 BV=7.0) 
-MODEL DEN D(IS=1E-12 RS=4.35K KF=1.95E-15 AF=1) 
“MODEL DIN D(IS=1E-12 RS=268 KF=1.08E-15 AF=1) 


~ .ENDS OP176 |. 
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Ultra-Precision 
Operational Amplifier 


OP177 


FEATURES 
¢ Ultra-Low Offset Voltage 

Wg OOO soassiarenes seracies echiv aveetecias aniacnieebeepedecte 10uV Max 

“BEPC ST, S 125°C... recscecsrerensressncanenenenerenens 20. V Max 
¢ Outstanding Offset Voltage Drift ................ 0.1n.V/°C Max 
¢ Excellent Open-Loop Gain and 

Gaim LINC Ar ity sccccccascsksssesexeueisaverenceeuticiieveeess 12V /uV Typ 
WS IPRA esses gece ccsans psec na decaccvasenmcesaiectapenstoeageseteeatostans 130dB Min 
© IPSIRM watissess siceivecss eccsatsccacesveentuiavycetusveveaen-sa-cusvay 120dB Min 
¢ Low Supply Current ...............::ccesssssereeeessessees 2.0 mA Max 


¢ Fits Industry Standard Precision Op Amp Sockets 
(OP07/OP77) 


ORDERING INFORMATION ' 
PACKAGE OPERATING 
CERDIP PLASTIC LCC SO TEMPERATURE 

8-PIN 8-PIN 20-PIN 8-PIN RANGE 
OP177AZ"* - _ - MIL 
OP177BZ"* OP177BRC/883 - MIL 
~’ OP177EZ - _ - XIND 
OP177FZ OP177FP _ - XIND 
OP177GZ OP177GP _— OP177GS XIND 


MIL =-55°C to +125°C 


e 


XIND = —40°C to +85°C 


For devices processed in total compliance to MIL-STD-883, add /883 after part 
number. Consult factory for 883 data sheet. 

t Burn-in is available on commercial and industrial temperature range parts in 
cerDIP, plastic DIP, and TO-can packages. 


GENERAL DESCRIPTION 


The OP-177 features the highest precision performance of any 
op amp currently available. Offset voltage of the OP-177 is only 
10uV MAX at room temperature and 20uV MAX over the full 
military temperature range of —55°C to +125°C. The ultra-low 
Vog of the OP-177, combines with its exceptional offset voltage 


Ra (OPTIONAL 
5 NULL) 

* NOTE: 1 

R2a AND Roe ARE 


ELECTRONICALLY 
ADJUSTED ON CHIP 
AT FACTORY. 


NON-— 
INVERTING 
INPUT 


INVERTING 
INPUT 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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PIN CONNECTIONS 


EPOXY MINI-DIP 


(P-Suffix) 

8-PIN HERMETIC DIP 
(2-Suffix) OP-177BRC/883 
8-PINSO Lee 
(S-Suffix) (RC-Suffix) 


drift (TCV,.) of 0.1p.V/°C MAX, to eliminate the need for exter- 
nal Vo, adjustment and increases system accuracy over tem- 
perature. 


The OP-177's open-loop gain of 12V/uV is maintained over the 
full +10V output range. CMRR of 130dB MIN, PSRR of 120dB 
MIN, and maximum supply current of 2mA are just a few ex- 
amples of the excellent performance of this operational ampli- 
fier. The OP-177's combination of outstanding specifications 
insure accurate performance in high closed-loop gain applica- 
tions. | 


This low noise bipolar input op amp is also a cost effective alter- 
native to chopper-stabilized amplifiers. The OP-177 provides 
chopper-type performance without the usual problems of high 
noise, low frequency chopper spikes, large physical size, lim- 
ited common-mode input voltage range, and bulky external 
storage capacitors. 


Continued 
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GENERAL DESCRIPTION Continued 

The OP-177 is offered in both the -55°C to +125°C military, and 
the —40°C to +85°C extended industrial temperature ranges. 
This product is available in 8-pin ceramic and epoxy DIPs, as 
well as the space saving 8-pin Small-Outline 8) and the 
Leadless Chip Carrier (LOC) ppenager: 


ABSOLUTE MAXIMUM RATINGS 


SUDDI VV Ol O sccarloccceifcorsansGeeerceenstit an ayu tal areedideasees +22V 
Differential Input Voltage ......... ee ecccssteceeeessseeeeeenees +30V 
Input Voltage (Note 1) 0... eee seseccsssssteeeeessssseeeseeseees +22V 
Output Short-Circuit Duration... ececeneeeees Indefinite 
Storage Temperature Range 
Zand RC Packages ........... ce seceeeseeeeenteeees —65°C to +150°C 
PP ACKAQG sieeccisrcieutcarnpattarersitoteenecsniesauvates —65°C to +125°C 


Operating Temperature Range = | 
OP-177A, OP-177B ...........ceeeeeeceneees euicdees —55°C to +125°C 


OP-177E, OP-177F, OP-177G .............:cc00 —40°C to +85°C 
Lead Temperature Range (Soldering, 60 sec) .............. 300°C 
Junction Temperature (T ) Sn er ae —65°C to +150°C 

PACKAGE TYPE @,, (NOTE 2) - UNITS 
8-Pin Hermetic DIP (Z) (148 16 °C/W 
8-Pin Plastic DIP (P), 103 43 °C/W 
20-Contact LCC (RC) 98 38 °C/W 
8-Pin SO (S) 158 43 °C/W 


NOTES: 

1. For supply voltages less than +22V, the absolute maximum input voltage is 
equal to the supply voltage. 

2. 8) ais Specified for worst case mounting conditions, i.e., Bin is specified for 
device in socket for CerDIP, P-DIP, and LCC packages; Bin is specified for 
device soldered to printed circuit board for SO package. 


ELECTRICAL CHARACTERISTICS at V, = +15V, T, = +25°C, unless otherwise noted. 


OP-177A OP-177B 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
Input Offset Voltage Vos - 4 10 - 10 25 . pV 
Long-Term Input Offset ' 

Voltage Stability AVG /Time (Note 1) - 0.2 - - 0.2 - uV/Mo 
Input Offset Current los - 0.3 1.0 _ 0.3 1.5 nA 
Input Bias Current Ip —0.2 _ 1.5 —0.2 - 2.0 nA 
Input Noise Voltage e, i = 1Hz to 100Hz (Note 2) - 118 150 _ 118 150 nVems 
bila Noise Current _ ln fo = 1Hz to 100Hz (Note 2) - 3 8 - 3 8 PAnms 
input Resistance 

: 4 eS £. 

Differential-Mode Rin ineie?) 26 2 ae ze mo 

Input Resistance 
_ 2 _ - 2 - 

Common-Mode ~ Rineo a ce a 
Input Voltage Range IVR (Note 4) +H3 «+14 a +13 +14 = V 
Common-Mode 

+ 4 - 1 - 

Rejection Ratio CMRR Vom = £13V 130 140 30 140 dB 
paincen ae PSRR Ve =+3V to +18V 120 125 = 15 125 dB 

Rejection Ratio Ss 
Large-Signal Voltage Gain Ay O R, 2 2kQ, Vo = +10V (Note 5) 5000 12000 - 5000 12000 _ V/mV 

R, 2 10kQ +13.5 +14.0 - +13.5 +14.0 - 
Output Voltage Swing Vo Ry 2 2kQ +12.5 +13.0 - +12.5 +13.0 - V 
= +12.0 +12.5 - 412.0 +12.5 - 
Slew Rate SR Ry 2 2kQ (Note 2) 0.1 0.3 - 0.1 0.3 ~ V/us 
Closed-Loop Bandwidth BW | Ayo =! (Note 2) 0.4 0.6 - 0.4 0.6 - MHz 
Open-Loop Output Resistance Ro - 60 _ 2 60 _- Q 
Ve =+15V, No Load - 50 60 _ 50 60 
: S aed 
Power Consumption 7 Pd Ve = 43V, No Load 7 3.5 45 = 3.5 45 mW 
Supply Current Isy Vg = 41 5V, No Load - 1.6 2.0 - 1.6 2.0 mA 
Offset Adjustment Range Rp = 20kQ - +3 ~_ - +3 _ mV 
NOTES: 2. Sample tested. 


1. Long-Term Input Offset Voltage Stability refers to the averaged trend line of 
Vos vs. Time over extended periods after the first 30 days of operation. Ex- 
cluding the initial hour of operation, changes in V_, , during the first 30 operat- 
ing days are typically less than 2.0uV. 
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3. Guaranteed by design. 

4. Guaranteed by CMRR test condition. 

5. To insure high open-loop gain throughout the +10V output range, A, , is tested 
at-10V < V, <OV, OV<V, <+10V, and-10V < V, <+10V. 
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ELECTRICAL CHARACTERISTICS at V, = +15V, -55°C <T, < +125°C, unless otherwise noted. 


| OP-177A OP-177B 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
Input Offset Voltage Vos _ 10 20 - 25 55 LV 
eae TCVee (Note 1) ~ 003 0.41 - 01 03 uvrec 
input Offset Current los - 0.5 15 ~ 0.5 2.0 nA 
seed pa ii TClog (Note 2) | ~ 1.5 25 - 1.5 25 pA/°?C 
Input Bias Current Ip —-0.2 2.4 4 —0.2 2.4 4 nA 
sic alae TCl, (Note 2) = 8 25 Z 8 25 pA/°C 
input Voltage Range IVR (Note 3) +13 = +13.5 _ +13 +13.5 - V 
Common-Mode Rejection Ratio CMRR Vo Ma +13V 120 140 - 120 140 _ dB 
Power Supply Rejection Ratio PSRR Vo = +3V to +18V 120 125 - 110 120 - dB 
Large-Signal Voltage Gain Ay O Re 2 2kQ, Vo = +1 OV (Note 4) 2000 6000 - 2000 6000 - V/mV 
Power Consumption P d Vo = +15V, No Load - 60 75 - 60 75 mw 
Supply Current sy Vg = +15V, No Load . - 20 2.5 - 20 2.5 mA 

NOTES: 3. Guaranteed by CMRR test condition. 

1. TCV og iS 100% tested. 4. Toinsure high open-loop gain throughout the +10V output range, Avo is tested 

2. Guaranteed by end-point limits. at-10V <V, <OV, OV<V, <+10V, and-10V < V, <+10V. 

TYPICAL OFFSET VOLTAGE TEST CIRCUIT BURN-IN CIRCUIT 


O 
~-20V 
PINOUTS SHOWN FOR P AND Z PACKAGES 


Vos TRIM RANGE IS TYPICALLY £3.0mV 
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ELECTRICAL CHARACTERISTICS at V, = #15V, T, = +25°C, unless otherwise noted. 


OP-177E OP-177F OP-177G 


_ PARAMETER SYMBOL CONDITIONS | MIN TYP MAX . MIN TYP MAX | MIN TYP MAX UNITS 
Input Offset Voltage Vog | - 4 10 - 10 25 - 20 60. uv 
Long-Term Vo, . ‘ 

Va /T - : — Sve £0: _ - : - 

Stability og/Time (Note 1) 0.2 0.3 0.4 | wV/Mo 
Input Offset Current Ig. . . | ' 48° 2198 1.0 16 0.3 125, 3 - 0.3 2.8 nA 
Input Bias Current |, | 02 10 15 02 12 20 0.2 12.28 — mA 
Input Noise Voltage e, f, = 1Hz to 100Hz (Note 2) - 118 150 - 118 150 -~ 118 150 — nVems 
Input Noise Current i, f, = 1Hz to 100Hz (Note 2) | - o: 8 - 3 = 8B - 3 ig 0 PAgms 
Input Resistance — . 

R rm : = 

Differential-Mode IN (Note 3) 26 45 7 26 | 45 18.5 45 | MQ 
Input Resistance — 

“OR 2 - ie sa = 

Common neds INCM 200 200 200 GQ 
Input Voltage Range IVR (Note 4) +13 414 Z 1300 +14 19 -41400¢«CO-t Vv 
eoumon en SEMA Vay = £13V 130 140 - 130 140 Z 15 140 = — dB 

Rejection Ratio 
sa Supply PSRR V 3V to +18V 120 125 - 115 125 _ 110 120 - dB 

Rejection Ratio 
Large-Signal R, 2 2kQ, ; 

000 12000 _ 5000 1 - 2 000 - V/mV 

Voltage Gain vo Vo = #10V (Note 5) Seno teg? oe eae oS sagen 
ine eee | R,210kQ +13.5 414.0 - +13.5 14.0 - +135 +140  - | 

hte ies . R, 2 2kQ 412.5 413.0 - H25 4130 - H25 4130 - Vv 

; R, > 1ka 412.0 412.5 - 412.0 25 - 412.0 +125 9 - 
Slew Rate SR R, 2 2kQ (Note 2) _ O14 0.3 - 0.1 0.3 SH - 900 03 #- _Viis 
Closed-Loop Ava, =+1 | a . 
BW VCL 0.4 0.6 _ 0.4 0.6 - 04 06 - MHz 

Bandwidth. (Note 2) 

Open-Loop Output R _ 60 _ 7 60 _ 2 60 m Q 

Resistance oO 

V. =+15V, No Load - 50 60 - 50 60 - 50 60 
7 s= : mw 
SU Vg = #3V, No Load - 35 45 - 35 45 - 35 45 
Supply Current 169 Vg =+15V, No Load -~ 1.6 2.0 - 16 ° 2.0 - 16 2.0 mA 
Offset Adjustment R= 20kQ © > 43 x : +3 a 7 43 uo? mV 

Range P 
NOTES: ea * 2. Sample tested. 

1. Long-Term Input Offset Voltage Stability refers to the averaged trend line of 3. Guaranteed by design. 

Vog VS. Time over extended periods after the first 30 days of operation. Exclud- 4. Guaranteed by CMRR test condition. 

ing the initial hour of operation, changes in Vy, during the first 30 operating 5. To insure high Open-loop gain throughout the +10V output range, A\,,, is tested 

days are typically less than 2.0yV. at-10V <V, < OV, OVS V, <+10V, and—-10V <V,, <+10V. 
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OP177 


ELECTRICAL CHARACTERISTICS at Vg = +15V, -40°C s T, = 85°C, unless otherwise noted. 


f 


OP-177E OP-177F OP-177G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 
Input Offset Voltage Vos: - 10 20 ~ 15 40 _ 20 = 100 uV 
Average Input Offset ° 
Voltage Drift TCVog (Note 1) - 0.03 0.4 = 0.1 0.3 - O07 12 uV/°C 
Input Offset Current’ logs - 0.5 1:5 - 0.5 2.2 - 0.5 4.5 nA 
Average Input Offset ° 
Sia co TClog (Note 2) 2 15 25 rs 1.5 40 - 15 85 pA/°C 
Input Bias Current lb -0.2 2.4 4.0 -0.2 2.4 4.0 - 2.4 +6.0 nA 
Average Input Bias ‘ 
Current Drift TCl, (Note 2) . 8 25 8 40 - 15 60 pA/°C 
Input Voltage Range IVR (Note 3) +13.0 +13.5 - 413.0 +13.5 _ +13.0 +13.5 _ V 
et CMRR Vay = £13V 120 140 Z 120 140 a 110 140 at dB 
Rejection Ratio CM 
PONSE Supe PSRR V. =+8V to +18V 120 125 - 110 120 = 106 115 - dB 
Rejection Ratio S a 
Large-Signal R, =2kQ 
A L 2000 6000 - 2000 6000 _~ 1000 4000 _ V/mV 
Voltage Gain vO Vo = +10V oe 
Output veltage V R, > 2kQ +12.0 +13.0 +12.0 +13.0 : H12.0 +130 - V 
Swing O L . 
Power Consumption Py Vg = +15V, No Load - 60 18 - 60 75 — 60 75 mw 
Supply Current logy V, = +15V, No Load - 2.0 2.5 - 20 2.5 - 20 2.5 mA 
NOTES: . 3. Guaranteed by CMRR test condition. 
1. OP177E and OP177F: TCV,, is 100% tested. 4. To insure high open-loop gain throughout the +10V output range, A\, |S tested 
2. Guaranteed by end-point limits. at-10V <V, < OV, OV< V, <+10V, and-10V <V, s +10V. 
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BANALOG | 
DEVICES _ 


FEATURES 


Single-Supply — +3 Volts to +36 Volts 
Wide Bandwidth - 5 MHz 

Low Offset Voltage - <1 mV 

High Slew Rate - 10 V/us 

Low Noise - 10 nV/VHz 

Unity-Gain Stable 

Input and Output Range Includes GND 
No Phase Reversal 


APPLICATIONS 
Multimedia 

Telecom 

ADC Buffers 

Wide Band Filters 
Microphone Preamplifiers 


GENERAL DESCRIPTION 

The OP183 is a single-supply, 5 MHz bandwidth amplifier with 
slew rates of 10 V/us. The OP283 is a dual version. Both can 
operate from voltages as low as 3 volts and up to 36 volts. This 
combination of slew rate and bandwidth yields excellent single- 
supply ac performance making them ideally suited for telecom and 
multimedia audio applications. 


In addition to its ac characteristics, the OP183 family provides 
good dc performance with guaranteed 1 mV offset. Noise is a 
respectable 10 nV/VHz. Supply current is only 1.2 mA per 
amplifier. 


These amplifiers are well suited for single-supply applications that 
require moderate bandwidths even when used in high gain configu- 
rations. This makes them useful in filters and instrumentation. 
Their output drive capability and very wide full power bandwidth 
make them a good choice for multimedia headphone drivers or 
microphone input amplifiers. 


The OP183 and OP283 are available in 8-pin plastic DIP and SO-8 
surface mount packages. They are specified over the extended 
industrial (40°C to +85°C) temperature range. 
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5 MHz Single-Supply 
Operational Amplifiers 


0P183/0P283 


| PIN CONNECTIONS 
§-Lead Narrow-Body SO §-Lead Epoxy DIP 
(S Suffix) (P Suffix) 


3 | TOP VIEW 6 | 


(Not to Scale) 


NC = NO CONNECT 


8-Lead Narrow-Body SO 
(S Suffix) 


8-Lead Epoxy DIP 
(P Suffix) — 


| 3 | TOP VIEW | 6 


(Not to Scale) 
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SPECIFICATIONS 0P183/0P283 
ELECTRICAL CHARACTERISTI CS (@ V, = +5.0 V, T, = +25°C unless otherwise noted) 


INPUT CHARACTERISTICS 
Offset Voltage Vom = 2.5 Vs Vour = 2.5 V; mV 
—40°C < T, < +85°C mV 
Input Bias Current Vom = 2.5 Vy Vour = 2.5 V5 nA 
-40°C < T, $ +85°C nA 
Input Offset Current Vom = 2.5 V; Vour = 2.5 V; nA 
~40°C < T, S$ +85°C nA 
Input Voltage Range V 
Common-Mode Rejection Ratio Vom = 0 to 3.5 V 
-40°C < T, $ +85°C dB 
Large Signal Voltage Gain R, = 2 kQ, 0.2 < Vo $3.8 V V/mV 
Offset Voltage Drift pVv/°C 
Bias Current Drift nA/°C 
OUTPUT CHARACTERISTICS 
Output Voltage High Vox R, = 2 kQ to GND V 
Output Voltage Low Vor R, = 2 kQ to GND mV 
Short Circuit Limit Isc Source mA 
Sink mA 
POWER SUPPLY 
Power Supply Rejection Ratio PSRR V; = +4V to +6 V, 
-40°C < T, $ +85°C dB 
Supply Current/Amplifier Igy Vo = 2.5 V; 
~40°C < T, < +85°C mA 
Supply Voltage Range Vs V 
DYNAMIC PERFORMANCE 
Slew Rate SR R, = 2 kQ V/us 
Full-Power Bandwidth BWp 1% Distortion kHz 
Settling Time ts To 0.01% Us 
Gain Bandwidth Product GBP MHz 
Phase Margin Te) Degrees 
NOISE PERFORMANCE 
Voltage Noise Cnipp 0.1 Hz to 10 Hz UV p-p 
Voltage Noise Density z f= 1 kHz, Voy = 2.5 V nV/VHz 
Current Noise Density Te pA/VHz 


ELECTRI CAL CHARACTERISTI CS (@ V, = +3.0 V, T, = +25°C unless otherwise noted) 


INPUT CHARACTERISTICS 


Offset Voltage Vom = 1.5 V; Vour = 1.5 V5 
-—40°C < T, $ +85°C 
Input Bias Current Vom = 1.5 V; Vour = 1.5 V5 
| 40°C < T, < +85°C 
Input Offset Current Vom = 1.5 V; Vour = 1.5 V; 
-40°C < T, S$ +85°C 
Input Voltage Range 
Common-Mode Rejection Ratio Vom = 0 V to 1.5 V, 
-40°C < T, $ +85°C 
Large Signal Voltage Gain R, = 2 kQ, 0.2< Vo <1.8V 


OUTPUT CHARACTERISTICS 


Output Voltage High Vou R, = 2 kQ to GND 
Output Voltage Low Vor R, = 2 kQ to GND 
Short Circuit Limit Isc Source 
Sink 
POWER SUPPLY | | 
Power Supply Rejection Ratio PSRR Vs; = +2.5 V to +3.5 V, 
—40°C < T, < +85°C 60 113 dB 
Supply Current/Amplifier Iyy -40°C < T, $ +85°C, Vo = 1.5 V 1.2 1.5 mA 


DYNAMIC PERFORMANCE | 

Gain Bandwidth Product GBP 5 MHz 
NOISE PERFORMANCE 

Voltage Noise Density f=1kHz, Voy =1.5V 10 nV/\VHz 
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0P183/0P283 
ELECTRICAL CHARACTERISTI CS (@ Ve: = +15. OV, Ts = : +25°° unless otherwise noted) - 
Parameter Min Typ | aes Units © 


INPUT CHARACTERISTICS 


Offset Voltage | : mV 
: | 40°C S$<T,<+85°C | 25° amv =<? 
Input Bias Current C nA 
| -40°C < T, $ +85°C | ; nA 
Input Offset Current — -40< T, $ +85°C = | nA 
Input Voltage Range a Vv 
Common-Mode Rejection Ratio Vom = -15 V to +13.5 V, 
-40°C < T, < +85°C |  dBD 
Large Signal Voltage Gain R, = 2 kQ | : |. Vimv | 
Offset Voltage Drift _ : | ~ pv/e 
Bias Current Drift nA/°C 
Long Term Offset Voltage mV" 
OUTPUT CHARACTERISTICS : . 
Output Voltage High - R, = 2 kQ to GND, -40°C < T, < +85°C : , Vv 
Output Voltage Low R, = 2 kQ to GND, —40°C <T, <+85°C : : V 
Short-Circuit Limit) Source : | mA 
Sink | mA | 
Open -Loop Output Impedance f= 1 MHz, Ay = +1, Q 
POWER SUPPLY se illeg 
Power Supply Rejection Ratio V; = +£2.5 V to +18 V, | - 3 
~40°C < T, < +85°C 7 | | dB 
Supply Current/Amplifier V,=+18V,V,>=0V, | | 
—40°C < T, S$ +85°C : : i mA 
Supply Voltage Range Vv 
DYNAMIC PERFORMANCE | a 
Slew Rate | R, =2kQ 1 | — Vips © 
Full-Power Bandwidth _ 1% Distortion ‘kHz 
Settling Time | | ~ To 0.01% ans ps 
Gain Bandwidth Product TE | — MHz... 
Phase Margin degrees 
NOISE PERFORMANCE : ee : Pe 
Voltage Noise | Cen. 0.1 Hz to 10 Hz gs | UN p-p 
Voltage Noise Density f=1kHz . ae | nV/VHz 
Current Noise Density | ~ ist — pA/NHz 
NOTES —— 
‘Long term offset voltage is guaranteed by a 1000 hour life test peiformed on three independent lots at +125 °C, with an LTPD of 1.3. 
Specifications subject to change without notice. 
WAFER TEST LIMITS (@V, = +5.0V, T, = +25°C unless otherwise noted) 
Parameter Units 
Offset Voltage V,=+15V,V,>=0V : - mV max 
Input Bias Current Vom = 2.5 V nA max 
Input Offset Current | Vom=2.5V - . z nA max 
Common-Mode Rejection : Vom = 0 V to 3.5 V 3 | x dB min 
Power Supply Rejection Ratio V=42.5Vtot18V . dB min . 
Large Signal Voltage Gain . R, = 2.kQ, 0.2S Vo $3.8 V — V/mV min 
Output Voltage High R,=2kQ — : V min- 
Output Voltage Low ey ae |. R,=2kQ mV max 
Supply Current/Amplifier V5 =+15V,V,=0V,R,= © . mA max . 
NOTE 


Electrical tests and wafer probe to the limits shown. Due to variations in assembly nathods and normal yield loss, yield after packaging is not guaranteed for standard 
product dice. Consult factory to negotiate sPencanons based on dice lot quno through sample lot assembly and testing. . 


9-422 OPERATIONAL AMPLIFIERS : | | REV. 0 


ABSOLUTE MAXIMUM RATINGS' 


Supply Voltage’ i 2502 ccna gawd eave Gaews oa Reece d takes +18 V 
Input Voltage ............ ee ee ee er erate +18 V 
Differential Input Voltage? ..... 0.0... . eee ee +7V 
Output Short-Circuit Duration to GND ............ Indefinite 
Storage Temperature Range 

PyeSiPACKAGe. ¢ ca surtek Ou Daa eRe eats —65°C to +150°C 
Operating Temperature Range 

OPTS3/OP2836 640 73.cca tBoeigetaeuee tas —40°C to +85°C 
Junction Temperature Range 

Pe S PACKACC ya uct ouatie yk Ba Oe EN A eee ae —65°C to +150°C 
Lead Temperature Range (Soldering 60 Sec) .......... +300°C 
Package Type Units 
8-Pin Plastic DIP (P) °C/W 
8-Pin SOIC (S) °C/W 


NOTES 


‘Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. 

For supply voltages less than +7 V, the absolute maximum input voltage is equal 
to the supply voltage. Maximum input current should not exceed 2 mA. 

*0,, is specified for the worst case conditions, i.e., 8,, is specified for device in socket 
for P-DIP packages; 0), is specified for device soldered in circuit board for SOIC 
packages. 


ORDERING GUIDE 


Temperature Package 
Range Description 


Package 
Option* 


OP183GP -40°C to +85°C | 8-Pin Plastic DIP | N-8 
OP183GS —40°C to +85°C | 8-Pin SOIC SO-8 
OP183GBC | +25°C DICE 

OP283GP —40°C to +85°C | 8-Pin Plastic DIP | N-8 
OP283GS -40°C to +85°C | 8-Pin SOIC 


SO-8 


OP283GBC | +25°C DICE 


*For outline information see Package Information section. 
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OP183/0P283 


DICE CHARACTERISTICS 
V+ = OUT_-NULL 


() 1992°; 
Lets: 


~-IN- IN+ V- 


OP183 Die Size 0.058 X 0.063 Inch, 3,717 Sq. Mils 
Substrate (Die Backside) ls Connected to V-. 
Transistor Count, 30. 


V+ OUTB -INB +INB 


1439 es 
ip ie aa 


==! a =i ee 


a oR 


: sr 


OUTA -INA +INA V- 


OP283 Die Size 0.063 X 0.092 Inch, 5,796 Sq. Mils 
Substrate (Die Backside) ls Connected to V-. 
Transistor Count, 55. 
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OP183/0P283-Typical Characteristics 


QUANTITY 


0 
-600 -400 -200 0 +200°+400 +600 
INPUT OFFSET VOLTAGE — pV 


Figure 1. OP183 Input Offset Voltage 
Distribution @ +5 V 
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Figure 4. OP283 Input Offset Voltage 
Distribution @+15 V 


40°C <T, < +85°C 
aoe ne 590X OP AMPS 
PLASTIC PACKAGE 
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0 2 4 6 8 
TCV95 — HVC 


Figure 7. OP283 Input Offset Voltage 
Drift (TCV ,,) Distribution @ +5 V 


9-424 OPERATIONAL AMPLIFIERS — 


QUANTITY — Amplifiers 


QUANTITY 


0 
-600 -400 -200 0 +200 +400 +600 
INPUT OFFSET VOLTAGE ~— pV 


Figure 2. OP183 Input Offset Voltage | 


Distribution @+15 V 


~40°C <T, < 485°C 
300X OP AMPS 
PLASTIC PACKAGE 


0 
0 2 4 6 8 10 12 
TCVo5 = pvc 


Figure 5. OP183 Input Offset Voltage 
Drift (TCV,,) Distribution @ +5 V 
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Figure 8. OP283 Input Offset Voltage 
Drift (TCV) Distribution @ £15 V 
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Figure 3. OP283 Input Offset Valiage 
Distribution @ +5 V 


40°C < Ty < +85°C 
300X'0P AMPS 


PLASTIC PACKAGE 


_ ‘QUANTITY - Amplifiers 


0 
0 2 4 6 8 10 12. 
TCVos - HVC 
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Figure 9. OP183/OP283 Maximum 
Output Swing vs. Frequency @ +3 V 


REV. 0 


OP183/0P283 


corey || | 
CUI, IL 
CUTIE 
CUTIE 
LENE 


N 


— 
= 
“ 
B 
I 
ies 
ie 
a 
ee) 
|_| 


Pit PT ETN ON 


MAXIMUM OUTPUT SWING - Volts p-p 
a 
OUTPUT VOLTAGE A TO RAIL — Voits 


MAXIMUM OUTPUT SWING — Volts p-p 


po INGE ied 
ee Nee 


0 nl 
1k 10k 100k 1M 10M 1k 10k 100k 1M 10M Tp 10p 100p 1m 10m 
FREQUENCY - Hz FREQUENCY - Hz LOAD CURRENT - Amps 
Figure 10. OP183/OP283 Maximum Figure 11. OP183/OP283 Maximum Figure 12. Output Voltage vs. Sink 


Output Swing vs. Frequency @ +5 VV —_ Output Swing vs. Frequency @+15 V & Source Current 


< 
E 
i] 
4 . i 
I iL 
b~ = | 
rf i S 
ec [om 
oc & = 
5 2 
rs) Oo = 
” 2 oc 
< < 
: 7 
5 z i 
a & a 
= = a. 
pa 
wo 
0 0 ) 
-15 -10 -5 0 5 10 13.5 -75 -50 -25 0 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125 
COMMON-MODE VOLTAGE - Volts TEMPERATURE — °C TEMPERATURE ~— °C 
Figure 13. Input Bias Current vs. Figure 14, Input Bias Current vs. Figure 15. Supply Current per 
Common-Mode Voltage _ Temperature Amplifier vs. Temperature 
rs 
< 
! e < 
f ! i 
Lu 
S & & 
é 0 3 
2 
ra f S) 
> oO or 
: : : 
= 
z 5 5 
3 i : 
7) ”n 
0 0 0 
0 22.5 #5 £7.5 #10 212.5 £15 £17.5 +20 ~75 -50 -25 0 25 50 75 100 125 -~75 -50 -25 0 25 50 75 100 125 
SUPPLY VOLTAGE - Volts TEMPERATURE - °C TEMPERATURE - °C 
Figure 16. Supply Current per Figure 17. Short-Circuit Current vs. Figure 18. Short-Circuit Current vs. 
Amplifier vs. Supply Voltage Temperature @ +5 V Temperature @ +15 V 


REV. 0 OPERATIONAL AMPLIFIERS 9-425 


| 0P183/0P283-Typical Characteristics 


T, = +25°C 
Vg = #15V 


= 
i=] 
i=) 


CUTE INNUL TUT 


CLA EIN 
CLUE UT 


0 
100 1k 


COMMON-MODE REJECTION — dB 
o 
° 


~ 10k 100k 
FREQUENCY -— Hz 


Figure 19. Common-Mode Rejection 
vs. Frequency 
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Figure 22. Open-Loop Gain. and Phase 
vs. Frequency @ +5 V 
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Figure 25. Closed-Loop Gain vs. 
Frequency . 
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Figure 20. Power Supply Rejection 
vs. Frequency 
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Figure 23. Open-Loop Gain and Phase 
vs. Frequency @+15 V 


Vs = +5V 
R. = 2kQ 
+ SLEW RATE 


SLEW RATE - V/us 


-25 0 25 50 75 100 125 
- TEMPERATURE -°C | 


0 
-75 -50 


Figure 26. Slew Rate vs. Temperature 
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Figure 21. Open-Loop Gain and Phase 
vs. Frequency @ +3 V 
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APPLICATIONS 
OP183 Offset Adjust 


Figure 36 shows how the OP183’s offset voltage can be adjusted by 


connecting a potentiometer between Pins | and 5, and connecting 
the wiper to V,,. The recommended value for the potentiometer is 


10 kQ. This will give an adjustment range of approximately +1 mV. 


If a larger adjustment span is desired, a 50 kQ potentiometer will 
yield a range of +2.5 mV. | | 


Figure 36. OP 183 Offset Adjust 


Phase Reversal ee eg | 7 
_ The OP183 family is protected against phase reversal as long.as 


both of the inputs are within the range of the positive supply and. ; | 
the negative supply minus 0.6 volts. However if there is a possibility 
of either input going beyond these limits, then the inputs should be | 


protected with a series resistor to limit input current to 2 mA. 


Direct Access Arrangement ie -. a 
The OP183/OP283-can be used in a single supply Direct Access — 


Arrangement (DAA) as is shown in Figure 37. This figure shows a _— . 


portion of a typical DAA capable of operating from a single +5 volt 
supply and it should also work on +3 volt supplies with minor 
modifications. Amplifiers A2 and A3. are configured so that the 
transmit signal TXA is inverted by A2 and is not inverted by A3. 
This arrangement drives the transformer differentially so that the 


drive to the transformer is effectively doubled over a single amplifier 


arrangement. This application takes advantage of the OP183/283’s 
ability to drive capacitive loads, and to save power in single supply 
applications. . . 

300pF 
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Figure 37. Direct Access Arrangement 
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+5 Volt Only Stereo DAC for Multimedia 
The OP283’s low noise and single supply capability are ideally 


, suited for stereo DAC audio reproduction or sound synthesis _ 


applications such as multimedia systems. Figure 38 shows an 18-bit 
stereo DAC output setup that is powered from a single +5 volt 
supply. The low noise preserves the 18-bit dynamic range of the 


- ADI868. For DACs that operate on dual supplies, the OP283 can 


also be powered from the same supplies. 
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Figure 38. +5 Volt Only 18-Bit Stereo DAC ‘ 


_. Low Voltage Headphone Amplifiers _ Sat ee 
_ Figure 39 shows a stereo headphone output amplifier for the 


ADI 849 16-bit SoundPort® Stereo Codec device. The pseudo- 
reference voltage is derived from the common-mode voltage 


generated internally by the AD1849, thus providing a.convenient 
» bias for the headphone output amplifiers. * p See 
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Figure 39. Headphone Output Amplifier for Multimedia 
Sound Codec 


SoundPort is a registered trademark of Analog Devices Inc. 
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Low Noise Microphone Amplifier for Multimedia 

The OP183 family is ideally suited as a low noise microphone 
preamp for low voltage audio applications. Figure 40 shows a gain 
of 100 stereo preamp for the AD1849 16-bit SoundPort Stereo 
Codec chip. The common-mode output buffer serves as a “phan- 
tom power” driver for the microphones. 
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Figure 40. Low Noise Stereo Microphone Amplifier for 
Multimedia Sound CODEC 


A +3 Volt 50 Hz/60 Hz Active Notch Filter with False Ground 
To process ac signals, it may be easier to use a false-ground bias 
rather than the negative supply as a reference ground. This would 
reject the power-line frequency interference which oftentimes can 
obscure low frequency physiological signals, such as heart rates, 
blood pressures, EEGs, ECGs, et cetera. 


Figure 41 shows a 50 Hz/60 Hz active notch filter for eliminating 
line noise in patient monitoring equipment. It has several kilohertz 


NOTE: FOR 50Hz APPLICATIONS 
CHANGE R1-R4 TO 3.1kQ 
AND RS TO 1.58kQ (3.16kQ + 2). 


Figure 41. +3 Volt Supply 50 Hz/60 Hz Notch Filter with 
Pseudo Ground 
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bandwidth and is not sensitive to false-ground perturbations. The 
simple false-ground circuit shown achieves good rejection of low 
frequency interference using standard off-the-shelf components. 


Amplifier A3 biases Al and A2 to the middle of their input 
common-mode range. When operating on a +3 V supply, the 
center of the OP283’s common-mode range is 0.75 V. This notch 
filter effectively squelches 60 Hz pickup at a filter Q of 0.75. To 
reject 50 Hz interference, simply change the resistors in the twin-T 
section (RI through R5) from 2.67 kQ to 3.16 kQ. 


The filter section uses an OP283 dual op amp in a twin-T configu- 
ration whose frequency selectivity is very sensitive to the relative 
matching of the capacitors and resistors in the twin-T section. 
Mylar is the material of choice for the capacitors, and the relative 
matching of the capacitors and resistors determines the filter’s pass 
band symmetry. Using 1% resistors and 5% capacitors produces 
satisfactory results. 


A Low Voltage Frequency Synthesizer for Wireless 
Transceiver | 

The OP183’s low noise and the low voltage operation capability 
serves well for the loop filter of a frequency synthesizer. Figure 42 
shows a typical application in a radio transceiver. The phase noise 
performance of the synthesizer depends on low noise contribution 
from each component in the loop as the noise is amplified by the 
frequency division factor of the prescaler. 
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Figure 42. A Low Voltage Frequency Synthesizer for a 
Wireless Transceiver 


The resistors used in the low-pass filter should be of low to 
moderate values to reduce noise contribution due to the input bias 
current as well as. the resistors themselves. The filter cutoff 
frequency should be chosen to optimize the loop constant. 
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Figure 43. OP183 Simplified Schematic 


* OP283 SPICE Macro-model , ~ - Rev. A, 9/93 Gl 98 9 (4,5) 6.28E-4 


J JCB/ADI R5 — 9 98 1.59E9 
x 3 C2 9 98 10E-12 
* Copyright 1993 by Analog Devices | D1 9 10 DX 
. | | _ D2 11 9 DX | 
* Refer to “README.DOC” file for License Statement. El 10 98 POLY(1) 99 98 -1.35 1.03, 
* Use of this model indicates your acceptance of the terms and V2 50 - 1] ~ -0.63 : 
| bad 


* provisions in the License Statement. 
P | | 


* COMMON MODE STAGE WITH ZERO AT 353 Hz 


* Node assignments x | 7 
* noninverting input ECM ~=14 98 POLY(2) (1,98) (2,98) 0 3.5 3.5 
ig | . inverting input R7 14 15 1E6 a 
. | | positive supply C4. 14 15 3.75E-11 

‘i | | |. negative supply R8 15 98 1 

. | | | | output * 

* a *POLE AT 20 MHz 

.SUBCKT OP283 2 1 99 50 45 = | * -_ 

! GP2 98 31 (9,98) 1E-6 

* INPUT STAGE AND POLE AT 600 kHz | RP2 31. 98 1E6 

* | CP2 31 98 7.96E-15 

Il 99 8 1E-4 | ne ce 

Q1 4 1 6 QP *ZERO AT 1.5 MHz 

Q2 5 3 7 QP - | | 

CIN 1 2 1.5PF EZ1 32,—sC<O8 (31,98) 1E6 

Ri 50 4 1591 RZ1 32 33 1E6 

R2 50 5 1591 RZ2 33 98 1 

Cl 4 5 83.4E-12 CZ1 32 33. 106E-15 

R3 6 8 1075 : 3 

R4 7 8 1075 *POLE AT 10 MHz 

10S J 2° 12.5E-9 - . 

EOS 3 2 POLY(1) (15,98) 25E-6 1 GP10.—-98 40 (33,98) 1E-6 

DC1 2 36 DZ RP10 40 98 1E6 

DC2 1 36 DZ | CP10 40 98 15.9E-15 

x * 

* GAIN STAGE AND DOMINANT POLE AT 10 Hz ; OUTPUT STAGE 

*« ; . 


EREF 98 0 — POLY(2) (99,0) (50,0) 0 0.5 0.5 ROI 99° 45 140 
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RO2 45 50 140 


G7 45 99 (99,40) 7.14E-3 
G8 50 45 (40,50) 7.14E-3 
G9 98 60 (45,40) 7.14E-3 
D7 60 61 DX 

D8 62 60 DX 

V7 61 98 DCO 

V8 98 62 DCO 

GSY 99 50 (99,50)5E-6 

FSY 99 50 POLY (2) V7 V8 1.075E-3 1 1 
D9 40 41 DX 

D10 42 40 DX 

V5 41 45 1.2 

V6 45 42 1.5 

* 

* MODELS USED 

* 

.MODEL DX D 


-MODEL DZ D(US=1E-15 BV=7.0) 
“MODEL QP PNP(BF=143) 
ENDS 
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ANALOG Dual Low Offset, Low Power 
DEVICES Operational Amplifier 


FEATURES GENERAL DESCRIPTION 
© Low Input Offset Voltage ..................... 75uV Max = The OP-200 is the first monolithic dual operational amplifier to 
e Low Offset Voltage Drift, offer OP-77 type precision performance. Available in the 
Over -55°C < Tas +125°C................. 0.5uV/°C Max _ industry standard 8-pin pinout, the OP-200 combines precision 
e Low Supply Current (Per Amplifier) .......... 725uA Max _ performance with the space and cost savings offered by a dual 
@ High Open-Loop Gain ................... 5000V/mV Min — amplifier. 
: pe seer RO | aan deals The OP-200 features an extremely ow input offset voltage of 
© Stable With Large Capacitive Loads ............ 10nF Typ less than 75zV with a drift below 0.5uV/°C, guaranteed over the 
© Pin Compatible to OP-14, OP-221, LM158, MC 1458/1558, PIN CONNECTIONS 
and T1013 With Improved Performance LCC 16-PIN SOL © 
® Available in Die Form (RC-Suffix) (S-Suffix) 


ORDERING INFORMATION | 


PACKAGE 
T A= 425°C ee ee OPERATING 
Vog MAX CERDIP LCC TEMPERATURE 
(V) 8-PIN PLASTIC 20-CONTACT RANGE 
75 OP200AZ* - OP200ARC* MIL 
75 OP200EZ - - XIND 
150 OP200FZ - - XIND 
200 & OP200GP ~ XIND 
_ 200 - P2poGs™# XIN EPOXY MINI-DIP (P-Suffix) 
* Fordevices processed in total compliance to MIL-STD-883, add /883 after part 8-PIN HERMETIC DIP 


number. Consult factory for 883 data sheet. 

t Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 

tt For availability and burn-in information on SO and PLCC packages, contact 
your local sales office. 


(Z-Suffix) 


VOLTAGE 


LIMITING 
f NETWORK i 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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full military temperature range. Open-loop gain of the OP-200 
exceeds 5,000,000 into a 10k2 load; input bias current is under 
2nA; CMR is over 120dB and PSRR below 1.8uV/V. On-chip 
zener-zap trimming is used to achieve the extremely low input 
offset voltage of the OP-200 and eliminates the need for offset 
nulling. 


Power consumption of the OP-200 is very low, with each 
amplifier drawing less than 725yA of supply current. The total 
current drawn by the dual OP-200 is less than one-half that of a 
single OP-07, yet the OP-200 offers significant improvements 
over this industry standard op amp. The voltage noise density of 
the OP-200, 11nV/,/Hz at 1kHz, is half that of most competitive 
devices. 


The OP-200 is pin compatible with the OP-14, OP-221, LM158, 
MC1458/1558, and LT 1013 and can be used to upgrade systems 
using these devices. The OP-200 is an ideal choice for 
applications requiring multiple precision op amps and where 
low power consumption is critical. 


For a quad precision op amp, see the OP-400. 


OP200 


ABSOLUTE MAXIMUM RATINGS (Note 1) 


SUDDIY VOCS wisishescscciscss ots costes Oia ees nuieicaes +20V 
Differential Input Voltage ............cceecccsescessesscesssscessaceeees +30V 
INPUt VOT Cass .ccsssircissasssonsioseceeigunesevevcsecoweays Supply Voltage 
Output Short-Circuit Duration 0.0... ceeeeee eee Continuous 
Storage Temperature Range 
P, RC, S, Z-Package@...........cc cc cceseseeeseeeeeees —65°C to +150°C 
Lead Temperature Range (Soldering, 60 sec) .............. 300°C 
Junction Temperature (T,) ............cccceeeceeees ~—65°C to +150°C 
Operating Temperature Range 
OP =2 00K iii Assieinisasreutcn test eateries —55°C to +125°C 
OP-200E, OP-200P ssecscsssssscessssceavsasesisssannes —40°C to +85°C 
OR -200G Ss etetescicicieeacapel nities ances —40°C to +85°C 
PACKAGE TYPE @, 4 (Note 2) Bc UNITS 
8-Pin Plastic DIP (P) 96 37 °C/W 


20-Contact LCC (RC) 88 33 °C/W 
16-Pin SOL (S) 92 27 °C/W 
NOTES: 
1. Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. 
2. @., is specified for worst case mounting conditions, i.e., 8, 4 iS specified for 
device in socket for CerDIP, P-DIP, and LCC packages; 8. ‘A is specified for 
device soldered to printed circuit board for SOL package. 


ELECTRICAL CHARACTERISTICS at Vs = +15V, Ta = +25°C, unless otherwise noted. 


SSS Le ER ET ET I TT EIT LTE TD TL I I LE OS EI ITE TET SD TEE EE LIE OE IEICE COE LETTE TITLE TTL TE IT IE OSI LEIDER TTI TE TO EEO aE EIN TE TOG AI A TD IIE RS, 


OP-200A/E OP-200F OP-200G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 
Input Offset 
V _ 25 75 — 50 150 — 80 200 V 
Voltage oe ‘i 
Long Term Input — 
— 0.1 _— — 0.1 — — 0.1 — V/mo 
Voltage Stability ;: 
Input Offset 
= — 0.05 1.0 — 0.05 2.0 — 0.05 3.5 nA 
Current los Vom = OV 
Input Bias 
i Vom = OV _ 0.1 2.0 _ 0.1 4.0 _ 0.1 5.0 nA 
Current : mm 
Input Noise 
Hz to 10H _ 0.5 _ _— 0.5 _— —_— 0.5 = Vo- 
Voltage Sn p-p Seneneee HV'p-p 
Input Noise fo = 10Hz _ 22 36 _ 22 36 _ 22 _ 
Note 1 nV/\/Hz 
Voltage Density en fo = 1000Hz ete? — 11 18 — 1 18 — 11 _ 
Input Noise : 
Caden inpp 0.1Hz to 10Hz _ 15 = = 15 — ~ 15 = PAp-p 
Input Noise : 
fo = 10H — 0.4 — — 0.4 — — 0.4 —_— A/\/Hz 
Current Density '" oO . pA/V/ 
input Hesistance Rin =. 10 a eS 10 _ _ 10 ms MO 
Differential Mode 
Input Resistance 
— 125 — — 125 — — 125 _ GQ 
Common Mode Rincm 
" Siena Vo = +10V 
aie Avo RL = 10k0 5000 12000 _ 3000 7000 — 3000 70002 — me 
Voltage Gain Ry = 2k 2000 3700 — 1500 3200 — 1500 3200 cd 
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ELECTRICAL CHARACTERISTICS at Vs = +15V, Ta = +25°C, unless otherwise noted. (Continued) - 


pS OP-200A/E . OP-200F OP-200G - 
PARAMETER SYMBOL CONDITIONS. MIN TYP MAX “MIN TYP MAX MIN TYP MAX UNITS 
input vONege IVR (Note 3) | +12 £13 = +12 0-413 = +12 £13 = V 
Range 
son rener euA Vou = £12V : 120. 135 —- 15 135 S 10 «13000 — dB 
Rejection S 
Power Supply . ee | 
ee ; PSRR Vg = £3V to +18V — 0.4 1.8 | ed 04 3.2 — 0.6 5.6 © pVW/V 
Rejection Ratio | 
Output Voltage ~ 7 R, = 10ko. +12 +126 = +12 +126 = H12 «+126 a Vv 
Swing 0 R, = 2k +11 +12.2 _ +11 +12.2 —_ £11 +12.2 — 
Supply Current | 
| — —_— _— 7 725 
Per Amplifier SY No Load ae 725 570 725 570 2 pA 
Slew Rate SR 01° 015 =. 01 0.15 — O14 0.15 = V/us 
SeinBandwid, cawe agSa4 — 500 =: — 500 = — 500 = kHz 
Product . oe, 
Channel Vo = 20Vp-p . oe 
1 14 — 1 14 _ 12 145 — dB 
Separation sci fo = 10Hz (Note 2) ae 9 se : : 
Input 
— 3.2 _ _ 3.2 — _ 3.2 _ F 
Capacitance Cin 
Capacitive Load Ay = + . 2 10 _ _ 40 =. =, 40 _ nF 
Stability No Oscillations 
NOTES: 
1. Sample tested. 
2. Guaranteed but not 100% tested. 
3. Guaranteed by CMR test. 
ELECTRICAL CHARACTERISTICS at Vs = +15v, -55°C < Ta < 125°C for OP-200A, unless otherwise noted. 
| OP-200A | 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 
Input Offset Voltage Vos _ 45 125 ow 
Average Input Offset , 
Voltage Drift TCVos 0.2 0.5 pv/°C 
Input Offset Current los Vom = OV a 0.15 2.5 nA 
Input Bias Current Ip Vom = OV a 0.9 5.0 nA 
. Vo = #10V | 
ene aa Ave R, = 100 3000 9000 os ae 
2 Ry = 2k 1000 —- 2700 Z 
Input Voltage Range ~ IVR (Note 1) +12 +12.5 — Vv 
Common-Mode Rejection CMR Vom = +12V 115 130 = dB 
Power Supply | ; 
Vg = +3V to +18V = 0.2 3.2 V/V 
Rejection Ratio one 5 . 
. 7 Ry, = 10kN +12 +12.4 _ 
Output Voitage Swing Vo R, =2kn HH +12 | V 
Supply Current 
| No Load = 600 775 A 
Per Amplifier sy # | BA 
Capacitive Load Stabilit ev - 8 = AF 
ai aaa A No Oscillations 
NOTES: 
1. Guaranteed by CMR test. 
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ELECTRICAL CHARACTERISTICS at Vg = +15V, -40°C < T, < +85°C, unless otherwise noted. 


OP-200E OP-200F OP-200G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 
He eae V 35 100 80 250 
Voltage OS = = — 110 300 uV 
Average Input 
TCV _ : : — : ; _ ° 
Sicet volage Dat CVos 0.2 0.5 0.5 1.5 0.6 2.0 uV/°C 
de oleate l Vom = OV 008 25 0.08 35 0.1 
Current Os CM” a ind ; 6.0 nA 
Input Bias 
| = _ : : — : ‘ —_— 
Baan B Vom = OV 0.3 5.0 0.3 7.0 0.5 10.0 nA 
= +1 
Large-Signal Vo be 
WeidaeiGain Avo R, = 10kN 3000 10000. — 2000 5000 _ 2000 5000 Wmv 
9 R, = 2k0 1500 3200 i 1000 2500 = 1000 2500 we. fae 
! t Volt 
Lene IVR (Note 1) +12 +12.5 = +12 +125 Be +12 412.5 es V 
Range 
-Mod 
Sommer Meee hin Vom = £12V 115 130 = 110 130 = 105 130 ey dB 
Rejection 
Power Supply 
ae PSRR Vs = +3V to +18V — 0.15 3.2 _ 0.15 5.6 — 0.3 10.0 pV/V 
Rejection Ratio 
Output Voltage V R, = 10kN. +12 +12.4 _ +12 +12.4 —_— +12 +12.4 — V 
Swing eS R, = 2k +11 +12 _ +11 +12 _— +11 +12.2 — 
Supply Current 
! L _ 775 _ 600 775 — ; 
Per Amplifier Sy No Load 600 600 775 pA 
papacitive Load Ay= a | _ 10 _ _ 10 _ _ 10 = nF 
Stability No Oscillations 
NOTES: 
1. Guaranteed by CMR test. 
CHANNEL SEPARATION TEST CIRCUIT NOISE TEST SCHEMATIC 


OV; 20Vp-p @ 10Hz 


TO SPECTRUM 


or: 
OUT ANALYZER 


Vi ) 
V2/1000 


CHANNEL SEPARATION = 20 log ( 
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“BANALOG 
DEVICES eure 


- FEATURES 


© Excellent TCVos Match ......... seer tactont 2uV/°C Max 
© Low Input Offset Voltage ...... eu aceeenneh 150uV Max 
© Low Supply Current .............. she adroiea aia ae 100A 
© Single-Supply Operation ................ +5V to + 30V 
© Low Input Offset Voltage Drift ............. 0.75uV/°C 
© High Open-Loop Gain ..................... 2000V/mvV 
@ High PSRR .. 0s... ccc lec cen eee enee 3uV/V 
© Low Input Bias Current ..................... we... 12nA 
© Wide Common-Mode Voitage 

RONG 3-35.65 con periiene Sine os V-— to within 1.5V of V+ 


¢ Pin Compatible with 1458, LM158, LM2904 
¢ Available in Die Form 


GENERAL DESCRIPTION 


The OP-220 is a monolithic dual operational amplifier that 
can be used either in single or dual supply operation. The low 
offset voltage, and input offset voltage tracking as low as 
1.04V/°C, make this the first micropower precision dual 
operational amplifier. | 


The excellent specifications of the individual amplifiers com- 
bined with the tight matching and temperature tracking 
between channels provides high performance in instrumen- 
tation amplifier designs. The individual amplifiers feature 
extremely low input offset voltage, low offset voltage drift, 
low noise voitage, and low bias current. They are fully 
compensated and protected. 


Matching between channels is provided on all critical 
parameters including input offset voltage, tracking of offset 
voltage vs. temperature, non-inverting bias currents, and 
common-mode rejection ratios. 


SIMPLIFIED SCHEMATIC (Each Amplitier) 


“ACCESSIBLE IN CHIP FORM ONLY 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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Dual Micropower 


—__ Operational Amplifier 


~0P220 


ORDERING INFORMATION ‘ 


T, =+25°C PACKAGE OPERATING 
Vog MAX CERDIP PLASTIC TEMPERATURE 
(LV) TO-99 8-PIN 8-PIN RANGE 
150 OP220AJ* OP220AZ — MIL 
150 — OP220EZ — IND 
300 — OP220FZ — IND. 
750  OP220CJ* OP220CZ — MIL 
750 OP220GJ OP220GZ OP220GP XIND — 
750 — — OP220GS XIND 


For devices processed in total compliance to MIL-STD-883, add /883 after part 
number. Consult factory for 883 data sheet. 
t Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. , 


PIN CONNECTIONS 


8-PIN HERMETIC DIP 
(Z-Suffix) 
8-PIN PLASTIC DIP 


(P-Suffix) 


ve 
TO-99 
(J-Suffix) 


(S-Suffix) 


i | 


Q29 
; 


REV. B 


OP220 


ELECTRICAL CHARACTERISTICS atV, = #2.5V to+15V, -55°C =< T, = +125°C for OP-220A and C, -25°C = T, = +85°C for 
OP-220E and F, —40°C = uP = +85°C for OP-220G, unless otherwise noted. Continued 


OP-220A/E OP-220F | OP-220C/G 


PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX ' MIN TYP MAX UNITS 
Large-Signal Vg = + 18V, R, = 50kN 
Voltage Gain Avo Vo = +10V 500 1000 500 800 400 500 _ V/mV 
+= -—= 
Output Voltage . _ ove, 0.9/3.8 —_ _ 0.9/3.8 _ _ 1/3.8 — — 
Seine Vo R, = 20kn | Vv 
| Vg = + 15V, Ry = 50kN +13.8 —_ — +13.8 ~ ~ +13.8 _ — 
Supply Current ' Vs = +2.5V, No Load _ 135 170 — 155 185 — 170 210 - 
(Both Amplifiers) sy Vg = + 15V, No Load — 190 250 — 200 260 — 275 330 a 


NOTE: 1. Sample tested. 


MATCHING CHARACTERISTICS at Vs = + 15V, Ta = 25°C, unless otherwise noted. 


OP-220A/E OP-220F OP-220C/G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 
Input Offset 
_ 150 300 — 250 500 — 300 600 Vv 
Voltage Match AVos 
Average Noninverting ; 
+ = _ 10 20 _ 15 25 _ 20 30 nA 
Bias Current ls Vom =0 | 
Noninverting : 
= — 7 1.5 _ 1 2 — 14 2.5 nA 
Offset Current lost Vom = 0 0 
Common-Mode 
Rejection Ratio © ACMRR = Voy=—15Vto+13.5V 92 100 _ 87 95 _ . 72 85 _ dB 
Match (Note 1) 
Power Supply 
Rejection Ratio APSRR Vg = +2.5V to + 15V _ 6 14 — 18 44 _ §7 140 pV/V 


Match (Note 2) | 
MATCHING CHARACTERISTICS at V, =+15V, 55°C < T, < +125°C for OP-220A and C; -25°C < T , $+85°C for OP-220E and 
F;-40°C < T, < +85°C for OP-220G, unless otherwise noted. Grades E, F are sample tested. , ,; 


OP-220A/E OP-220F OP-220C/G 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX — MIN TYP MAX UNITS 
input Offset. AV 9 | 

Voltage Match os - 50 500 —_ 400 800 — 800 1800 uv 
input Offset TCAV Nsies y os . 

Voltage Tracking os _ (Note 3) | _ 1 _ 1.5 3 _ 1.5 5 wVv/°C 
Average Noninverting 

Igt Vom = 0 — 10 25 _ 18 30 — - 22 40 nA 


Bias Current 


Average Drift of # 
Noninverting * TCligt Vom = 0 (Note 3) — 15 25 — 15 30 — 30 50: = pA/?C 
Bias Current 


Cees lost Vom = 0 0.7 2 1 25 A 
Offset Current Ps CM ~ = ; —- 25 5 | nA 

Average Drift of ‘ 
Noninverting - + TClogt - Voy = 0 (Note 3) — 7 15 = 12 22.5 — 15 30°. pA/°C 


Offset Current 


Common-Mode _ ar 
Rejection Ratio ACMRR- Voy =—15V to + 13V 87 98 = 82 se — 72 80. —_ dB 
Match (Note 1) | 


Power Supply 
Rejection Ratio § APSRR Vs=+2.5V to +15V —- 10 2 —- 3% 78 — 57 250 wv 
Match (Note-2) 
NOTES: es 
1. ACMRR is 20 log 19 Voy/ACME, where Voy is the voltage applied to both 2: ApeRAie: Le eemed Seeman 


noninverting inputs and ACME is the difference in common-mode AVs 


input-referred error. 3. Sample tested. 
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Supply Voltage eseuecte daelesr ebtledetses'sveeaseacts sans steceeasedssaanet +18V © . _— 
Differential Input Voltage ...................+ . 30V or Gun Voltage — SL) eee 2 eee eee: eS AA 
Input Voltage ............ccsecesesssseesseestsees dusseeee SUPPly Voltage 8-Pin Hermetic DIP (2) | Us 16 °C/W 
Output Short-Circuit Duration ......cccccscccessesssscsessssesses Indefinite 8-Pin Plastic DIP (P) ' 103. 43 °C/W 
Storage Temperature Range ...................0 —65°C to +150°C 8-Pin SO (S) 158 43 °C/W 
Operating Temperature Range — | NOTES: —- 
OP-220A, C ..........c:cccsscccsessssscenseens tieceiveueads -§5°C to +125°C 1. Absolute maximum ratings apply to both DICE and packaged parts, unless 
OP-220E, F ............cececseeees SixGiiaeeawauaciaveenia ~—25°C to +85°C otherwise noted. 
© | S14 0 | Renee or eee Sor ne are ~—40°C to +85°C 2. @,, is specified for worst case mounting conditions, i.e., 8, 's specified mf 
: : | device in socket for CerDIP and P-DIP packages; ©, , is specified for device 
Lead Temperature (Soldering, 60 S@C) .............+1.+0000 +300°C soldered to printed circuit board for SO package. : 
Junction Temperature (T ) ..........sscseeseees -—65°C to +150°C 
ELECTRICAL CHARACTERISTICS at Vs = +2.5V to + 15V, Ta = +25°C, unless otherwise noted. 
| | OP-220A/E — OP-220F _ — OP-220C/G . | 
PARAMETER = = SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 
input Offset Voltage Vos Vg = +2.5V to +15V | — 120 150 — 250 300 — 500 750 wv 
Input Offset Current los Vom=O0 | — 014 15 —~ 02 2 — 02 35 nA 
Input Bias Current Ig Vom = 0 : —- 2 2 —- 13 2 —- 4 30 nA 
a | V+ =5V, V-=0V, 136 —- — 735 —- =— O85 j- =—° 
meipur voltage ange: IVA Vs = +15V 15/135 — — -6/1385 —- — -6/135 —- — : 
V+ = 5V, V-=0V, 
Common-Mode OV < Voy < 3.5V a we oe 2, - 
Rejection Ratio aa Vs = + 18V, ae 
g= =v, —_ — = 
-15V S Voy < 13.5V me tee oe oe 
Power Supply saan Vs = £2.5V to +15V _ 3 10 _ 10 32 — 32 100 aia 
Rejection Ratio : — V-=0V,V4+=S5Vto30V 2 — 6 868 —- 1% 657 — 57 180 aid 
V+ = SV, V-= OV, R, = 100kN | 
Large-Signal A 1V <VoS3.5V a a> ee ae <e V/mV 
vo » s 
Vo= +10V 
Output Voltage aie de haba 0.7/4 _ — 0.7/4  — _ 0.8/4 _ - 
Swing Vo R, = 10k V 
, Vg = + 18V, Ry = 25k +14 _ - +14 - = +14 = _ 
Slew Rate —- - $R ss RL = 25k, (Note1) — 0.05 _ — 0.05 _ — 0.05 — | Wus 
Bandwidth BW Aver = +1, RU = 25k —- 20 =— —- 2 — — 20 — kHz 
Supply Current Vs = +2.5V, No Load — 100 115 _ 115. 125 ~_ 125 = 135 a 
(Both Amplifiers) SY Vs = +15V, No Load — 140 170 — 150, 190 — 205 220 ‘i 


ELECTRICAL CHARACTERISTICS at V, = #2.5V to+15V, -55°C = T, = +125°C for OP-220A and C, -25°C < T, = +85°C for 
OP-220E and F, —40°C s T, = +85°C for OP-220G, unless otherwise noted. 


. OP-220A/E OP-220F OP-220C/G 
PARAMETER . SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 
_ Average Input Offset = _ | _ | " 
Voltage Drift (Note 1) TCVopg_ Ss: Vg = + 18V 0.75 15 1.2 2 2 3 pVv/?C 
Input Offset Voltage Vos . : . — 200 300 — 400 500 — 1000 . 1300. pV 
input Offset Current log Vom = 0 . _ 0.5 2 mad 0.6 2.5 = 0.8 5 nA 
Input Bias Current Ip Vem = =O _ 12 8 2 13 30 —_ 14 40 . nA 
Meetats weakens: eee V+=5V, V-=0V, _ 132 —- — 0/3.2 — — 0/3.2 ee 2 
OM NOMeR Eee res. ° Nga ibY -19/18.2 — 15/182 8D . 
V+ = SV, V-=OV, 
| = 85 90 — 80 85 _ 70 80 _ 
Common-Mode os Vom S 3.2V 
CMRR dB 
Rejection Ratio Vg = + 15V 90 95 or 85 90 _ 75 85 = 
_ 718V Ss Voy 13.2V 
a - 6 87 — 8s7 180 
Power Supply PSRR Vg = £2.5V to + 15V 6 18 uv/v 


Rejection Ratio V- = OV, V+ = 5V to 30V es 10 32 t,o 32 100 _ 100 320 
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ANALOG 
DEVICES 


Dual Low Power Operational Amplifier, 


Single or Dual Supply 


FEATURES 
@ Excellent TCVos Match .................. 2uV/°C Max 
e Low Input Offset Voltage .................. 150u.V Max 
@ Low Supply Current ...................... 550uA Max 
@ Single Supply Operation ................ +5V to +30V 
e Low Input Offset Voltage Drift ............. 0.75u.V/°C 
e High Open-Loop Gain ................. 1500V/mV Min 
© High PSRR ......... ccc ccc ccc cece cree nee 3uV/V 
e Wide Common-Mode Voltage | 

RONGG ceca eis Sees ik V-— to within 1.5V of V+ 


e Pin Compatible with 1458, LM158, LM2904 
e Available in Die Form 


ORDERING INFORMATION ' 
Ta= +25°C BACKAGE OPERATING 
Vos MAX CERDIP PLASTIC TEMPERATURE 
(uV) TO-99 8-PIN 8-PIN ~ RANGE 
150 OP-221AJ/883 OP221AZ* ~ MIL 
150 _ OP221EZ = IND 
300 OP221BJ - - MIL 
500 OP221CJ ~ - MIL 
500 OP221GJ OP221GZ OP221GP XIND 
500 - - OP221GS XIND 


* Fordevices processed in total compliance to MIL-STD-883, add /883 after part 
number. Consult factory for 883 data sheet. 

t Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 


GENERAL DESCRIPTION 


The OP-221 is a monolithic dual operational amplifier that 
can be used either in single or dual supply operation. The 


wide supply voltage range, wide input voltage range, and low 
supply current drain of the OP-221 make it well-suited for 
operation from batteries or unregulated power supplies. 


The excellent specifications of the individual amplifiers com- 
bined with the tight matching and temperature tracking 
between channels provide high performance in instrumen- 
tation amplifier designs. The individual amplifiers feature 
very low input offset voltage, low offset voltage drift, low 
noise voltage, and low bias current. They are fully compen- 
sated and protected. 


Matching between channels is provided on all critical 
parameters including input offset voltage, tracking of offset 
voltage vs. temperature, non-inverting bias currents, and 
common-mode rejection. 


PIN CONNECTIONS 


HERMETIC DIP | 


(2-Suffix) 


8-PIN 
iy, PLASTIC DIP 
Ssina TO-99 (P-Suffix) 
(J-Suffix) 


SIMPLIFIED SCHEMATIC (Each Amplifier) 


*ACCESSIBLE IN CHIP FORM ONLY 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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ABSOLUTE MAXIMUM RATINGS (Note 1) 


Supply NONGGQG asses teswereve Ai voaseeatvacaunahesavtecsodessacsexascense +18V 
Differential Input Voltage ............. : Bees 30V or Supply Voltage 
IAD UE: VON si cocceciesscicersencdstecsscdancuscecanicsionssces Supply Voltage 
Output Short-Circuit Duration... eescercesteeseeees Indefinite 
Storage Temperature Range .............scsseee —65°C to +150°C 
Operating Temperature Range | 

OP 229 AB: C izcccissscsszecesereeatnavcerteene -55°C to +125° C 

OP 221 Ee iscerctcssccsrest nevewntiacs iscbinasbucavesecs -25°C to +85°C 

OP 22 1 Ga secserpe ian 8 sdiveavenssvecsuesasse etaccentaedoesee —40°C to +85°C 
Lead Temperature (Soldering, 60 SOC) ........000008 t aucssies +300°C 
Junction Temperature (T)) sccemlaus tans cersuecstucots —65°C to +150°C 


@,,(Note2). 8 


PACKAGE TYPE ic 
~ TO-99 (J) ~ 150 18 °C/W 
8-Pin Hermetic DIP (Z) 148 16 °C/W 
8-Pin Plastic DIP (P). 103 43 °C/W 
8-Pin SO (S) 158 43 °C/W 
NOTES: 


1. Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. __ 

©, is specified for worst case inounting conditions, i.e., 8, a |S specified for 
device in socket for TO, CerDIP and P-DIP packages; 8, a |S specified for 
device soldered to printed circuit board for SO package. 


nN 


ELECTRICAL CHARACTERISTICS at Vs = +2.5V to +15V, Ta = 25°C, unless otherwise noted. 


OP-221A/E OP-221B OP-221C/G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX: MIN TYP MAX UNITS 
Input Offset Voltage Vos — 75 150 _ 150 300 — 250 500 pV 
Input Offset Current log Vom = 0 — 0.5 3 _ 1 5 — 1.5 7 nA 
Input Bias Current lp Vom = 0 _ 50 80 — 60 100 — 70 120 nA 
V+ = 5V, V-=0V 0/3.5 _ _ 0/3.5 _ ond 0/3.5 —_ — 
| R IVR ; a NM 
NOU Netege vanes Vg = +15V Oey eae 2 Se oe SHBVISG ee. ee gigs? a 
Nase a aie 90 100 — 8 9 £— 75 8 
Common-Mode CMRR OV < Vom = 3.5V dB 
nee . aes . . . 
Rejection Ratio . Vs +15V 95. 400 ez, 90 95 = 80 90 = 
'=15V.-S Voy S 13.5V 
=+2. + — 1 — 1 32 —_ 32 10 
. ove! Supply | PSRR Vg = +2.5V to +15V 3 0 0 0 VN 
Rejection Ratio: V-=O0V, V+ = 5V to 30V _ 6 18 — 18 57 _ 57 180 
‘Large-Signal |. Vg = £15V, Ry = 10k2 , 
; — — 1000 — _ 800 _— _ V/mV 
Voltage Gain Avo Vo = +10V ses | 
: + — _— = 5 
Output Voltage siege acre 0.7/4.1 — — 0.7/4.1 _— — 0.8/4 — — 
own Vo R, = 10ko ,. 
Vg = +15V, Ry. = 10k0 +13.8 _ —_ +13.8 _ —_ +13.5 _ _ 
Slew Rate SR Ry = 10kQ, (Note 1) 0.2 03 ee 02 083 ass 02 03 =e V/s 
Bandwidth BW _— 600 — —_ 600 _ — 600 _— -kHz 
Supply Current Vs = £2.5V, No Load _ 450 550 _ 500 600 _ 550 650 un 
(Both Amplifiers) Sy. Vs = +15V, No Load _— 600 800 _— 800 850 — 850 900 


NOTES: 
1. Sample tested. 


2. Guaranteed by CMRR test limits. 


ELECTRICAL CHARACTERISTICS at V, = #2.5V to+15V, 55°C sT, s +1 25°C for OP-221A, B, and C, -25°C = T, = +85°C for 
OP-221E, —40°C < T, = +85°C for OP-221G, unless otherwise noted. 
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a, | _ OP-221A/E OP-221B OP-221C/G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 
Average Input Offset | 
— 075 15 — 12 2 = 2 3 v/PC 
Voltage Drift (Note 1) TCVos . 
Input Offset Voltage  Vog — 150 300 — 250 450 — 400 700 bV 
Input Offset Current log Vom = 0 | = 1 5 = 1.5 7 _ 2 10 nA 
input Bias Current Ig Vom =0 -_ 55 100 | _ 65 120 a 80 140 nA 
: V+ =5V, V-=0V 0/3.2 = = 0/3.2 ~_ a 0/3.2 =< eas 
PUR Noes range. aN ve=ttov ~~ NPP) isso — Stee Se tei 
: sh aati ea 8 90 a 80 85 ste 70 ~+80 = 
an : 
Rennes. Soe 90 9 — 8 9 =— 1S OBR 
-15V < Voy < 13.2V 
REV. B 


OP221 


ELECTRICAL CHARACTERISTICS at V, = +2.5Vto+1 SV, 55°C = T, s +125°C for OP-221A, B, and C,-25°C = T, = +85°C for 
OP-221E, -40°C < T, < +85°C for OP-221G, unless otherwise noted. (Continued) 


OP-221A/E OP-221B OP-221C/G 
. PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 
- Power Supply Vg = +2.5V to +15V = 6 18 = 18 57 = 57 180 
ere ; PSRR pV/V 
Rejection Ratio V-= OV, V+ = 5V to 30V — 10 32 —_ 32 100 — 100 320 
Large-Signal Vg = £15V, Ry = 10k. 
A = — ae ae os =, 
Voltage Gain vo Vo = +10V me oo ae ManON 
V+ = 5V, V-=OV, 
Output Voltage : 0.8/3.8 _ — 0.8/3.8 _ _ 0.9/3.7 — — 
Swiha Vo Ry = 10k V 
Vg = £15V, Ry = 10k £13.5 #14 = £13.5 +14 — +13.2 _— — 
Supply Current Vs = +2.5V, No Load — 500 650 _— 550 700 —_ 600 750 x 
(Both Amplifiers) ae Vg = +15V, No Load — 700 900 — 900 950 — 950 1000 . 
NOTES: 
1. Sample tested. 
2. Guaranteed by CMRR test limits. 
MATCHING CHARACTERISTICS at Vs = + 15V, Ta = 25°C, unless otherwise noted. 
OP-221A/E OP-221B OP-221C/G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 
Input Offset 
AV, — 2 — 150 4 — 
Voltage Match Os 50 00 00 250 600 wee pV ce 
Average Noninverting 
It _— — —_— —_— 100 —_ _ 
Bias Current. i i . baie Me 
Noninverting Input 
lost — 2 — 2 5 _ 4 
Offset Current Os : ” ne 


Common-Mode 
Rejection Ratio ACMRR Vom = —15V to + 13.5V 92 _ — 87 = a 72 — Ss dB 
Match (Note 1) 


Power Supply 
Rejection Ratio - APSRR Vs = +2.5V to + 15V —_— — 14 — -_- 44 — — 140 - yp 
Match (Note 2) . 


MATCHING CHARACTERISTICS at V, = +15V, -55°C s T, < +125°C for OP-221A, B, and ©, -25°C = T, = +85°C for OP- 
221E, -40°C < T, =< +85°C for OP-221G, unless otherwise noted. Grades E and G are sample tested. 


OP-221A/E OP-221B OP-221C/G 
PARAMETER _——SYMBOL__CONDITIONS MIN. TYP MAX MIN TYP MAX MIN’ TYP MAX UNITS” 
Mengeretng T0808 Fie 
Noninverting Input cA: Aigsh Weg 6 | = 3 7 bos 3 7 —- 6 12 nA 


Offset Current 


Common-Mode 
Rejection Ratio ACMRR ~—s- Voy = -15V to +13.2V 87 2 90 — 82 8 — 72 ~—-80 = dB 
Match (Note 1) 


Power Supply 
Rejection Ratio — APSRR —_ — 26 — _ 78 _ — 250 V/V 
Match (Note 2) 


NOTES: 

1. ACMRR is 20 log 49 Voy/ACME, where Voy is the voltage applied to both 
noninverting inputs and ACME is the difference in common-mode input- 
referred error. 

2. APSRR is: Input-Referred Differential Error 

AVs 
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ANALOG 
DEVICES 


Dual, Precision 


- JFET High Speed Operational Amplifier 


FEATURES 

° Fast Slew Rate ................. mee oucucpeussauthgerices we 22V/us Typ 
© Settling Time (0.01%) ............sccscccsssesccsscssrseseesse 1.2us Max 
© OMSOT VONAGE side siscsincieccnssassvvcasescteacevesecatsavsdeces 300.V Max 
¢ High Open-Loop Gain ...................:sccseseees -...1000V/mV Min 
¢ Low Total Harmonic Distortion .................0000 0.002% Typ 


¢ improved Replacement for AD712, LT1057, OP-215, 
TLO72, and MC34082 
¢ Available in Die Form 


APPLICATIONS 

¢ Output Amplifier for Fast D/As 

* Signal Processing : 

© Instrumentation Amplifiers 

¢ Fast Sample/Holds 

° Active Filters 

¢ Low Distortion Audio Amplifiers 
¢ Input Buffer for A/D Converters 

* Servo Controllers 


GENERAL DESCRIPTION 


The OP-249 is a high-speed, precision dual JFET op amp, simi- 
lar to the popular single op amp, the OP-42. The OP-249 outper- 
forms available dual amplifiers by providing superior speed with 
excellent DC performance. Ultra-high open-loop gain (1kV/mV 
minimum), low offset voltage, and superb gain linearity, makes 
_ the OP-249 the industry's first true precision, dual high-speed 
amplifier. 


With a slew rate of 22Vius typical, and a fast settling time of less 
than 1.2us maximum to 0.01%, the OP-249 is an ideal choice for 
high-speed bipolar D/A and A/D converter applications. The 
excellent DC performance of the OP-249 allows the full accu- 
racy of high-resolution CMOS D/As to be realized. 


8.00155 i: gs 


Symmetrical slew rate, even when driving large loads, such as 
6002, or 200pF of capacitance, and ultra-low distortion, make 
the OP-249 ideal for professional audio applications, active fil- 
ters, high-speed integrators, servo systems, and buffer amplifi- 
ers. 


The OP-249 provides significant performance upgrades to the 
TLO72, AD712, OP-215, MC34082 and the LT1057. 


PIN CONNECTIONS 


8-PIN CERDIP 
(Z-Suffix) 


8-PIN EPOXY MINI-DIP 
(P-Suffix) 


or 20-CONTACT LCC 
(RC-Suffix) 


8 
~O- 


+INA3 QO () 5+INB 
oo _ B-PINSO 
T0-99 (S-Suffix) 
(J-Suffix) 


FAST SETTLING LOW DISTORTION EXCELLENT OUTPUT DRIVE 
(0.01%) | A, =+1,R, = 10kQ R, =6002 
This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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ORDERING INFORMATION ' Operating Temperature Range 
PACKAGE OPERATING OP=249A (IZ AG) oc cetenscatcestesipeincaiavees —55°C to +125°C 
CERDIP PLASTIC LCC TEMPERATURE OP=249E IF (SZ \rascaces ied ves sapcasecels woneeseees —40°C to +85°C 
TO-99 8-PIN 8-PIN 20-CONTACT RANGE OP=249G (Po SD) zxientiectusiteedesiabna piace veassenkss —40°C to +85°C 
OP249AJ* OP249AZ* - OP249ARC/883 MIL Junction Temperature 
OP249EJ 7 - “3 XIND OP-249 (J, Z, RC) oo... csccesesssssseseeeeees —65°C to +175°C 
OP249FJ = OP249FZ 7 = XIND OP-249 (PS) octet Brewer sata dhteavuten —65°C to +150°C 
= = OP249GP na XIND ’ A i ReeeseesPsS ; 
7 _ Op249Gs"" i: XIND Lead Temperature Range (Soldering, 60 sec) .............. 300°C 
* For devices processed in total compliance to MIL-STD-883, add /883 after part PACKAGE TYPE 0, , (Note 3) o) UNITS 
JA jc 
number. Consult factory for 883 data sheet. ae ra ee a a ee eT ee ere 
t Burn-in is available on commercial and industrial temperature range parts in TO-99 (J) 145 16 °C/W 
CerDIP, plastic DIP, and TO-can packages. For ordering information, see 8-Pin Hermetic DIP (Z) 134 12 oC /W 
PMI's Data Book, Section 2. oa RL ee re a 
tt For availability and burn-in information on SO and PLCC packages, contact oe SON NO 5 ea ee 
your local sales office. 20-Contact LCC (RC) 88 33 °C/W 
8-Pin SO (S) 150 41 °C/W 
NOTES: 
ABSOLUTE MAXIMUM RATINGS (Note 1) 1. Absolute maximum ratings apply to both DICE and packaged parts, unless 
SUDDIV: VORAGS cs feltcerenadswecceres term aicasinacsorocaatinnacnetuaans +18V otherwise noted. 
Input Voltage (Note 2) .........c.ccceccec ccc ceeseceeeeesceeseeeeeeneees +18V 2. For supply voltages less than +18V, the absolute maximum input voltage is 
. . equal to the supply voltage. 
Differential Input Voltage (Note EEE 36V 3. ©, is specified for worst case mounting conditions, i.e., ©., is specified for 
Output Short-Circuit Duration POUT TUTLOCTTOTETTOLeLTeTTreree re rere yr Indefinite device in socket for TO, CerDIP, P-DIP, and LCC packages; Gin is specified 
Storage Temperature Range ...................0008 —65°C to +175°C tor device soldered to printed circuit board for SO package. ; 


ELECTRICAL CHARACTERISTICS at V, = +15V, T, = +25°C, unless otherwise noted. 


OP-249A OP-249E OP-249F ; 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX _ UNITS 
Offset Voltage Vos - 02 05 - 014 03 - 02 07 “mv 
Long Term Offset 
Voltage Vos (Note 1) - ~ 0.8 - _ 0.6 - - 10 mv 
Offset Stability s 45 = = 45 - - 415 — pV/Month 
Input Bias Current lp Vow = OV, T, = +25°C - 30 75 - 20 50 - 30 75 pA 
Input Offset Current = Ia. Vom = OV, T, = +25°C - 6 25 - 4 15 — 6 25 pA 
+12.5 +12.5 412.5 
£5 = + a 
Input Voltage Range IVR (Note 2) +11 125 +11 125 +11 125 V 
eyo ae CMR Veg = tttV 80 90 = 86 95 2 80 90 - ss dB 
Rejection CM 
Power-Supply Vg = +4.5V 
- - : - 12 V/V 
Rejection Ratio pone to +18V Ke one , ii si H 
Large-Signal Vo = +10V 
- 00 - 500 1200 - V/mV 
Voltage Gain Avo R, = 2ko 1000 1400 1000 14 
Output Voltage * +12.5 +12.5 +12.5 s 
= +12. - ~ +12.0 - V 
Swing fe ieee ree -12.5 len -12.5 -12.5 
Short-Circuit Output Shorted +36 +36 +36 
Be t + +50 +20 +50 mA 
Current Limit Isc to Ground ey ~33 i ss -33 ~33 
No Load 
Supply Current Isy Vo =0V - 5.6 7.0 - 5.6 7.0 - 5.6 7.0 mA 
Slew Rate SR R, = 2kQ, C, = 50pF 18 22 - 18 22 - — 18 22 - V/us 
rae nome GBW (Note 4) 35 47 = 35 47 x 35 47 — MHz 
Product 
10V Step 0.01% 
- 0. . - 0.9 1.2 _ 0.9 1.2 Ss 
Settling Time t, (Note 3) 9 1.2 | vi 
Phase Margin 05 OdB Gain - 55 - - 55 ~ _ 55 - Deg 
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ELECTRICAL CHARACTERISTICS at V, - +15V, T, = +25°C, unless otherwise noted. Continued | 
OP-249A OP-249E — OP-249F 


PARAMETER | SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 
Differential Input - | ao . Pe 7 
Impedance | Zin | eg OIG FS lew - 10°"16 > = 10°16 - — Q\|pF 
Open-Loop 7. 
. Output Resistance Ro " 38 ~ ~ = ~ = 35 i 2 
Voltage Noise Oras 0.1Hz to 10Hz os | 2 - - 2 - - 2) - Vo.» 
| fy = 10H2 - 2 a ~ = - 75 = 
Voitage Noise . fo = 100Hz - 26 - - 26 - - 26 eee 
7 fo = 10kHz - 16 - - 16 - - 16 - 
Current Noise : . eal 
Density In fo = 1kHz | a 0.003 - - 0.003 ae ~. 0.003 - pA Hi 
Voted Supey Vs +45 +15 +418 +45 415 418 +45 415 418 iv 
Range | 
NOTES: : 2. Guaranteed by CMR test. 
1 Long term offset voltage is guaranteed by a 1000 HR life test performed on 3 3. Settling-time is sample tested. 
independent wafer lots at +125°C with a LTPD of 3. 4. Guaranteed by design. 
ELECTRICAL CHARACTERISTICS at V, = +15V, T, = +25°C, unless otherwise noted. 
| | | OP-249G | 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 
Offset Voltage Vos - 0.4 2.0 “mV 
Input Bias Current — i; Vom = OV, T, = +25°C - 40 75 pA 
Input Offset Current los Vom = OV, T = +25°C - 10 25 pA 
Input Voltage Range IVR (Note 1). +11 oe - : -v 
allie CMR Vay =tttV 7 76 90 m dB 
_ Rejection CM , 
Power-Supply | Vg = #4.5V 
. Rejection Ratio enn to +18V te oe wey 
Large-Signal Vo = t10V 
Voltage Gain Avo Ry = 2kQ oe iy May 
Output Voltage : . +12.5 —- 
Siig | Vo R, = 2kQ +12.0 ee | V 
Short-Circuit Output Shorted +36 
. A 
_ Current Limit Isc to Ground =e * -33 sate - 
No Load | . 7 
Supply Current Isy Vo =0V - 5.6 7.0 mA 
Siew Rate SR Eo R, = 2kQ, C, = 50pF 18 22 - — Vius 
Gain-Bandwidth : | , 
- 4.7 - MHz 
Product GBW (Note 2) | | 
Settling Time i a 10V Step 0.01% = 0.9 1.2 ‘us 
Phase Margin | Q | OdB Gain - 55 - Deg 
NOTES: | 


1. Guaranteed by CMR test. 
2. Guaranteed by design. 
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ELECTRICAL CHARACTERISTICS at V, = £15V, T, = +25°C, unless otherwise noted. Continued 


OP-249G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 
Differential input 12 
Impedance 7 118 Q||pF 
Open-Loop 
Output Resistance . 22 re 
Voltage Noise — 0.1Hz to 10Hz ~ 2 pV aa 
fo = 10Hz ~ 75 
Voltage Noise fo = 100Hz ~ 26 a 
Density fo = 1kHz - 17 ee 
fo = 10kHz - 16 
Current Noise 
Density fo = 1kHz - 0.003 pA/v Hz 
Itage 
Voltage Supply +4.5 +15 V 
Range 


ELECTRICAL CHARACTERISTICS at V, = +15V, 40°C < T, < +85°C for E/F grades, and -55°C < T, < +125°C for A grade, 
unless otherwise noted. 


OP-249A OP-249E OP-249F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 
Offset Voltage Vos - 0.12 1.0 _ 0.1 0.5 - 0.5 1.1 mV 
Offset Voltage 
Temperature TOVog - 1 5 - 1 3 _ 1.2 6 pvc 
Coefficient | 
Input Bias Current =—s I, (Note 1) - 4 20 - 0.25 3.0 - 0.3 4.0 nA 
Input Offset Current Ing (Note 1) - 0.04 4 - 0.01 0.7 - 0.02 1.2 nA 
412.5 412.5 +12.5 
Input Voltage Range IVR (Note 2) +11 125 - +11 425 - 214 125 - V 
SO ee CMR Veg =t11V 76 110 : 86 100 zi 76 95 ss dB 
Rejection CM : 
Power-Supply Vg = +4.5V 
- _ 5 50 - 7 100 VIV 
Rejection Ratio cone to +18V : =e a 
Large-Signal R, = 2kQ 
1400 - 750 1400 - 250 1200 - V/mV 
Voltage Gain Avo Vo =t10V me 
Output Voltage +12.5 +12.5 i +12.5 
= : - : - +12. _ V 
Swing Vo eee ale) -12.5 ee —12.5 ee -12.5 
Short-Circuit Output Shorted 
- +18 - +60 +1 - +60 mA 
Current Limit Isc to Ground ane — : 
No Load 
- : ; - ‘ : - ’ re 
Supply Current Isy Vo =0V 5.6 7.0 5.6 7.0 5.6 0 mA 
NOTES: 
1. T, = 85°C for E/F Grades; T = 125°C for A Grade. 
2. Guaranteed by CMR test. 
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ELECTRICAL CHARACTERISTICS at V, = +15V, -40°C <T, < +85°C, unless otherwise noted. 


| | | _ OP-249G a 
PARAMETER — - SYMBOL CONDITIONS | a: @ . . MIN =—=|—S TYP MAX  —_—_—sOUNITS 
Offset Voltage Nee _ 1.0 3.6 a, 
Offset Voltage om 7g  oce 

Temperature TOVo5 . | = 6 25 ~ pVvec 
_ Coefficient . - 

Input Bias Current lp (Note 1) ; 3 - 0.5 45 °° nA 
Input Offset Current ~ log: (Note 1) _ 0.04 1.5 ; nA 
Input Voltage Range IVR (Note 2) | are} | +11.0 ae = soy 
Common-Mode 4 seo i8 ae = 

V = 7 co ; 

Rejection CMR oma tttV 6 | 95 | dB 

Power-Supply Vg = +4.5V : ra 
= 1 ‘ nV, 
- Rejection Ratio enn to +18V 0.0 100 NN 
Large-Signal R, = 2kQ 
A L 250 1200 - V/mV 
Voltage Gain vO Vg = #10V > 7 
Output Voltage | | . on. , 112.5 
- Swing | Yo , Nace. Joe Sips V 
Short-Circuit .. - Output Shorted 
+1 _ +60 
Current Limit i: Isc to Ground 8 mA 
NoLoad i : ed 
_ ‘ 7. A 
Supply Current Ilsy V>=0V 5.6 | 0 Js m 
NOTES: 
1. T,=85°C. 


2. .Guaranteed by CMR test. 
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ANALOG 
DEVICES 


Dual Very Low Noise Precision 
Operational Amplifier 


FEATURES 
@ Very Low Noise............... snV/\/ Hz @ 1kHz Max 
e Excellent Input Offset Voltage ............... 75yuV Max 
© Low Offset Voltage Drift................... TuV/°C Max 
@ Very High Gain ......................... 1500V/mV Min 
e Outstanding CMR .......................08. 106dB Min 
© Slew Rate iia eis cowed sande eae ees 2.4V/us Typ 
® Gain-Bandwidth Product.................... 5MHz Typ 
@ Industry Standard 8-Pin Dual Pinout 
° Available in Die Form 
ORDERING INFORMATION ' 
T, = +25°C PACKAGE OPERATING 
Vog MAX CERDIP LCC TEMPERATURE 
(nV) 8-PIN PLASTIC 20-CONTACT RANGE 
75 OP270AZ* - OP270ARC/883 MIL 
75 OP270EZ - - XIND 
150 OP270FZ — = XIND 
250 - OP270GP - XIND 
250 - op270Gs"t i XIND 


* For devices processed in total compliance to MIL-STD-883, add /883 after part 
number. Consult factory for 883 data sheet. 

t Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 


tt For availability and burn-in information on SO and PLCC packages, contact 
you local sales office. 


GENERAL DESCRIPTION 


The OP-270 is a high-performance monolithic dual opera- 
tional amplifier with exceptionally low voltage noise, 


16-PIN SOL 
(S-Suffix) 


EPOXY MINI-DIP (P-Suffix) 
8-PIN HERMETIC DIP 
(Z-Suffix) 


SnV/\/ Hz at 1kHz Max, offering comparable performance 
to PMI’s industry standard OP-27. 


The OP-270 features an input offset voltage below 75yV and 
an offset drift under 1nV/°C, guaranteed over the full mil- 
itary temperature range. Open-loop gain of the OP-270 is 
over 1,500,000 into a 10k{) load insuring excellent gain accu- 
racy and linearity, even in high-gain applications. Input bias 
Current is under 20nA which reduces errors due to signal 
source resistance. The OP-270’s CMR of over 106dB .and 
PSRR of less than 3.2yuV/V significantly reduce errors due to 


SIMPLIFIED SCHEMATIC (One of two amplifiers is shown. 


® 


Lig 


em, 


yt-V 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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ground noise and power supply fluctuations. Power con- Storage Temperature Range —s_iw a 
sumption of the dual OP-270 is one-third less than two P, RC, S, Z-Package................ ssssesesesseseeeee 05°C tO +150°C 
OP-27s, a significant advantage for power conscious appli- Lead Temperature Range (Soldering, 60 sec) .............. 300°C 
cations. The OP-270 is unity-gain stable with a gain- Junction Temperature (T,) .............ssccccsssereee —65°C to +150°C 
bandwidth product of 5MHz and a slew rate of 2.4V/us. Operating Temperature Range | 
The OP-270 offers excellent amplifier matching which is OP-270A BOSCCOOER SCOR SEHR ES EEE OHSSCOSESHRSOE HSER DESEO HE SHEROS =05' C10 tee 
important for applications such as multiple gain blocks, low- OP-270E, OP-270F, OP-270G i dese ld gi Sco —40°C to +85 C 
noise instrumentation amplifiers, dual buffers, and low-noise PACKAGE TYPE @, , (Note 3) 8 UNITS 
° JA ye 
active filters. os . ~ 
8-Pin Hermetic DIP (Z) 134 12 i OF 
eS eee eee ee 
pinout. | a _ 
SE5532/A, RM4558 and HAS102 dual op amps and can be —- —7oComtactcc(Re) GC 
16-Pin SOL (S) 92 27 — °C 


used to upgrade systems using these devices. | 


For higher speed applications the OP-271, with a slew rate of 


8V/S, is recommended. For a quad op amp, see the OP-470. NOTES: 


1. Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. | . 
2. The OP-270's inputs are protected by back-to-back diodes. Current limiting 


ABSOLUTE MAXIMUM RATINGS (Note 1) resistors are not used in order to achieve low noise performance. If differential 
SUDDIY VONAGE si ccsasccdessanasuarseaaec sor cvtsccntavsascstevecsenbeneeese +18V voltage exceeds +10V, the input current should be limited to +25mA. 

py ; Ne: 3. @,, is specified for worst case mounting conditions, i.e., @,, is specified for 
ea onasi lie pitted ie > See a4 duaice in sockat for CerDIP, P-DIP, and LCC packages: © IA ecifie Aas 
| nee is nput Uurren ( ote ) aaa eer woh m vice soldered to printed circuit board for SOL package. 
DOUE VONAGG Wie sccisnssivedeactaacanss setsvdsviesteventioaviennes upply Voltage 
Output Short-Circuit Duration ................ssssseeeeeeee Continuous. 


ELECTRICAL CHARACTERISTICS at Vg = £15V, T, = +25°C, unless otherwise noted. 


; | _OP-270A/E OP-270F — OP-270G 
PARAMETER . SYMBOL CONDITIONS MIN TYP MAX MIN TYP . MAX MIN TYP MAX UNITS 
Input Offset Voltage Vos - - 10 75 - 20 150 - 50 250 pV 
Input Offset Current logs Vom= OV 7 1 10 - 3 15 ao 8 20 nA 
Input Bias Current I, ~ Voy = OVD ~ 5 20 - 10 40 - 15 60 nA 
; | 0.1Hz to 10Hz . 
input Noise Voltage are (Note 1) . - 80 200 - 80 200 - 80 -,  nVp-p 
fy = 10Hz - 36 £65 - 36 65 — - 36 - 
Input Noise 2 fo = 100Hz ~ 3.2 5.5 - 3.2 5:5. - 3.2 - nVV/Hz 
Voltage Density n fp = 1kHz - 3.2 5.0 ~ 3.2 5.0 - 3.2 - | 
- (Note 2) — . . 
f., = 10Hz - 1.1 - - ~ 1.1 - - 1.1 - 
j fo) 
sateen i, fo = 100Hz - o7 . - - 07 - - 07 - pA/Hz 
fo = 1kHz - 06 - - 06 - - 06 
V~.=+10V 
Si re) 
ese Avo R, = 10k 1500 2300 = 1000 17002 - 750 1500 ay 
’ R, = 2k 750 1200 - 500 900 350 700 
Input Voltage Range ~ IVR (Note 3) 412 +12.5 - 412 412.5 c= #120 12.5 - 
Output Voitage Swing Vo R,22kQ £12 «+13.5 - #120 413.5 a #12 8 +13.5 - 
ae CMR Vege tl1V 106 125 - 100 120 : 90 © 110 si dB 
Rejection CM 
EON See PSRR—s«Vewt4.SVtod18V0 = - SiO SBC. - 10 56 - 45 6 pVw 
Rejection Ratio : . 
Slew Rate SR 417 2.4 - 1.7 2.4 - 1.7 2.4 - V/us 
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ELECTRICAL CHARACTERISTICS at Vs = +15V, Ta = +25°C, unless otherwise noted. Continued 


OP-270A/E OP-270F OP-270G 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 
Supply Current 

(All Amplifiers) Isy No Load - 4 6.5 7 4 6.5 es 4 6.5 mA 
Gain Bandwidth Product GBW - 5 - - 5 - - 5 - MHz 

Vo = 20Vo. , 

h p-p = = = 7m 
Channel Separation CS fo = 10Hz (Note 1) 125 175 125 175 175 dB 
Input Capacitance Cin - 3 - - 3 - ~ 3 - pF 
Input Resistance 

Differential-Mode Rin i. es 7 7 os 7 7 7 MS 
Input Resistance 

Common-Mode Rincm = fa 7 7 ad 7 a a 7 on 

Ay = +1, 10V Step 


Settling Time ts 10 0.01% ~ 5 - - 5 - - 5 - Us 
NOTES: 

1. Guaranteed by not 100% tested. 

2. Sample tested. 

3. Guaranteed by CMR test. 


ELECTRICAL CHARACTERISTICS at Vs = +15V, -55°C < Ta < +125°C for OP-270A, unless otherwise noted. 


OP-270A : 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 
Input Offset Voltage Vos - 30 175 pV 
Average Input 
0.2 1 vie 
Offset Voltage Drift TCVos = # 
Input Offset Current los Vom = OV - 2 30 nA 
Input Bias Current Ip Vom = 0V - 6 60 nA 
Vo =+10V 
minis ae Avo Ry = 10kQ 750 1600 - vim 
a cae Ry = 2k 400 800 
Input Voltage Range IVR (Note 1) +12 +12.5 - V 
Output Voltage Swing Vo Ry, 2 2kQ +12 +13 - Vv 
eommon-wode CMR Vom =411V 100 120 _ dB 
Rejection 
S ieedaiteaal a PSRR Vg = +4.5V to +18V 2 1.0 5.6 uViV 
Rejection Ration 
Supply Current 
| No Load - 4.5 ie) mA 
(All Amplifiers) a 
NOTE: 


1. Guaranteed by CMR test. 
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ELECTRICAL CHARACTERISTICS at Vg = #15V, 40°C < T, = +85°C, unless otherwise noted. 


a a TE TE DE A a a EE I I A I EO A GI TE TE TI TT TE I TT ETT 


| | OP-270E | OP-270F | OP-270G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TY MAX UNITS 
Input Offset Voltage — Vos - 25 150 - 45 275 _ 100 400. pV 
Average Input | : 
“Offset Voltage brit. TCYos , | _ 02 1. - 04 2 - 07 3 arc 
Input Offset Current los Vom = OV - 1.5 30 - 5 40 - 15 50 nA 
input Bias Current lp Vo = OV - 6 -~— 60 - 15 70 _ 19 80 nA 
Large-Signal Not ly 
9 : ‘ Avo Re = 10kQ 1000 1800 - 600 1400 - 400 1250 -  Vimv 
Voltage Gain vO 
R, = 2kQ 500 900 - 300 700 ~ 225 670 - 
Input Voltage Range IVR (Note 1) #12 2#12.5 - 212 +12.5 - #12 212.5 = 
Output Voltage Swing Vo R, 2 2kQ #12 +13 - +12 +13 - +12 +13 - 
ce CMR Vom =2t1V 100 = 120 - 94 115 - 90 100 -  . 4B 
Rejection 
Power Supply ie 
an , PSRR V. = #4.5V to +18V - 0.7 5.6 - 1.8 10 - 2.0 15 pV/V 
Rejection Ration Ss 
Supply Current | 
N - zi : - 4.4 7.2 - 4.4 7.2 mA 
(All Amplifiers) Isy at RS | | 
NOTE: : 


1. Guaranteed by CMR test. 
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FEATURES 
@ Excellent Speed... eeesceeeesessnnreeerees 8.5V/us Typ 
@ Fast Settling (0.01%) oo... eesessesssssnsseneees 2us Typ 
e Unity-Gain Stable 
e High Gain-Bandwidth .............ccceseseseeeeseee 5MHz Typ 
e Low Input Offset Voltage ......... ee 200u V Max 
e Low Offset Voltage Drift «2.0... eee 2uV/°C Max 
© IGN Gali = scdectecenssesersssenceoicteaciniecemsieadee 400V/mV Min 
e Outstanding CMR ...............00. Off idole stat 106 dB Min 
e Industry Standard 8-Pin Dual Pinout 
e Available in Die Form 
ORDERING INFORMATION ' 
Ta = +25°C Enos | OPERATING 
VosMAX  CERDIP | LCC TEMPERATURE 

(UV) _8-PIN PLASTIC 20-CONTACT RANGE 

200 OP271AZ* -. OP271ARC/883 MIL 

200 OP271EZ - - XND 

300.  OP271FZ ~ ~ XND 

400 - OP271GP _ XND 

400 - OP271GStt - XND 


For devices processed in total compliance to MIL-STD-883, add /883 after part 
number. Consult factory for 883 data sheet. 

t Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 

tt For availability and burn-in information on SO and PLCC packages, contact 
your local sales office. 


GENERAL DESCRIPTION 


The OP-271 is aunity-gain stable monolithic dual op amp featur- 
ing excellent speed, 8.5V/us typical, and fast settling time, 2us 
typical to 0.01%. The OP-271 has a gain-bandwidth of SMHz with 
a high phase margin of 62°. 


High Speed, Dual 
Operational Amplifier 


0P271 


Input offset voltage of the OP-271 is under 200uV with input offset 
voltage drift below 2uV/°C, guaranteed over the full military tem- 
perature range. Open-loop gain exceeds 400,000 into a 10kQ load 
ensuring outstanding gain accuracy and linearity. The input bias 
current is under 20nA limiting errors due to source resistance. 
The OP-271's outstanding CMR, over 106dB, and low PSRR, 
under 5.6u.V/V, reduce errors caused by ground noise and power 
supply fluctuations. In addition, the OP-271 exhibits high CMR 
and PSRR over a wide frequency range, further improving system 
accuracy. Continued 


PIN CONNECTIONS 


N.C. 
OUT B 
N.C. 
-INB 
N.C. 
[9 | 
CLO BNO 
2° 222 16-PIN SOL 
LCC (S-Suffix) 
(RC-Suffix) 


EPOXY MINI-DIP 
(P-Suffix) 


_ 8-PIN HERMETIC DIP 
(Z-Suffix) 


SIMPLIFIED SCHEMATIC (One of the two amplifiers is shown.) 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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‘The OP-271 offers outstanding DC and AC matching between Lead Temperature (Soldering, 60 sec) iseeseue pater | ‘ +300°C 
channels. This is especially valuable for applications such as Junction Temperature (T,) ..........-scsssesseseeeeeeee -65°C to +150C 
multiple gain blocks, high-speed instrumentation and ampli- Operating Temperature Range 


fiers, buffers and active filters. 6 | Bas Al dd 0; Weare He Rr tr ne Mer Ser eed PPC I RE Ne -55°C to +125°C 
The OP-271 conforms.to the industry standard 8-pin dual op OP-271E, OP-271F, OP-271G uu... eee —40°C to +85°C 
amp. pinout. It is pin compatible. with the TLO72, TLO82, PACKAGE TYPE Bi, (Note 3) Bic ; UNITS 
LF412, and 1458/1558 dual op amps and can be used to : : 
significantly improve systems using these devices. eee Rh 2) eae ae oR 
For applications requiring lower voltage noise, see the OP stb Nada ea | = ase 
270. For a quad version of the OP-271, see the OP-471. a ee ee ee 
| 8-Pin SO (S) 92 27, CW 
ABSOLUTE MAXIMUM RATINGS (Note 1) sgl | 
1. Absolute maximum ratings apply to both DICE and packaged parts, unless 
SUDPIY Voltage: scciuisocist at ap ccteustaasteseenas eerticonase wees £18V otherwise noted. 
Differential Input Voltage (Note 2)....... per tuieuees Eadeuielauett +1.0V 2. The OP-271's inputs are protected by back-to-back diodes. Current limiting 
Differential Input Current (Note 2).............cccceccescseseees +25mA resistors are not used in order to achieve low noise performance. If differential 
voltage exceeds +1.0V, the input current should be limited to +25mA. 
—_ Input Voltage seseeesecenenaneen sessteceasensnseecuseecenseenans Supply Voltage 3. @,, 8 specified for worst case mounting conditions, i.e., ©, is specified for 
Output Short-Circuit Duration 0.0... ecseeeeeeeees Continuous device in socket for CerDIP, P-DIP, and LCC packages; @', is specified for 
Storage Temperature Range ........... sees —65°C to +150°C device soldered to printed circuit board for SOL package. 


ELECTRICAL CHARACTERISTICS at V., = +15V, T, = +25°C, unless otherwise noted 


| | OP-271A/E OP-271F . OP-271G 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX. UNITS 

Input Offset | 
Voltage Vos - 75-200 - 150 300 - 200 400 wv 

spay i Vou = OV 2 1 10 - 4 15 7  ~—-20 nA 

Input Bias : | = a3 —— ; 
Cunsar =. ‘le Vow = OV : 4 20 6 40 12 60 nA 

Input Noise . _ : 

Voltage e, fo = 1kHz - 7.6 - ~ 7.6 = - 7.6 - nv/ Hz 
Density : 

Large-Signal Vo = 210V . i 
Voltage Ayo rR, = 10kQ 400 650 - 300 500 _ . 250. 400 = VimV 
Gain R, = 2kQ 300 500 - 200 300 - 175 250 - 

Input Voltage 7 4° ; - ; | a 
Range e IVR (Note 1) | 2120 212.5 #12 #12.5 7 +12 +12.5 c= Vv 

Output Voltage ae eRe ty 
Swing Vo R, = 2kQ | +12 #13 _ +12 #13 - +12 +13 3 Vv 

comman- Mode “GMA Vag = £12V : 106 120 So 400 45>" <= 90 105 - dB 
Rejection CM™ _ . 

Power Supply és . a 
Rejection PSRR Vs = #4.5V to 218V - 0.6 3.2 - 1.8 5.6 - 2.4 7.0 pVv/V 
Ratio . 

Slew Rate SR 6.5 8.5 ~_ 5.5 8.5 - 5.5 8.5 _ Vius 

Phase Margin @,, Ay=+1 - 62 _- ~ 62 - - 62 ~ deg 

Supply Current _ 2 i. A 
(All Amplifiers) ‘sy No Load 4.5 65 4.5 6.5 (4.5 6.5 

Gain Bandwidth _ 2 7 7 a . _ Hz 
Product GEW a ; 2 2 5 . 

Channel V.. = 20V 

e) P-p 125 175 - , 125 175 - oo 175 _- dB 
Separation — fo = 10Hz (Note 2) 

Input Capacitance C,,, . ~ 3 _ - 8 - - 3 — pF 

Input Resistance 2: 7 7 5 _ 4 = MQ 
Differential-Mode and as - 

Input Resistance _ - = = 3: 20 2 Ga 
Common-Mode ince a ee 

oe ide A, = +1, 10V Step e 5 _ _ 2 = _ 2 < g 

Settling Time t. 10 0.01% p 

NOTES: | 


1. Guaranteed by CMR test. 
2. Guaranteed but not 100% tested. 
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ELECTRICAL CHARACTERISTICS at Vs = +15V, —55°C < Ty, < 125°C for OP-271A, unless otherwise noted. 


RT Be I Se ET a TS Ne eT CE ee ee ee re me) 


OP-271A 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 
Input Offset Voltage Vos — 115 400 pV 
Average Input 5 

Offset Voltage Drift TNos _ a8 = | a 
Input Offset Current los Vom = OV — 1.5 30 nA 
Input Bias Current lg Vom = OV = 7 60 nA 
Earge signal A a : aa 300 600 

Voltage Gain ve Le = vine 

Ry = 2k 200 500 — 
Input Voltage Range IVR (Note 1) +12 +12.5 — 
Output Voltage Swing Vo Ry = 2k +12 +13 — Vv 
Common-Mode 
He és CMR Vom = £12V 100 120 _ dB 

Rejection 

Power Supply 
j —+ + pee 

Rejection Ratio PSRR Vg = +4.5V to +18V 1.0 5.6 pV/V 
Supply Current 

(All Amplifiers) Igy No Load = 5.3 75 ~ mA 
NOTE: 


1. Guaranteed by CMR test. 


ELECTRICAL CHARACTERISTICS at V, = +15V, 40°C < T,< +85°C, unless otherwise noted. 


. OP-271A/E OP-271F eS OP-271G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 
Input Offset | 
Vv a : ae = 
Neitages ae 100 330 215 560 300 700 wv 
Average Input _ 
Offset Voltage TCVo, - 0.4 2 _ 1 4 - 2.0 5 pvc 
Drift . 
Input Offset 
icant lie Vom = OV - 1 30 - 5 40 - 15 50 nA 
Input Bias 
= _ = al 1 A 
Sian lp Vou = OV 6 60 10 70 5 80 n 
Large-Signal Vo = #10V 
Voitage Ay O Re = 10k2 300 600 - 200 500 _ 150 400 - V/mV 
Gain R, = 2kQ 200 500 - 100 400 ~ 90 300 _ 
npulvonegs IVR (Note 1) 412 #125 s #12 412.5 i a12 412.5 - Vv 
Range 
t I 
me put vollese V R, 22kQ +12 #13 _ +12 #13 _ +12 #13 - V 
Swing e) A 
-M 
Pommor Meo? SOMA Vig = #12V 100 120 7 94 «115 s 90 100 Z dB 
Rejection cM 
Power Supply 
Rejection PSRR Vs = +4.5V to +18V _ 0.7 5.6 - 51.8 10 _ 2.0 15 pV/V 
Ratio 
Supply Current 
| N - 5.2 7.2 - 5.2 7.2 - 5.2 7.2 mA 
(All Amplifiers) SY Oey 
NOTE: 


1. Guaranteed by CMR test. 
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ANALOG 
DEVICES — 


Dual Bipolar/FET, Audio 
Operational Amplifier 


FEATURES 
Excellent Sonic Characteristics 
Low Noise: 6 nV/VHz 
Low Distortion: 0.0006% 
High Slew Rate: 22 V/s 
‘Wide Bandwidth: 9 MHz 
Low Supply Current: 5 mA 
_ Low Offset Voltage: 1 mV 
Low Offset Current: 2 nA 
Unity Gain Stable 
SOIC-8 Package . 


APPLICATIONS 

High Performance Audio 
Active Filters 

Fast Amplifiers 
Integrators . 


GENERAL DESCRIPTION 
The OP-275 is the first amplifier to feature the Butler Amplifier 
front-end. This new front-end design combines both bipolar and 
JFET transistors to attain amplifiers with the accuracy and low 
noise performance of bipolar transistors, and the speed and 
sound quality of JFETs. Total Harmonic Distortion plus Noise: 
equals previous audio amplifiers, but at much lower supply 
currents. 


A very low 1/f corner Of below 6 Hz maintains a flat noise den- 
sity response. Whether noise is measured at either 30 Hz or — 

1 kHz, it is only 6 nV/\/Hz. The JFET portion of the input 
stage gives the OP-275 its high slew rates to keep distortion low, 
even when large output swings are required, and the 22 V/ps° 
slew rate of the OP-275 is the fastest of any standard audio 
amplifier. Best of all, this low noise and high speed are accom- 
plished using less than 5 mA of supply current, lower than any 
standard audio amplifier. 7 


*Patent pending. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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PIN CONNECTIONS 
8-Lead Narrow Body SOIC - 8-Lead Epoxy DIP . 
(P Suffix) 


(S Suffix) . 


Improved dc performance is also provided with bias and offset 
currents greatly reduced over purely bipolar designs. Input off- . 
set voltage is guaranteed at 1 mV and is typically less than ~ 
200 nV. This allows the OP-275 to be used in many dec coupled 
or summing applications without the need for special selections 
or the added noise of additional offset adjustment circuitry. 


The output is ‘capable of driving 600 © loads to 10 V rms while - 


- maintaining low distortion. THD + Noise at 3 V rms is a low... 


0.0006%. 


~The OP-275 is specified over the extended industrial (— 40°C to | 
-+85°C) temperature range. OP-275s are available in both plastic | 


DIP and SOIC-8 packages. SOIC-8 packages are available.in . 
2500 piece reels. Many audio amplifiers are not offered in 
SOIC-8 surface mount packages for a variety of reasons, how- 
ever the OP-275 was designed ‘so that it would offer full EPEHOE: 
mance in surface mount PACHASINE 
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SPECIFICATIONS 


ELECTRICAL CHARACTERISTICS (@ V, = +15.0 V, T, = +25°C unless otherwise specified) 


Parameter 


AUDIO PERFORMANCE 
THD + Noise 
Voltage Noise Density 


Current Noise Density 
Headroom 


INPUT CHARACTERISTICS 
Offset Voltage 


Input Bias Current 
Input Offset Current 


Input Voltage Range 
Common-Mode Rejection 


Large Signal Voltage Gain 


Offset Voltage Drift 


OUTPUT CHARACTERISTICS 
Output Voltage Swing 


POWER SUPPLY 
Power Supply Rejection Ratio 


Supply Current 


Supply Voltage Range 


DYNAMIC PERFORMANCE 
Slew Rate 
Full-Power Bandwidth 
Gain Bandwidth Product 
Phase Margin ~~ 
Overshoot Factor 


Vin = 3 Vrms, Ry, = 2 kO, f = 1 kHz 
f = 30 Hz 
f = 1 kHz 
f = 1 kHz 
THD + Noise <= 0.01%, 
R, = 2 kO, Vs = +18 V 


~40°C<T ,<+85°C 

Vom = 0V 

Vom = 0 V, —40°C<T,<+85°C 
OV 


Ip 


Ios 
Vom = 0 V, —40°C<T,<+85°C 


Vom 


CMR 


Vom = £10.5 V, 
—40°CST,=+85°C 

R, = 2k0 

R, = 2 kO, —40°C=T,=+85°C 
R,, = 600 0 


Avo 


AVos/AT 


R, =2kO0 
R, = 2 kO, —40°C<T,<+85°C 
R, = 6009, V, = £18 V 


Vs = +4.5 V to +18 V 
Vs = £4.5 V to +18 V, 
—40°CST,=+85°C 

Vs = £4.5 V to +18 V, Vo = OV,— 
R, = ~, —40°CST,s+85°C 

Vs = +22 V, Vo =0V;,R, = %, 
—40°C<T,=+85°C 


SR 


15 22 V/s 
BW, kHz 
GBP 9 MHz 
OO 62 Degrees 
Vin = 100 mV, Ay = +1, 
R, = 600 2, C, = 100 pF 10 % 


Specifications subject to change without notice. 
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0P275 | ; 
WAFER TEST LIMITS (@ v, = +150 v, 1, = +25°C unless otherwise specified) 


Parameter 


Offset Voltage 
Input Bias Current 

Input Offset Current 

Input Voltage Range’ 
Common-Mode Rejection 
Power Supply Rejection Ratio 
Large Signal Voltage Gain 
Output Voltage Range 
Supply Current 


NOTES 


mV max 


Vom =0V nA max 
Vom =0V nA max 
~ V min 

Vom = £10.5V dB min 

V = +45 Vto +18 V dB min 
R, = 2kO V/mV min 
R, = 10 kO Vmin 
Vo mA max 


=0V,R, =” 


Electrical tests and wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guaranteed for 
standard product dice. Consult factory to negotiate specifications based on dice lot qualifications through sample lot assembly and testing. 


‘Guaranteed by CMR test. 
Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS’ 


SUpply VOUACE: &.3 asewe No a ee oa a a SP ae ees =22°V 
Input Voltage? 2.0... ee es +18 V 
Differential Input Voltage? ..............205. eg OLN 


Output Short-Circuit Duration to GND? Indefinite 
Storage Temperature Range 
(P, S) Package 


Operating Temperature Range 


o © © © © © © @ 


-65°C to + 150°C 


ORAS: 4d ae & 8 Dae RS Ore ate —40°C to +85°C 
Junction Temperature Range 

(P, S) Package ...... Cpt eet Goa ee —65°C to + 150°C 
Lead Temperature Range (Soldering, 60 sec) ....... +300°C 


ORDERING GUIDE 


Temperature Package 
Range Description 


Package 
Option* 


OP275GP —40°C to +85°C | 8-Pin Plastic DIP | N-8 
OP275GS —40°C to +85°C | 8-Pin SOIC SO-8 
OP275GSR | —40°C to +85°C | SOIC-8 Reel, 


2500 pcs. 
DICE 


OP275GBC | +25°C 


*For outline information see Package Information section. 
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Package Type Units 
8-Pin Plastic DIP (P) °C/W 
8-Pin SOIC (S) °C/W 


NOTES 

‘Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. 

?For supply voltages less than +22 V, the absolute maximum input voltage is 
equal to the supply voltage. . 

Shorts to either supply may destroy the device. See data sheet for full details. 

“0,4 is specified for the worst case conditions, i.e., 0,4 is specified for device in 
socket for cerdip, P-DIP, and LCC packages; 0,, is specified for device 
soldered in circuit board for SOIC package. 


DICE CHARACTERISTICS 


OUTA 


-INA 


+INA 


OP-275 Die Size 0.070 x 0.108 in. (7,560 sq. mils) 
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APPLICATIONS 


Short Circuit Protection 
The OP-275 has been designed with inherent output short 
circuit protection to ground. 


However shorts to either supply may destroy the device when 
excessive voltages or currents are applied. For safe operation 

the output current of the OP-275 should be design limited to 
+30 mA. 


Total Harmonic Distortion 

Total Harmonic Distortion + Noise (THD + N) of the OP-275 
is well below 0.001% with any load down to 600 0]. However, 
this is dependent upon the peak output swing. In Figure | it is 
seen that the THD + Noise with 3 V rms output is below 
0.001%. In the following Figure 2, THD + Noise is below 
0.001% for the 10 kO and 2 kD loads but increases to above 
0.1% for the 600 © load condition. This is a result of the output 
swing capability of the OP-275. Notice the results in Figure 3, 
showing THD vs. V,, (V rms). This figure shows that the 
THD + Noise remains very low until the output reaches 

9.5 volts rms. This performance is similar to competitive 
products. 


The output of the OP-275 is designed to maintain low harmonic 
distortion while driving 600 loads. However, driving 600 0 
loads with very high output swings results in higher distortion if 
clipping occurs. A common example of this is in attempting to 
drive 10 V rms into any load with +15 volt supplies. Clipping 
will occur and distortion will be very high. 


OP-27G THDN(x) ve FREQCH=) 


xz 
| 
WwW 
2 
re) 
= 
+ 
a 
P 
- 
FREQUENCY — Hz 
Figure 1. THD + Noise vs. Frequency vs. R, o,p 
x 
| 
uw 
2 
re) 
= 
+ 
Q 
= 
~ 


FREQUENCY — Hz 


Figure 2. THD + Noise vs. R,oap; Vin = 10 Vrms, +18 V 
Supplies 
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OP-275 THD¢N(x) ve AMPLITUDE (Vrne) 
6.618 


THD + NOISE - % 


OUTPUT SWING - V rms 


Figure 3. Headroom, THD + Noise vs. Output Amplitude 
(V rms); Rioap = 600 2, Vsup = +18 V 


To attain low harmonic distortion with large output swings, sup- 
ply voltages may be increased. Figure 4 shows the performance 
of the OP-275 driving 600 © loads with supply voltages varying 
from +18 to +20 volts. Notice that with +18 volt supplies the 
distortion is fairly high, while with +20 volt supplies it is a very 
low 0.0007%. 


0.0001 


0.001 
R, = 6002, . 
38 Vout = 10 Vrms @ 1kHz 
| 
aq (0.01 
<= 
~ 
0.1 
0 
+17 +18 +19 +20 +21 +22 
SUPPLY VOLTAGE - V 
Figure 4. THD + Noise vs. Supply Voltage 
Noise 


The voltage noise density of the OP-275 is below 7 nV/\/Hz 
from 30 Hz. This enables low noise designs to have good perfor- 
mance throughout the full audio range. Figure 5 shows a typical 
OP-275 with a 1/f corner at 5.2 Hz. 


CH A: 80.0 uV FS 
MKR: 15.9 uV/VHz 


10.0 uV/DIV 


Figure 5. 1/f Noise Corner, V, = +15 V, Ay = 1000 
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Noise Testing 

For audio applications the noise density i is usually the most 
important noise parameter. For characterization the OP-275 is 
tested using an Audio Precision, System One. The input signal 
to the Audio Precision must be amplified enough to measure 
accurately. For the OP-275 the noise is gained by approximately 
1020 using the circuit shown in Figure 6. Any readings on the 
Audio Precision must then be divided by the gain. In imple- 
menting this test fixture, good supply bypassing is essential. 


; Figure 6. Noise Test Fixture 


Driving Capacitive Loads 

The OP-275 was designed to drive both resistive loads to 600 0 
and capacitive loads of over 1000 pF and maintain stability. 
While there is a degradation in bandwidth when driving capaci- 
tive loads, the designer need not worry about device stability. 
The graph in Figure 7 shows the 0 dB bandwidth of the OP-275 
with capacitive loads from 10 pF to 1000 pF. 


BANDWIDTH —-MHz 
(=) ok N o fy uo oa ~ fo*] © 


"Croan ~ -pFo 


| Figure 7 7. | Bandwidth vs. Caw 
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GAIN ~ dB 


GAIN - dB 


10k 


a a || 
a a Ne 
aa A 
| wai ep aa b 
PP PT 
I PUI PEN a 


100k 10M 
FREQUENCY — Hz 


| Figure 8. Closed-Loop Gain and Phase, Ay = ahi 
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7 
PON 


100k 10M 
FREQUENCY ~ Hz 
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_ Figure 9. Open-Loop Gain and Phase 
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ANALOG Rail-to-Rail Multimedia 
DEVICES | Operational Amplifier 


OP279 


FEATURES FUNCTIONAL BLOCK DIAGRAMS 
Rail-to-Rail Input and Output 
High Output Current: 50 mA $-Lead Narrow-Body SO $-Lead Epoxy Dip 


Single-Supply: +5 V to +12 V 
Wide Bandwidth: 2 MHz 
High Slew Rate: 5 V/us 

Low Distortion: 0.01% 

Unity Gain Stable 

No Phase Reversal 


APPLICATIONS 

Multimedia 

Telecom 

DAA Transformer Driver 
LCD Driver 

Low Voltage Servo Control 


(S Suffix) (P Suffix) 


GENERAL DESCRIPTION at MHiz and slew the rate is 5 V/us, making these 
The OP279 is a dual, single-supply, high output current ampli TS Wi 7 

fier. It is designed for applications that require drive c 
up to 80 mA in low voltage applications. 


s when used in high gain configurations. Op- 
anteed from voltages as low as 4.5 V, up to 12 V. 


the OP279 in +5 V systems, very good audio per- 


Driving headphones directly or transformers Q 
, “attained. THD is below 0.01% with a 600 Q 


tors are applications that benefit from the OP 
current. The powerful output is combined with’a unique 
stage that maintains very low distortion with wide comm: 
mode range even in single supply designs. "The OP279 is available in 8-pin plastic DIP and SO-8 surface 
OP279s are useful amplifiers for buffering either ASICs or mount packages. They are specified over the extended indus- 
DACs when greater drive capability is needed than can usually trial (-40°C to +85°C) temperature range. 

be provided by CMOS outputs. 


This is a preliminary data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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~ 0P279-SPECIFICATIONS 


ELECTRICAL CHARACTERISTICS (ev, = +50, Ven =2.5V,—40°C <1, < +85°C unless otherwise noted) = 
|__Symbol_| Conditions | Min, = Typ Max 


Parameter 


INPUT CHARACTERISTICS 
Offset Voltage 
Input Bias Current 
Input Offset Current 
Input Voltage Range 
Common-Mode Rejection Ratio 
Large Signal Voltage Gain 
Offset Voltage Drift 


OUTPUT CHARACTERISTICS 
Output Voltage High 
Output Voltage Low 
Short Circuit Limit 


POWER SUPPLY 
Power Supply Rejection Ratio 
Supply Current/Amplifier 
Supply Voltage Range — 


DYNAMIC PERFORMANCE 
Slew Rate 
Full-Power Bandwidth 
Gain Bandwidth Product 
Phase Margin 


AUDIO PERFORMANCE 
Total Harmonic Distortion 
Voltage Noise Density 


Parameter 


INPUT CHARACTERISTICS 
_ Offset Voltage 

Input Bias Current 
Input Offset Current 
Input Voltage Range 
Common-Mode Rejection Ratio 
Large Signal Voltage Gain 
Offset Voltage Drift 
Bias Current Drift 


OUTPUT CHARACTERISTICS 
Output Voltage High 
Output Voltage Low 
Short Circuit Limit 


Open-Loop Output Impedance 


POWER SUPPLY 
Power Supply Rejection Ratio 
Supply Current/Amplifier 
Supply Voltage Range 


DYNAMIC PERFORMANCE 
Slew Rate 
Full-Power Bandwidth 
Gain Bandwidth Product 
Phase Margin 


NOISE PERFORMANCE 
Voltage Noise 
Voltage Noise Density 
Current Noise Density 


Vout =2.5V 
Vout =2.5V 
Vout =2.5V 


Vom =0Vto5V 
Ry = 2kQ, 0.2V<Vo <3.8V 


Vox I, = 10 mA Source 
VoL. I, = 10 mA Sink 
Isc Source 

Sink 
PSRR Vs = +4.75 V to +12 V 
Isy Vo =2.5V 
Vs 


R, = 2 kQ 
1% Distortion 


Vem =-5 Vto +5 V 
Ry = 2kQ 


I, = 10 mA Source 
I, = 10 mA Sink 
Source 

Sink 

f= 1 MHz, Ay =+1 


PSRR Vs =+2.5 V to +6 V, -40 < Ty $:+85°C 

Igy Vs=+6V,Vo=0V 

Vs 

SR Ry = 2 kQ 5 
BWp 1% Distortion 

GBP 2 
do 

€n P-Pp 0.1 Hz to 10 Hz 2 
en f= 1 kHz 22 
In 0.4 


Specifications subject to change without notice. 


Units | 


Vis 
kHz 
MHz 
Degrees 


% 


— nV/VHz. 


' Units 


V/us 
kHz 
MHz 
Degrees 


LV p-p_ 
nV/VHz 
pA/VHz 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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ANALOG Dual/Quad Low Power, High Speed 
DEVICES JFET Operational Amplifiers 


0P282/0P482 


FEATURES PIN CONNECTIONS 

High Slew Rate: 9 V/s 

Wide Bandwidth: 4 MHz 8-Lead Narrow-Body SOIC 8-Lead Epoxy DIP 
Low Supply Current: 250 »A/Amplifier (S Suffix) | (P Suffix) 


Low Offset Voltage: 3 mV 

Low Bias Current: 100 pA 

Fast Settling Time 

Common-Mode Range Includes V+ 
Unity Gain Stable 


APPLICATIONS 
Active Filters 
Fast Amplifiers 


Integrators — 14-Lead Epoxy DIP ~ 14-Lead Narrow-Body SOIC 
Supply Current Monitoring (P Suffix) -(S Suffix) 


GENERAL DESCRIPTION 

The OP-282/OP-482 dual and quad operational amplifiers fea- 
ture excellent speed at exceptionally low supply currents. Slew 
rate exceeds 7 V/ys with supply current under 250 pA per 
amplifier. These unity gain stable amplifiers have a typical gain- — 
bandwidth of 4 MHz. 


The JFET input stage of the OP-282/OP-482 insures bias cur- 
rent is typically a few picoamps and below 500 pA over the full 
temperature range. Offset voltage is under 3 mV for the dual 
and under 4 mV for the quad. 


With a wide output swing, within 1.5 volts of each supply, low 
power consumption and high slew rate, the OP-282/OP-482 are Oo 20-Position Chip Carrier | 
ideal for battery-powered systems or power restricted applica- (RC Suffix) . 

tions. An input common-mode range that includes the positive | 
supply makes the OP-282/OP-482 an excellent choice for high- 


<q < Q a 
side signal conditioning. z 5 9 3 z 
The OP-282/OP-482 are specified over the extended industrial 20) 
temperature range. Both dual and quad amplifiers are available 
in plastic and ceramic DIP plus SOIC surface mount packages. OP-482 
Contact your local sales office for MIL-STD-883 data sheet and TOP VIEW 


(Not to Scale) 


availability. 


NC = NO CONNECT 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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0P282/0P482— SPECIFICATIONS 
ELECTRICAL CHARACTERISTICS. @ V5 = +150 V, T, = +25°C unless otherwise noted) | oe : 7 


Parameter 


INPUT CHARACTERISTICS — 
Offset Voltage — | 


Offset Voltage 
Input Bias Current 
Input Offset Current 


Input Voltage Range 
Common-Mode Rejection 
Large Signal Voltage Gain 


Offset Voltage Drift 
Bias Current Drift 


OUTPUT CHARACTERISTICS 
Output Voltage Swing 
Short Circuit Limit 


Open-Loop Output Impedance 


POWER SUPPLY 
Power Supply Rejection Ratio 


Supply Current/Amplifier 

Supply Voltage Range 
DYNAMIC PERFORMANCE 

Slew Rate 

Full-Power Bandwidth 

Settling Time 

Gain Bandwidth Product 

Phase Margin 


NOISE PERFORMANCE 
Voltage Noise 
Voltage Noise Density 
Current Noise Density 


NOTE 


OP-282 : 
OP-282, —40 <= T, = +85°C. 
OP-482 

OP-482, —40 = Ty = +85°C 
Vom = 0V 

Vom = 0 V, Note 1 
Vom =0V 

Vom = 0 V, Note 1 


-~11V <= Voy <= +15 V, -40 = Ta = +85°C 
R, = 10 kO 
R,, = 10kQ, -40 < T, < +85°C 


Vy, = £4.5 V to +18 V, 
40 <T, < +85°C 
Vo = 0V, -40 <= Ty < +85°C 


R, = 10 k0 
1% Distortion 
To 0.01% 


0.1 Hz to 10 Hz 1.3 pVp-p 
f = 1 kHz 36 nV/\/Hz 


The input bias and offset currents are tested at T, = T, = +85°C. Bias and offset currents are guaranteed but not tested at —40°C. 
Specifications subject to change without notice. 


WAFER TEST LIMITS (@ v, = +150 v, 1, = +25°C unless otherwise noted) 


Parameter 


Offset Voltage 

Offset Voltage 

Input Bias Current 

Input Offset Current 

Input Voltage Range! 
Common-Mode Rejection 
Power Supply Rejection Ratio 
Large Signal Voltage Gain 
Output Voltage Range 
Supply Current/Amplifier 


NOTES 


Conditions imi Units 
mV max 
mV max 
pA max 
pA max 
V min/max 
-11Vs= Vey = +15 V | dB min 
V = +45 Vto +18 V wV/V 
R, = 10 kO V/mV min 
R, = 10 kO : V min 
Vo = 0V,R, = A max 


Electrical tests and wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guaranteed for 
standard product dice. Consult factory to negotiate specifications based on dice lot qualifications through sample lot assembly and testing. 


1Guaranteed by CMR test. 


Specifications subject to change without notice. 
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OP282/0P482 


ABSOLUTE MAXIMUM RATINGS’ DICE CHARACTERISTICS 
SUDDIV VOMARe: 206: cg eae ear: le eee one aes +18 V 
Input Voltage? .. 0.0... ee ee eee +18 V Vout A V+ @ Vout 8 
Differential Input Voltage? ..............0000005 36 V 
Output Short-Circuit Duration ............... Indefinite 
Storage Temperature Range 
Y¥5.Z5 RG Packaves sc5 ox 60h a ea ek 5 —65°C to +175°C 
P 5. Ss PACKAQES- sive eed 3 Bee ace ae —65°C to + 150°C 
Operating Temperature Range 
OP-282A, OP-482A ...........008. —~55°C to +125°C 
OP-282G, OP-482G ............006. —40°C to +85°C 
Junction Temperature Range 
Vs Zs RG PACKaees 4.5.5. 1b Gas a owe & Ss —65°C to +125°C 
By Packages ss ooh dd hoe wh oe ee —65°C to +125°C 
Lead Temperature Range (Soldering, 60 sec) ....... +300°C 


OP-282 Die Size 0.063 x 0.060 Inch, 3,780 Sq. Mils 
Package Type 


8-Pin Cerdip (Z) 
8-Pin Plastic DIP (P) 


oC NY _INA VoutA Vout D, _IND 


SE cetetanien wr eee re — a 


8-Pin SOIC (S) °C/W Gor a === 
14-Pin Cerdip (Y) “CW - MC 


14-Pin Plastic DIP (P) 
14-Pin SOIC (S) 
20-Contact LCC (RC) 


c/w +INA | a | +IN D 


NOTES 

1Absolute maximum ratings apply to both DICE and packaged parts, unless 

otherwise noted. 

?For supply voltages less than +18 V, the absolute maximum input voltage is Voc 
equal to the supply voltage. 

70,4 is specified for the worst case conditions, i.e., 0,4 is specified for device 

in socket for cerdip, P-DIP, and LCC packages; 6;, is specified for device 

soldered in circuit board for SOIC package. 


VEE 


nB | i | PMR) eine 


-INC 


VoutB Vout © 


OP-482 Die Size 0.070 x 0.098 Inch, 6,860 Sq. Mils 


ORDERING GUIDE 


Temperature Package 
Range Description 


—55°C to +125°C | 8-Pin Cerdip 


Package 


Model Option* 


OP282AZ/883 


OP482A Y/883 —55°C to +125°C | 14-Pin Cerdip Q-14 
OP482ARC/883 | —55°C to +125°C | 20-Contact LCC E-20A 
OP282GP —40°C to +85°C | 8-Pin Plastic DIP | N-8 
OP282GS —40°C to +85°C | 8-Pin SOIC SO-8 
OP482GP —40°C to +85°C =| 14-Pin Plastic DIP | N-14 
OP482GS —40°C to +85°C_ =| 14-Pin SOIC SO-14 
OP282GBC +25°C DICE 


OP482GBC 25°C DICE 


*For outline information see Package Information section. 
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| ANALOG 
DEVICES 


Dual, 9 MHz Precision 
Operational Amplitier 


FEATURES | 

Low Offset Voltage: 250 wv 
Low Noise: 6 nV/VHz ° 

Low Distortion: 0.0006% 
High Slew Rate: 22 V/s 
Wide Bandwidth: 9 MHz — 
Low Supply Current: 5 mA ° 
Low Offset Current: 2 nA 
Unity-Gain Stable 

SO-8 Package 


APPLICATIONS 

High Performance Audio 
Active Filters 

Fast Amplifiers 
Integrators 


GENERAL DESCRIPTION | : | 

The OP-285 is a precision high speed amplifier featuring the 
Butler Amplifier front-end. This new front-end design combines 
the accuracy and low noise performance of bipolar transistors 
with the speed of JFETs. This yields an amplifier with high 
slew rates, low offset and good noise performance at low supply 
currents. Bias currents are also low compared to bipolar designs. 


The OP-285 offers the slew rate and low power ofa JFET 
amplifier combined with the precision, low noise and low drift 
of a bipolar amplifier. Input offset voltage is laser-trimmed and 
guaranteed less than 250 wV. This makes. the OP-285 useful in 
dc coupled or summing applications without the need for special 
selections or the added noise of additional offset adjustment cir- 
cuitry. Slew rates of 22 V/ws and a bandwidth of 9 MHz make 
the OP-285 one of the most accurate medium speed amplifiers 
available. 


*Patents pending. 
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PIN CONNECTIONS 


8-Lead Narrow-Body SO 
(S Suffix) 


8-Lead Epoxy DIP 
(P Suffix) 


The combination of low noise, speed and accuracy can be used _ 
to build high speed instrumentation systems. Circuits such as 
instrumentation amplifiers, ramp generators, bi-quad filters and 
dc coupled audio systems are all practical with the OP-285. 


For applications that require long term stability, the OP-285 has _ 
a guaranteed maximum long term drift specification. 


The OP-285 is specified over the XIND—extended industrial— 
(—40°C to +85°C) temperature range. OP-285s are available in 
8-pin plastic DIP and SOIC-8 surface mount packages. 
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SPECIFICATIONS OP285 
ELECTRICAL CHARACTERISTICS (@ V, = +15.0 V, T, = +25°C unless otherwise noted) 


INPUT CHARACTERISTICS 
Offset Voltage Vos 
Offset Voltage Vos -40°C = T, = +85°C 
Input Bias Current Ip Vom =0V 
Input Bias Current Is Vom = 0V, —40°C = Ta = +85°C 
Input Offset Current Ios Vom =0V 
Input Offset Current los Vom = OV, —40°C = T, = +85°C 
Input Voltage Range Vom 
Common-Mode Rejection CMRR Vom = +10.5 V, 
—40°C = T, S +85°C 
Large Signal Voltage Gain Avo R, =2kO 
Large Signal Voltage Gain Avo R, = 2 kO, —40°C = T, = +85°C 
Large Signal Voltage Gain Ayo R, = 600 0 


Common-Mode Input Capacitance 
Differential Input Capacitance 
Long Term Offset Voltage 

Offset Voltage Drift 


OUTPUT CHARACTERISTICS 
Output Voltage Swing 
Output Voltage Swing 


Note 1 


R, =2kO0 
R, = 2k, -40°C < T, < +85°C 
R, = 6009, Vs = +18 V 


POWER SUPPLY 
Power Supply Rejection Ratio 
Power Supply Rejection Ratio 


= +45 Vto +18 V 
Vs = +4.5 V to £18 V, 
—40°C = T, = +85°C 


Supply Current Vs = £4.5 V to +18 V, Vo = OV, 
| R, = ~, —40°C = T, S +85°C 
Supply Current. Vs = +22 V, Vo = OV, Ry = ®, 
—40°C = T, Ss +85°C 
Supply Voltage Range 
DYNAMIC PERFORMANCE 
Slew Rate | R, =2k0 V/s 
Gain Bandwidth Product MHz 
Phase Margin | Degrees 
Settling Time To 0.1%, 10 V Step ns 
Settling Time To 0.01%, 10 V Step ns 
Distortion Ay = +1, Vour = 8.5 V p-p, 
f = 1 kHz, R, = 2 kO dB 
Voltage Noise Density f = 30 Hz nV/\/Hz 
Voltage Noise Density f = 1 kHz nV/\/Hz 
Current Noise Density f = 1 kHz pA/\/Hz 
Headroom THD + Noise = 0.01%, 
R, = 2kQ, Vs = £18 V dBu 
NOTE 


1Long term offset voltage is guaranteed by a 1000 hour life test performed on three independent wafer lots at +125°C, with an LTPD of 1.3. 
Specifications subject to change without notice. 
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0P285 
| WAFER TEST LIMITS (@ Vg = £15.0 V, T, = +25°C unless otherwise noted) | | | 


Offset Voltage. wV max 
Input Bias Current | Vom =0V - nA max 
Input Offset Current Vom =0V | nA max 
Input Voltage Range’ | V min 
Common-Mode Rejection | Vem = £10.5V dB min 
Power Supply Rejection Ratio , V=+45Vto+18V dB 

Large Signal Voltage Gain R, = 2 kO V/mV min 
Output Voltage Range V R, = 2k0 | V min 
Supply Current Vo =0V,RL =” mA max 
NOTES . 


Electrical tests and wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guaranteed for 
standard product dice. Consult factory to negotiate specifications based on dice lot qualifications through sample lot assembly and testing. 
1Guaranteed by CMR test. 


ABSOLUTE MAXIMUM RATINGS’ DICE CHARACTERISTICS 

SUDDLY Voltage occ eit ewe ROO Se Saw EWS +22 V 

Wnput: Voltage iosce oc hae Oe AR eee wees +18 V 

Differential Input Voltage? .............0 00 eae +7.5V 

Output Short-Circuit Duration to Gnd® ......... Indefinite OUTA 

Storage Temperature Range eee 
PS Packave ss bee cae ea deeae es —65°C to +150°C 

Operating Temperature Range. -INA 
OP2285G: 4. jah ieetaudd te ee eee awe —40°C to +85°C 

Junction Temperature Range 
Pe SsPOCKHOe: sao d tic wy aceciseraterate acantess —65°C to +150°C 

Lead Temperature Range (Soldering, 60 Sec) ....... +300°C 


Package Type 


8-Pin Plastic DIP (P) 
8-Pin SOIC (S) 


NOTES 
1Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. V— 
*For supply voltages less than +7.5 V, the absolute maximum input voltage is 
equal to the supply voltage. . 
Shorts to either supply may destroy the device. See data sheet for full details. 
“0,4 is specified for the worst case conditions, i.e., 8; is specified for device in 
socket for cerdip, P-DIP, and LCC packages; @,;, is specified for device 
soldered in circuit board for SOIC package. 


+INA 


OP-285 Die Size 0.070 x 0.108 inch, 7,560 sq. mils 


Substrate (Die Backside) Ils Connected to V— 
ORDERING GUIDE Transistor Count, 45 


Temperature Package 
Range Description 


—40°C to +85°C | 8-Pin Plastic DIP 
—40°C to +85°C | 8-Pin SOIC 
—40°C to +85°C | SO-8 Reel, 2500 pcs. 


Package 
Option* 
N-8 
SO-8 


OP285GP 
OP285GS 
OP285GSR 
OP285GBC 


*For outline information see Package Information section. 
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Typical Performance Characteristics 


oe eel 
ea ee, 


OUTPUT VOLTAGE SWING - V 


SUPPLY VOLTAGE - V 


Output Voltage Swing vs. Supply 
Voltage 


SLEW RATE - V/us 


TEMPERATURE - °C 


Slew Rate vs. Temperature 


COMMON MODE REJECTION - dB 


FREQUENCY - Hz 


Common-Mode Rejection vs. 
Frequency 
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OPEN-LOOP GAIN — V/mV 


-50 8 -25 0 25 50 75 100 
TEMPERATURE - °C 


Open-Loop Gain vs. Temperature 
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CLOSED-LOOP GAIN - dB 
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Closed-Loop Gain vs. Frequency 
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POWER SUPPLY REJECTION — dB 


Power Supply Rejection vs. 
Frequency 


SLEW RATE - V/us 
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DIFFERENTIAL INPUT VOLTAGE -— V 


Slew Rate vs. Differential Input 
Voltage 
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Open-Loop Gain, Phase vs. 
Frequency 
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GAIN BANDWIDTH PRODUCT — MHz 


TEMPERATURE — °C 


Gain Bandwidth Product, Phase 


Margin vs. Temperature 
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Maximum Output Swing vs. 
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Input Bias Current vs. Temperature 
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=a 


OVERSHOOT-% . 


LOAD CAPACITANCE - pF 


Small-Signal Overshoot vs. Load 


Capacitance 


SUPPLY CURRENT -mA 


SUPPLY VOLTAGE — V 


Supply Current vs. Supply Voltage 


, FREQUENCY -Hz 


Current Noise Density vs. 


Frequency 


Avei= +1 
NEGATIVE EDGE 


vee 44 


MAXIMUM OUTPUT SWING - Volts 


1k 
LOAD RESISTANCE — Q 


Maximum Output Voltage vs. Load : 


Resistance 


i 


ABSOLUTE OUTPUT CURREN 


TEMPERATURE -— °C 


Short Circuit Current vs. . 


Temperature 
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Input Offset (Vos) Distribution 


Negative Slew Rate 


SETTLING TIME - ns 


Settling Time vs. Step Size 


R, = 2kQ, Vs = +15 V, Ay = +7 


Small Signal Response 
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SLEW RATE - V/us 
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CAPACITIVE LOAD -— pF 


Slew Rate vs. Capacitive Load 


Positive Slew Rate | 
RR, =2kQ, Vs = +15 V, Ay = +1 


CH A: 80.0 uV FS 10.0 uV/DIV 


MKR: 6.23 uV/VHz 


BW: 15.0 MHz 


1000 Hz 


OP-285 | Voltage Noise Density vs. 
Frequency V, = +15 V, Ay = 1000 . 
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Vg = +15V 
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OP285 


APPLICATIONS | 
Short Circuit Protection 

The OP-285 has been designed with inherent short circuit pro- 
tection to ground. An internal 30 ( resistor, in series with the 
output, limits the output current at room temperature to I,.+ 
= 40 mA and Ig,-— = —90 mA, typically, with +15 V supplies. 


However, shorts to either supply may destroy the device when 
excessive voltages or current are applied. If it is possible for a 
user to short an output to a supply, for safe operation, the out- 
put current of the OP-285 should be ee to +30 mA, 
as shown in Figure 1. 


Rep 
ae ees 
Ry A FEEDBACK 
332Q | 


Vout 
Al = 1/2 OP-285 


Figure 1. Recommended Output Short Circuit Protection 


Input Over Current Protection © 

The maximum input differential voltage that can be applied to 
the OP-285 is determined by a pair of internal Zener diodes 
connected across the inputs. They limit the maximum differen- 
tial input voltage to +7.5 V. This. is to prevent emitter-base 
junction breakdown from occurring in the input stage of the 
OP-285 when very large differential voltages are applied. How- 
ever, in order to preserve the OP-285’s low input noise voltage, 
internal resistance in series with the inputs were not used to 
limit the current in the clamp diodes. In small-signal applica- 
tions, this is not an issue; however, i in industrial applications, 
where large differential voltages can ‘be inadvertently applied to 
the device, large transient currents can be made to flow through 
these diodes. The diodes have been designed to carry a current 
of +8 mA; and, in applications where the OP-285’s differential 
voltage were to exceed +7.5 V, the resistor values shown in Fig- 
ure 2 safely limit the diode current to +8 mA. 


| | At = 1/2 OP-285 
Figure 2. OP-285 Input Over Current Protection 


Output Voltage Phase Reversal 

Since the OP-285’s input. stage combines bipolar transistors for 
low noise and p-channel JFETs for high speed performance, the 
output voltage of the OP-285 may exhibit phase reversal if either 
of its inputs exceed its negative common-mode input voltage. 
This might occur in very severe industrial applications where a 
sensor, or system, fault might apply very large voltages on the 
inputs of the OP-285. Even though the input voltage range of 
the OP-285 is +10.5 V, an input voltage of approximately 
—13.5 V will cause output voltage phase reversal. In inverting 
amplifier configurations, the OP-285’s internal 7.5 V input 
clamping diodes will prevent phase reversal; however, they will 
not prevent this effect from occurring in noninverting applica- 
tions. For these applications, the fix is a simple one and is illus- 
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trated in Figure 3. A 3.92 kO resistor in series with the non- 
inverting input of the OP-285 cures the: problem. 


RS 
3.92kQ 2kQ 


*RegISOPTIONAL = = 


Figure 3. Output Voltage Phase Reversal Fix 


Overload, or Overdrive, Recovery 

Overload, or overdrive, recovery time of an operational amplifier 
is the time required for the output voltage to recover to a rated 
output voltage from a saturated condition. This recovery time is 
important in applications where the amplifier must recover 
quickly after a large abnormal transient event. The circuit 
shown in Figure 4 was used to evaluate the OP-285’s overload 
recovery time. The OP-285 takes approximately 1.2 js to 
recover to Voy; = +10 V and approximately 1.5 js to recover 
to Vour = —10 V. © 


RI sé 
1k2—ts«éN0KQ 


A1=1/20P-288 = 


Figure 4. Overload Recovery Time Test Circuit 


Driving the Analog Input of an A/D Converter 

Settling characteristics of operational amplifiers also include the 
amplifier’s ability to recover, i.e., settle, from a transient output 
current load condition. When driving the input of an A/D con- 
verter, especially successive-approximation converters, the 
amplifier must maintain a constant output voltage under dynam- 
ically changing load current conditions. In these types of con- 
verters, the comparison point is usually diode clamped, but it 
may deviate several hundred millivolts resulting in high fre- 
quency modulation of the A/D input current. Amplifiers that 
exhibit high closed-loop output impedances and/or low unity- 
gain crossover frequencies recover very slowly from output load 
current transients. This slow recovery leads to linearity errors or 


_ missing codes because of errors in the instantaneous input volt- 


age. Therefore, the amplifier chosen for this type of application 
should exhibit low output impedance and high unity-gain band- 
width so that its output has had a chance to settle to its nominal — 
value before the converter makes its comparison. 


The circuit in Figure 5 illustrates a settling measurement circuit 
for evaluating the recovery time of an amplifier from an output 
load current transient. The amplifier is configured as a follower 
with a very high speed current generator connected to its out- 
put. In this test, a 1 mA transient current was used. As shown 
in Figure 6, the OP-285 exhibits an extremely fast recovery time 
of 139 ns to 0.01%. Because of its high gain-bandwidth product, 
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+15V 


0.1nF 
1/2 OP-285 h 
3K8 ae 
1 = 
= +2 ce Co) + 7A13 PLUG-IN 
e 
ioe 7A13 PLUG-IN 
300pF 1kQ = 
+15V 9 i _! REF | 
TTL OUT "1kQ 
INPUT 1.5kQ 2N3904 
es 
1N4148 2N2907 10uF 
+ 
= 1.8kQ Fh. 
‘s 2202 = 
+15V 
= 0.47pF 
owF mal 
a5 so (0.01uF — 
a O 
*NOTE : DECOUPLE CLOSE VReF 
TOGETHER ON GROUND PLANE (-1V) 


WITH SHORT LEAD LENGTHS. 
Figure 5. Transient Output Load Current Test Fixture 


high open-loop gain, and low output impedance, the OP-285 is 
ideally suited to drive high speed A/D converters. 


TTL CTRL 
(5V/ DIV) 


+10V 


Vout 
(2mv/ DIV) 


V+ R, 
V 1k2 7 
Bad o 
V 
f\ 
1N4148 i noe 
V4 
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OP 285 


Measuring Settling Time 

The design of OP-285 combines high slew rate and wide gain- 
bandwidth product to produce a fast-settling (tg < 1 js) ampli- 
fier for 8- and 12-bit applications. The test circuit designed to 
measure the settling time of the OP-285 is shown in Figure 7. 
This test method has advantages over false-sum node techniques 
in that the actual output of the amplifier is measured, instead of 
an error voltage at the sum node. Common-mode settling effects 
are exercised in this circuit in addition to the slew rate and 
bandwidth effects measured by the false-sum-node method. Of 
course, a reasonably flat-top pulse is required as the stimulus. 


The output waveform of the OP-285 under test is clamped by 
Schottky diodes and buffered the JFET source follower. The 
signal is amplified by a factor of ten by the OP-260 and then 
Schottky-clamped at the output to prevent overloading the oscil- 
loscope’s input amplifier. The OP-41 is configured as a fast inte- 
grator which provides overall dc offset nulling. 


High Speed Operation 

As with most high speed amplifiers, care should be taken with 
supply decoupling, lead dress, and component placement. Rec- 
ommended circuit configurations for inverting and noninverting 
applications are shown in Figures 8 and Figure 9. 


+15V 


Figure 8. Unity Gain Follower 


1kQ 
O OUTPUT 


D3 are p4 (TO SCOPE) 


1/2 OP-260AJ \7 


SCHOTTKY DIODES D1-—D4 ARE 
HEWLETT-PACKARD HP5082-2835 
IC1 IS 1/2 OP-260AJ 

IC2 IS PMI OP-41EJ 


Figure 7. OP-285’s Settling Time Test Fixture 
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OP285 


Figure 9. Unity Gain Inverter. 


In inverting and noninverting applications, the feedback resis- 
tance forms a pole with the source resistance and capacitance | 
(Rg and Cg) and the OP-285’s input capacitance (C;,;), as shown 
in Figure 10. With R, and R, in the kilohm range, this pole 
can create excess phase shift and even oscillation. A small capac- 
itor, Cp, in parallel with Rp, eliminates this problem. By set- 
ting Rg (C, + Cy) = ResCrs; the effect of the feedback pole 
is completely removed. 


Figure 10. Compensating the Feedback Pole 


High Speed, Low Noise Differential Line Driver 
The circuit of Figure 11 is a unique line driver widely used in 
industrial applications. With +18 V supplies, the line driver can 


deliver a differential signal of 30 V p-p into a 2.5 kQ load. The — 


high slew rate and wide bandwidth of the OP-285 combine to 
yield a full power bandwidth of 130 kHz while the low noise 
front end produces a referred-to-input noise voltage spectral 
density of 10 nV/\/Hz. The design is a transformerless, bal- 
anced transmission system where output common-mode rejec- 
tion of noise is of paramount importance. Like the transformer- 
based design, either output can be shorted to ground for 


unbalanced line driver applications without changing the circuit 


gain of 1. Other circuit gains can be set according to the equa- 
tion in the diagram. This allows the design to be easily set to 
noninverting, inverting, or differential operation. | 
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Vo1 


Vo2- Vor = Vin 


At = 1/2 OP-285 

A2, A3 = 1/2 OP-285 

GAIN = 88 

SET R2, R4, R5 = R1 AND R6, R7, RS = R3 


Figure 11. High Speed, Low Noise Differential Line Driver 


Low Phase Error Amplifier 

The simple amplifier configuration of Figure 12 utilizes the 
OP-285 and a few resistors to reduce phase error substantially 
over a wide frequency range when compared to conventional 
amplifier designs. This technique relies on the matched fre- 
quency characteristics of the two amplifiers in the OP-285. Each 
amplifier in the circuit has the same feedback network which 
produces a circuit gain of 10. Since the two amplifiers are set to 
the same gain and are matched due to the monolithic construc- 
tion of the OP-285, they will exhibit identical frequency 
response. Recall from feedback theory that a pole of a feedback 
network becomes a zero: in the loop gain response. By using this 
technique, the dominant pole of the amplifier in the feedback — 
loop compensates for the dominant pole of the main amplifier, 


R2 
4.99k 


3, «AN, A2= 1/2 OP 285 
Figure 12. Active Feedback Allows Cancellation of A2’s 
Dominant Pole by A1 Which Reduces the Phase Shift 
Significantly. 
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thereby reducing phase error dramatically. This is shown in Fig- 
ure 13 where the 10 composite amplifier’s phase response 
exhibits less than 1.5° phase shift through 500 kHz. On the 
other hand, the single gain stage amplifier exhibits 25 degrees of 
phase shift over the same frequency range. An additional benefit 
of the low phase error configuration is constant group delay, by 
virtue of constant phase shift at all frequencies below 500 kHz. 
Although this technique is valid for minimum circuit gains of 
10, actual closed-loop magnitude response must be optimized for 
the amplifier chosen. 
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Figure 13. Phase Error Comparison 


For a more detailed treatment on the design of low phase error 
amplifiers, please see Application Note AN-107. 


Fast Current Pump 

A fast, +30 mA current source, illustrated in Figure 14, takes 
advantage of the OP-285’s speed and high output current drive. 
This is a variation of the Howland current source where a sec- 
ond amplifier, A2, is used to increase load current accuracy and 
output voltage compliance. With supply voltages of +15 V, the 
output voltage compliance of the current pump is +8 V. To 
keep the output resistance in the M() range requires that 0.1% 
or better resistors be used in the circuit. The gain of the current 
pump can be easily changed according to the equations shown in 
the diagram. — 


lour = Vin Vins = AVin 
RS R5 
lour (MAX) = =30mA 


At, A2 = 1/2 OP-285 
GAIN = fe; R4 = R2, R3 =R1 


Figure 14. A Fast Current Pump 
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A Low Noise, High Speed Instrumentation Amplifier 

A high speed, low noise instrumentation amplifier, constructed 
with a single OP-285, is illustrated in Figure 15. The circuit 
exhibits less than 1.2 V p-p noise (RTI) in the 0.1 Hz to 

10 Hz band and an input noise voltage spectral density of 

9 nV/\/Hz (1 kHz) at a gain of 1000. The gain of the amplifier 
is easily set by Rg according to the formula: 


Vour _ 9.98 kO 
Vin Rg 


The advantages of a two op amp instrumentation amplifier 
based on a dual op amp is that the errors in the individual 
amplifiers tend to cancel one another. For example, the circuit’s 
input offset voltage is determined by the input offset voltage 
matching of the OP-285, which is typically less than 250 wV. 


A1, A2 = 1/2 OP-285 
GAIN = 9:98k2 , 2 


Q 


Figure 15. A High Speed Instrumentation Amplifier 


Common-mode rejection of the circuit is limited by the match- - 
ing of resistors R1 to R4. For good common-mode rejection, 
these resistors ought to be matched to better than 1%. The cir- 
cuit was constructed with 1% resistors and included potentiome- 
ter Pl for trimming the DC CMRR and a capacitor Cl for 
trimming the AC CMRR. With these two trims, the circuit’s 
common-mode rejection was better than 95 dB at 60 Hz and 
better than 65 dB at 10 kHz. For the best common-mode rejec- 
tion performance, use a matched (better than 0.1%) thin-film 
resistor network for Rl through R4 and use the variable capaci- 
tor to optimize the circuit’s AC CMR. 


The instrumentation amplifier exhibits very wide small- and 
large-signal bandwidths regardless of the gain setting, as shown 
in the table. Because of its low noise, wide gain-bandwidth 
product, and high slew rate, the OP-285 is ideally suited for 
high speed signal conditioning applications. 


Circuit Bandwidth 
Vour = 100 mV p-p | Vour = 20 V p-p 


Circuit 
Gain 
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Ri 

_  95.3kQ ° 

C1 R2 

a 2200pF |. . 7872 
4 > - 


C2 
2200pF 


Vin © 


A1, A4 = 1/2 OP-285 
A2, A3 = 1/2 OP-285 


Figure 16. A 3-Pole, 40 kHz Low-Pass Filter 


A 3-Pole, 40 kHz Low-Pass Filter 

The closely matched and uniform ac characteristics of the 
OP-285 make it ideal for use in GIC (Generalized Impedance 
Converter) and FDNR (Frequency-Dependent Negative Resis- 
tor) filter applications. The circuit in Figure 16 illustrates a 
linear-phase, 3-pole, 40 kHz low-pass filter using an OP-285 as 
an inductance simulator (gyrator). The circuit uses one OP-285 
(A2 and A3) for the FDNR and one OP-285 (Al and A4) as an 
input buffer and bias current source for A3. Amplifier A4 is 
configured in a gain of 2 to set the pass band magnitude 
response to 0 dB. The benefits of this filter topology over classi- 
cal approaches are that the op amp used in the FDNR is not in 
the signal path and that the filter’s performance is relatively 
insensitive to component variations. Also, the configuration is 
such that large signal levels can be handled without overloading 
any of the filter’s internal nodes. As shown in Figure 17, the 
OP-285’s symmetric slew rate and low distortion produce a _ 
clean, well-behaved transient response. 


t i 
ppp pt th ttf te 

H | 

' 


SCALE: VERTICAL-2V/ DIV 
HORIZONTAL—10ys/ DIV 


Figure 17. Low-Pass Filter Transient Response 
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Driving Capacitive Loads 

The OP-285 was designed to drive both resistive loads to 600 0 
and capacitive loads of over 1000 pF and maintain stability. 
While there is a degradation in bandwidth when driving capaci- 
tive loads, the designer need not worry about device stability. 
The graph in Figure 18 shows the 0 dB bandwidth of the 
OP-285 with capacitive loads from 10 pF to 1000 pF. 


BANDWIDTH —- MHz 


Croap ~ PF 


Figure 18. Bandwidth vs. C.oap 
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OP-285 SPICE Model 
* Node assignments 
x noninverting input 
inverting input 
positive supply 
negative supply 
output 


+ + + & & 


SUBCKT OP-285 1 2 99 50 34 
* INPUT STAGE & POLE AT 100 MHZ 
* 


R3 551 2.188 
R4 651 2.188 
CIN 1 2 1.5E-12 

C2 5 6 364E-12 
ll 97 4 100E-3 
IOS 12 1E-9 

EOS 9 3 POLY(1) 26 28 35E-6 1 
Ql 5270X 

Q2 698 QX 

RS 74 1.672 
R6 84° 1.672 
D1 2 36 DZ 

D2 1 36 DZ 

EN 31 1001 
GNI 0 2 1301 

GN2 0 1 1601 

* 

EREF 980 2801 

EP 970 9901 
EM 510 5001 


x 


* VOLTAGE NOISE SOURCE 
* 


DN1 3510 DEN 
DN2 1011 DEN 
VN1 35 0 DC 2 
VN2 0 11 DC 2 


* 


* CURRENT NOISE SOURCE 
* 


DN3 1213 = =DIN 
DN4 1314 ~=DIN 
VN3 12 0 DC 2 
VN4 0 14 DC 2 
CN1 13 0 7.53E-3 
* 


* CURRENT NOISE SOURCE 
* 


DN5 1516 DIN 
DN6 1617. ~=DIN 
VN5 15 0 DC 2 
VN6 0 17 DC 2 
CN2 16 0 7.53E-3 
* 


* GAIN STAGE & DOMINANT POLE AT 32 HZ * 


OP285 


* POLE/ZERO PAIR AT 1.5MHz/2.7MHz 
* 


R8 21 98 1E3 

R9 21 22 1.25E3 

C4 22 98 47.2E-12 
G2 98 21 18 28 1E-3 
* 


* POLE AT 100 MHZ 
* 

R10 23 98 1 

CS 23 98 1.59E-9 
G3 98 23 21 281 
* 

* POLE AT 100 MHZ 
* 

R11 24 98 l 


C6 24 98 1.59E-9 
G4 98 24 23 28 1 
* 


* COMMON-MODE GAIN NETWORK WITH ZERO AT 


1 kHZ * 
R12 25 26 1E6 
C7 25 26 1.59E-12 
R13 26 98 1 
E2 25 98 POLY (2) 1 98 2 98 0 2.506 2.506 
* 


* POLE AT 100 MHZ 
* 

R14 27 98 l 

C8 27 98 1.59E-9 
G5 98 27 24 28 1 
* 


* OUTPUT STAGE 
* 


R15 28 99 7 100E3 

R16 28 50 100E3 
C92850 1E-6 

ISY 99 50 1.85E-3 
R17 29 99 100 

R18 29 50 100 

L2 29 34 1E-9 

G6 32 50 27 29 10E-3 
G7 33 50 29 27 10E-3 
G8 29 99 99 27 10E-3 
G9 50 29 27 50 10E-3 
V4 30 29 1.3 

V5 29 31 3.8 

F1 29 0 V41 

F2 0 29 V5 1 

D5 27 30 DX 

D6 31 27 DX 

D7 99 32 DX 

D8 99 33 DX 

D9 5032 DY 

D10 5033 DY 

* 


* MODELS USED 


* 


R7 18 98 1.09E6 .MODEL QX PNP(BF = 5E5) 

C3 18 98 4.55E-9 .MODEL DX D(IS = 1E-12) 

G1 98 18 5 6 4.57E-1 .MODEL DY D(IS = 1E-15 BV = 50) 
V2 97 19 1.4 MODEL DZ D(IS = 1E-15 BV = 7.0) 


V3 20 51 1.4 
D3 18 19 DX 
D4 20 18 DX 


x 


.MODEL DEN D(IS = 1E-12 RS = 4.35K KF = 1.95E-15 
AF = 1) .MODEL DIN D(IS = 1E-12 RS = 77.3E-6 
KF = 3.38E-15 AF = 1) .ENDS OP-285 
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Spice Diagram (A) 


19 : . c7 


21 | 23 24 : 
i 25 26 


R9 
Re @3(A) rio==—cs Ga(4) R11=-C6 E2 (+) R13 
ca | 


Spice Diagram (B) 


OUTPUT 


R18 


a Spice Diagram (C) 
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ANALOG 
DEVICES 


-0P290 


PIN CONNECTIONS 


FEATURES 


© Single/Dual Supply Operation........... +1.6V to +36V 

ee ee +0.8V to +18V 
True Single-Supply Operation; Input and Output Voltage 
Ranges Include Ground 


e Low Supply Current (per amplifier) .......... 20uA Max 
@ High Output Drive........................05. 5mA Min 
e Low Input Offset Voltage................... 200uV Max 
@ High Open-Loop Gain ................... 700V/mV Min 
e Outstanding PSRR ....................... 5.6uV/V Max 
e Industry Standard 8-Pin Dual Pinout 

e Available in Die Form 


ORDERING INFORMATION ' 
PACKAGE 


T, = +25°C OPERATING 
Vog MAX  CERDIP LCC TEMPERATURE 

(mV) 8-PIN PLASTIC 20-CONTACT RANGE 

200 OP290AZ* e OP290ARC/883 MIL 

200 OP290EZ 2 = XIND 

300 OP290FZ = 2 XIND 

500 ~ OP290GP i XIND 

500 - OP2390Gs"t _ XIND 


* Fordevices processed in total compliance to MIL-STD-883, add /883 after part 
number. Consult factory for 883 data sheet. 

t Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 

tt For availability and burn-in information on SO and PLCC packages, contact 
your local sales office. 


GENERAL DESCRIPTION 


The OP-290 is a high performance micropower dual op amp 
that operates from a single supply of +1.6V to +36V or from 


Precision, Low Power, Micropower 
Dual Operational Amplifier 


16-PIN SOL 
(S-Suffix) 


EPOXY MINI-DIP 
(P-Suffix) 


8-PIN HERMETIC DIP 
(Z-Suffix) 


dual supplies of +0.8V to +18V. Input voltage range includes 
the negative rail allowing the OP-290 to accommodate input 
signals down to ground in single supply operation. The 
OP-290’s output swing also includes ground when operating 
from a single supply, enabling ‘“zero-in, zero-out” operation. 


The OP-290 draws less than 20uA of quiescent supply cur- 
rent per amplifier, while able to deliver over 5mA of output 
current to aload. Input offset voltage is below 200uV eliminat- 
ing the need for external nulling. Gain exceeds 700,000 and 
common-mode rejection is better than 100dB. The power 

Continued 


SIMPLIFIED SCHEMATIC (One of two amplifiers is shown.) 


*ELECTRONICALLY ADJUSTED ON CHIP 
FOR MINIMUM OFFSET VOLTAGE 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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GENERAL DESCRIPTION Continued | se Operating Temperature mance are 
supply rejection ratio of under 5. 6uV/V minimizes offset vol- Ody "A° | 0). ete a eee Pn SPS ROR -—55°C to +125°C 
tage changes experienced in battery powered systems. ~ QP-290E, OP-290F, OP.290G iedeeaseacisetausus —40°C to +85°C 
The low offset voltage and high gain offered by the OP-290 Junction Temperature (T)) ............cccceceseeeees —65°C to +150°C 
bring precision performance to micropower applications. Lead Temperature Range (Soldering, 60 sec) .............. 300°C 
The minimal voltage and current requirements of the OP-290 — PACKAGE TYPE @,, (Note 2) 8 UNITS 
suit it for battery and solar powered applications, such as = ce 
portable instruments, remote sensors, and satellites. For a _B-PinHemeticDIP (2) “AO 
single op amp, see the OP-90; for a quad, see the OP-490. 8-Pin Plastic DIP (P) 96 37 °C 
20-Contact LCC (RC) . 7: ee °C 
ABSOLUTE MAXIMUM RATINGS (Note 1) aa acm 
SUPPIY VON AGO iaiccdvayserececasnssasdeascecneitcstisnncanssoaveeasveuceas vous +18V 
Differential Input Voltage ............. [(V-) - 20V] to [(V4) + 20V] Pau srasiea ‘uaa ratings apply to both DICE and packaged parts, unless other- 
Common-Mode Input Voltage 2. ©), is specified for worst case mounting conditions, i.e., @,, is specified for device 
sieakecuh neal cup mnccnseeaeie dessteadieat athens wee [(V-) - sie to [(V+) + 20V] __ in socket for CerDIP, P-DIP, and LCC packages; 6), is specified for device sol- 
Output Short-Circuit Duration ..........c.cscesessesesssscseeee Indefinite Serer le panted eicul poate, SO baerao?: | 
Storage Temperature Range 
P, RC, S, Z Package ......... ce cccecessnenes -—65°C to +150°C 


ELECTRICAL CHARACTERISTICS at Vs = +1.5V to +15V, T, = + 25°C, unless otherwise noted. 


. . OP-290A/E _ OP-290F OP-290G . 
PARAMETER SYMBOL CONDITIONS | MIN TYP MAX = MIN TYP MAX MIN TYP MAX UNITS. 
Input Offset Voltage Vos : _ 50 200 _ 75 300 _ 125 500 — BV 
Input Offset Current los Vom = OV 7 _ 0.1 3 = 0.1 5 _ 01 . 5 nA 
Input Bias Current ie Vom = OV — 40 15 — 40 20 — 40 25 onA 
Vg = + 15V, Vo = +10V | | 
Ry = 100k2 700 1200 3 500 1000 — 400 800 — 
Ru = 10kf | 350 600 —- ~— 20 500 .— §- 200 400 — 
a oe Avo R, = 2kN | 125 250 _ 100 200 — — 100 20082~i = V/mV 
Guages saa V+ = 5V, V- = OV, : 
—1V<Vo<4vV ee 
RL = 100k 200 400 ~ 125 300 = 100 250 _ 
Ry. = 10k? -  400~—«180 = 75-140 = 70 1400C 
| V+ = §V, V- = OV 1) = 0/4 = = 0/4 - aes | 
Input Voltage R IVF ' , - , 7 ; : £ 
npubyouade mands. YE. a» Ygseagye (Noted) S16/196. 9 SBS et tei ee 
Vs =+15V 
Vo Ry = 10k +13.5 +14.2 = +13.5 +142 — +13.5 +142 — V 
RL = 2kn +10.5 +115 = +10.5 +115 — «#105 -411500=~CO— 
+ = —_ = , 
Output Voitage Swing Vou eee 4.0 4.2 _ 4.0 4.2 _ 4.0 4.2 _ V 
Ry = 2k a 
V+ = 5V, V-=0V | 
V : a 10 50 — 10 50 a 10 50 Vv 
OL RL=10kQ ‘ 
ee 90 15 — go 100 — 80 100 = 
Common-Mode CMR OV < Vom < 4V . dB 
. . . = + : bs i 
Amiection ieee 100 «12002=«C— 9 10 — | 90 100 — 
| -15V < Voy < 13.5V : 
Bower Supply : PSRR —~ 10 56. —- 10 56 — 32 10 uV/V 
Rejection Ratio 50 
Supply Current Vg=+1.5V — _ 19 30 _ 19 30 _ 19 30 ‘4 
(All Amplifiers) eas Vs = +15V = 25 40 _ 25 40 — 25 40 . 
Capacitive Load Ay= ae . = 650 = — 650 —_ —- 650. —- pF 
Stability No Oscillations 
fo = 0.1Hz to 10H 
Input Noise Voltage Cnp-p e . . _—. 3 _ _ 3 _ —- . § _ HVp-p 


Vs =+15V 
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ELECTRICAL CHARACTERISTICS at Vs = +1.5V to +15V, Ta = + 25°C, unless otherwise noted. Continued 
| | 


7 OP-290A/E OP-290F OP-290G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX. UNITS 
SE NI AD ile ee a Se EL SSE ECAP pl De er SENS LL a aa Ne LD aR CRON PT 
Input Resistance R Ve = +15V 
Differential-Mode oe a ~ ag — = si — = — ha 
Input Resistance R Ve = +15 
Common-Mode INCN: os i - fod - oe _ — = 7 an 
Ay=+1 
Slew Rat R — — — 
ew Rate S Veg = +15V 5 12 5 12 5 12 V/ms 
Gain Bandwidth GBwp Ay=+1 20 9 
Product Vg = +15V ~ ~ ~ ig — - = = Ae 
. fo = 10Hz 
Channel Separation CS Vo = 20V,-p 120 150 —_ 120 150 _ 120 150 ae dB 
Vg = + 15V (Note 2) 
NOTES: 


1. Guaranteed by CMR test. 
2. Guaranteed but not 100% tested. 


ELECTRICAL CHARACTERISTICS at Vs = +1.5V to +15V, —-55°C < Ty < 125°C, unless otherwise noted. 


GN BSN NE a a ee ee FN NS he wr ee 


OP-290A 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX 
Input Offset Voltage Vos om 80 500 
Average Input Offset 
=+ : aed ° 
Voltage Drift TCVos Vg = +15V 0.3 3 pV/°C 
Input Offset Current los Vom = OV _ 0.1 5 nA 
Input Bias Current lp Vom = OV — 42 — 20 nA 
Vg = +15V, Vo = +10V 
R, = 100k) 225 400 — 
R, = 10k 125 240 — 
Large Signal Ry, = 2k 50 110 — 
noes Avo — V/mV 
ie . V+ = 5V, V- = OV, 
1V < Vo <4V 
R, = 100k. 100 200 — 
R, = 10k. 50 110 ~_ 
V+ = 5V, V- =0V 0/3.5 — _— 
5 V 
Input Voltage Range IVR Ve = +15V (Note 1) -15/13.5 _ _ 
Vg = +15V 
Vo R, = 10k +13 +14.1 — V 
. R, = 2k +10 +11 — 
Output Voltage Swing ; V+ =5V, V-=0V i ms _ : 
sl Ry = 2kn 
V+ = 5V, V-=0V 
V _ 10 100 V 
OL Ry = 10k0 e 
V+ = 5V, V- = OV, OV < Voy < 3.5V 80 105 — 
: eee dB 
Common-Mode Rejection CMR Ve = £15V, -15V < Voy < 13.5V 90 115 _ 
Powe! Supply PSRR ~ 3.2 10 pV/V 
Rejection Ratio 
Supply Current Vg = +1.5V — 30 50 
be Isy _ BA 
(All Amplifiers) Vg = t15V _ 38 60 


NOTE: 
1. Guaranteed by CMR test. 
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ELECTRICAL CHARACTERISTICS at Vs = +1.5V to +15V, —-40°C < Ty, < 85°C for OP-290E/F/G, unless otherwise noted. 


OP-290E — OP-290F OP-290G 
PARAMETER | SYMBOL CONDITIONS | MIN TYP MAX _ MIN TYP MAX MIN TYP MAX UNITS 
Input Offset Voltage Vos _ 70 400 _ 115 600 _ 200 750 | pV 
Average Input Offset 
=r _ : — 0.6 4 _ 1.2 — : 
veieae Chit TCVogs ss Vg = + 15V 0.3 3 uV/°C 
Input Offset Current los Vom = OV — 0.1 3 _ 0.1 5 _ 0.1 7 nA 
Input Bias Current Ip Vom = OV — 4.2 15 _ 4.2 20 — 4.2 25 nA 
Vg = +15V, Vo = +10V 
R, = 100kQ2 500 . 800 _ 350 700 _ 300 600 _ 
Ry = 10k’ 250 400 — 175 350 — 150 250 i 
Large Signal Ric Ry = 2k 100 200 _ 75 150 — 75 125 — V/mV 
Voltage Gain V+ = 5V, V- = OV, 
1V <Vo<4V 
R, = 100kN 150 280 — 100 220 = 80 160 _— 
R,_ = 10k 7 140 _ 50 110 — 40 90 _ 
icnmusiieae Rance IVR V+ = 5V, V- = OV 0/3.5 _ — 0/3.5 —_ = 0/3.5 _ _ V 
ee enone Vg=+15V (Note!) -18/135 — — -6/1835 —- — 19/135 — = 
Vg = +15V . 
Vo Ry, = 10kQ +13 +14 — +13 «+14 _ +13 «+14 — Vv 
R, = 2k +10 +11 — +10 +11 _ +10 +11 _ 
| “V+ = 5, V-=0V 
Output Voltage Swing Vou ‘ 3.9 41 _ 3.9 4.1 _ 3.9 41 _ V 
Ry = 2k0 
V+ = §V, V- =0V = 
, _ 10 100 — 10 100 = 10 100 Vv 
Vou R, = 10k : a 
pier ati 8 105 — 80 100 — go 10 — 7 
Common-Mode CMR OV < Vow < 3.5V - dB 
iecti =+ ; 
Rejection Vs = + 15V, 95 115 oe 90 110 _ 90 110 _ 
-15V < Voy < 13.5V 
Power Supply 
ay ; PSRR _ 3.2 7.5 — 5.6 10 — 5.6 15 pV/V 
Rejection Ratio 
Supply Current Vs = +1.5V _ 24 50 = 24 50 — 24 50 A 
(All Amplifiers) Sy Vg = £15V = 31 60 = 31 60 ae 31 60 ‘ 
NOTE: 
1. Guaranteed by CMR test. 
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ANALOG Micropower Single-Supply 
DEVICES Rail-to-Rail Input & Output Op Amps 


0P291/0P491 


FEATURES PIN CONFIGURATIONS 

Single-Supply Operation: 2.7 V to 12 V 

Wide Input Voltage Range 8-Lead Epoxy DIP 8-Lead Narrow-Body SO 
Rail-to-Rail Output Swing (P Suffix) (S Suffix) 


Low Supply Current: 300 .A/Amp 
Wide Bandwidth: 3 MHz 

Slew Rate: 0.5 V/us 

Low Offset Voltage: 700 nV 

No Phase Reversal 

Drives Capacitive Loads 


APPLICATIONS 

Industrial Process Control 

Battery Powered Instrumentation 
Power Supply Control and Protection 
Telecom 

Remote Sensors 

Low Voltage Strain Gage Amplifiers 
DAC Output Amplifier 


14-Lead Epoxy DIP 14-Lead Narrow-Body SO 
(P Suffix) (S Suffix) 


GENERAL DESCRIPTION 

The OP291 and OP491 are dual and quad micropower single- 
supply, 3 MHz bandwidth amplifiers featuring rail-to-rail 
inputs and outputs. The OP291 and OP491 are guaranteed to 
operate from a 3 volt single supply as well as +5 volt dual 
supplies. 


Fabricated on Analog Devices’ CBCMOS process, the OP291/ 
OP491 have a unique input stage that allows the input voltage 
to safely extend 10 volts beyond either supply without any 
phase inversion or latch-up. The output voltage swings to 
within millivolts of the supplies and continues to sink or source 
current all the way to the supplies. 


Applications for these amplifiers include portable telecom 
equipment, power supply control and protection, and interface 
for transducers with wide output ranges. Sensors requiring a 
rail-to-rail input amplifier include Hall effect, piezo electric, 
and resistive transducers. 


The ability to swing rail-to-rail at both the input and output 
enables designers to build multistage filters in single-supply 
systems and maintain high signal-to-noise ratios. 


The OP291/OP491 are specified over the extended industrial 
(-40°C to +125°C) temperature range. The OP291 dual 
amplifiers are available in 8-pin plastic DIPs and SO surface 
mount packages. The OP491 quad is available in 14-pin DIPs 
and 14-pin SO packages. 


Figure 1. Input and Output with Inputs Overdriven by 5 V 
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0P291/0P491-SPECIFICATIONS 


ELECTRICAL sl Yb +A Vag ROB Wa = 14 Th 428°C als otherwise noted) 


INPUT CHARACTERISTICS 
Offset Voltage OP291 
| | 40 <T, < +125°C 
OP491 
40 < Ta, $ +125°C 
Input Bias Current : 
| -40 < Ta S$ +125°C 
Input Offset Current 
-40 < Ta $ +125°C 
Input Voltage Range 
Common-Mode Rejection Ratio Vem=O0Vto3V 
. -40 < Ta $ +125°C 
Large Signal Voltage Gain | R, = 10 kQ, Vo = 0.3 Vto 2.7 V 
-40 < Ta $ +125°C 
Offset Voltage Drift AVos/AT 
Bias Current Drift Alp/AT 
Offset Current Drift Alos/AT 
OUTPUT CHARACTERISTICS n 
Output Voltage High R, = 100 kQ to GND 
7 —40°C to +125°C 
R, = 2 kQ to GND 
| | —40°C to +125°C 
Output Voltage Low | R;, = 100 kQ to V+ 
—40°C to +125°C 
R, = 2 kQ to V+ 
| | —40°C to +125°C 
Short Circuit Limit - 2 Sink/Source 
—40°C to +125°C 
Open Loop Impedance | f= 1 MHz, Ay = 1 
POWER SUPPLY 
Power Supply Rejection Ratio Vs =2.7Vto 12 V 
7 _ | | -40°C < Ta $ +125°C 
Supply oe ee bene © ' | Vo =0V | 
er - —40°C s Ta $ +125°C 
DYNAMIC PERFORMANCE | bs 
Slew Rate = : | ~ | Rp=10kQ 
Slew Rate 7 | — -SR | RL =10kQ 
Full-Power Rane ae i 1% Distortion 
Settling Time © Lue a mY: To 0.01% 
Gain Bandwidth Product. . : 
Phase Margin 7 | | 
Channel Separation | : | | £=1 kHz, Rp = 10kQ 
NOISE PERFORMANCE _ | po 
Voltage Noise 7 . 0.1 Hz to 10 Hz 
Voltage Noise Density | f= 1 kHz 


Current Noise Density 


Specifications subject to change without notice. 
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0P291/0P491 
FLECTRICAL SPECIFICATIONS (@ v,=+5.0 V, Vey = 0.05 V, V, = 1.4 V, Ty = +25°C unless otherwise noted) 


Parameter Symbol Conditions Min Typ Max Units 


INPUT CHARACTERISTICS 
Offset Voltage OP291 


—-40 < Ta $$ +125°C 
OP491 “s- 


-40 << Ta < +125°C 


Ip 


Input Bias Current 
-40 < Ta, S$ +125°C 


Input Offset Current Ios 
—-40 < Ty $+125°C 
Input Voltage Range 

Common-Mode Rejection Ratio 


CMRR Vem=0V to5V 


-40 < T, $ +125°C 

Large Signal Voltage Gain Avo Ry, = 10 kKQ, Vo = 0.3 V to 4.7 V 
-40 <T, $ +125°C 

Offset Voltage Drift AVos/AT —-40 <T, $ +125°C 

Bias Current Drift AIp/AT 

Offset Current Drift Alos/AT 


OUTPUT CHARACTERISTICS 
Output Voltage High 


R, = 100 kQ to GND 
—40°C to +125°C 

Ry = 2 kQ to GND 
—40°C to +125°C 

R;, = 100 kQ to V+ 
—40°C to +125°C 

Ry = 2 kQ to V+ 
—40°C to +125°C 
Sink/Source 

—40°C to +125°C 

f = 1 MHz, Ay = 


Output Voltage Low 


Short Circuit Limit 


Open Loop Impedance 


POWER SUPPLY | 
Power Supply Rejection Ratio PSRR Vs =2.7Vto 12V dB 
| -40<T, <$+125°C dB 
Supply Current/Amplifier Isy Vo=0V pA 
| 40 < Ty $ +125°C uA 
DYNAMIC PERFORMANCE 
Slew Rate R, = 10 kQ V/us 
Slew Rate Ry = 10 kQ V/us 
Full-Power Bandwidth 1% Distortion kHz 
Settling Time To 0.01% Us 
Gain Bandwidth Product MHz © 
Phase Margin Degrees 
Channel Separation f= 1 kHz, R, = 10 kQ dB 
NOISE PERFORMANCE | 
Voltage Noise en D-P 0.1 Hz to 10 Hz 2 | wV p-p 
Voltage Noise Density Cn f= 1 kHz 35 nV/VHz 
Current Noise Density in 0.8 pA/VHz 
NOTES 


+5 V specifications are guaranteed by +3 V and +5 V testing. 
Specifications subject to change without notice. 
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ELECTRICAL SPECIFICATIONS co v.=:50', voy=0¥, 1=+25°C loss tars ated) 


Parameter 


INPUT CHARACTERISTICS 
Offset Voltage OP291 


OP491 
Input Bias Current 
Input Offset Current 


Input Voltage Range 
Common-Mode Rejection 


Large Signal Voltage Gain 


Offset Voltage Drift 
Bias Current Drift 
Offset Current Drift 


OUTPUT CHARACTERISTICS 
Output Voltage Swing 


Short Circuit Limit 


Open Loop Impedance 


POWER SUPPLY 
Power Supply Rejection Ratio 


Supply Current/Amplifier 


DYNAMIC PERFORMANCE 
Slew Rate . 
Full-Power Bandwidth 
Settling Time 

_ Gain Bandwidth Product 
Phase Margin 
Channel Separation 


NOISE PERFORMANCE 
Voltage Noise 
Voltage Noise Density 
Current Noise Density . 


Specifications subject to change without notice. 
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Symibot_| Gondidons «| Min ‘Typ Max | Uni 


—-40 < Ta $ +125°C 


—-40 < Ta $< +125°C 


—-40 < Ta $ +125°C 


40 < Ta $ +125°C 


Vom = +5 V 

—40 < Tas +125°C 
Ry = 10 kQ, Vo = +4.7 V; 
-40 < Ta $ +125°C 


R, = 100-kQ to GND 


Vo 
—40°C to +125°C 
R, = 2-kQ to GND 
~40 < Tx $ +125°C 
Isc Sink/Source 
—40°C to +125°C 
ZoutT f=1 MHz, Ay = 1 
PSRR Vgs=t5V °°. dB 
-40 < T, $ +125°C dB 
Isy Vo =0 V WA i 
-40 < Ty $ +125°C - es 


Ry =10 kQ | 
1% Distortion 
To 0.01% 


f= 1 kHz 


en P-P 0.1 Hz to 10 Hz . He WW pp 

is eaer 35 nV\Hz 

in ene 0.8 pA/VHz 
REV..0 
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WAFER TEST LIMITS (@ V; = +3.0 V, Voy = 0 V, T, = +25°C unless otherwise noted) 


Parameter 


Offset Voltage 

Input Bias Current 

Input Offset Current 

Input Voltage Range 
Common-Mode Rejection Ratio 
Power Supply Rejection Ratio 
Large Signal Voltage Gain 
Output Voltage High 

Output Voltage Low 

Supply Current/Amplifier 


NOTE 


Units 

uwV max 

nA max 

nA 

V min 
Vom=0Vto 10 V dB min 
V=2.7Vto+1l2V dB min 
R, = 10 kQ V/mV min 
Ry = 2 kQ to GND V min 
Ry, = 2 kQ to V+ mV max 
Vo =O0V, Ry = © uA max 


Electrical tests and wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guaranteed for standard 
product dice. Consult factory to negotiate specifications based on dice lot qualifications through sample lot assembly and testing. 


ABSOLUTE MAXIMUM RATINGS’ 


Supply. VONAGEHos si etree oda tate tn awe ewe +16V 
INDUL VOltASe st haw casa od te enemas V-to V+ 10 V 
Differential Input Voltage ............. cece eee eee 7V 
Output Short-Circuit Duration toGND .......... Indefinite 


Storage Temperature Range 

PDP ACKACCS pi ee Oe Swe ea wets Pen re -65°C to +150°C 
Operating Temperature Range 

OP291/OP491G 3. Ss paw eeaehwre 484 -40°C to +125°C 
Junction Temperature Range 

PS PACRAgeSe ie 4nd Sw eant ad uw Gawed ove —65°C to +150°C 
Lead Temperature Range (Soldering 60 sec) +300°C 


oe ee ee we © 


Package Type 
8-Pin Plastic DIP (P) °C/W 
8-Pin SOIC (S) °C/W 


14-Pin Plastic DIP (P) 
14-Pin SOIC (S) 


NOTES 


‘Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. 

"Ora is specified for the worst case conditions; i.e., 6,4 is specified for device in socket 
for P-DIP packages, 0j, is specified for device soldered in circuit board for SOIC 
package. 


ORDERING GUIDE 


Temperature Package 
‘Range _| Description | 


—40°C to +125°C | 8-Pin Plastic DIP | N-8 


Package 
Option* 


OP291GP 


OP291GS | -40°C to +125°C | 8-Pin SOIC SO-8 
OP291GBC | +25°C DICE 

OP491GP | —40°C to +125°C | 14-Pin Plastic DIP} N-14 
OP491GS_ | -40°C to +125°C | 14-Pin SOIC SO-14 


OP491GBC | +25°C DICE 


*For outline information see Package Information section. 
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DICE CHARACTERISTICS 


Se 
"i A se We 
Sie | Ter 


OP291 Die Size 0.070 x 0.070 Inch, 4,900 Sq. Mils. 
Substrate (Die Backside) ls Connected to V+. — 
Transistor Count, 146. 


OP491 Die Size 0.070 x 0.110 Inch, 7,700 Sq. Mils. 
Substrate (Die Backside) Ils Connected to V+. 
Transistor Count, 290. 
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Figure 2. OP291 Input Offset Voltage | 


Distribution, Vs = +3 V 


INPUT BIAS CURRENT — nA 
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Figure 5. OP29 1/0P491 Input Bias 
Current vs. Temperature, Vs = +3 V 
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Figure 8. OP291/OP491 Output 
Voltage Swing vs. ee aaa 
Vs = =+3V 
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Ve= = +3V 
40°C <T, < +1 25° Cc 
BASED ON 600 OP AMPS 
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INPUT OFFSET VOLTAGE -— pV 


Figure 3. OP291 Input Offset Volt- 
age Drift Distribution, Vs = +3 V 
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- Figure 6. OP291/OP491 Input Offset 
_ Current vs.Temperature, V; = +3 V 
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Figure 9. OP291/OP491 Open-Loop | 


Gain & Phase vs. Frequency, 
Vg=t+3.V - 
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TEMPERATURE -°C 


Figure 4. OP291/OP491 Input Offset 
Voltage vs. Temperature, Vs = +3 V 
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Figure 7. OP291/OP491 Input Bias — 
Current vs. Common- Mode Voltage, 
Vs =+3V 
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_ Figure 10. OP291/OP491 Open-Loop 
_ Gain vs. Temperature, Vs = +3 Vo 
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CLOSED-LOOP GAIN ~ dB 
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; , Figure 13. OP291/OP491 CMRR vs. 
: Figure 12. OP291/OP491 CMRR vs. g 
Figure 11. OP291/OP491 Closed-Loop g Temperature, Vs = +3 V 


Gain vs. Frequency, Vs = +3 V Frequency, Vg = +3 V 
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SLEW RATE - V/ps 


-—40 5 85 
100 = 1k 10k 100k 1M 10M TEMPERATURE — °C 
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Figure 14. OP291/OP491 PSRR vs. Figure 15. OP291/OP491 PSRR vs. Figure 16. OP291/OP491 Slew Rate 
Frequency, Vs = +3 V Temperature, Vs = +3 V vs. Temperature, Vs = +3 V 
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MAXIMUM OUTPUT SWING - Volts 
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TEMPERATURE — °C 


Figure 17. OP291/OP491 Supply Figure 18. Maximum Output Swing Figure 19. OP291/OP491 Voltage 
Current vs. Temperature, Vs = +3 V, vs. Frequency, Vs = +3 V Noise Density 
+5 V,+5V 
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Figure 20. OP291 Input Offset Volt- Figure 21., OP291 Input Offset Volt- Figure 22. OP291/OP491 Input Offset 


age Distribution, Vs = +5 V age Drift Distribution, Vs = +5V Voltage vs. Temperature, Vs = +5 V 
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Figure 23. OP291/OP491 Input Bias Figure 24. OP291/OP491 Input Offset Figure 25. OP291/OP491 Input Bias 
Current vs. Temperature, Vs = +5 V Current vs. Temperature, Vs = +5 V Current vs. Common-Mode Voltage, 
Vs =+5V 


CT Wo" s0¥ 
ICCC =] 
CCHIPHT it 
COCCI 
Hae AGL 


OUTPUT SWING - Voits 
PHASE SHIFT — Degrees 
OPEN-LOOP GAIN — V/mV 


4 
100 1k 10k 100k 1M 10M" 


TEMPERATURE — °C FREQUENCY — Hz TEMPERATURE - °C 
Figure 26. OP291/491 Output Voltage Figure 27. OP291/491 Open-Loop Figure 28. OP291/491 Open-Loop | 
Swing vs. Temperature, Vs = +5 V Gain & Phase vs. Frequency, Gain vs. Temperature, Vs = +5 V 
Vs = +5 V 
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Figure 29. OP291/OP491 Closed-Loop Figure 30. OP291/OP491 CMRR vs. 
Gain vs. Frequency, Vs = +5 V Frequency, Vs = +5 V 
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Figure 32. OP291/OP491 PSRR vs. Figure 33. OP291 Slew Rate vs. Tem- 
Frequency, Vs = +5 V perature, V5 = +5 V 
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Figure 35. OP291/OP491 Short Circuit Figure 36. OP291/OP491 Channel 
Current vs. Temperature, Vs = +3 V, Separation, Vs =+5 V 
+5 V, +5V 
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Figure 31. OP291/0P491 CMRR vs. 
Temperature, Vs = +5 V 
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Figure 34. OP491 Slew Rate vs. Tem- 
perature, Vs = +5 V 
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Figure 37. Maximum Output Swing 
vs. Frequency, Vs =+5 V 
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Figure 38. Maximum Output Swing 


vs. Frequency, Vs; =+5 V Voltage vs. Temperature, Vs =+5 V 
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Figure 41. OP291/OP491 Input Offset Figure 42. OP291/OP491 Input Bias 
Current vs. Temperature, Vs =+5 V 
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Figure 44. OP291/OP491 Open-Loop 
Gain & Phase vs. Frequency, 
Vs=t5V 


Gain vs. Temperature, Vs =+5 V 
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Figure 39. OP291/OP491 Input Offset 


Current vs. Common-Mode Voltage, — 


Figure 45. OP291/OP491 Open-Loop 
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Figure 40. OP291/OP491 Input Bias — 
Current vs. Temperature, Vs =+5 V 


Figure 43. OP291/OP491 Output Volt- 
age Swing vs. Temperature, : 
V5=+5V 
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Figure 46. OP291/OP491 Closed-Loop 
Gain vs. Frequency, Vs =+5 V uh 
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Figure 47. OP291/OP491 CMRR vs. Figure 48. OP291/OP491 CMRR vs. Figure 49. OP291/OP491 PSRR vs. 
Frequency, Vs=+5 V Temperature, Vs =+5 V Frequency, V5=+5 V 
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Figure 50. OP291/OP491 PSRR vs. Figure 51. OP291/OP491 Slew Rate Figure 52. OP291/OP491 Output Im- 
Temperature, V5 =+5 V vs. Temperature, Vs =+5 V pedance vs. Frequency 
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Figure 53. OP291/OP491 Large Signal Figure 54, OP291/OP491 Large Signal 
Transient Response, Vs = +3 V Transient Response, Vs =+5 V 


REV. 0 OPERATIONAL AMPLIFIERS 9-491 


0P291/0P491 


FUNCTIONAL DESCRIPTION 

The OP291 and OP491 are single’ supply, micropower amplifi- 
ers featuring rail-to-rail inputs and outputs. In order to achieve 
wide input and output ranges, these amplifiers employ unique 
input and output stages. As the simplified schematic shows 
(Figure 55), the input stage is actually comprised of two 
differential pairs, a PNP pair and an NPN pair. These two 
stages do not actually work in parallel. Instead, only one or the 
other stage is on for any given input signal level. The PNP stage 
(transistors Q1 and Q2) is required to ensure that the amplifier 
remains in the linear region when the input voltage approaches 
and reaches the negative rail. On the other hand, the NPN 
stage (transistors Q5 and Q6) is needed for input voltages up to 
and including the positive rail. 


For the majority of the input common-mode range, the PNP 
stage is active, as is evidenced by examining the graph of Input 
Bias Current vs. Common-Mode Voltage. Notice that the bias 
current switches direction at approximately 1.2 volts to 1.3 volts 
below the positive rail. At voltages below this, the bias current 
flows out of the OP291, indicating a PNP input stage. Above 
this voltage, however, the bias current enters the device, 
revealing the NPN stage. The actual mechanism within the 
amplifier for switching between the input stages is comprised of 
the transistors Q3, Q4, and Q7. As the input common-mode 
voltage increases, the emitters of Q1 and Q2 follow that voltage 
plus a diode drop. Eventually the emitters of Q1 and Q2 are 
high enough to turn Q3 on. This diverts the 8 yA of tail current 
away from the PNP input stage, turning it off. Instead, the 
current is mirrored through Q4 and Q7 to activate the NPN 
input stage. 


Notice that the input stage includes 5 kQ series resistors and 
differential diodes, a common practice in bipolar amplifiers to 
protect the input transistors from large differential voltages. 
These diodes will turn on whenever the differential voltage 


| =a ise 
ieaae Ho 


exceeds approximately 0.6 V. In this condition, current will 


flow between the input pins, limited only by the two 5 kQ 
resistors. Being aware of this characteristic is important in 
circuits where the amplifier may be operated open-loop, such as 
a comparator. Evaluate each circuit carefully to make sure that 
the increase in current does not affect the performance. 


The output stage of the OP291/OP491 uses a PNP and an NPN 
transistor as do most output stages; however, the output 
transistors, Q32 and Q33, are actually connected with their 
collectors to the output pin to achieve the rail-to-rail output 
swing. As the output voltage approaches either the positive or 


“negative rail, these transistors begin to saturate. Thus, the final 


limit on output voltage is the saturation voltage of these 
transistors, which is about 50 mV. The output stage does have 
inherent gain arising from the collectors and any external load 
impedance. Because of this, the open-loop gain of the amplifier 
is dependent on the load resistance. 


Input Overvoltage Protection 

As with any semiconductor device, whenever the condition 
exists for the input to exceed either supply voltage, attention 
needs to be paid to the input overvoltage characteristic. When 
an overvoltage occurs, the amplifier could be damaged depend- 
ing on the voltage level and the magnitude of the fault current. 


- Figure 56 shows the characteristic for the OP291 and OP491. 


This graph was generated with the power supplies at ground and 
a curve tracer connected to the input. As can be seen, when the 
input voltage exceeds either supply by more than 0.6 V, internal 
pn-junctions energize allowing current to flow from the input to 
the supplies. As described above, the OP291/OP491 does have 
5 kQ resistors in series with each input, which helps limit the 
current. Calculating the slope of the current versus voltage 1 in 
the graph confirms the 5 kQ resistor. 
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Figure 55. OP291/OP491 Simplified Schematic 
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mines the lower limit of their common-mode range. With these 
devices, external clamping diodes, with the anode connected to 
ground and the cathode to the inputs, prevent input signal 
excursions from exceeding the device’s negative supply (i.e., 
GND), preventing a condition which could cause the output 
voltage to change phase. JFET-input amplifiers may also 
exhibit phase reversal, and, if so, a series input resistor is usually 
required to prevent it. 


The OP291/OP491 is free from reasonable input voltage range 
restrictions due to its novel input structure. In fact, the input 
signal can exceed the supply voltage by a significant amount 
without causing damage to the device. As illustrated in Fig- 
ure 57, the OP291/OP491 can safely handle a 20 V p-p input _ 
signal on +5 V supplies without exhibiting any sign of output 
voltage phase reversal or other anomalous behavior. Thus no 
external clamping diodes are required. 


Figure 56. Input Overvoltage Characteristics Overdrive Recovery 


This input current is not inherently damaging to the device as The overdrive recovery time of an operational amplifier is the 

long as it is limited to 5 mA or less. In the case shown, for an time required for the output voltage to recover to its linear 

input of 10 V over the supply, the current is limited to 1.8 mA. region from a saturated condition. This recovery time is 

If the voltage is large enough to cause more than 5 mA of important in applications where the amplifier must recover 

current to flow, then an external series resistor should be added. quickly after a large transient event, such as a comparator. The 

The size of this resistor is calculated by dividing the maximum circuit shown in Figure 58 was used to evaluate the OP291/ |g 
overvoltage by 5 mA and subtracting the internal 5 k© resistor. OP491’s overload recovery time. The OP291/OP491 takes 

For example, if the input voltage could reach 100 V, the external approximately 8 ps to recover from positive saturation and 

resistor should be (100 V/5 mA) -—5 k = 15 kQ. This resistance approximately 6.5 Us to recover from negative saturation. 


should be placed in series with either or both inputs if they are 
subjected to the overvoltages. For more information on general 
overvoltage characteristics of amplifiers refer to the 1993 System 
Applications Guide, available from the Analog Devices Literature 
Center. 


R1 


Output Voltage Phase Reversal 

Some operational amplifiers designed for single-supply opera- 
tion exhibit an output voltage phase reversal when their inputs 
are driven beyond their useful common-mode range. Typically 
for single-supply bipolar op amps, the negative supply deter- 


Vay — 2-5V/DIV 
Vour — 2V/DIV 


TIME — 200,s/DIV TIME — 200us/DIV 
Figure 57. OP291/OP491 Output Voltage Phase Reversal Behavior 
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APPLICATIONS | | 
Single +3 V Supply, Instrumentation Amplifier 
The OP291’s low supply current and low voltage operation 
make it ideal for battery powered applications such as the - 
instrumentation amplifier shown in Figure 59. The circuit 
utilizes the classic two op amp instrumentation amplifier 
topology, with four resistors to set the gain. The equation is 
simply that of a noninverting amplifier as shown in the figure. 
The two resistors labeled R1 should be closely matched to each 
other as well as both resistors labeled R2 to ensure good 
common-mode rejection performance. Resistor networks 
ensure the closest matching as well as matched drifts for good 
temperature stability. Capacitor Cl is included to limit the 
bandwidth and, therefore, the noise in sensitive applications. 
The value of this capacitor should be adjusted depending on the 
desired closed-loop bandwidth of the instrumentation amplifier. 
_ The RC combination creates a pole at a frequency equal to 
1/(2 7x R1C1). If AC-CMRR is critical, than a matched 
capacitor to C1 should be included across the second resistor 
labeled R1. 


+3V 
@ 


Vout = 6 = >) Vin 100pF 


Figure 59. Single +3 V Supply Instrumentation Amplifier 


Because the OP291 -accepts rail-to-rail inputs, the input 
common-mode range includes both ground and the positive 
supply of 3 V. Furthermore, the rail-to-rail output range 
ensures the widest signal range possible and maximizes the 
dynamic range of the system. Also, with its low supply current 
of 300 HA/device, this circuit consumes a quiescent current of 
only 600 pA, yet still exhibits a gain bandwidth of 3 MHz. 


A question may arise about other instrumentation amplifier 
topologies for single supply applications. For example,a __ 
variation on this topology. adds a fifth resistor between the two 
inverting inputs of the op amps for gain setting. While that 


topology works well in dual supply applications, it is inherently © 


not appropriate for single supply circuits. The same could be 
said for the traditional three op amp instrumentation amplifier. 


In both cases, the circuits simply will not work in single supply - 


situations unless a false ground between the supplies is created. 
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Single Supply RTD Amplifier 

The circuit in Figure 60. uses three op amps of the OP491 to 
develop a bridge configuration for an RTD amplifier that 
operates from a single +5 V supply. The circuit takes advantage 
of the OP491’s wide output swing range to generate a high 
bridge excitation voltage of 3.9 V. In fact, because of the rail- 
to-rail output swing, this circuit will work with supplies as low 
as 4.0 V. Amplifier Al servos the bridge to create a constant 
excitation current in conjunction with the AD589, a 1.235 V 
precision reference. The op amp maintains the reference 
voltage across the parallel combination of the 6.19 kQ and 2.55 
MQ resistor, which generates a 200 WA current source. This 
current splits evenly and flows through both halves of the 
bridge. Thus, 100 yA flows through the RTD to generate an 
output voltage based on its resistance. A 3-wire RTD is used to 
balance the line resistance in both 100 Q legs of the bridge to 
improve accuracy. 


2000 GAIN = 274 
10-TURNS 


O Vout 


4.5V=450°C 
0V=0°C 


0.01uF 


NOTE: © . | 
ALL RESISTORS 1% OR BETTER 


Figure 60. Single Supply RTD Amplifier 


Amplifiers A2 and A3 are configured in the two op amp IA 
discussed above. Their resistors are chosen to produce a gain of 
274, such that each 1°C increase in temperature results in a 


~ - 10 mV change in the output voltage, for ease of measurement. 


A 0.01 uF capacitor is included in parallel with the 100 kQ 
resistor on amplifier A3 to filter out any unwanted noise from 
this high gain circuit. This particular RC combination creates a 
pole at 1.6 kHz. 
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A +2.5 V Reference from a +3 V Supply 

In many single-supply applications, the need for a 2.5 V 
reference often arises. Many commercially available monolithic 
2.5 V references require at least a minimum operating supply 
voltage of 4 V. The problem is exacerbated when the minimum 
operating system supply voltage is + 3 V. The circuit illustrated 
in Figure 61 is an example of a +2.5 V that operates from a 
single +3 V supply. The circuit takes advantage of the OP291’s 
rail-to-rail input and output voltage ranges to amplify an 
AD589’s 1.235 V output to +2.5 V. The OP291’s low TCVos 
of 1 uwV/°C helps to maintain an output voltage temperature 
coefficient of less than 200 ppm/°C. The circuit’s overall 
temperature coefficient is dominated by R2 and R3’s tempera- 
ture coefficient. Lower tempco resistors are recommended. 
The entire circuit draws less than 420 A from a +3 V supply 

at 25°C. 


O +3V 


+2.5V per 


RESISTORS = 1%, 100ppm/°C 
POTENTIOMETER = 10 TURN, 100ppm/°C 


R3 R2 PI 
(7 100kK2 = 100KQ 5k 
Figure 61. A +2.5 V Reference that Operates on a Single 
+3 V Supply 


+5 V Only, 12-Bit DAC Swings Rail-to-Rail 

The OP291 or OP491 are ideal for use with a CMOS DAC to 
generate a digitally controlled voltage with a wide output range. 
Figure 62 shows the DAC8043 used in conjunction with the 
AD589 to generate a voltage output from 0 V to 1.23 V The 
DAC is actually operated in “voltage switching” mode where 
the reference is connected to the current output, Ipyr, and the 
output voltage is taken from the Vpgr pin. This topology is 
inherently noninverting as opposed to the classic current output 
mode, which is inverting and, therefore, unsuitable for single 


supply. 


DAC8043 y__. 


OUT 


GND CLK SR1 LD 


D 

O Vai = —— (5V 
DIGITAL our 4096 | ) 
CONTROL 


R3 


2322 32.4kQ 
1% 1% 1% 


Figure 62. +5 V Only, 12-Bit DAC Swings Rail-to-Rail 
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The OP291 serves two functions. First, it is required to buffer 
the high output impedance of the DAC’s Vpgr pin, which is on 
the order of 10 kQ. The op amp provides a low impedance 
output to drive any following circuitry. Secondly, the op amp 
amplifies the output signal to provide a rail-to-rail output swing. 
In this particular case, the gain is set to 4.1 to generate a 5.0 V 
output when the DAC is at full scale. If other output voltage 
ranges are needed, such as 0 to 4.095, the gain can easily be 
adjusted by altering the value of the resistors. 


A High Side Current Monitor 

In the design of power supply control circuits, a great deal of 
design effort is focused on ensuring a pass transistor’s long-term 
reliability over a wide range of load current conditions. As a 
result, monitoring and limiting device power dissipation is of 
prime importance in these designs. The circuit illustrated in 
Figure 63 is an example of a +5 V, single-supply high side 
current monitor that can be incorporated into the design of a 
voltage regulator with fold-back current limiting or a high 
current power supply with crowbar protection. This design uses 
an OP291’s rail-to-rail input voltage range to sense the voltage 
drop across a 0.1 Q current shunt. A p-channel MOSFET used 
as the feedback element in the circuit converts the op amp’s 
differential input voltage into a current. This current is then 
applied to R2 to generate a voltage that is a linear representation 
of the load current. The transfer equation for the current 
monitor is given by: 


Monitor Output = R2 x (Fase x I, 


R\ 


For the element values shown, the Monitor Output’s transfer 
characteristic is 2.5 V/A. 


MONITOR 
OUTPUT 


R2 
2.49kQ 


Figure 63. A High-Side Load Current Monitor 
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A +3 V, Cold Junction Compensated Thermocouple Amplifier 
The OP291’s low supply operation makes it ideal for +3 V bat- 
tery powered applications such as the thermocouple amplifier — 
shown in Figure 64. The K-type thermocouple terminates in an 
isothermal block where the junctions’ ambient temperature is. 
continuously monitored using a simple 1N914 diode. The di- 
ode corrects the thermal EMF generated in the junctions by 
feeding a small voltage, scaled by the 1.5 MQ and 475 Q resis- 
tors, to the op amp. | 


To calibrate this circuit, immerse the thermocouple measuring 
junction in a 0°C ice bath, and adjust the 500 Q pot to zero 
volts out. Next, immerse the thermocouple in a 250°C tem- 
perature bath or oven and adjust the Scale Adjust pot for an 
output voltage of 2.50 V.’ Within this temperature range, the 
K-type thermocouple is accurate to within +3°C without linear- 
ization.: Rs > : 


SCALE 
| ADJUST 
—11.33MQ_ 20k 


. OF 
1N914} 


4 
ALUMEL \/ im: 
Vout 
co 


LD 
JUNCTIONS 


K-TYPE 
THERMOCOUPLE 
40.7uV/°C 


Figure-64. A 3 V, Cold Junction Compensated Thermo- 
couple Amplifier | | 


Single Supply, Direct Access Arrangement for Modems 

An important building block in modems is the telephone line in- 
terface. In the circuit shown in Figure 65, a direct access ar- 
rangement is utilized for transmitting and receiving data from 
the telephone line. Amplifier Al is the receiving amplifier, and 
amplifiers A2 and A3 are the transmitters. The forth amplifier, 
A4, generates a pseudo ground half way between:the supply 
voltage and ground. This pseudo ground is needed for the ac 
coupled bipolar input signals. 
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+3V OR +5V 
O 


11 
A4 100k 10uF 0.1uF 


| | V , 
Figure 65. Single Supply Direct Access Arrangement for 
Modems . 


The transmit signal, TXA, is inverted by A2 and then re-in- 
verted by A3 to provide a differential drive to the transformer, 
where each amplifier supplies half the drive signal. This is 
needed because of the smaller swings associated with a single 
supply as opposed to a dual supply. Amplifier Al provides _ 
some gain for the received signal, and it also removes the trans- 
mit signal present at the transformer from the receive signal. To 
do this, the drive signal from A2 is also fed to the noninverting 
input of Al to cancel the transmit signal from the transformer. 
The OP491’s bandwidth of 3 MHz and rail-to-rail output 
swings ensures that it can provide the largest possible drive to 
the transformer at the frequency of transmission. | 
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A +3 V, 50 Hz/60 Hz Active Notch Filter with False Ground 
To process ac signals in a single-supply system, it is often best to 
use a false-ground biasing scheme. A circuit that uses this ap- 
proach is illustrated in Figure 66. In this circuit, a false-ground 
circuit biases an active notch filter used to reject 50 Hz/60 Hz 
power line interference in portable patient monitoring equip- 
ment. Notch filters are quite commonly used to reject power 
line frequency interference which oftentimes obscures low fre- 
quency physiological signals, such as heart rates, blood pressure 
readings, EEGs, EKGs, et cetera. This notch filter effectively 
squelches 60 Hz pickup at a filter Q of 0.75. Substituting 

3.16 kQ resistors for the 2.67 kQ resistors in the twin-T section 
(R1 through R5) configures the active filter to reject 50 Hz 
interference. 


R2 
2.67kKQ 


Figure 66. A +3 V Single-Supply, 50 Hz/60 Hz Active Notch 
Filter with False Ground 


Amplifier A3 is the heart of the false-ground bias circuit. It sim- 
ply buffers the voltage developed by R9 and R10 and is the ref- 
erence for the active notch filter. Since the OP491 exhibits a 
rail-to-rail input common-mode range, R9 and R10 are chosen 
to split the +3 V supply symmetrically. An in-the-loop compen- 
sation scheme is used around the OP491 that allows the op amp 
to drive C6, a 1 WF capacitor, without oscillation. C6 maintains 
a low impedance ac ground over the operating frequency range 
of the filter. 


The filter section uses a pair of OP491s in a twin-T configura- 
tion whose frequency selectivity is very sensitive to the relative 
matching of the capacitors and resistors in the twin-T section. 
Mylar is the material of choice for the capacitors, and the rela- 
tive matching of the capacitors and resistors determines the 
filter’s passband symmetry. Using 1% resistors and 5% capaci- 
tors produces satisfactory results. 
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Single-Supply Half-Wave and Full-Wave Rectifiers 

An OP291/OP491 configured as a voltage follower operating on 
a single supply can be used as a simple half-wave rectifier in 
low-frequency (<2 kHz) applications. A full-wave rectifier can 
be configured with a pair of OP291s as illustrated in Figure 67. 
The circuit works in the following way: When the input signal is 
above 0 V, the output of amplifier Al follows the input signal. 
Since the noninverting input of amplifier A2 is connected to 
Al’s output, op amp loop control forces the A2’s inverting input 
to the same potential. The result is that both terminals of Rl 
are equipotential; 1.e., no current flows. Since there is no cur- 
rent flow in R1, the same condition exists upon R2; thus, the 
output of the circuit tracks the input signal. When the input sig- 
nal is below 0 V, the output voltage of Al is forced to 0 V. This 
condition now forces A2 to operate as an inverting voltage fol- 
lower because the noninverting terminal of A2 is at 0 V as well. 
The output voltage at VoyrA is then a full-wave rectified ver- 
sion of the input signal. If needed, a buffered, half-wave recti- 
fied version of the input signal is available at VoyrB. 


Vin O FULL-WAVE 
2Vpp RECTIFIED 
<2kHz OUTPUT 
VourB 
O HALF-WAVE 
RECTIFIED 
OUTPUT 
Vin 
(1V/DIV) 
VourB 
(0.5V/DIV) 
VoutA 
(0.5V/DIV) 


TIME - 200us/DIV 


Figure 67. Single-Supply Half-Wave and Full-Wave 
Rectifiers Using an OP291 
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-* OP491 SPICE Macro-model _ “Rev. A, 1/94 


ARG/ADI 


* Copyright 1994 by Analog Devices 
* . 


* Refer to “README.DOC?” file for License Statement. Use of 
* this model indicates your acceptance of the terms and pro- 
* visions in the License Statement. 


* 


~ * Node assignments 


* 


noninverting input 
inverting input 
positive supply 
negative supply 
output 


'SUBCKT OP491 1 2 99 50 45 


* INPUT STAGE 
* 

Il 99 7 8.12E-6 

Ql 6 4 7 QP 

Q2 5 3 7 QP 
Dl 3 99 DX 

D2 4 99 DX 

D3 3 4 DX 

D4 4 3 Dx 

RI 3 8 5E3 

R2 4 2  . 5E3 

R35 50 6.373 

R4 6 50  6.37E3 | 

EOS 8 1 ~ POLY(1) (16,39) -0.5E-3 316.228E-3 
IOS 3 4 10E-9 

GB1 3 98 . (21,98) 100E-9 

GB2 4 98 (21,98) 100E-9 

CIN 1 2 1E-12 


* 


* 1ST GAIN STAGE 
* | 


EREF 98 


Gl 
R7 
EC1 
EC2 
D5 
D6 


x 


98 
9 
99 
11 
9 
11 


0. (39,0) 1 

9 (6,5) 31.416E-6 

98  1E6 | 

10. POLY(1) (99,39) -0.52 1 
50  POLY(1) (39,50) -0.52 1 
10 Dx | 

9 DX 


* 2ND GAIN STAGE AND DOMINANT POLE AT 1.25 Hz 
x 


12 (9,39) -8.12E-6 


98 7.840E9 
98 16.24E-12 
13 DX 

12 DX 

13 0.58 

50 0.58 


-_ * COMMON-MODE STAGE 
: : 


ECM 15 


R9 
R10 


15 
16 


98 POLY(2) (1,39) (2,39) 0 0.5 0.5 
16 156 
98 10 
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* 


* POLE AT 2.5 MHz 

* 

G3 98 18 (12,39) 1E-6 
R11 18 98 156 

C4 18 98  63.662E-15 


* 


* BIAS CURRENT-VS-COMMON-MODE VOLTAGE 


EP 97 0 (99,0) 1 

VB 99 17 133 

RB 17 50 ~~ 159 

E319 O (15,17) 16 

D13 19 20 £4Dx 

R12 20 0 1E6 

G4 98 21 (20,0) 1E-3 

R13 21 98 = 53 

Dl4 21 22 £DY 

E4 97 22 (POLY(1) (99,98) -0.765 1 


* 


* POLE AT 100 MHz 

x 

G6 98 40 (18,39) 1B-6 
R20 40 98 156 

C10 40 98 — 1.592E-15 


x 


* OUTPUT STAGE 

* 

RS1 99 39  109.375E3 
RS2 39 50  109.375E3 
RO1 99 45 = 41.667 

RO2 45 50 41.667 

G7 45 99 (99,40) 24E-3 
G8 50 45 (40,50) 24E-3 
G9 98 60 (45,40) 24-3 
D9 60 61 DX 

D10 62 «60S DX 

V7 61 98 DCO 

V8 98 62 DCO 

FSY 99 50 POLY(2) V7 V8 0.247E-3 1 1 
Dll 41 45 DZ 

DI2 45 42 DZ 

V5 40 41 0.131 

V6 42 40 0.131 
MODEL DX DQ 

MODEL DY D(IS=1E-9) 
MODEL DZ D(IS=1E-6) 
.MODEL QP PNP(BF=66.667) 
.ENDS 
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FEATURES 

Single Supply Operation: 4.5 V to 33 V 
input Common Mode Includes Ground 
Output Swings to Ground 

High Slew Rate: 3 V/s 

High Gain Bandwidth: 4 MHz 

Low Input Offset Voltage 

High Open-Loop Gain 

No Phase Inversion 

Low Cost 


APPLICATIONS 

Disk Drives 

Mobile Phones 

Servo Controls 

Modems and Fax Machines 

Pagers 

Power Supply Monitors and Controls 
Battery Operated Instrumentation 


GENERAL DESCRIPTION 

The OP292/OP492 are low cost general purpose dual and quad 
operational amplifiers designed for single supply applications 
and are ideal for +5 volt systems. 


Fabricated on Analog Devices’ CBCMOS process, the OP292/ 
OP492 series has a PNP input stage that allows the input volt- 
age range to include ground. A BiCMOS output stage enables 
the output to swing to ground while sinking current. 


The OP292/OP492 series is unity-gain stable and features an 
outstanding combination of speed and performance for single 

or dual supply operation. The OP292/OP492 provide high slew 
rate, high bandwidth, with open-loop gain exceeding 40,000 and 
offset voltage under 800 »V (OP292) and 1 mV (OP492). With 
these combinations of features and low supply current, the 
OP292/OP492 series is an excellent choice for battery operated 
applications. 


The OP292/OP492 series performance is specified for single or 
dual supply voltage operation over the extended industrial tem- 
perature range (—40°C to +125°C). 


Package options for the OP292 and OP492 include plastic DIP, 
SO-8 (OP292) and SO-14. 
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Dual/Quad Single Supply 
Operational Amplifiers 
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PIN CONNECTIONS 
8-Lead Narrow-Body SO 8-Lead Epoxy DIP 
(S Suffix) (P Suffix) 


14-Lead Narrow-Body SO 
(S Suffix) 


14-Lead Epoxy DIP 
(P Suffix) 
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ELECTRICAL CHARACTERISTICS (@ v, = +5, Vey = 0V, Vp = +2V, Ty = +25°C unless otherwise noted) . 


Parameter 


INPUT CHARACTERISTICS 
Offset Voltage 
OP292 


OP492 
Input Bias Current 
Input Offset Current 


Input Voltage Range 
Common-Mode Rejection Ratio 


Large Signal Voltage Gain 


Offset Voltage Drift 
Long Term Vog Drift 
Bias Current Drift 


Offset Current Drift 


OUTPUT CHARACTERISTICS 
Output Voltage Swing 
High 


Low 


Short Circuit Current Limit 


POWER SUPPLY 
Power Supply Rejection Ratio 


Supply Current Per Amp 
OP292, OP492 


DYNAMIC PERFORMANCE 
Slew Rate 


Gain Bandwidth Product 
Phase Margin | 
Channel Separation 


NOISE PERFORMANCE 
Voltage Noise 
Voltage Noise Density 
Current Noise Density 


NOTES 


Min Max 


Typ 


0.1 0.8 

—40°C = T, = +85°C 0.3 1.2 

—40°C = T, = +125°C 0.5 2.5 
0.1 l 
—40°C = T, S +85°C 0.3 l. 
—40°C = T, = +125°C 0.5 2. 
| 450 vi 
—40°C = T, = +85°C 0.75 2. 
=40O = 1, = +129°C 3.0 ap 
7 5 


—40°C = Ta 


+85°C 
+1I25°C 


IA IA 


Vem = 0 V to 4.0 V 
—40°C = T, = +85°C 

—40°C = T, = +125°C 

R, = 10k0, Vo = 0.1 Vt04V 


—40°C = T, Ss +85°C 
—40°C = T, = +125°C 
AVo5/AT —40°C = T, = +125°C 
AVos/At Note 1 
AI,/AT —40°C = T, = +85°C 
—40°C = T, = +125°C 
Alos/AT —40°C = T, = +85°C 
—40°C = T, = +125°C 


R, = 100 kN to GND 
—40°C = T, = +125°C 
R, = 2kQ to GND 
-40°C = T, = +125°C 
R, = 100 kQ to V+ 
—40°C = T, S +125°C 
Ry = 2 kQ to V+ 
—40°C = T, S +125°C 


PSRR V, = 4.5 Vt0+30V,Vo=2V | 75 95 

-40°C <= T, < +125°C 70 90 
Igy Vo = Z V 

0.8 LZ 

SR R, = 10k 3 

~40°C < T, < +125°C 1 2 
GBP 4 
On 15 
CS 100 
€, p-p 25 
en 15 
i 0.7 


1Long term offset voltage drift is guaranteed by 1000 hours life test performed on three independent wafer lots at + 125°C with LTPD of 1.3. 
Specifications subject to change without notice. 
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Units 


V/mV 
V/mV 
V/mV 
wV/°C 


—pV/Month 


pA/°C 
pA/°C 
pA/°C 
pArC 


V/s 
V/s 
MHz 
Degrees 
dB 


pV p-p_ 
nV/\/Hz 
pA/\/Hz 
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ELECTRICAL CHARACTERISTICS (a v, = #15 v, 1, — 425° umess otters noted 
Parameter [Symbol | Conditions Min Typ ©. Max > 


INPUT CHARACTERISTICS 
Offset Voltage 
OP292 


OP492 


Input Bias Current 


Input Offset Current 


Input Voltage Range 
Common-Mode Rejection Ratio 


Large Signal Voltage Gain. 


Offset Voltage Drift 
Bias Current Drift 


OUTPUT CHARACTERISTICS 
Output Voltage Swing 


Short Circuit Current Limit 


POWER SUPPLY | 
Power Supply Rejection Ratio 


Supply Current Per Amp 
OP292, OP492 


DYNAMIC PERFORMANCE 
Slew Rate 


Gain Bandwidth Product 
Phase Margin 
Channel Separation 


_-NOISE PERFORMANCE 
Voltage Noise 

Voltage Noise Density 
Current Noise Density 


NOTES 


—40°C < T, < +85°C 
—40°C = T, < +125°C 


~40°C < T, < +85°C 
~40°C < T, = +125°C 


~40°C < T, = +125°C 


-40°C = T, = +85°C 
—40°C = T, S +125°C 
Note 1 

Vom = +11 V 

—40°C = T, = +125°C 
R, = 10 kO, Vo = +10 V 
—40°C = T, = +85°C 
—40°C = T, = +125°C 
—-40°C = T, = +125°C 
—40°C = T, = +125°C 


Vo R, = 2 kOX to GND 
—40°C = T, = +125°C 
R, = 100 kQ to GND 
—40°C = T, = +125°C 
Isc Short Circuit to GND 
PSRR Vs = £2.25 Vto +15 V 
—40°C = T, = +125°C 
Isy Vo =0V 
SR R, =10 kO 
—40°C = T, = +125°C 
GBP . 
Om 
CS fy = 1 kHz 
€, P-p 0.1 Hz to 10 Hz 25 
en f = 1 kHz 15 
iy 0.7 


Input voltage range is guaranteed by CMRR tests. 


Specifications subject to change without notice. 
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V/s 
Vis — 
MHz 
Degrees 


dB 


pV p-p 


nV/\/ Hz 
pA/\/Hz 
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WAFER TEST LIMITS (@ v, = +5. V, Vow = 25¥, 


OP292/0P492 


= +25°C unless otherwise noted) 


Parameter Uni 
Offset Voltage wV max 
Input Bias Current nA max 
Input Offset Current nA max 
Input Voltage Range’ V min/V max 
Common-Mode Rejection Vom = 0V 04.0 V dB min 
Power Supply Rejection Ratio V= +45 Vto +15 V dB min 
Large Signal Voltage Gain R, = 10kN, V5 = 0.1 Vto4V V/mV min 
Output Voltage R, = 2kQ V min 
Supply Current per Amp OP292, OP492 Vo = 0 V, Ry = Open mA max 


NOTES 


Electrical tests and wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guaranteed for 
standard product dice. Consult factory to negotiate specifications based on dice lot qualifications through sample lot assembly and testing. 


1Guaranteed by CMR test. 
Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS! 


Supply Voltage: os 63.3.4¢. 6 G2 48 o4%44GR Gee ete +33 V 
Input Voltage’. +. < so75-ssers Sack ace years wee -15 Vto +14V 
Differential Input Voltage? ......... 0.0 e eee eee V 
Output Short-Circuit Duration ............ UNLIMITED 


Storage Temperature Range 
P, S Package 
Operating Temperature Range 
OP292/OP492 P, S 
Junction Temperature Range 
P, S Package 
Lead Temperature Range (Soldering, 60 sec) 


eo eee © © © © © © © © © © © we © © 


eee ee © © © © © © © © © 8 © 


oo 6¢ © © @ #@ © © © © © © @ @ &© © @ © 8 @ 


+300°C 


eee © © © © 


Package Type 


8-Pin Plastic DIP (P) °C/W 
14-Pin Plastic DIP (P) °C/W 
8-Pin SO (S) 


14-Pin SO (S) 
NOTES 


‘Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. 

For supply voltages less than +36 V, the absolute maximum input voltage is 
equal to the supply voltage. 

30,4 is specified for the worst case conditions, i.e., 6,4 is specified for device in 
socket for P-DIP package; 0,, is specified for device soldered in circuit board 
for SOIC package. 


ORDERING GUIDE 


Temperature Range 


Package Option* 


OP292GP —40°C to +125°C N-8 
OP292GS —40°C to +125°C SO-8 
OP492GP —40°C to +125°C N-14 |. 
OP492GS ~—40°C to +125°C SO-14 


OP292/492GBC | +25°C 


*For outline information see Package Information section. 
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DICE CHARACTERISTICS 


+V 
8 


6 -INB 


5 +INB 


OP292 Die Size 0.040 x 0.057 Inch, 2,280 Sq. Mils 
Substrate Connected to V+, Number of Transistors: 
Bipolar 47, MOSFET 5. 


-INA OUTA OUTD -IND 
2 1 14 13 


8 9 
OUTC -INC 


6 7 
-INB OUTB 


OP492 Die Size 0.057 x 0.068 Inch, 3,876 Sq. Mils 
Substrate Connected to V+, Number of Transistors: 
Bipolar 91, MOSFET 9. 
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Vg = +5V 7 
Vow = OV 

- Ty = +25°C 

- 600 OP AMPS 


Vom = OV 
- Ta = +25°C 
— 720 OP AMPS 
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Figure 8. OP292 Open-Loop Gain vs. Temperature @ +5 V Figure 11. OP492 Open-Loop Gain vs. Temperature 
@t5V 
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Figure 9. OP292 Open-Loop Gain vs. Temperature Figure 12. OP492 Open-Loop Gain vs. Temperature 
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Figure 13. OP292 Supply Current per Amplifier Figure 16. OP492 Supply Current per Amplifier 


vs. Temperature vs. Temperature 
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Figure 14. OP292 Slew-Rate vs. Temperature . 7 Figure 17. OP492 Slew-Rate vs. Temperature 
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Figure 19. OP292/OP492 Closed-Loop Gain/Phase vs. Figure 22. OP292/OP492 Closed-Loop Gain/Phase vs. 
Frequency @ +5 V Frequency @ +15 V 
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Figure 20. OP292/OP492 CMR vs. Frequency @ +5 V Figure 23. OP292/OP492 CMR vs. Frequency @ +15 V 
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Figure 21. OP292/OP492 PSR vs. Frequency @ +5 V Figure 24, OP292/OP492 PSR vs. Frequency @ +15 V 
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Figure 25. OP292/OP492 Voy7 Swing vs. Temperature 
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Figure 26. OP292/OP492 Input Bias Current vs. Tempera- 
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Figure 27. OP292/OP492 Channel Separation 
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Figure 28. OP292/OP492 Voy, Swing vs. Temperature 
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Figure 29. OP292/OP492 Input Bias Current vs. Tempera- 
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Figure 30. OP292/OP492 |, Current vs. Common Mode 
Voltage 
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Figure 31. Voltage Noise Density 


APPLICATION INFORMATION 

PHASE REVERSAL oe 

The OP492 has built-in protection against phase reversal when 
the input voltage goes to either supply rail. In fact it is safe for 
the input to exceed either supply rail by up to 0.6 V with no 
risk of phase reversal. However, the input should not go beyond 
the positive supply rail by more than 0.9 V, otherwise the out- 
put will reverse phase. If this condition can occur, the problem 
can be fixed by adding a 5 kQ current limiting resistor in series 
with the input pin. With this addition, the input can go to more 
than 5 V beyond the positive rail without phase reversal. 


An input voltage that is as much as 5 V below the negative rail 
will not result in phase reversal. 


ov Ay 


11.8V p-p 


Figure 32. Output Can Reverse Phase If Input Exceeds the 
Positive Supply (V+) by More Than 0.9 V 


Figure 33. No Negative Rail Phase Reversal, Even with 
Input Signal at 5 V Below Ground 
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Power Supply Considerations 

The OP292/OP492 are designed to operate equally well at single 
+5 V or +15 V supplies. The lowest supply voltage recom- 
mended is 4.5 V. 


It is a good design practice to bypass the supply pins with a 
0.1 wF ceramic capacitor. It helps improve filtering of high fre- 
quency noise. 


For dual supply operation, the negative supply (V—) must be 
applied at the same time, or before V+. If V+ is applied before 
V-, or in the case of a loss of V— supply, while either input is 
connected to ground or other low impedance source, excessive 
input current may result. Potentially damaging levels of input 
current can destroy the amplifier. If this condition can exist, 
simply add a Ik or larger resistor in series with the input to 
eliminate the problem. 


TYPICAL APPLICATIONS 


Direct Access Arrangement for Telephone Line Interface 
Figure 34 shows a +5 V-only transmit/receive telephone line 
interface for a modem circuit. It allows full duplex transmission 
of modem signals on a transformer-coupled 600 1: line in a dif- 
ferential manner. The transmit section gain can be set for the 
specific modem device output. Similarly the receive amplifier 
gain can be appropriately selected based on the modem device 
input requirements. The circuit operates on a single +5 V sup- 
ply. The standard value resistors allow the use of a SIP pack- 
aged resistor array; this, coupled with a quad op amp in a single 
package, offers a compact, low part-count solution. 


TX GAIN ADJUST 
50k 


RX GAIN ADJUST 
0.1pF 


Figure 34. A Universal Direct Access Arrangement for 
Telephone Line Interface 
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A Single Supply Instrumentation Amplifier 

A low cost single supply instrumentation amplifier can be built 
as shown in Figure 35. The circuit utilizes two op amps to form 
a high input impedance differential amplifier. Gain can be set by 
selecting resistor Rg which can be calculated using the transfer 
function equation. Normally, VarrERence is set to 0 V. Then 
the output voltage is a function of the gain times the differential 
input voltage. However, the output can be offset by setting 
VREFERENCE from 0 V to 4 V, as long as the input common- | 
mode voltage of the amplifier is not exceeded. . 


' +5V 


VOUT = (5 + 40k ad) + Vaer 
Ae 


Figure 36. A Single Supply Instrumentation Amplifier 


In this sntieusaion: while the output can swing to near zero 
volts, one needs to be careful because the input’s common-mode 
voltage range cannot operate to zero volts. This is because of the 
limitation of the circuit configuration where the first amplifier 
must be able to swing below ground in order to attain a 0 V 
common-mode voltage, which it cannot do. Depending on the . 
gain of the instrumentation amplifier, the input common-mode 
extends to within about 0.3 V of zero. One can easily calculate 
the worst-case common-mode limit for a given gain. 


DAC Output Amplifier 

The OP292/OP492 are ideal for buffering the output of cae 
supply D/A converters. Figure 36 shows a typical amplifier used 
to buffer the output of a CMOS DAC that is connected for sin- 
gle supply operation. To do that, the normally current output 
12-bit CMOS DAC (R-2R ladder type) is connected backward to 
produce a voltage output. This operating configuration necessi- 
tates a low voltage reference. In this case, a 1.235 V low power 
reference is used. The relatively high output impedance (10k) is 
buffered by the OP292 and at the same time gained up to a 
much more usable level. The potentiometer provides an accurate 
gain trim for a 4.095 V full-scale, allowing 1 mV increment per 
LSB of control resolution. | : % 


The DAC8043 device comes in an 8-pin DIP package providing 
a cost-effective, compact solution to a 12-bit analog channel. 
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Figure 36. A 12-Bit Single-Supply DAC With Serial Bus — 
Control | 


A 50 Hz/60 Hz Single-Supply Notch Filter 

Figure 37 shows a notch filter‘that achieves nearly 30 dB of 

60 Hz rejection while powered by only a single 12 'V supply. 
The circuit-also works well on +5 V systems. The filter utilizes 
a twin-T configuration whose frequency selectivity depends 
heavily on the relative matching of the capacitors and resistors 
in the twin-T section. Mylar is a good choice for the twin-T’s 
capacitors, and the relative matching of the capacitors and resis- 
tors determines the filter’s passband symmetry. Using 1% resis- 
tors and 5% capacitors produces satisfactory results. 


The amount of rejection and the Q of the filter is solely deter- 
mined by one resistor, and is shown in the table. The bottom 
amplifier is used to split the supply to bias the amplifier to mid- 
level. The circuit can be modified to reject 50 Hz by simply 
changing the resistors in the twin-T section (R1 through R4) 
from 2.67k to 3.16k, and change RS to 1/2 of 3.16k. For best 
results, the common value resistors can be from a resistor array 


— for open matching’ characteristics. 


267k ; 


O Vout 


NOTE 
FOR 50Hz APPLICATION 
' CHANGE Ri1- R4 TO 3.16k2 


"AND RS TO 1.58k (3.16kQ + 2) 
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Figure 38. A 4-Pole Bessel Low Pass Filter Using Sallen- 
Key Topology 


A 4-Pole Bessel Low-Pass Filter 

The linear phase filter in Figure 38 is designed to roll off at a 
voiceband cutoff frequency of 3.6 kHz. The 4 poles are formed 
by two cascading stages of two-pole Sallen-Key filters. 


A Low Cost, Linearized Thermistor Amplifier 

An inexpensive thermometer amplifier circuit can be imple- 
mented using low cost thermistors. One such implementation is 
shown in Figure 39. The circuit measures temperature over the 
range of 0°C to +70°C to an accuracy of +0.3°C as the lineariza- 
tion circuit works well within a narrow temperature range. 
However, it can measure higher temperature but at a slightly 
reduced accuracy. To achieve the aforementioned accuracy, the 
thermistor’s nonlinearity must be corrected. This is done by 
connecting the thermistor in parallel with the 10k in the feed- 
back loop of the first stage amplifier. A constant operating cur- 
rent of 281 A is supplied by the resistor R1 with the +5 V 
reference from the REF-195 such that the thermistor’s self- 
heating error is kept below 0.1°C. 


In many cases, the thermistor is placed some distance from the 
signal conditioning circuit. Under this condition, a 0.1 pF 
capacitor placed across R2 will help to suppress noise pickup. 


This linearization network creates an offset voltage which is cor- 
rected by summing a compensating current with potentiometer 
P1. The temperature dependent signal is amplified by the sec- 
ond stage, producing a transfer coefficient of —10 mV/°C at the 
output. 


To calibrate, a precision decade box can be used in place of the 
thermistor. For 0°C trim, the decade box is set to 32.650k, and 
P1 is adjusted until the circuit’s output reads 0 V. To trim the 
circuit at the full-scale temperature of 70°C, the decade box is 
then set to 1.752k and P2 is adjusted until the circuit reads 
—0.70 V. 
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R,* 
1OKQNTC 


P2 
200Q 
70°C TRIM 


R6 
7.87kQ 


R3 
10kQ 


Vour 7 
5 —10mvV/° 
o°Cc TRIM 806k2 


NOTES 

+ = ALPHA THERMISTOR 13A1002-C3 
*= 0.1% IMPERIAL ASTRONICS M015 
ALL RESISTORS ARE 1%, 25 ppm/°C 

EXCEPT R5 = 1%, 100 ppm/°C 


Figure 39. A Low Cost Linearized Thermistor Amplifier 


A Single-Supply Ultrasonic Clamping/Limiting Receiver 
Amplifier 

Figure 40 shows an ultrasonic receiver amplifier using the non- 
linear impedance of low cost diodes to effectively control the 
gain for wide dynamic range. This circuit amplifies a 40 kHz 
ultrasonic signal through a pair of low cost clamping amplifiers 
before feeding a bandpass filter to extract a clean 40 kHz signal 
for processing. 


The signal is ac-coupled into the false-ground bias node by vir- 
tue of the capacitive piezoelectric sensing element. Rather than 
using an amplifier to generate a supply splitting bias, the false 
ground voltage is generated by a low cost resistive voltage 
divider. , a 

Each amplifier stage provides ac gain while passing on the dc 
self-bias. As long as the output signal at each stage is less than a 
diode’s forward voltage, each amplifier has unrestricted gain to 
amplify low level signals. However, as the signal strength 
increases, the feedback diodes begin to conduct, shunting the 
feedback current, and thus reducing the gain. Although distort- 
ing the waveform, the diodes effectively maintain a relatively 
constant amplitude even with large signals that otherwise would 
saturate the amplifier. In addition, this design is considerably 
more stable than the feedback type AGC. 


The overall circuit has a gain range from —2 to —400, where the | 
inversion comes from the bandpass filter stage. Operating with a 
Q of 5, the filter restores a clean, undistorted signal to the out- 
put. The circuit also work well with 5 V supply systems. 
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Figure 40. A 40 kHz Ultrasonic Clamping/Limiting Receiver 
Amplifier 


Precision Single-Supply Voltage Comparator © oe 

The OP292/OP492 have excellent overload recovery characteris- 

tics, making them suitable for precision comparator applications. Figure 42. Programmable Window Comparater wit 12-Bit 
Figure 41 shows the saturation recovery characteristics of the Threshold Level Control 


OP492. The amplifier exhibits very little propagation delay. The 
amplifier compares a signal precisely to less than 0.5 mV offset 


error. 


Figure 41. The OP492 Has Fast Overload MQcOualy, for 
Compatatar Applications 


Programmable Precision Window Comparator 

The OP292/OP492 can be used for precise level detection such 
as in test equipment where a signal is measured within a range. | 
Figure 42 shows such an implementation. The threshold voltage 
level is set by a pair of 12-bit D/A converters. The DACs have 
serial interface thus minimizing interconnection requirements. 
The DAC8512 has a control resolution of 1 mV/bit. Thus for 

5 V supply operation, maximum DAC output is 4.095 V. How- 
ever, the OP292 will accept a maximum input of 4.0 V. 
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* OP292 SPICE Macro-model Rev. A, 6/93 
* ARG / PMI 


* 


* Copyright 1993 by Analog Devices 
* 


* Refer to “README.DOC” file for License Statement. Use of 
* this model indicates your acceptance of the terms and pro- 
* visions in the License Statement. 
* 
* Node assignments 
m noninverting input 
inverting input 
Ositive supply 

egative supply 

Fai 


SUBCKT OP292. 2 1 99 50 34 


* 


* INPUT STAGE AND POLE AT 40 MHz 


Il 99 4 50E-6 
IOS 2 1. 10E-9 
EOS 2 3. POLY(1) (21,30) 1.5E-3 75 
CIN 1 2. 3E12 
Ql 5 1 7  @P 
Q2 6 3 8 QP 
R3 5 50 253 
R4 6 50 253 
RS 4 7 966 
R6 4 8 966 
Cl 5 6  .995E-12 


* GAIN STAGE 
* 


EREF 98 0 - (30,0) 1 

Gl 98 9 (5,6) 500E-6 
R7 9 98 210.819E3 
D1 9 10 DX 

D2 11 9 DX 

Vil 99 10 .6 

V2 11 50 .6 


* ZERO/POLE AT 6 MHz/12 MHz 
* 


El 12 98 (9,30) 2 
R8 12 13 #1 

R9 13 98 «#1 

C3 12) s 13. 26.526E-9 


* ZERO AT 15 MHz 

* 

E2 14 98 (13,30) 1E6 
R10 14 «15 1E6 

Rll «615 98 (1 

C4 14 15 10.610E-15 


* 


* COMMON MODE STAGE WITH ZERO AT 40 kHz 
* 


ECM 20 98 POLY(2) (1,30) (2,30) 0 0.5 0.5 
R20 20 21 156 

R21 21 98 1 

C5 20 21 3.979E-12 
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x 


* POLE AT 100 MHz 


* 


G2 98-16 (15,30) 1 
R12 16 98 1 

C6 16 98 1.592E-9 
* 


* OUTPUT STAGE 
* 


RS1 99 30 1E6 

RS2 30 50 1E6 

ISY 99 50  .44E-3 

G3 31 50 - POLY(1) (16, 30) —1.635E-6 4E-6 
R16 31 50 1E6 


Ml 32 31 = 50 50 MN L=9E-6 W=1000E-6 AD=15E-9 AS=15E-9 
M2 34 31 ~=—50 50 MN L=9E-6 W=1000E-6 AD=15E-9 AS=15E-9 


-MODEL QNA NPN(S=1.19E-16 BF=253 NF=0.99 VAF=193 IKF=2.76E-3 
+ ISE=2.57E-13 NE=5 BR=0.4 NR=0.988 VAR=15 IKR=1.465E-4 
+ ISC=6.9E-16 NC=0.99 RB=2.0E3 IRB=7.73E-6 RBM= 132.8 RE=4 RC=209 


+ CJE=2.1E-13 VJE=0.573 MJE=0.364 FC=0.5 CJC=1.64E-13 VJC=0.534 MJC= 0.5 
+ CJS=1.37E-12 VJS=0.59 MJS=0.5 TF=0.43E-9 PTF=30) 

-MODEL QPA PNP(IS=5.21E-17 BF=131 NF=0.99 VAF=62 IKF=8.35E-4 

+ ISE=1.09E-14 NE=2.61 BR=0.5 NR=0.984 VAR=15 IKR=3.96E-5 

+ ISC=7.58E-16 NC=0.985 RB=1.52E3 IRB=1.67E-5 RBM=368.5 RE=6.31 RC=354.4 
+ CJE=1.1E-13 VJE=0.745 MJE=0.33 FC=0.5 CJC=2.37E-13 VJC=0.762 MJC=0.4 

+ CJS=7.11E-13 VJS=0.45 MJS=0.412 TF=1.0E-9 PTF=30) | 
-MODEL MN NMOS(LEVEL=3 VTO=1.3 RS=0.3 RD=0.3 

+ TOX=8.5E-8 LD=1.48E-6 WD=1E-6 NSUB=1.53E16 UO=650 DELTA=10 VMAX=2E5 
+ XJ=1.75E-6 KAPPA=0.8 ETA=0.066 THETA=0.01 TPG=1 CJ=2.9E-4 PB=0.837 
+ MJ=0.407 CJSW=0.5E-9 MJSW=0.33) 

-MODEL QP PNP(BF=61.5) 

-MODEL DX D 

-MODEL DZ D(BV=3.6) 

-ENDS OP292 
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* OP492 SPICE Macro-model Rev. A, 6/93 
* ARG / PMI 


* 


* Copyright 1993 by Analog Devices 
* 


* Refer to “README.DOC” file for License Statement. Use of 
* this model indicates your acceptance of the terms and pro- 
* visions in the License Statement. 
* 
* Node assignments 
* noninverting input 
inverting input 

ositive supply 

negative supply 

output 


-SUBCKT OP492. 2 1 99 50 34 
x 


+ + & & 


* INPUT STAGE AND POLE AT 40 MHz 


I 99 4 5S0E-6 
IS 2 1. 10E-9 
EOS 2 3. POLY(I) (21,30) 1.5E-3 75 
CIN 1 2. 3E12 
Q1 5 1 7 QP 
Q2 6 3 8 QP 
R3 5 50 2E3 
R4 6 50 2E3 
RS 4 7 966 
R6 4 8 966 
Cl 5 6  .995E-12 


* GAIN STAGE 


EREF 98 0 (30,0) 1 

Gl 98 9 (5,6) 500E-6 
R7 9 98 210.819E3 

D1 9 10 DX 

D2 ll 9 DX 

Vil 99 10 .6 

V2 11 50 6 


* ZERO/POLE AT 6 MHz/12 MHz 


El 12 98 (9,30) 2 
R8 12 13 1 
R9 13 98 =#1 
C3 12. 13 26.526E-9 


* ZERO AT 15 MHz 
* 


E2 14 98 (13,30) 1E6 
R10 14 15 1E6 

Rll 15 98 1 

C4 14 15 10.610E-15 


* 


* COMMON MODE STAGE WITH ZERO AT 40 kHz 


ECM 20 98 POLY(2) (1,30) (2,30) 0 0.5 0.5 
R20 20 21 = 1EK6 

R21 21 98 #1 

C5 20 21 3.979E-12 


REV. 0 OPERATIONAL AMPLIFIERS. 9-515 


OP292/0P492 


x 


* POLE AT 100 MHz 
* 


G2 98 16 (15,30) 1 
R12. 16 (98 « 

C6 16 98 1,592E-9 
* 


* OUTPUT STAGE 
* 


RS1 99 30 1EK6 

RS2 30 50 1E6 

ISY 99 50 .44E-3 

G3 31 50 POLY(1) (16,30) -—1.635E-6 4E-6 


Ml 32, 31 «©6550 «50 MN L=9E-6 W=1000E-6 AD=15E-9 


M2 34 31 «#50 50 MN L=9E-6 W=l1000E-6 AD=15E-9 
CC 31 32 14E-12 

Q3 99 32 34QNA 

Q4 33 32. «34 QPA 

Q5 31 33 50QNA 


AS=15E-9 
AS=15E-9 


.MODEL QNA NPN(IS=1.19E-16 BF=253 NF=0.99 VAF=193 IKF=2.76E-3 


+ ISE=2.57E-13 NE=5 BR=0.4 NR=0.988 VAR=15 IKR=1.465E-4 


+ ISC=6.9E-16 NC=0.99 RB=2.0E3 IRB=7.73E-6 RBM= 132.8 RE=4 RC=209 
+ CJE=2.1E-13 VJE=0.573 MJE=0.364 FC=0.5 CJC=1.64E-13 VJC=0.534 MJC=0.5 


+ CJS=1.37E-12 VJS=0.59 MJS=0.5 TF=0.43E-9 PTF=30) 


-MODEL QPA PNP(IS=5.21E-17 BF=131 NF=0.99 VAF=62 IKF=8.35E-4 


+ ISE=1.09E-14 NE=2.61 BR=0.5 NR=0.984 VAR=15 IKR=3.96E-5 


+ ISC=7.58E-16 NC=0.985 RB=1.52E3 IRB=1.67E-5 RBM=368.5 RE=6.31 RC=354.4 


+ CJE=1.1E-13 VJE=0.745 MJE=0.33 FC=0.5 CJC=2.37E-13 VJC=0.762 MJC=0.4 


+ CJS=7.11E-13 VJS=0.45 MJS=0.412 TF=1.0E-9 PTF=30) 
-MODEL MN NMOS(LEVEL=3 VTO=1.3 RS=0.3 RD=0.3 | 


+ TOX=8.5E-8 LD=1.48E-6 WD=1E-6 NSUB=1.53E16 UO=650 DELTA=10 VMAX=2E5 


+ XJ=1.75E-6 KAPPA=0.8 ETA=0.066 THETA=0.01 TPG=1 CJ=2.9E-4 PB=0. 837 


+ MJ=0.407 CJSW=0.5E-9 MJSW=0.33) 
-MODEL QP PNP(BF=61.5) 

-MODEL DX D 

-MODEL DZ D(BV=3.6) 

-ENDS OP492 
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OP292/OP492 SPICE 
99 99 
C3 ca cs 
16 
R8 R10 R20 R12 
12 13 14 15 20 21 : 
@ RQ R11 ee R21 ec 
98 98 
~~ + ~_-———" a 
ZERO/POLE PAIR ZERO COMMON MODE POLE 
50 50 
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Dual/Quad Rail-to-Rail 
Operational Amplifiers 


FEATURES 

Rail-to-Rail Output Swing ? Z 
Single-Supply Operation: +3 V to 36 vo Me 

Low Offset Voltage: 300 pV | 

Gain Bandwidth Product: 75 kHz 

High Open-Loop Gain: 1000 V/mV 

Unity-Gain Stable 

Low Supply Current/Per Amplifier: 150 pA max 


APPLICATIONS 

Battery Operated Instrumentation 
Servo Amplifiers 

Actuator Drives 

Sensor Conditioners 

Power Supply Control 


GENERAL DESCRIPTION 

Rail-to-rail output swing combined with dc accuracy are the key 
features of the OP-495 quad and OP-295 dual CBCMOS opera- 
tional amplifiers. By using a bipolar front end, lower noise and 
higher accuracy than CMOS designs have. been achieved. Both 
input and output ranges include the negative supply providing 
the user “‘zero-in/zero-out” capability. For.users of 3.3 volt sys- 
tems such as lithium batteries, the OP- oe 495 is pees. 
for three volt operation. 


Maximum offset voltage is specified at 300 pV for +5 walt oper- 
ation, and the open-loop gain is a minimum of 1000 V/mV, 
giving the user performance that can be used to implement high 
accuracy systems even in single supply designs. 


The ability to swing rail-to-rail and supply +15 mA to the load 
makes the OP-295/OP-495 an ideal driver for power transistors 
and “‘H” bridges. This allows designs to achieve higher efficien- 
cies and to transfer more power to the load than previously pos- 
sible without the use of discrete components. For applications 
that require driving inductive loads, such as transformers, 
increases in efficiency are also possible. Stability while driving 
capacitive loads is another benefit of this design over CMOS | 
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PIN CONNECTIONS 


8-Lead Narrow-Body SO _—_‘8-Lead Epoxy DIP 
(S Suffix) | (P Suffix) 
outa [| 8] V+ 
-INA [2 | OUTB 
+INA | 3 | 16] -INB © 
v- | 4 | 5 | +INB 
14-Lead Epoxy DIP - 16-Lead SOL (300 Mil) 
(P Suffix) (S Suffix) 


NC = NO CONNECT 


rail-to-rail amplifiers. This is useful for driving coax cable or 
large FET transistors. The OP-295/OP-495 is stable with loads 
in excess of 300 pF. 


The OP-295 and OP-495 are specified over the extended indus- 
trial (—40°C to +125°C) temperature range. OP-295s are avail- 
able in 8-pin plastic and ceramic DIP plus SO-8 surface mount 


. packages. OP-495s are available in 14-pin plastic and SOL-16 


surface mount packages. Contact your local sales office for MIL- 
STD-883 data sheet. 
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SPECIFICATIONS 


0P295/0P495 


ELECTRICAL CHARACTERISTICS (@ as = +5.0 V, Voy = 2.5 V, Ty, = +25°C nies otherwise noted) 


Parameter - 


INPUT CHARACTERISTICS 
Offset Voltage 
Offset Voltage 
Input Bias Current 
Input Bias Current 
Input Offset Current 
Input Offset Current 
Input Voltage Range 
Common-Mode Rejection 
Large Signal Voltage Gain 
Large Signal Voltage Gain 
Offset Voltage Drift 


OUTPUT CHARACTERISTICS 
Output Voltage Swing High 
Output Voltage Swing High 
Output Voltage Swing Low 
Output Voltage Swing High 
Output Voltage Swing Low 
Output Voltage Swing Low 
Output Current 


POWER SUPPLY 
Power Supply Rejection Ratio 
Power Supply Rejection Ratio 


Supply Current Per Amplifier 


Nin Typ Mu 


—40°C < T, < +125°C 


~40°C < T, = +125°C 
—40°C <= T, < +125°C 


0V < Voy < 4.0 V, 40°C < T, = +125°C 
R, = 10 kQ, 0.005 = Vout =40V 
R, = 10k, —40°C < Ty < +125°C 


R, = 100 kQ to GND 
R, = 10 kQ to GND 
lour = 1 mA, —40°C <= T, < +125°C 
lout = 1 mA, —40°C = Ta = + 125°C 
R, = 100 kQ to GND 

R, = 10 kQ to GND 


DYNAMIC PERFORMANCE 
Slew Rate SR V/s 
Gain Bandwidth Product GBP kHz 
Phase Margin Bo Degrees 
NOISE PERFORMANCE _ 
Voltage Noise bs GES as LV p-p_ 
Voltage Noise Density nV/\/Hz 
Current Noise Density pA/\/Hz 
Specifications subject to change without notice. 
ELECTRICAL CHARACTERISTICS (@ tn = +3.0 V, Voy = 1.5 V, Ty = +25°C unless otherwise noted) 
= Min Tp Ma Wa 
INPUT CHARACTERISTICS 
Offset Voltage 


Input Bias Current 

Input Offset Current 
Input Voltage Range 
Common-Mode Rejection 
Large Signal Voltage Gain 
Offset Voltage Drift 


OUTPUT CHARACTERISTICS 
Output Voltage Swing High 
Output Voltage Swing Low 


POWER SUPPLY 


0V <= Vem = 2.0 V, —40°C = Ty, S +125°C 


10 kO to GND 
= 10 kN to GND 


- Power Supply Rejection Ratio PSRR t15VSV,S +15 V 
Power Supply Rejection Ratio PSRR +15 VEV,5 +15 V, 
= me a —40°C = T, = +125°C. 

Supply Current Per Amplifier — Igy Vour = 1.5 V; Ry = ©, -40°C = T, = +125°C 


DYNAMIC PERFORMANCE 
Slew Rate Vius 
Gain Bandwidth Product kHz 
Phase Margin Degrees 
NOISE PERFORMANCE 
Voltage Noise 0.1 Hz to 10 Hz pV p-p | 
Voltage Noise Density f = 1 kHz nV/\/Hz_ 
Current Noise Density f = 1 kHz | pA/A/Hz 


Specifications subject to change without notice. 
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| 0P295/0P495 
ELECTRICAL CHARACTERISTIC « (@ Vz = £150, 1, = +25°% unless otherwise noted) 
a septa [ 


INPUT CHARACTERISTICS 
Offset Voltage — 
Offset Voltage —40°C = T, = +125°C 
Input Bias Current Vom =0V 
Input Bias Current Ven = 0V, -40°C=T, = +125°C 
Input Offset Current Vom =0V 


Input Offset Current 
Input Voltage Range 
Common-Mode Rejection 
Large Signal Voltage Gain 
Offset Voltage Drift 


OUTPUT CHARACTERISTICS | 
Output Voltage Swing High 
Output Voltage Swing High — 
Output Voltage Swing Low 
Output Voltage Swing Low 
Output Current 


POWER SUPPLY 
Power Supply Rejection Ratio 
Power Supply Rejection Ratio 
Supply Current 


Vom = 0 V; —40°C = Ta = +125°C 


-15.0 V < Voy = +13.5 V, 40°C = Ty < +125°C 
R, = 10k0 | 


R,, = 100 kO to GND 
R, = 10 kO to GND 
R,, = 100 kQ to GND 
R, = 10kO to GND 


Ve=415Vt0t5V 90 
V; = £15 Vto £15 V, —40°C S$ Ty = +125°C 85 
Vo = OV, Ry = ~ Vs = £18 V, 


—40°C <= T, = +125°C 175 
Supply Voltage Range . . +3 (+15) _ +36 (£18) © 
DYNAMIC PERFORMANCE ey 
Slew Rate SR Vis 
Gain Bandwidth Product GBP kHz 
Phase Margin 80 | Degrees 
NOISE PERFORMANCE - 
Voltage Noise Calon 0.1 Hz to 10 Hz WV p-p_ 
Voltage Noise Density en f = 1 kHz nV/\/Hz 
Current Noise Density in f = 1 kHz 


pA/\/Hz 


Specifications subject to change without notice. 


WAFER TEST LIMITS (@ v, = +5.0 v, Voy = 2.5 V, T, = +25°C unless otherwise noted) eee 
es | Units 


Offset Voltage _ pV max 
Input Bias Current nA max 
Input Offset Current nA max 
Input Voltage Range’ | ~V min 
Common-Mode Rejection 0Vs= Vom =4V dB min 
Power Supply Rejection Ratio +15 VV, = +15 Mi —  pV/V 
Large Signal Voltage Gain R, = 10 kO -.  V/mV min 
Output Voltage Swing High > . aan R, = 10 kQ : V min 
Supply Current Per Amplifier a =2.5V,R,=0 - pA max . 


NOTES | 
Electrical tests and wafer probe to the limits shown. Due to variations in seeaihis methods and normal yield loss, yield after packaging is not t guaranteed for 
standard product dice. Consult factory to negotiate specifications based on dice lot qualifications through sample lot assembly and testing. 


1Guaranteed by CMR test. 
Temperature Package Temperature _ Package | 
Range Description | Range Description | 
| —40°C to +125°C | 14-Pin Plastic DIP | N-14 


—40°C to +125°C | 8-Pin Plastic DIP 
—40°C to +125°C | 8-Pin SOIC —40°C to +125°C | 16-Pin SOL : 
+25°C | DICE 


ORDERING GUIDE | 


Package 
Option* 


Package 
Option* 


N-8 OP495GP 
SO-8 OP495GS 
OP495GBC 


OP295GP 
OP295GS 
OP295GBC | 


*For outline information see Package Information section. 
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ABSOLUTE MAXIMUM RATINGS’ 


0P295/0P495 


Package Type 


Supply Voltage ....66.0i4 008058 e ee be dew ee +18 V 
Input Voltage? 2.0... 0... ee ee ee +18 V —_ 8-Pin Plastic DIP (P) 
Differential Input Voltage? ...............20000. 36 V _—8-Pin SOIC (S) 
Output Short-Circuit Duration ............... Indefinite 14-Pin Plastic DIP (P) 
Storage Temperature Range 16-Pin SOL (S) 

Ps S-Packase eae ocak oe balk Soe ee —65°C to +150°C 
Operating Temperature Range Nol 

P 8 P 8 . . ‘Absolute maximum ratings apply to both DICE and packaged parts, unless 

OP-295G, OP-495G Cr ee —40 C to 1 125 C otherwise noted. 
Junction Temperature Range For supply voltages less than +18 V, the absolute maximum input voltage is 

Ps SS PaCknee ioe ek Bs Bh eee ee —65°C to +150°C equal to ea sea — 

: o 8,4 1s specified for the worst case conditions, i.e., 85, is specified for device 
Lead Temperature Range (Soldering, 60 Sec) ....... FONG in socket for cerdip, P-DIP, and LCC packages; @,, is specified for device 
soldered in circuit board for SOIC package. 
DICE CHARACTERISTICS 
-INA OUTA OUT D -IND 
2 1 14 13 


OP-295 Die Size 0.066 x 0.080 inch, 5,280 sq. mils. 
Substrate (Die Backside) Is Connected to V+. 
Transistor Count, 74. 


Typical Characteristics —0P295/0P495 


SUPPLY CURRENT PER AMPLIFIER — pA 


TEMPERATURE - °C 


Supply Current Per Amplifier vs. Temperature 
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vi 4 J 41 Vv 
é t : >} ie al 
“NBs OF = Y =||= por) yee 
= = = 


OP-495 Die Size 0.113 x 0.083 inch, 9,380 sq. mils. 
Substrate (Die Backside) Is Connected to V+. 
Transistor Count, 196. 


+ OUTPUT SWING - Volts 


— OUTPUT SWING - Volts 


-50 —25 0 25 50 75 100 
TEMPERATURE - °C 


Output Voltage Swing vs. Temperature 
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OP295/0P495—Typical Characteristics 


OUTPUT VOLTAGE SWING -Volts 
: RN 


0 25 50 
TEMPERATURE - °C 


Output Voltage Swing vs. Temperature: 


Zz 
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0 
~250 -200 -150 - 100 150 200 250. 


INPUT eee VoUmeE: uv 


OP-295 Input Offset (Vos) Distribution 
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= a ee 
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OP-295 T:-Vog Distribution — 
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_ OUTPUT VOLTAGE SWING - Volts 
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ee _ ae 7 
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Output Voltage Swing vs. Temperature 
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OP-495 Input Offset.(Vos) Distribution. — 
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OP-495 T--Vog Distribution 
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AN/A~ NIVD dOO1-N3d0 


- 


vu — INSYXHND SVI8 LNdNI 


TEMPERATURE - °C 


TEMPERATURE - °C 


Loop Gain vs. Temperature 


Open- 


Input Bias Current vs. Temperature 


AY/A- NIVS dOOT-N3dO 


vw - INSYYND LNdLNO 


TEMPERATURE -— °C 


TEMPERATURE - °C 


Open-Loop Gain vs. Temperature 


Output Current vs. Temperature 


2 


MVE OL V SOVLIOA LNdLNO 


. tmA 10mA 
LOAD CURRENT 


100pA 


10nA 


Output Voltage to Supply Rail vs. Sink and Source Load Current 


9-523 


OPERATIONAL AMPLIFIERS 


REV. A 


0P295/0P495 


APPLICATIONS 

Rail-to-Rail Applications Information — 

The OP-295/OP-495 has a wide common-mode input range 
extending from ground to within about 800 mV of the positive 
supply. There is a tendency to use the OP-295/OP-495 in buffer 
applications where the input voltage could exceed the common- 
mode input range. This may initially appear to work because of 
the high input range and rail-to-rail output range. But above the 
common-mode input range the amplifier is, of course, highly 
nonlinear. For this reason it is always required that there be 
some minimal amount of gain when rail-to-rail output swing is 
desired. Based on the input common-mode range this gain 
should be at least 1.2. | 


Low Drop-Out Reference 

The OP-295/OP-495 can be used to gain up a 2.5 V or other low 
voltage reference to 4.5 volts for use with high resolution A/D 
converters that operate from +5 volt only supplies. The circuit 
in Figure 1 will supply up to 10 mA. Its no-load drop-out volt- 
age is only 20 mV. This circuit will supply over 3.5 mA with a 
+5 volt supply. 


0.001 ,:F 


| Figure 1. 4.5 Volt, Low Drop-Out Reference 


Low Noise, Single Supply Preamplifier 

Most single supply op amps are designed to draw low supply 
current, at the expense of having higher voltage noise. This 
tradeoff may be necessary because the system must be powered 
by a battery. However, this condition is worsened because all 
circuit resistances tend to be higher, as a result, in addition to 
the op amp’s voltage noise, Johnson noise (resistor thermal 
noise) is also a significant contributor to the total noise of the 
system. 


The choice of monolithic op amps that combine the characteris- 
tics of low noise and single supply operation is rather limited. 
Most single supply op amps have noise on the order of 

30 to 60 ) nV/\/Hz Hz and single supply amplifiers with noise below 
§ nV/\/Hz do not exist. 


In order to achieve both low noise and low supply voltage opera- 
tion, discrete designs may provide the best solution. The circuit 
on Figure 2 uses the OP-295/OP-495 rail-to-rail amplifier and a 


matched PNP transistor pair — the MAT03 — to achieve zero-in/ | 


zero-out single supply operation with an input voltage noise of 
3.1 nV/\/Hz at 100 Hz. R5 and R6 set the gain of 1000, making 
this circuit ideal for maximizing dynamic range when amplifying 
low level signals in single supply applications. The OP-295/ 
OP-495 provides rail-to-rail output swings allowing this circuit 
to operate with 0 to 5 volt outputs. Only half of the OP-295/ 
OP-495 is used leaving the other uncommitted op amp for use 
elsewhere. 
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Figure 2. Low Noise Single Supply Preamplifier 


The input noise is controlled by the MAT-03 transistor pair and 
its collector current level. Increasing the collector current 
reduces the voltage noise. This particular circuit was tested with 
1.85 mA and 0.5 mA of current. Under these two cases, the 
input voltage noise was 3.1 nV/\/Hz and 10 nV/\/ Hz, respec- 
tively. The high collector currents do lead to a tradeoff in sup- 
ply current, bias current, and current noise. All of these | 
parameters will increase with increasing collector current. For 
example, typically the MAT-03 has an hp; = 165. This leads to 
bias currents of 11 pA and 3 pA, respectively. Based on high 
bias currents, this circuit is best suited for applications with low 
source impedance such as magnetic pickups or low impedance 
strain gauges. Furthermore, a high source impedance will 
degrade the noise performance. For example, a 1 k({ resistor 
generates 4 nV/\/Hz of broad band noise, which is already 
greater than the preamp. 


The collector current is set by R1 in combination with the LED 
and Q2. The LED is a 1.6 V “Zener” that has temperature 
coefficient close to that of Q2’s base-emitter junction, which 


provides a constant 1.0 V drop across Rl. With R1 equal to 


270 Q, the tail current is 3.7 mA, and the collector current is 


half that or 1.85 mA. The value of R1 can be altered to adjust 


the collector current. Whenever R1 is changed, R3 and R4 


Should also be adjusted. To maintain a common-mode input 


range that includes ground, the collectors of the Q1 and Q2 
should not go above 0.5 V, otherwise they could saturate. Thus, 
R3 and R4 have to be small enough to prevent this condition. 
Their values and the overall performance for two different val- 
ues of Rl are summarized in Table I. Lastly, the potentiometer, 
R8, is needed to adjust the offset voltage to null it to zero. Simi- 
lar performance can be obtained using an OP-90 as the output 
amplifier with a savings of about 185 A of supply current. 
However, the output swing will not include the positive rail, 
and the bandwidth will reduce to approximately 250 Hz. 
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Table I. Single Supply Low Noise Preamp Performance 


I. = 1.85 mA I. = 0.5 mA 


Rl 270 0 1.0kQ 

R3, R4 200 © 9100 

e, « 100 Hz 3.15 nV/\ Hz 8.6 nV/\, Hz 
e, « 10 Hz 4.2 nV/\ Hz 10.2 nV/\, Hz 
I. 4.0 mA 1.3mA 

I; Il pA 3 pA 
Bandwidth 1 kHz 1 kHz 
Closed-Loop Gain 1000 1000 


Driving Heavy Loads 

The OP-295/OP-495 is well suited to drive loads by using a 
power transistor, Darlington or FET to increase the current to 
the load. The ability to swing to either rail can assure that the 
device is turned on hard. This results in more power to the load 
and an increase in efficiency over using standard op amps with 
their limited output swing. Driving power FETs is also possible 
with the OP-295/OP-495 because of its ability to drive capacitive 
loads of several hundred picofarads without oscillating. 


Without the addition of external transistors the OP-295/OP-495 
can drive loads in excess of +15 mA with +15 or 30 volt sup- 

plies. This drive capability is somewhat decreased at lower sup- 
ply voltages. At +5 volt supplies the drive current is +11 mA. 


Driving motors or actuators in two directions, in a single supply 
application is often accomplished using an “H” bridge. The 
principle is demonstrated in Figure 3a. From a single +5 volt 
supply this driver is capable of driving loads from 0.8 to 4.2 
volts in both directions. Figure 3b shows the voltages at the 
inverting and noninverting outputs of the driver. There is a 
small crossover glitch that is frequency dependent and would 


Figure 3b. “H” Bridge Outputs 
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not cause problems unless this was a low distortion application 
such as audio. If this is used to drive inductive loads, be sure to 
add diode clamps to protect the bridge from inductive kickback. 


Direct Access Arrangement | 

OP-295/OP-495 can be used in a single supply Direct Access 
Arrangement (DAA) as is shown in Figure 4. This figure shows 
a portion of a typical DAA capable of operating from a single 
+5 volt supply and it may also work on +3 volt supplies with 
minor modifications. Amplifiers A2 and A3 are configured so 
that the transmit signal TXA is inverted by A2 and is not 
inverted by A3. This arrangement drives the transformer differ- 
entially so that the drive to the transformer is effectively dou- 
bled over a single amplifier arrangement. This application takes 
advantage of the OP-295/OP-495’s ability to drive capacitive 
loads, and to save power in single supply applications. 


390pF 


37.4k02 


0.1 


OP-295/ 
OP-495 


0.33uF 


2.5V REF 


Figure 4. Direct Access Arrangement 


A Single Supply Instrumentation Amplifier 

The OP-295/OP-495 can be configured as a single supply instru- 
mentation amplifier as in Figure 5. The input common-mode 
voltage range includes ground and the output swings to both rails. 


V+ 4/2 
OP-295/ 
OP-495 


1/2 
OP-295/ 
ore OP-495 


Re 


Figure 5. Single Supply Instrumentation Amplifier 


Resistor Rg sets the gain of the instrumentation amplifier. Mini- 
mum gain is 6 (with no Rg). All resistors should be matched in 
absolute value as well as temperature coefficient to maximize 
common-mode rejection performance and minimize drift. This 
instrumentation amplifier can operate from a supply voltage as 
low as 3 volts. 
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A Single Supply RTD Thermometer Amplifier 

This RTD amplifier takes advantage of the rail-to-rail swing of 
the OP-295/OP-495 to achieve a high bridge voltage in spite of a 
low 5 V supply. The OP-295/OP-495 amplifier servos a constant 
200 »A current to the bridge. The return current drops across 
the parallel resistors 6.19 kQ and the 2.55 MQ), developing a 
voltage that is servoed to 1.235 V, which is established by the 
ADS589 bandgap reference. The 3-wire RTD provides a equal 
line resistance drop in both 100 (2 legs of the bridge, thus 
improving the accuracy. 


The AMP-04 amplifies the differential bridge signal and con- 
verts it to a single-ended output. The gain is set by the series 
resistance of the 332 © resistor plus the 50 1) potentiometer. 
The gain scales the output to produce a 4.5 V full scale. The 
0.22 wF capacitor to the output provides a 7 Hz low-pass filter 
to keep noise at a minimum. 


200° ZERO ADJ 
10-TURNS 


ov =o°c 


Figure 6. Low Power RTD Amplifier 


A Cold Junction Compensated, Battery Powered 
Thermocouple Amplifier | 

The OP-295/OP-495’s 150 A quiescent current per amplifier 
consumption makes it useful for battery powered temperature 
measuring instruments. The K-type thermocouple terminates 
into an isothermal block where the terminated junctions’ ambi- 
ent temperature can be continuously monitored and corrected by 
summing an equal but opposite thermal EMF to the amplifier, 
thereby canceling the error introduced by the cold junctions. 


To calibrate, immerse the thermocouple measuring junction in a 
0°C ice bath, adjust the 500 Zero Adjust pot to zero volts out. 
Then immerse the thermocouple in a 250°C temperature bath or 
oven and adjust the Scale Adjust pot for an output voltage of 
2.50 V, which is equivalent to 250°C. Within this temperature 


1.235V 24.9k 


SCALE 
ADJUST 


1.33MQ2 20k 


K-TYPE 
THERMOCOUPLE 
40.7pV/°C 


Figure 7. Battery Powered, Cold-Junction Compensated 
Thermocouple Amplifier 
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3 ZE e] S) = 500°C 
CHROMEL 2. . 


range, the K-type thermocouple is quite accurate and produces a 
fairly linear transfer characteristic: Accuracy of +3°C is achiev- 
able without linearization. 


Even if the battery voltage is allowed to decay to as low as 7 
volts, the rail-to-vail swing allows temperature measurements to 
700°C. However, linearization may be necessary for tempera- 
tures above 250°C where the thermocouple becomes rather 
nonlinear. The circuit draws just under 500 A supply current 
from a 9 V battery. 


A 5 V Only, 12-Bit DAC That Swings 0 V to 4.095 V 

Figure 8 shows a complete voltage output DAC with wide out- 
put voltage swing operating off a single +5 V supply. The serial 
input 12-bit D/A converter is configured as a voltage output | 
device with the 1.235 V reference feeding the current output pin 
(lout) of the DAC. The Vex which is normally the input, now 
becomes the output. 


The output voltage from the DAC is the binary weighted volt- 
age of the reference, which is gained up by the output amplifier 
such that the DAC has a 1 mV per bit transfer function. 


DIGITAL. 41.2k 
CONTROL R3 
PF SkO 


TOTAL POWER DISSIPATION = 1.6mW 


Figure 8. A 5 Volt 12-Bit DAC with 0 V to +4.095 
Output Swing 


4—-20mA Current Loop Transmitter 

Figure 9 shows a self-powered 4-20 mA current loop transmit- 
ter. The entire circuit floats up from the single supply (12 V to 
36 V) return. The supply current carries the signal within the 
4 mA to 20 mA range. Thus the 4 mA establishes the baseline 


SPAN ADJ 
10kQ 
10-TURN 


: | | | 
HP 1002 
5082-2800 100k 1% | 1% 


Figure 9. 4-20 mA Current Loop Transmitter — 
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current budget with which the circuit must operate. This circuit 
consumes only 1.4 mA maximum quiescent current, making 

2.6 mA of current available to power additional signal condition- 
ing circuitry or to power a bridge circuit. 


A 3 Volt Low-Dropout Linear Voltage Regulator 

Figure 10 shows a simple 3 V voltage regulator design. The reg- 
ulator can deliver 50 mA load current while allowing a 0.2 V 
dropout voltage. The OP-295/OP-495’s rail-to-rail output swing 
handily drives the MJE350 pass transistor without requiring spe- 
cial drive circuitry. At no load, its output can swing less than 
the pass transistor’s base-emitter voltage, turning the device 
nearly off. At full load, and at low emitter-collector voltages, the 
transistor beta tends to decrease. The additional base current is 
easily handled. by the OP-295/OP-495 output. 


The amplifier servos the output to a constant voltage, which 
feeds a portion of the signal to the error amplifier. 


Higher output current, to 100 mA, 1s achievable at a higher 
dropout voltage of 3.8 V. 


I. < 50mA 
— 


MJE 350 


Vin 
oV TO 3.2V 


Figure 10. 3 V Low Dropout Voltage Regulator 


Figure 11 shows the regulator’s recovery characteristic when its 
output underwent a 20 mA to 50 mA step current change. 


STEP 
CURRENT 
CONTROL 


WAVEFORM 
20mA 


OUTPUT 


Figure 11. Output Step Load Current Recovery 


Low Dropout, 500 mA Voltage Regulator with Fold-Back 
Current Limiting © 

Adding a second amplifier in the regulation loop as shown in 
Figure 12 provides an output current monitor as well as pro- 
vides fold-back current limiting protection. 


Amplifier Al provides error amplification for the normal voltage 
regulation loop. As long as the output current is less than 1 
ampere, amplifier A2’s output swings to ground, reverse biasing 
the diode and effectively taking itself out of the circuit. How- 
ever, as the output current exceeds 1 amp, the voltage that 
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develops across the 0.1 © sense resistor forces the amplifier A2’s 
output to go high, forward-biasing the diode, which in turn 
closes the current limit loop. At this point A2’s lower output 
resistance dominates the drive to the power MOSFET transis- 
tor, thereby effectively removing the Al voltage regulation loop 
from the circuit. 


If the output current greater than | amp persists, the current 
limit loop forces a reduction of current to the load, which causes 
a corresponding drop in output voltage. As the output voltage 
drops, the current limit threshold also drops fractionally, result- 
ing in a decreasing output current as the output voltage | 
decreases, to the limit of less than 0.2 A at 1 V output. This 
“fold-back”’ effect reduces the power dissipation considerably 
during a short circuit condition, thus making the power supply 
far more forgiving in terms of the thermal design requirements. 
Small heat sinking on the power MOSFET can be tolerated. 


The OP-295’s rail-to-rail swing exacts higher gate drive to the 
power MOSFET, providing a fuller enhancement to the transis- 
tor. The regulator exhibits 0.2 V drop-out at 500 mA of load 
current. At | amp output, the drop-out voltage is typically 5.6 
volts. 


Rsense Ig (NORM) = 0.5A 
IRF9531 0.192 Ip (MAX) = 1A 
Ss D 1/4W —> 


Figure 12. Low Dropout, 500 mA Voltage Regulator with 
Fold-back Current Limiting 


Square Wave Oscillator 

The oscillator circuit in Figure 13 shows the rail-to-rail swing 
helps maintain a constant oscillation frequency even though the 
supply voltage varies considerably. This works great in a battery 
powered system where no voltage regulation is required. The 
constant frequency comes from the fact that the 58.7 kO feed- 
back sets up Schmitt Trigger threshold levels that are directly 
proportional to the supply voltage, as are the RC charge voltage 
levels. As a result, the RC charge time, and therefore the fre- 
quency, remain constant independent of supply voltage. The — 
slew rate of the amplifier limits the oscillation frequency to a 
maximum of about 800 Hz at +5 V supply. 


Single Supply Differential Speaker Driver 

Connected as a differential speaker driver, the OP-295/OP-495 
can deliver a minimum of 10 mA to the load. With a 600 0 
load, the OP-295/OP-495 can swing close to 5 volts peak-to-peak 
across the load. 
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FREQ OUT 


: 1 ts 
f = ~~ < 350Hz @ V+ = +5V 
~ 400k Osc = Rc 


Figure 13. Square Wave Oscillator Has Stable Frequency 
Regardless of Supply Changes 


1/4 
OP-295/ 
100k OP-495 


ibe 


1/4 
OP-295/ 
OP-495 


Figure 14. Single Supply Differential Speaker Driver 


High Accuracy, Single Supply, Low Power Comparator 

The OP-295/OP-495 makes an accurate open-loop comparator. 
With single +5 V supply, the offset error is less than 300 pV. 
Figure 15 shows the OP-295/OP495’s response time operating 
open-loop with 4 mV overdrive. It exhibits a 4 ms response time 
at the rising edge and a 1.5 ms response time at the falling edge. 


INPUT 
(SmV OVERDRIVE | 
@ OP-295 INPUT) | 


OUTPUT 


Figure 15. Open-Loop Comparator Response Time with 
5 mV Overdrive | , * 
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OP-295/OP-495 SPICE MODEL Macro-Model 
* Node Assignments 


. Noninverting Input 


5 Inverting Input 


. Positive Supply 
r 


Negative Supply 


* 


Output 


® 


* 


SUBCKT OP-295 1 3. 99 50-20 


n 


* INPUT STAGE 
* 


ve] 


9 2E-6 


Hn 
wm 
tr 
w 


< 

c 

Nn 
CeO HY RNH— ene 
AANA AWWNNY 

a 

oO 

$2 

nan 


0 
0 25.8E3 
* GAIN STAGE 


R7 10 98 270E6 

Gl 98 10 (9, 8) 27.8E-6 
EREF 98 0 = (39,0) 1 

R5 99 39 100E3 

R6 39 50 10053 


* OUTPUT STAGE 
< 

I2 18 50 1.59E-6 
V2 99 12 DC 2.2763 


M3 15 10 13 13 MN L=9E-6 W=102E-6 AD=15E-10 AD=15E-10 
M+ 13. 10 50 50 MN L=9E-6 W=50E-6 AD=75E-11 AS=75E-11 


M2 20 10 14 14 MN L=9E-6 W=2000E-6 AD=30E-9 AS=30E-9 
QS 17:17 99 QPA 1.0 

Q6 18 17 99 QPA 4.0 

R8 18 99 2.2E6 

Q7—s«-:18_:19 99 QPA 1.0 

R9 99 19 8 

C2. «18 99 _20E-12 

M6 15 12 17 99 MP L=9E-6 W=27E-6 AD=405E-12 AS=405E-12 
MI 20 18 19 99 MP L=9E W=2000E-6 AD=30E-9 AS=30E-9 

D4 21 18 DX 

V4 99 21 DC 6 

R10. 10 11 6E3 

C3 «11s -20-‘S0E-12 

.MODEL QNA NPN (IS=1.19E-16 BF =253 NF=0.99 VAF=193 IKF=2.76E-3 
+ ISE=2.57E-13 NE=5 BR=0.4 NR=0.988 VAR=15 IKR=1.465E-4 

+ ISC=6.9E-16 NC=0.99 RB=2.0E3 IRB=7.73E-6 RBM= 132.8 RE=4 RC=209 
+ CJE=2.1E-13 VJE=0.573 MJE=0.364 FC=0.5 CJC=1.64E-13 VJC=0.534 
MJC=0.5 

+ CJS=1.37E-12 VJS=0.59 MJS=0.5 TF=0.43E-9 PTF=30) 

.MODEL QPA PNP (IS=5.21E-17 BF=131 NF=0.99 VAF=62 IKF=8.35E-4 
+ ISE=1.09E-14 NE=2.61 BR=0.5 NR=0.984.VAR=15 IKR=3.96E-5 

+ ISC=7.58E-16 NC=0.985 RB=1.52E3 IRB=1.67E-5 RBM=368.5 RE=6.31 


RC=354.4 od 

+ CJE=1.1E-13 VJE=0.745 MJE=0.33 FC=0.5 CJC=2.37E-13 VJC=0.762 
MJC=0.4 

+ CJS =7.11E-13 VJS=0.45 MJS=0.412 TF=1.0E-9 PTF=30) 

.MODEL MN NMOS (LEVEL=3 VTO=1.3 RS=0.3 RD=0.3 

+ TOX=8.5E-8 LD=1.48E-6 WD=1E-6 NSUB=1.53E16 UO=650 DELTA=10 


VMAX=2E5 
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+ XJ=1.75E-6 KAPPA=0.8 ETA=0.066 THETA=0.01 TPG=1 CJ=2.9E-4 
PB=0.837 

+ MJ=0.407 CJSW=0.5E-9 MJSW=0.33) 

-MODEL MP PMOS (LEVEL=3 VTO=-— 1.1 RS=0.7 RD=0.7 

+ TOX=9.5E-8 LD=1.4E-6 WD=1E-6 NSUB=2.4E15 UO=650 DELTA =5.6 
VMAX= 1E5 


+ XJ=1.75E-6 KAPPA=1.7 ETA=0.71 THETA=5.9E-3 TPG=—1 CJ=1.55E-4 
PB=0.56 

+ MJ=0.442 CJSW=0.4E-9 MJSW=0.33) 

-MODEL DX D(IS=1E-15) 

-MODEL DZ D (IS=1E-15, BV=7) 

-MODEL QP PNP (BF=125) 

-ENDS OP-295/OP-495 


OPERATIONAL AMPLIFIERS 9-529 


ANALOG 
DEVICES 


Dual Low Bias Current 
Precision Operational Amplifier 


+ ~ 0P297 


FEATURES . 
e Precision Performance in Standard SO-8 Pinout 
e@ Low Offset Voltage ...................csseescceteeneeeeeece 50.V Max 
e Low Offset Voltage Drift ........................2006 0.6.V/°C Max 
e Very Low Bias Current | 
D5 OC sb oes sess cdeseadentderesetsesecesunesous ua eens 100pA Max 
ee to td O49 fb 62a ee eee 450pA Max 
e Very High Open-Loop Gain ....................... 2000V/mV Min 
e Low Supply Current (Per Amplifier) ............... 625A Max 
e Operates From +2V to +20V Supplies 
e High Common-Mode Rejection ....................06 120dB Min 
e Pin Compatible to LT1013, AD706, AD708, OP-221, 


LM158, and MC1458/1558 with Improved Performance 


APPLICATIONS 


Strain Guage and Bridge Amplifiers 
High Stability Thermocouple Amplifiers 
instrumentation Amplifiers 
Photo-Current Monitors 

High-Gain Linearity Amplifiers 
Long-Term integrators/Filters 
Sample-and-Hold Amplifiers 

Peak Detectors 

Logarithmic Amplifiers 
Battery-Powered Systems 


GENERAL DESCRIPTION 


The OP-297 is the first dual op ampto pack precision performance | 


into the space-saving, industry standard 8-pin SO package. Its 

combination of precision with low power and extremely low input 
bias current makes the dual OP-297 useful in a wide variety of 
applications. | 


LOW BIAS CURRENT OVER TEMPERATURE 


INPUT CURRENT (pA) 


-60 


-75 -50 -25 0 25 50 75 100 125 
TEMPERATURE (°C) 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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Precision performance of the OP-297 includes very low offset, 
under 50,V, and low drift, below 0.6uV/°C. Open-loop gain ex- 
ceeds 2000V/mvV insuring high linearity in every application. 
Errors due to common-mode signals are eliminated by the 
OP-297’s common-mode rejection of over 120dB. The OP-297’s 
power supply rejection of over 120dB minimizes offset voltage 
changes experienced in battery powered systems. Supply current 
of the OP-297 is under 625A per amplifier and it can operate 
with supply voltages as low as +2V. Continued 


PIN CONNECTIONS 


PLASTIC MINI-DIP 
(P-Suffix) 


8-PIN CERDIP 
(Z-Suffix) 


8-PIN SO 
(S-Suffix) 


Lec 
(RC-Suffix) 


VERY LOW OFFSET 
400 
1200 UNITS Ta=+25°C |} 
ere ay 

; was 
as 
za 
2 
us ; 
O 200 ei 
re 
co 
= 100 8 


OF 
-100 80 -60 -40 -20 0 i 40 60 80 100 
INPUT OFFSET VOLTAGE (pV) 
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GENERAL DESCRIPTION Continued 


OP297 


ABSOLUTE MAXIMUM RATINGS (Note 1) 


The OP-297 utilizes a super-beta input stage with bias current SUPDIY VONAQS: ose sesvadeccsdsesnescbeved weasel chcandeatesaeeeancasavee +20V 
cancellation to maintain picoamp bias currents at alltemperatures. Input Voltage (Note 2) 0.0... ccccccesesesssscssececeeeeeesseeeecs +20V 
This is in contrast to FET input op amps whose bias currents start Differential Input Voltage (Note 2) .............ececsssecesssseeseeeees 40V 
in the picoamp range at 25°C, but double for every 10°C rise in Output Short-Circuit Duration ........... ce eseeseseeeceeees Indefinite 
temperature, to reach the nanoamp range above 85°C. Input bias Storage Temperature Range 
current of the OP-297 is under 100pA at 25°C and is under 450pA Z 5 AG-P ACK AGG siceg sa sivenea i eeecetnaaeosdonceaceniias —65°C to +175°C 
over the military temperature range. PsP ACKAGO iecsscarieteslatectencen aber testes —65°C to 150°C 
Combining precision, low power and low bias current, the OP- Operating Temperature Range ; ; 
297 is ideal for a number of applications including instrumenta- OPA297 AZ AG) ii cceicscteces testes cuit aaiclentest —55 ve +125°C 
tion amplifiers, log amplifiers, photo-diode preamplifiers and long- OP-297E, F (Z) WSae Uk vee vee ses peles eauseiceastecs peese yee Epes to +85°C 
term integrators. For a single device, see the OP-97; for aquad, OP-297F, GPS), csescasak apisdtantetasgion —40°C to +85°C 
see the OP-497. Junction Temperature 
LZ GP ACK AGO oc. sa sseancenscesevavsdeticvaaiteauedtes —65°C to +175°C 
Pe Dah ACKAQO satscieeict sles sel caanecneeeeadiness ateans —65°C to +150°C 
ORDERING —veo— Lead Temperature Range (Soldering, 60 sec) ............... 300°C 
Ta = +25°C OPERATING 
oe MAX CERDIP PLASTIC LCC WEMPERATURE ions Sores) Pic wala 
(nV) 8-PIN 8-PIN 20-CONTACT RANGE 8-Pin CerDIP (Z) 134 12 °C/W 
50 OP297AZ/883° _ OP297ARC/883* MIL 8-Pin Plastic DIP (P) 96 37 °C/W 
50 OP297AZ = oF MIL 20-Contact LCC (RC) 88 33 °C/W 
50 OP297EZ — —_ MIL ————— 
100  OP297FZ OP297FP = XIND 8-Pin SO (S) 10 oa "CW 
200 — OP297GP _ XIND NOTES: | , 
200 — oPp297qGsTt — XIND 1. Absolute maximum ratings apply to both DICE and packaged parts, unless | 
* For devices processed in total compliance to MIL-STD-883, add /883 after part otherwise noted. 
number. Consult factory for 883 data sheet. 2. For supply voltages less than +20V, the absolute maximum input voltage is 
Tt Burn-in is available on extended industrial temperature range parts in CerDIP, equal to the supply voltage. 
and plastic DIP packages. For ordering information, see PMI's Data Book, 3. @j, is specified for worst case mounting conditions, i.e., @j is specified for 
Section 2. device in socket for CerDIP, P-DIP, and LCC packages; @j, is specified for 
tt For availability and burn-in information on SO packages, contact your local device soldered to printed circuit board for SO package. 
sales office. 


ELECTRICAL CHARACTERISTICS at Vg = +15V, Ta = +25°C, unless otherwise noted. 


OP-297A/E OP-297F OP-297G , 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 
Input Offset 
x - 25 50 - 50 100 - 80 200 pV 
Voltage — Vos p 
Long-Term Input 
- 1 - = 0.1 - - 0.1 - Vi 
Voltage Stability ° al 
Input Offset 
Vom = 0V - 20 100 - 35 150 ~ 50 200 A 
Current los th e 
Input Bias 
=OV. - 20 1 ~ 35 +150 - 50 +200 A 
Current lp Vom = 0 =i? P 
npUE Nee e 0.1Hz to 10Hz - os = - 08 + S; 2.05 - ow 
Voltage npP : tee 
Input Noise ee fo = 10Hz - 20 - - 20 - - 20 nV Hz 
Voltage Density fo = 1000Hz - 17 - - 17 - - 17 
OENOe: in fo = 10Hz 2 20 = 2 20 . Z 20 -~ {AW z 
Current Density 
input Resistance Rin = 30 _ 7 30 _ o 30 _ MQ 
Differential Mode 
Input Resistance 
- 500 - - 500 - - 500 - GQ 
Common-Mode Rincm 
L Sj | Vo=110V 
el aetat tem Avo Ry = 2k 2000 4000 - 1500 3200 - 1200» 3200 “ vim 
Voltage Gain 
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ELECTRICAL CHARACTERISTICS at Vs = +15V, Ta = +25°C, unless otherwise noted. Continued => hotel 
OP-297A/E - OP-297F = ~——s OP-297G_—=C—=w 


‘PARAMETER | _ SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX #-MIN TYP. MAX UNITS 
Input Voltage . ; | . 3 a oe 
IVR (Note 1) 413-414 - +13 414 - +13 +14 ~ V 
Range y a 
Common-Mode CMR Vom =£13V 420-140 é 114. 135 = 14185 = dB 
Rejection 7 
swowel SURRY PSR Vg = 42V to #20V 42010 = 114-425 is 141288. eB 
Rejection | 
Output Voltage Vv R,_ = 10kQ : ' £13 +14 - +13 +14 - +13 +14 - V 
Swing 2 R, = 2kaQ ‘$130 413.7 - = $13 $13.7 - +13 $13.7 = 
Supply Current 
Per Amplifier Isy No Load - 525 a - 525 625 a: 525 ase pA 
- Supply Voltage . Vs Operating Range +2 ~@ +20 +2 - +20 +2 - +20 ‘ | Vv 
Slew Rate SR 0.05 0.15 - 0.05 0.15 ~ 0.05 O15 °&#&- . Vips 
Pane GBWP Ay=+1 - 500 - - 500 - - 500 os kHz 
Product a 
ee. - cs Reo ec: - 150 - - 150 - - 150 - dB 
Separation fo = 10Hz 
Input - 
= 3 = ~ 3 - - 3 = F 
Capacitance Cin P 
NOTE: 
1. Guaranteed by CMR test. — 
ELECTRICAL CHARACTERISTICS at Vs = +15V, -55°C < Ta $ +125°C for OP-297A, unless otherwise noted. 
OP-297A 
PARAMETER SYMBOL - CONDITIONS u- ys ; MIN TYP MAX .  ——~*UNITS 
Input Offset Voltage ao Vos ar | —_ fa . ee. 45 100. | pV 
Average Input Offset _ | | | | . | 
~ 0. 0.6 VPC 
Voltage Drift TCVos . a 
Input Offset Current los Vom = OV - 60 450. pA 
Input Bias Current | Ig Vom = OV : - 60 +450 pA 
Large-Signal : - 
= = 1200 2700 - -  VimvV 
Voltage Gain Avo Vo =210V, Ry = 2kQ . m 
Input Voltage Range IVR (Note 1) 7 +13 — £13.5 © - | V 
Common-Mode Rejection ~ CMR Vom = £13 | 114 130 ce 4B 
Pane supp y PSR Vg = +2.5V to +20V 114 125 - 4B 
Rejection 
Output Voltage Swing Vo R, = 10kQ , +13 #134 * Hats V 
Supply Current ae . ‘<i 
No Load - 575 750 
Per Amplifier Isy eee . 
Supply Voltage Vs Operating Range 42.5 = . +20 - V 
NOTE: | | 


1. Guaranteed by CMR test. 
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ELECTRICAL CHARACTERISTICS at Vs = +15V, —40°C < Ta < +85°C for OP-297E/F/G, unless otherwise noted. 


OP-297E OP-297F OP-297G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 
Input Offset 
V = = ‘= 

Voltage os 35 100 80 300 110 400 pV 

Average Input 
V = i : = ° 

Offset Voltage Dritt ‘COs 02 06 05 2.0 06 2.0 wv/ec 

Input Offset 3 
| Vow = OV ~ 4 = = 

Current os CM 50 50 80 750 80 750 pA 
Input Bias 

Current la Vom = OV - 50 +450 Z 80 +750 = 80 +750 pA 
Large-Signal 

Voltage Gain Avo Vo = +10V, Ry = 2kQ 1200 3200 - 1000 =. 2500 _ 800 2500 2 VimV 
Input Voltage . \ 

IVR (Note 1) #130 #13.5 - +13 13.5 - 4130 #13..5 - V 

Range : 
eommon Mode CMR Vow = £13V 114 130 - 108 130 - 108 130 - dB 

Rejection 
poner SURRY PSR Vs = £2.5V to +20V 114 0.15 : 108 0.15 é 108 = «0.3 . dB 

Rejection 
Ouro vollage Vo Ry = 10kQ +13 £134 “ +13 413.4 = H3 +134 ° «- 

Swing | 
mupey Syren No Load - 550 750 - 550 750 - 550 ~—750 in 

Per Amplifier ay 7 
Supply Voltage Vs Operating Range «£25 - +20 +2.5 - +20 2.5 ~ +20 V 

NOTE: 


1. Guaranteed by CMR test. 


CHANNEL SEPARATION TEST CIRCUIT 


Vy 
Voi 0000 


CHANNEL SEPARATION = 20 oa| 
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Quad Low-Offset, Low-Power 
Operational Amplifier 


FEATURES | 
e Low Input Offset Voltage...................... eo eres 150uV Max 
e Low Offset Voitage Drift, 

Over —55°C to 4125°C ........cccsssssssssssnsssccesccees 1.2uV/°C Max 
e Low Supply Current (Per Amplifier) ................ 725uA Max 
e@ High Open-Loop Gain ou... cee sscseeeseenees 5000V/mV Min 
@ Input Bias Current ....0..........cccceecesssssseensessenccooees 3nA Max 
e Low Noise Voltage Density ................ 11nV/./Hz at 1kHz 
e Stable With Large Capacitive Loads.................. 10nF Typ 
e Pin Compatible to OP-11, LM148, HA4741, RM4156, and 


LT1014 With Improved Performance 


e Available in Die Form 
ORDERING INFORMATION ! 

T,=+25°° —____ PACKAGE OPERATING 
VogMAX CERDIP = 3 LCC TEMPERATURE 
(mV) 14-PIN. PLASTIC 28-CONTACT RANGE 
150 OP400AY* ie OP400ATC/883 MIL 
150 OP400EY 2 = IND 
230 OP400FY a ee IND 
300 x OP400GP S - COM 
300 = op4o0cstt = COM 
300 ee OP400HP = XIND 
300 = OP400HsTT = XIND 


* 


t 


eR kick Senate eT OE ee OE LS oR Ee EPO CSS EC 
For devices processed in total compliance to MIL-STD-883, add /883 after part 


number. Consult factory for 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 


tt For availablity and burn-in information on SO and PLCC packages, contact 


your local sales office. 


GENERAL DESCRIPTION 


The OP-400 is the first monolithic quad operational amplifier 
that features OP-77 type performance. Precision perfor- 
mance no longer has to be sacrificed to obtain the ep ate and 
cost savings offered by quad amplifiers. 


The OP-400 features an extremely low input offset voltage of 
less than 150uV with a drift of under 1.2uV/°C, guaranteed 


PIN CONNECTIONS 
14-PIN HERMETIC DIP 


(Y-Suffix) 
14-PIN PLASTIC DIP 


ie 
; Oo 
| | 3 
16-PIN SOL 28-LEAD LCC 
(S-Suffix) (TC-Suffix) 


SIMPLIFIED SCHEMATIC (One of four amplifiers is shown.) 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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over the full military temperature range. Open-loop gain of 
the OP-400 is over 5,000,000 into a 10k) load; input bias 
current is under 3nA; CMR is above 120dB and PSRR below 
1.8uV/V. On-chip zener-zap trimming is used to achieve the 
low input offset voltage of the OP-400 and eliminates the 
need for offset nulling. (The OP-400 conforms to the in- 
dustry-standard quad pinout which does not have null 
terminals.) 


The OP-400 features low power consumption, drawing less 
than 725yA per amplifier. The total current drawn by this 
quad amplifier is less than that of a single OP-07, yet the 
OP-400 offers significant improvements over this industry- 
standard op amp. Voltage noise density of the OP-400 is alow 
11nV/\/ Hz at 10Hz which is half that of most competitive 
devices. 


The OP-400 is pin compatible with the OP-11, LM148, HA4741, 
RM4156, and LT 1014 operational amplifiers and can be used 
to upgrade systems using these devices. The OP-400 is an 
ideal choice for applications requiring multiple precision 
operational amplifiers and where low power consumption is 
Critical. 


ABSOLUTE MAXIMUM RATINGS (Note 2) 


SUDDIY VOILA Osis erste wer csradovcvesuoavcevinns sheng sorattachancastnn, +20V 
Differential Input Voltage ................ecessssesceeessceecnsennes +30V 
Input Voltage... cc seescssssscecssssseeecessseeenseaues Supply Voltage 
Output Short-Circuit Duration ................cccccceseeeeees Continuous 
Storage Temperature Range 

P, TC, Y-Package ..............ccccssesessesseceessses —65°C to +150°C 


Lead Temperature Range (Soldering 60 sec) ............... 300°C 
Junction Temperature (T)) ..........cc.csscsseceee —65°C to +150°C 
Operating Temperature Range 
OP AOO A oecessrs soccesscincsinessesetee tea euverdhaws —55°C to +125°C 
OP-400E, OP-400F uo... ec ccceeesseessesseees —25°C to +85°C 
OR=A00G siesestde\caiieericiescesii aad ateudivans eects 0°C to +70°C 
OP HAO ON esa seieeti can ectcoxcetctosredirtcincinoeslestorsvive —40°C to +85°C 
PACKAGE TYPE 6,, (Note 1) Bic UNITS 
14-Pin Hermetic DIP (Y) 94 10 °C/W 
14-Pin Plastic DIP (P) 76 33 °C/W 
28-Contact LCC (TC) 70 28 °C/W 
16-Pin SOL (S) 88 23 °C/W 


NOTES: 

1. @, is specified for worst case mounting conditions, i.e., 8. 4 iS Specified for 
device in socket for TO, CerDIP, P-DIP, and LCC packages; 8; , |S Specified 
for device soldered to printed circuit board for SO package. 

. Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. 


Nh 


ELECTRICAL CHARACTERISTICS at Vs = +15V, Ta = +25°C, unless otherwise noted. 


OP-400A/E OP-400F OP-400G/H 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX — MIN TYP MAX UNITS 
pee Ore! Wie — 40 +150 — 60 230 — 80-300 uV 
Voltage 
Leng lermneut —~ O14 ae | 04 = = 194 A uV/mo 
Voltage Stability 
input Offset 
I Vow = OV — 0.1 1.0 — 0.1 2.0 _ 0.1 3.5 nA 
Current Os cm = 0 
Input Bias 
| Vow = OV — 0.75 3.0 — 0.75 6.0 — 0.75 7.0 nA 
Current 8 om= 0 
Input Noise 
: 1 — 0.5 _— — 0.5 _ _ 0.5 —_ V_. 
Voltage Cn p-p 0.1Hz to 10Hz uVp-p 
Input Noise fo = 10Hz = 22 36 = 22 36 = 22 —_ 
nV/V/ Hz 
Voltage Density &n fo = 1000Hz (sole) _ 11 18 _ 11 18 — 11 _ 
Input Noise . 
“ 0.1Hz to 10H — 15 — _ 15 _ — 15 — Ap- 
Current In p-p . = PAp-p 
el ae ip fo = 10Hz we OB = 06 = — 06 —~ pAM/Hz 
Current Density 
Input Hesialance Rin -_ 10 _ eo 40 ~ = 10 se Mo 
Differential Mode 
input Resistance 
— 200 _ _ 200 _ _— 200 — GO 
Common Mode Rincm 
Large Signal A Vo = +10V Ry, = 10k 5000 12000 — 3000 7000 _— 3000 7000 — V/mV 
Voltage Gain ve Ry = 2k0 2000 3500 -- 1500 3000 _ 1500 3000 — 
REV. C 
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ELECTRICAL CHARACTERISTICS at Vs = +15V, Ta = +25°C, unless otherwise noted. (Continued) 


AS A LPT IEE EO NE RE TE aE I OI IE EI EET EE IE I ESE EI TET II TI PED LT TN NT eT a DE ES RT ET TSE ISIE TT NTS IOI Te Ae IT CS TER IE TI 


| 3 OP-400A/E — OP-400F —OP-400G/H 
PARAMETER SYMBOL CONDITIONS ~— MIN TYP MAX 'MIN TYP MAX MIN TYP MAX UNITS 
‘Input Volta | OO = ug | 
nput Voltage IVR Note 3 41200 «+13 _ +12 «+138 +12 +13 - Vv 
Range 
Common Mode 
R = + a =. a 
Rejection CM Vom 12V 120 140 115 140 110 135 dB 
Power Supply PSRR Ve =+3V to +18V on 1.8 0.1 3.2 0.2 | 5.6 V/V 
Rejection Ratio oo ees | a 
“Output Voltage Ry = 10k +12 +1260 — +12 4126 — +12 4126 0 — , 
Swing a R, = 2k0 +11. +12.2 _ +11 +12.2 _ +11. +12.2 ~ 
Supply Current 
Per Amplifier 'sy Ne:toad : ea op ROU $28 — 600 725 — 600 725 pA 
Slew Rate SR | 01 O16 — 01 0.15 es 01 0.15 ONS 
idth = | . 
moeenewe -GBWP Ay=41 | | a. — 500 — — 50  — kHz 
Product 
Channel Vo = 20Vp.p | 
_— 1 13 _ 12 _— 
Separation ve fo = 10Hz (Note 2) nee * - : mee mee 
Input 
_ 2 — _ 3.2 _ _ .2 — ' 
Capacitance Cin 3 3 | pF 
Capacitive Load Ay=+1 
= 10 - = 10 _ — 10 _ F 
Stability No Oscillations i 
NOTES: . 
1. Sample tested. 
2. Guaranteed but not 100% tested. 
3. Guaranteed by CMR test. 
ELECTRICAL CHARACTERISTICS at Vs = +15V, -55°C < Ta S$ 125°C for OP-400A, unless otherwise noted. | 
ee : > | OP-400A — Se" 
PARAMETER . SYMBOL CONDITIONS MIN TYP MAX UNITS 
Input Offset Voltage | Vos | | - 70° = 270 a ny 
Average Input Offset 
—_ 0.3 1.2 V/°C 
Voltage Drift TEVos | | | at 
Input Offset Current los Vom = OV _ 0.1 2.5 - : nA 
‘Input Bias Current Ip ~ Voy = OV | a 1.3 5.0 | nA 
Large Signal ‘ Vo = +10V R, = 10k 3000 9000 — v/mV 
Voltage Gain 0 R,=2kQ © 1000 2300 _ 
Input Voltage Range IVR Note 1 | +12 +12.5 — | V 
Common Mode Rejection CMR Vom = £12V 115 130 — dB 
power eae PSRR Vg = +3V to +18V a 0.2 3.2 VV 
Rejection Ratio 
; Ry, = 10k +12 +12.4 _— - 
Output Voitage Swing Vo Ry = 2k0) +11 +12 _ 
negates fey No Load | = 600 775 3 yA 
Per Amplifier 
Ay =+1 : : 
Fy ege age en 8 = nF 
Capacitive Load Stability No Oscillations | . 
NOTE: 


1. Guaranteed by CMR test. 
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0P400 


ELECTRICAL CHARACTERISTICS at V, = +15V, -25°C < T, < +85°C for OP-400E/F, 0°C < T, < +70°C for OP-400G, —40°C 
< T, < +85°C for OP-400H, unless otherwise noted. 


OP-400E OP-400F OP-400G/H 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 
input Offset 
aa Vos 60 220 - 80 350 - 110 400 pV 
Average Input ° 
Offset Voltage Dit TC%os - 03 12 - 03 20 - 06 25 vc 
V2 = OV 
CM 
us tia los E, F, G Grades - 0.1 25 - 0.1 3.5 - 0.2 6.0 A 
H Grade z 2 . - = - - 02 4120 
Vu = OV 
j CM 
oh cathe lp E, F, G Grades - 09 50 - 09 100 - 10 120 ‘ 
H Grade = e s ss J ~ - 10 200 i 
V. = t10V 
Si @) 
paiva Mo R, = 10ka 3000 10000 - 2000 5000 = - 2000 5000 - 
9 R, = 2k 1500 2700 = 1000 2000 Z 1000 2000 . 
Input Voltage IVR (Note 1) #12 4125 2 - #12 +125 - #12 +125 = V 
Range 
Cee CMR Vi = £12V 115 135 - 140-188 2 105 130 = 
Rejection cM 
ROWeC SUPP. PSRR V.. = 43V to +18V_ - 015 32 - 01415 56 - 03 100 yviV 
Rejection Ratio s 
Output Voltage : R, = 10ka +12 412.4 z 412 412.4 = +12 +126 - ' 
Swing o R, = 2kn +11 +12 - +11 +12 - +11 +12.2 - 
Supply Current 
= - - 600 775 
Per Amplifier lsy No Load 600 775 600 775 pA 
Capacitive Load Ay = +1 
i — - 10 = - 10 “ nF 
Stability No Oscillations " 
NOTE: 


1. Guaranteed by CMR test. 
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ANALOG 
DEVICES 


FEATURES | 
© Low Supply Current ........... 200uA Max @ Vs = + 5V 
©@ Single-Supply Operation ................ +5V to +30V 
© Dual-Supply Operation ................ +2.5V to +15V 
® Low Input Offset Voltage .................. 500. Typ 
© Low Input Offset Voltage Drift ............ 5uV/°C Typ 
© High Common-Mode Input Range ... V-to (V+— 1.5V) 
e@ High CMRR ............... peat eaactues 100dB Typ 
© High Open-Loop Gain ................. 1100V/mV Typ 
© LM 148 Pinout 
e Available in Die Form 
ORDERING INFORMATION ' 
T,=+25°C asi tatoa OPERATING 
VosMAX  CERDIP Lec : TEMPERATURE 

(mV) —s-_14-PIN 20-CONTACT PLASTIC RANGE 

25 OP420BY = - MIL 

25 OP420FY = —— IND 

4.0 OPp42z0cy OP420CRC/883 - MIL 

4.0 OP420GY —- OP420GP XIND 

4.0 - / 3 OP420GS XIND 

6.0 OP420HY = OP420HP XIND 

6.0 - = OP420HS XIND 


* For devices processed in total compliance to MIL-STD-883, add /883 after part 
number. Consult factory for 883 data sheet. 

t Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 


GENERAL DESCRIPTION 


The OP-420 quad micropower operational amplifier is a 
single-chip quad patterned after the OP-20 precision micro- 
power single operational amplifier. A Darlington PNP input 
stage allows the input common-mode voltage to include V-. 
The wide input range combined with low power-supply drain 


Quad Micropower 
Operational Amplifier 


14-PIN HERMETIC DIP 16-PIN SOL | 
(Y-Suffix) (S-Suffix) | 
14-PIN EPOXY DIP 
(P-Suffix) 


OP-420CRC/883 
20-LEAD LCC 
(RC-Suffix) 


-IN2 


(~40uA/section at 5V), provides a unique solution for designs 


requiring high functional density and portable operation. 


Applications include two-wire transmitters for process 
control loops, battery-operated remote-line filters, signal 
preconditioning amplifiers, and a variety of multiple-gain 
block arrays. 


For micropower applications requiring offset nulling, see the 
OP-20, OP-21 and OP-22 data sheets. | 


SIMPLIFIED SCHEMATIC (1/4 Shown) 


i: 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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ABSOLUTE MAXIMUM RATINGS (Note 1) PACKAGE TYPE ~—~=«@,, (Nowe) 7 


SUDDIY VOltAG@ cskscs. icc scnceaslcesthed desiree sncaadli avatar +18V 

Differential Input Voltage .............cccccecsecssssssssesessssssesees +30V 14-Pin Hermetic DIP (Y) 99 12 °C/W 
INDUUVONGOG os riectocnc. tinea, Giayslanaess cecdabecssedeions Supply Voltage 14-Pin Plastic DIP (P) 76 33 °C/W 
Output Short-Circuit Duration .................cccccccceeeees Continuous 16-Pin SOL (S) 92 27 °C/W 

(One Amplifier Only) NOTES: 

Storage Temperature Range .................cce —65°C to +150°C 1. Absolute maximum ratings apply to both DICE and packaged parts, unless 
Lead Temperature Range (Soldering, 60 sec) ............... 300°C otherwise noted. 

Operating Temperature Range 2. @., is specified for worst case mounting conditions, i.e., @, , iS specified for 


device in socket for CerDIP and P-DIP packages; @. ,'S Specified for device 


- = = a ° ° 
OP 420BY, OP 420CY, OP-420CRC.......... 55°C to +125°C soldered to printed circuit board for SOL package. 
OPHA20 FY asciveccuccinaencecireune.cu caesarean —25°C to +85°C 
OP-420G, OP-420H ............ssccsessscscssescssecesene —40°C to +85°C 
Junction Temperature(T)) pala ph cddteues anadenace —65°C to +150°C 
ELECTRICAL CHARACTERISTICS at Vs = +15V, Ta = +25°C, unless otherwise noted. 
OP-420B OP-420C 
OP-420F OP-420G OP-420H 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 
Input Offset Voltage Vos Vg = +2.5V to + 15V _ 0.5 25 — 1 4 _ 2 6 mV 
input Offset Current 
=+2. + — 0.5 1.5 —_ 0.8 2.5 _ 1.2 
(Note 1) los Vs 2.5V to + 15V 6 
Input Bias Current 
| =+2. + — 9 20 _ 12 30 _ 1 
nie ai . Vg = +2.5V to + 15V 8 40 . 
input Noise Voltage fo = 10Hz = 
= a _ 50 _ _ 50 — nw /H 
Density Gn fo= 100Hz mn re 
Input Noise Current. fo = 10Hz 
_ 12 _ _ 0.12 — _ 0.12 —_ A/V H 
Density 'n fo = 100Hz i J . 
V+ =+5V, V- =0V 0/3.5 _ _ 0/3.5 _— — 0/3.5 _ —_ 
epuvonge raise: Sar Vg = £15V 5/135 — — -18/135 - — -8135 — — . 
V+=+5V, V-=0V 
‘ 83 100 _ 80 96 — 76 90 _ 
Common-Mode CMRR OV < Vou = 3.5V a: 
Rejection Ratio Vs = £15V 83 100 = 80 96 _ 76 90 _ 
-15V < Voy S 13.5V 
power Supply PSRR Vs = +2.5V to + 15V; & Ld 10 30 i 20 50 _ 30 80 V/V 
Rejection Ratio V- = OV, V+ = 5V to 30V 
Large-Signal Ry = 25kN, 
1100 _ 400 900 _ 200 800 _— V/mV 
Voltage Gain Avo Vo = +10V — 
Slew Rate SR — 0.05 _ — 0.05 — — 0.05 — V/ps 
presen: EOP BW Avo. = +1.0 —~ 6 — — 60 — — 6 — kHz 
Bandwidth R, = 10k 
eee 0.7/4.1 —- = 08/40 — — 0938 —- — 
Output Voltage Vv R, = 10kN Vv 
f fo) ‘2 
Swing aan 11440  —-— — +140  — — 4198 
Ry = 25kn 
Supply Current Vs = £2.5V, No Load _ 140 200 _ 170 300 — 200 400 uA 
(Four Amplifiers) %” Vs = +15V, No Load — 330 360 — 360 460 — 390 600 
NOTE: 


1. Igand log are measured at Voy = 0. 
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ELECTRICAL CHARACTERISTICS at V, = +15V, -55°C < +125°C for OP-420B and OP-420C, -25°C < T, < +85°C for OP- 
420F, -40°C < T, < +85°C for OP-420G and OP-420H, unless otherwise noted. a 


 OP-420B — OP-420C ae 
oe _ OP-420F | OP-420G OP-420H | : 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 
Average Input Offset ‘ es 
Voltage Drift (Note 1) TCYos —_-Unnulled = 5 10. ~ 8 15 - 1% 2% yee 
Input Offset Voltage Vg Vg = +2.5V to +15V ee ee ai at gS = =. 75° mv 
input Offset Current i 
=+ + om — ~— — = pa] 1 
eters los Vs = £2.5V to + 15V 3 4 8 . nA 
input Bias Current . . : 
=+ + = ae _ _ _ — 
aes) lp Vg = +2.5V to +15V 30 40 60 nA 
V+=+5V, V-=0V 32 — — 732 ..—- — + #2 -  — | 
R | | 
Reems ee. tide “Vg = £15V 15/132 — — -6/132 — — 6/132 —- >= . if 
of Ne 760 O86 732 «92 73 86 
Common-Mode : | OV < Vow S 3.2V 7 
hoe CMRR [ : | | dB 
Rejection Ratio Vg = +15V, 76 96 = 73 92 _ 73 86 _ . 
-15V < Voy < 13.2V 
ata eee Vg = +2.5V to +15V oa. ot 
ee, PSRR — and V- = OV, V+ = 5V — 5 50 — 2 80 — 40 100 uVNV 
Rejection Ratio 
to 30V : 
Large-Signal _ Vg = £15V, Ry = 50kN, . : 
Wings Gain Avo ios er 300 800 200 650 100 400 Wmv 
V+=5V, V-=0V 
9/3. S = 1038 —- — 1136 —-— — 
Output Voltage V R, = 20kN cere y 
Swing ° Vg = +15V, 
+13. —_ = +138 — — +186 —- — 
R, = 50kn as 
Supply Current Vs = +2.5V, No Load — 170 300 — 210 400 — 250 600 - " 
(Four Amplifiers) ey Vs = +15V, No Load — 390 500 — 420 640 — 500 800 
NOTES: 


1. Sample tested. 
2. Igand Iog are measured at Voy = 0. 
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ANALOG Quad Precision, High Speed 
DEVICES Operational Amplifier 


OP467 


FEATURES PIN CONNECTIONS 

High Slew Rate — 170 V/s ‘ 

Wide Bandwidth — 28 MHz 14-Lead Ceramic DIP (Y Suffix) and 
Fast Settling Time — <200 ns to 0.01% 14-Lead Epoxy DIP (P Suffix) 


Low Offset Voltage — <500 pV 
Unity-Gain Stable 

Low Voltage Operation +5 V to +15 V 
Low Supply Current - <10 mA 

Drives Capacitive Loads 


APPLICATIONS 

High Speed Image Display Drivers 
High Frequency Active Filters 
Fast Instrumentation Amplifiers 
High Speed Detectors 

Integrators 

Photo Diode Preamps 


16-Lead SOL 20-Position Chip Carrier Ea 
GENERAL DESCRIPTION | (S Suffix) (RC Suffix) 


The OP-467 is a quad, high speed, precision operational ampli- 
fier. It offers the performance of a high speed op amp combined 
with the advantages of a precision operational amplifier all in a 
single package. The OP-467 is an ideal choice for applications 
where, traditionally, more than one op amp was used to achieve 
this level of speed and precision. 


The OP-467’s internal compensation ensures stable unity-gain 
operation, and it can drive large capacitive loads without oscilla- 
tion. With a gain bandwidth product of 28 MHz driving a 

30 pF load, output slew rate in excess of 170 V/s, and settling 
time to 0.01% in less than 200 ns, the OP-467 provides excellent 
dynamic accuracy in high speed data-acquisition systems. The 
channel-to-channel separation is typically 60 dB at 10 MHz. 


The dc performance of OP-467 includes less than 0.5 mV of 
offset, voltage noise density below 6 nV/\/Hz and total supply 
current under 10 mA. Common-mode rejection and power sup- 
ply rejection ratios are typically 85 dB. PSRR is maintained to 
better than 40 dB with input frequencies as high as 1 MHz. The 
low offset and drift plus high speed and low noise, make the 
OP-467 usable in applications such as high speed detectors and 

instrumentation. a J. 
The OP-467 is specified for operation from +5 V to +15 V over 


the extended industrial temperature range (—40°C to +85°C) i ae 
and is available in 14-pin plastic and ceramic DIP, plus SOL-16 ae mie 
® | >| trate 


and 20-lead LCC surface mount packages. 
Simplified OP-467 Schematic 


Contact your local sales office for MIL-STD-883 data sheet and 
availability. 
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OP467 —SPECIFICATIONS 
ELECTRICAL CHARACTERISTICS (@ Ve = 150 V, T, = +25°C unless otherwise noted) 


INPUT CHARACTERISTICS 
Offset Voltage 72 i 
i —40°C = T, = +85°C 
Input Bias Current Vom = 0V 
; 2 | — Vom = 0V, —40°C = Ty = +85°C 
Input Offset Current | Vom =0V 
Vom = 0 V, —40°C s Ty = +85°C 
Common-Mode Rejection 7 . Vom = +12 V 
| ! | CM Vom = £12 V, -40°C = T, = +85°C 
Large Signal Voltage Gain - Ivo R, = 2k0 
7 | R, = 2k, —40°C = T, = +85°C 
Offset Voltage Drift 
Bias Current Drift | 
Long Term Offset Voltage Drift . Note 1 
OUTPUT CHARACTERISTICS | : 
Output Voltage Swing | , R, = 2k0 
R,, = 2 kO, —40°C = T, = +85°C 
POWER SUPPLY |. | | 
Power Supply Rejection Ratio — | +45 V5 Ve = +18 V 
{| -—40°C s T, = +85°C 
Supply Current | ~ | Vg =0V 
| ue | Vo = OV, -40°C = Ty <= +85°C 
Supply Voltage Range 
DYNAMIC PERFORMANCE _ 7 
Gain Bandwidth Product — - |. Ay = +1, C,, = 30 pF 
Slew Rate .. e . | ' | Vin = 10 V Step, Ry = 2 kO, Cy = 30 pE 
Full-Power Bandwidth 
Settling Time To 0. 01 01%, Vin = 10 V Step 
Phase Margin : | a 


Input Capacitance . 
Common Mode 


Differential 
NOISE PERFORMANCE . : 5 
Voltage Noise — | - f = 0.1 Hz to 10 Hz 
Voltage Noise Density | f = 1 kHz 
Current Noise Density La f = 1 kHz 
NOTE ) 7 


‘Long Term Offset Voltage Drift is guaranteed by 1000 hrs. Life test ie on three independent wafer lots at + 125°C, with an LTPD of 1. ay 


SPeoeons subject to change without notice. - 
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ELECTRICAL CHARACTERISTICS (@ Vs = £5.0 V, T, = +25°C unless otherwise noted) OP 467 
Parameter [Symbot [Condos «| Min Typ Max | Unit 


INPUT CHARACTERISTICS 
Offset Voltage 


—40°C =. T, < +85°C 
Vom =0V 

Vom = OV, —40°C = T, S +85°C | 
Vem =0V 

Vom = 0V, —40°C = Ty, = +85°C 
Vom = +2.0V 7 
Vom = £2.0 V, —40°C = T, = +85°C 
R, = 2 kO 

R, = 2kQ, —40°C = T, = +85°C 


Input Bias Current 

Input Offset Current 
Common-Mode Rejection 
Large Signal Voltage Gain 


Offset Voltage Drift 
Bias Current Drift 


OUTPUT CHARACTERISTICS 
Output Voltage Swing Vo 


R, =2ko 
R,. = 2kO, —40°C < T, < +85°C 
POWER SUPPLY ; 
Power Supply Rejection Ratio PSRR +45V<=V, = +5.5V 
a, —40°C = T, = +85°C 


Supply Current Isy Vo =0V 
Vo = OV, —40°C = Ty, S +85°C 
DYNAMIC PERFORMANCE —— 
Gain Bandwidth Product GBP Ay = +1 22 MHz 
Slew Rate . SR Vin = 5 V Step, Ry, = 2 kO, C,, = 39 pF 
90 V/s 
90 V/ps 
Full-Power Bandwidth 2.5 MHz 
Settling Time To 0.01%, Vix = 5 V Step 
Phase Margin 
NOISE PERFORMANCE 


f = 0.1 Hz to 10 Hz 
f = 1 kHz. 
f= 1 kHz 


Voltage Noise 
Voltage Noise Density 
Current Noise Density 


Specifications subject to change without notice. 
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OP467 


WAFER TEST LIMITS (@ Vs = = +15.0 V, T, = +25°C unless otherwise noted.) 


Parameter 


Offset Voltage : 

Input Bias Current 

Input Offset Current 

Input Voltage Range! 
Common-Mode Rejection Ratio 
Power Supply Rejection Ratio 
Large Signal Voltage Gain - 
Output Voltage Range 

Supply Current 


NOTES 


mV max 
Vem = 0V nA max 
Vom =0V. nA max 
| ats V min/max 
Vom = +12 V dB min 
V = +45Vto +18V dB min 
R, = 2 kQ dB min 
R, = 2 kO V min 
Vo = 0V,R, =” mA max 


Electrical tests and wafer probe to the limits shown. Due to variations in assembly methods a normal yield loss, yield after packaging is not guaranteed for 
standard product dice. Consult factory to negotiate specifications based on dice lot qualifications through sample lot assembly and testing. 


1Guaranteed by CMR test. 


ABSOLUTE MAXIMUM RATINGS* 


Supply Voltage a lohaieera rr ree ee ee ee ea +18 V 
Input Voltage” ac) 5508 eh Geb ah ae eA +18 V 
Differential Input Voltage? ....... Circe sea meeeeON. « 
Output Short-Circuit Duration ............066.. Limited 
Storage Temperature Range | 

Ys RC Packaves...c-4 bee bu Sse 34a Sa a —65°C to +175°C 

Ps 9 Packages: ¢ 2444 cece s tae ewes —65°C to +150°C 
Operating Temperature Range : 

OPAGTAY eee ik oS bw eas —55°C to +125°C 

OP-46/G aise nw sta ecg SoS 24 Bee nts —40°C to +85°C 
Junction Temperature Range | | 

Vy RG Packages i:4:45.0-5 30's HG a,S-ac/aS —65°C to +175°C | 

P, S Packages ............ ree —65°C to + 150°C 
Lead Temperature Range (Soldering, 60 SEC) tye @ ie, ee +300°C 


Package Type 


14-Pin Cerdip (Y) 
14-Pin Plastic DIP (P) 
16-Pin SOL (S) 

20-Contact LCC (RC) 


NOTES 

1Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. 

2For supply voltages less than +18 V, the absolute maximum input voltage is 
equal to the supply voltage. 

0; a is specified for the worst case conditions, i.e., 0; A is specified for device 
in socket for cerdip, P-DIP, and LCC packages; 6,, is specified for device 
soldered in circuit board for SOIC package. 


°C/W 
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~ OP467GS - 


| ORDERING GUIDE 
Temperature 
| Range 


—40°C to +85°C 
—40°C to +85°C 
‘| +25°C 


OP467AY/883 
OP467ARC/883 
OP467GP — 


OP467GBC 


*For outline information see Package Information section. 


DICE CHARACTERISTICS 


Vout : sou D 
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Vout s Vout © 


OP-467 Die Size 0.111 X 0.100 inch, 11,100 sq. mils 
Substrate is Connected to V+, Number of Transistors 165. 
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Figure 1. Open-Loop Gain, Phase vs. Frequency 


CLOSED-LOOP GAIN - dB 


M 
FREQUENCY - Hz 


| Figure 2. Closed-Loop Gain vs. Frequency 


Ty = +125°C. ea ~~ 
Ta = +25°C 
| — 


OPEN-LOOP GAIN — V/mV 


SUPPLY VOLTAGE - Volts 


_ Figure 3. Open-Loop Gain vs. Supply Voltage 
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IMPEDANCE - Ohms 


GAIN ERROR - dB 
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MAXIMUM OUTPUT SWING - Volts 


Typical Characteristics —OP467 


a = +15V /\ 
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Figure 4. Closed-Loop Output Impedance vs. Frequency 
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Figure 5. Gain Linearity vs. Frequency 
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Figure 6. Max Voy7 Swing vs. Frequency 
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0P467—Typical Characteristics 
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MAXIMUM OUTPUT SWING - Volts 
@ 


o 0 
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Figure 7. Max Voy7 Swing vs. Frequency an Figure 10. Small Signal Overshoot vs. Load Capacitance 


. .COMMON-MODE REJECTION-dB 
OVERSHOOT —- % 
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Figure 8. Common- Mode Rejection vs. a aa Figure 11. Small Signal Overshoot vs. Load Capacitance 
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Figure 9. Power- Supply Rejection vs. Frequency Figure 12. Noninverting Gain vs. Capacitive Loads 
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Figure 13. Channel Separation vs. Frequency 
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Figure 14. Input Current Noise Density vs. Frequency Figure 17. Settling Time, Positive Edge 
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Figure 15. Voltage Noise Density vs. Frequency Figure 18. Input Voltage Range vs. Supply Voltage 


REV. B | : OPERATIONAL AMPLIFIERS 9-547 


- 0P467—Typical Characteristics 
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Figure 22. Input Offset Voltage Distribution 


Figure 19. Noninverting Gain vs. Supply Voltage 
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Figure 20. Output Swing vs. Load Resistance 
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Figure 24. TC Vog Distribution _ 


Figure 21. Output Swing vs. Load Resistance 
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Figure 28. Slew Rate vs. Temperature 
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Figure 26. Phase Margin & Gain Bandwidth vs. 
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Figure 29. Slew Rate vs. Temperature 
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Figure 30. Slew Rate vs. Temperature 


Figure 27. Slew Rate vs. Temperature 
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Figure 31. Settling Time vs.. Output Step 
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Figure 33.. Input.Bias Current. vs. Temperature 
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Figure 34, Input Offset Current vs. Temperature 


APPLICATIONS INFORMATION 

OUTPUT SHORT-CIRCUIT PERFORMANCE 

To achieve a wide bandwidth and high slew rate, the OP-467 
output is not short circuit protected. Shorting the output to 
ground or to the supplies may destroy the device. ~s 


For safe operation, the output load current should be limited so 
that the junction temperature does not exceed the absolute maxi- 
mum junction temperature. 


To calculate the maximum internal power dissipation, following 
formula can be used: | : 


where T, and T, are junction and ambient temperatures respec- 
tively, PD is device internal power dissipation, and 6), is pack- 
aged device thermal resistance given in the data sheet. 

UNUSED AMPLIFIERS : 

It is recommended that any unused amplifiers in a quad package . 


be connected as a unity gain follower with a 1 kO feedback 
resistor with noninverting input tied to the ground plain. 


PRINTED CIRCUIT BOARD LAYOUT 
CONSIDERATIONS . _ 
Satisfactory performance of a high speed op amp largely. 
depends on a good PC layout. To achieve the best dynamic 
performance, following high frequency layout’ technique is 
recommended. | | 


GROUNDING 

A good ground plain is essential to achieve the optimum perfor- 
mance in high speed applications. It can significantly reduce the 
undesirable effects of ground loops.and IR drops by providing a 
low impedance reference point. Best-results are obtained with a 
multilayer board design with one layer assigned to ground plain. 
To maintain a continuous and. low impedance ground, avoid 
running any traces on this layer. 
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POWER SUPPLY CONSIDERATIONS 

In high frequency circuits, device lead length introduces an 
inductance in series with the circuit. This inductance combined 
with stray capacitance forms a high frequency resonance circuit. 
Poles generated by these circuits will cause gain peaking and 
additional phase shift reducing the op amp’s phase margin and 
leading to an unstable operation. 


A practical solution to this problem is to reduce the resonance 
frequency low enough to take advantage of the amplifier’s power 
supply rejection. 


This is easily done by placing capacitors across the supply line 
and the ground plain as close as possible to the device pin. Since 
capacitors also have internal parasitic components, such as stray 
inductance, selecting the right capacitor is important. To be 
effective, they should have low impedance over the frequency 
range of interest. Tantalum capacitors are an excellent choice for 
their high capacitance/size ratio, but their ESR (Effective Series 
Resistance) increases with frequency making them less effective. 
On the other hand, ceramic chip capacitors have excellent ESR 
and ESL (Effective Series Inductance) performance at higher 
frequencies, and because of their small size, they can be placed 
very close to the device pin, further reducing the stray induc- 
tance. Best results are achieved by using a combination of these 
two capacitors. A 5-10 wF tantalum parallel with a 0.1 pF 
ceramic chip caps are recommended. If additional isolation from 
high frequency resonances of the power supply is needed, a fer- 
rite bead should be placed in series with the supply lines 
between the bypass caps and the power supply. A word of cau- 
tion, addition of the ferrite bead will introduce a new pole and 
zero to frequency response of the circuit and could cause unsta- 
ble operation if it is not selected properly. 


+Vg 


10nF TANTALUM 


0.1nF CERAMIC CHIP 


0.1pF CERAMIC CHIP 


10uF TANTALUM 


-Vs = 


Figure 35. Recommended Power Supply Bypass 


SIGNAL CONSIDERATIONS 

Input and output traces need special attention to assure a mini- 
mum stray capacitance. Input nodes are very sensitive to capaci- 
tive reactance, particularly when connected to a high impedance 
circuit. Stray capacitance can inject undesirable signals from a 
noisy line into a high impedance input. Protect high impedance 
input traces by providing guard traces around them. This will 
also improve the channel separation significantly. 
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Additionally, any stray capacitance in parallel with the op amp’s 
input capacitance generates a pole in the frequency response of 
the circuit. The additional phase shift caused by this pole will 
reduce the circuit’s gain margin. If this pole is within the gain 
range of the op amp, it will cause unstable performance. To 
reduce these undesirable effects, use the lowest impedance 
where possible. Lowering the impedance at this node places the 
poles at a higher frequency, far above the gain range of the 
amplifier. Stray capacitance on the PC board can be reduced by 
making the traces narrow and as short as possible. Further 
reduction can be realized by choosing smaller. pad size, increas- 
ing the spacing between the traces, and using PC board material 
with a low dielectric constant insulator (Dielectric Constant of 
some common insulators: air = 1, Teflon = 2.2, and FR4 = 
4.7; with air being an ideal insulator). 


Removing segments of the ground lait directly under the input 
and output pads. is recommended. 


Outputs of high speed amplifiers are very sensitive to capacitive 
loads. A capacitive load will introduce a pair of pole and zero to 
the circuit’s frequency response, reducing the phase margin, 
leading to unstable operation or oscillation. 


Generally, it is a good design practice to isolate the amplifier’s 
output from any capacitive load by placing.a resistor between 
the amplifier’s output and the rest of the circuits.:A series resis- 
tor of 10 to 100 ohms is normally os to isolate the output 
from a capacitive load. : a a 


The OP-467 is internally conaperened to noel arable opera- 
tion, and is capable of driving large cape loads without 
oscillation. 


Sockets are not recommended since they increase the lead 
inductance/capacitance and reduce the power dissipation of the 
package by increasing the leads thermal resistance. If sockets 
must be used, use Teflon* or pin sockets with the shortest leads 
possible. 


PHASE REVERSAL 
The OP-467 is immune to phase reversal; its inputs can exceed 
the supply rails by a didde drop without any phase reversal. 


*Teflon is a registered trademark of E.I. du Pont Co. 
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Figure 36. No Phase Reversal (A, = +1) 
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SATURATION RECOVERY TIME _— 

The OP-467 has a fast and symmetrical recovery time from 
either rail. This feature is very useful in applications such as" 
high speed instrumentation and measurement circuits, where the 
amplifier is frequently exposed to large signals that overload the 
amplifier. 7 | A | 


DLY 9.842.:s 


Figure 38. Saturation Recovery. Time, Negative Rail 


HIGH SPEED INSTRUMENTATION AMPLIFIER 
The OP-467 performance lends itself to a variety of high speed 
applications, including high speed precision instrumentation 
amplifiers. Figure 39 represents a circuit commonly used 

for data acquisition, CCD imaging, and other high speed 
application. . “ 


Circuit gain is set by Rg. A 2 k© resistor will set the circuit 
gain to 2, for unity gain, remove Rg. For any other gain settings 
use the following formula: | : 

| G=2/Rg Resistor Value is in RO 


Rg is used for adjusting the dc common-mode rejection, and C, 
is used for ac common-mode rejection adjustments. 
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Figure 40. Instrumentation Amplifier Settling Time to 
0.01% for a 10 V Step Input (Negative Slope) 
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Figure 41. Instrumentation Amplifier Settling Time to 
0.01% for a 10 V Step Input (Positive Slope) 
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Figure 42. Settling Time Measurement Circuit Figure 43. 2 MHz Biquad Filter 


2 MHz BIQUAD BANDPASS FILTER 

The circuit in Figure 43 is commonly used in medical imaging 
ultrasound receivers. The 30 MHz bandwidth is sufficient to 
accurately produce the 2 MHz center frequency, as the mea- 
sured response shows in Figure 44. When the op amp’s band- 
width is too close to the filter’s center frequency, the amplifier’s 
internal phase shift causes excess phase shift at 2 MHz, which 
alters the filter’s response. In fact, if the chosen op amp has a 
bandwidth close to 2 MHz, the combined phase shift of the 
three op amps will cause the loop to oscillate. 
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Careful consideration must be given to the layout of this circuit 
as with any other high speed circuit. 


If the phase shift introduced by the layout is large enough, it 
could alter the circuit performance, or worse, it will oscillate. 


Figure 44. Biquad Filter Response 
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Figure 45. Quad DAC Unipolar Operation 


FAST I-TO-V CONVERTER . 

The fast slew rate and fast settling time of the OP-467 are well 
suited to the fast buffers and I-to-V converters used in variety of 
applications. The circuit in Figure 45 is a unipolar quad D/A 
converter consisting of only two ICs. The current output of the 
DAC-8408 is converted to a voltage by the OP-467 configured as 
an I-to-V converter. This circuit is capable of settling to 0.1% 
within 200 ns. Figures 46 and 47 show the full-scale settling 
time of the outputs. To obtain reliable circuit performance, keep 
the traces from the DAC’s Io; to the inverting inputs of the 
OP-467 short to minimize parasitic capacitance. 


100ns 


Figure 46. Voltage Output Settling Time 


Figure 48. DAC Voy; Settling Time Circuit 
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OP-467 SPICE MACRO-MODEL __ * OUTPUT STAGE 
* Node assignments x 
noninverting input ISY 99 50 -8. 183E-3 


RMP1 99 20 96. 429E3 


inverting input RMP2 20 50 96. 429E3 


positive supply ROI 99 26 200 
; RO2 26 50 200 
egative l ; 
ae a Ll 26 27 1E7 
| output -GOl 26 99 (99,15) 5E-3 
‘ | : GO2 50 26 (15,50) SE-3 
. SUBCKT OP-467 1 2 99 50 27 G4 23, 350 (15,26) 5E-3 
GS 24 50 (26,15) SE-3 
- V3 21 26 50 
* INPUT STAGE v4 26 22 «50 
" | D3 15 21 DX 
Il 4 50 10E-3 D4 22 15 DX 
CIN 1 2. 1E12 D5 =. 23) ~DX 
IOS 1 2 SE-9 | | D6 99 24 DX 
Ql 5 2 8 QN D7 50° «(23 DY 
Q2 6 7 9 QN D8 50 24 DY 
R3 99 5 185. 681 : * 
R4 99 6 185 . 681 * MODELS USED 
R5 8 4 180.508 * 
R6 9 4 = 180 . 508 | . MODEL QN NPN (BF=33.333E3) 
EOS 7 l POLY (1) (14,20) 50E-6 1 . MODEL DX D 
EREF 98 0 = (20,0) 1 | . MODEL DY D (BV=50) 
3 . ENDS OP-467 


* GAIN STAGE AND DOMINANT POLE AT 1.5 kHz 
x 


R7 10 98 3. 714E6 
C2 10 98 28.571E-12 

Gl 98 10 (5,6) 5. 386E-3 
V1 99 11 1.6 


ECM 13 98 POLY (2) (1,20) (2,20)00.50.5 
RS 13 14 156 

R914. «98-25. 119 

C3 13. 14 126 .721E-12 


* POLE AT 400E6 

* 

R10 15 98 1E6 

C4 15 98 0. 398E-15 
G2 98 15 (10,20) 1E-6 


x 


Figure 50. Spice Macro-Model Input and Gain Stage 
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FEATURES | | 
@ Very Low Noise............... 5nV/\/ Hz @ 1kHz Max 
e Excellent Input Offset Voltage .............. 0.4mV Max 
e Low Offset Voltage Drift................... 2uV/°C Max 
@ Very High Gain ......................... 1000V/mV Min 
® Outstanding CMR ........... Lata eanenaenes 110dB Min 
© Slew Reale. css cscs side wl eas sesewintaes 2V/ys Typ 
® Gain-Bandwidth Product........ Meee es 6MHz Typ 
© Industry Standard Quad Pinouts 
@ Available in Die Form 
ORDERING INFORMATION ' 
T, 2425°C_ PACKAGE OPERATING 

Vog MAX  CERDIP TEMPERATURE 

(nV) 14-PIN PLASTIC LCC: RANGE 

400 - - OP470ARC/883 MIL 

400 OP470AY° - OP470ATC/883 MIL 

400 OP470EY - - IND 

800 OP470FY = - IND 

1000 - OP470GP . | - XIND 

1000 - OP470GS" - XIND 


For devices processed in total compliance to MIL-STD-883, add /883 after part 
number. Consult factory for 883 data sheet. _ * 
Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 
For availability and burn-in information on SO and PLCC packages, contact 
your local sales office. . 


GENERAL DESCRIPTION 


The OP-470 is a high-performance monolithic quad opera- 
tional amplifier with exceptionally low voltage noise, 
5nV/\V/ Hz at 1kKHz Max, offering comparable performance to 
PMI’s industry standard OP-27. | a 


The OP-470 features an input offset voltage below 0.4mV, 
excellent fora quad op amp, and an offset drift under 2uV/°C, 
guaranteed over the full military temperature range. Open- 
loop gain of the OP-470 is over 1,000,000 into a 10k load 


—+ 


+ 


Very Low Noise Quad 
Operational Amplifier 


14-PIN HERMETIC DIP 


(Y-Suffix) | 
14-PIN PLASTIC MINI-DIP 20-LEAD LCC 
(P-Suffix) (RC-Suffix) 


16-PIN SOL 
(S-Suffix) 


(TC-Suttix). 


insuring excellent gain accuracy and linearity, even in high- 
gain applications. Input bias current is under 25nA which 
reduces errors due to signal source resistance. The OP-470's 
CMR of over 110dB and PSRR of less than 1.8uV/V signifi- 
cantly reduce errors due to ground noise and power supply 
fluctuations. Power consumption of the quad OP-470 is half 
that of four OP-27s, a significant advantage for power con- 


SIMPLIFIED SCHEMATIC 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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scious applications. The OP-470 is unity-gain stable with a Lead Temperature Range (Soldering, 60 sec) .......... a1. 300°C 
gain-bandwidth product of 6MHz and a slew rate of 2V/ys. Junction Temperature (T,) 0... eccsecceeserees —65°C to +150°C 
The OP-470 offers excellent amplifier matching which is Operating Temperature Range 
important for applications such as multiple gain blocks, low- OP-470A aS aT Sosa sacs eaeiedeed ite. dese vewmdosoeteusees peweeeee —55°C to +125°C 
noise instrumentation amplifiers, quad buffers, and low-noise OP-470E, OP-470F uusSies es n's ieee seecbessswascaceees sess —25°C to +85°C 
active filters. OP HA OG season te sedohdees leds dense vioeedeepususaaneneans —40°C to +85°C 
The OP-470 conforms to the industry standard 14-pin DIP PACKAGE TYPE 8, , (Note 3) @. UNITS 
pinout. It is pin compatible with the OP-11, LM148/149, ; 
HA4741, HA5104, and RM4156 quad op amps and can be used 14-Pin Hermetic DIP (Y) 94 10 °C/W 
to upgrade systems using these devices. 14-Pin Plastic DIP (P) 76 33 °C/W 
For higher speed applications the OP-471, with a slew rate of SOCOM ECE ANS) iba 30 uy 

16-Pin SOL (S) 88 23 °C/W 

NOTES: 

1. Absolut i ti ly to both DICE and kaged , unl 
ABSOLUTE MAXIMUM RATINGS (Note 1) Te ed Sanya Arana eo 
SUDDIY VONAGO xsiechescudete tubes cecern tot suas ncmnts vee careaeeteaVedpaents +18V 2. The OP-470's inputs are protected by back-to-back diodes. Current limiting 
Differential Input Voltage (Note 2) ............... ee +1.0V resistors are not used in order to achieve low noise performance. If differential 
Differential Input Current (Note 2) +25mA voltage exceeds +1 .0V, the input current should be limited to +25mA. 
Inout Volt gg rs lv Ve 3. @, is specified for worst case mounting conditions, i.e., @., is specified for 
nput Voltage alee Beesaie sensi peatnidbestaGlebawineiiesnsesys> upply ‘0 tage device in socket for TO, CerDIP, P-DiP, and LCC packages; e, is specified 
Output Short-Circuit Duration «0.0.0.0... eeeeeeees Continuous for device soldered to printed circuit board for SO and PLCC packages. 
Storage Temperature Range 


P, TC, Y-Package .......... oe ree ~—65°C to +150°C 


ELECTRICAL CHARACTERISTICS at Vs = +15V, T, = 25°C, unless otherwise noted. 


OP-470A/E OP-470F OP-470G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 
Input Offset Voltage Vos ae 0.1 0.4 = 0.2 0.8 = 0.4 1.0 mv 
Input Offset Current los Vom = OV a 3 10 = 6 20 = 12 30 nA 
Input Bias Current lp Vom = OV oars 6 25 = 15 50 _ 25 60 | nA 
- 0.1Hz to 10Hz 
input Noise Voltage Cnp-p (Note 1) — 80 200 _ 80 200 — 80 200 NVp-p 
. fo = 10Hz | a 3.8 6.5 = 3.8 6.5 _ 3.8 6.5 
Input Noise . fo = 100Hz cae 3.3 5.5 _ 3.3 5.5 = 3.3 5.5 
nV/V Hz 
Voltage Density en fo = 1kHz — 32 50 — 32 50 — 32 50 : 
(Note 2) | | 
ie ena cies fo = 10Hz — 1.7 — _ 1.7 — - 1.7 — 
iene ce in fo = 100Hz ES 67 = a), a — 07 = pAh/Hz 
id fo= 1kHz a) a a ee ee, 
Large-Signal hola 
oan eS Res Ry = 10k0 1000 2300 — 800 1700 — 800 1700 — V/V 
orc Ry = 2k0 500 1200 — 400 900 — 400 900 — 
input Voltage Range IVR (Note 3) +11 +12 —_ +11 +12 _ +11 +12 — 
Output Voitage Swing Vo Ry 2 2kn. +12 +13 _ +12 +13 _ +12 +13 _ 
Common-Mode Rejection CMR Vom = £11V 110 125 = 100 120 oe 100 120 _ dB 
Howe! SURRY PSRR =—s- Vg = +4.5V to +18V — 056 18 — 10 56 —- 10 56 uV/V 
Rejection Ratio 
Slew Rate SR 1.4 2 — 1.4 2 —_ 1.4 2 —_ V/ps 
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ELECTRICAL CHARACTERISTICS at Vs = +15V, Ta = 25°C, unless otherwise noted. (Continued) 


7 OP-470A/E OP-470F “ OP-470G | 
PARAMETER SYMBOL CONDITIONS =. MIN TYP MAX MIN TYP MAX — MIN TYP MAX UNITS 
‘Supply Current | . | . a 
(All Amplifiers) Isy NoiBead:: . 3 be 9 ii 9 1 - ..9 1 mA 
Gain Bandwidth Product GBW Ay=+10 — = —_— a = Bo ad MHz 
a ie |e Vo = 20Vp. . 
hannel S t P-P 1 1 — 125 155 — 1 — 
Channel Separation cs fo = 10Hz (Note 1) 25 55 25 155 dB 
Input Capacitance =» Cw — gone _ — 2 -_ _ 2 _ pF 
Input Resistance ; 
_ — _ 0.4 — — _ 
Differential-Mode Rin 0.4 adh 0.4 MOQ 
Input Resistance , 
peae ; ste ws ae ae 11 ae es = 
Common-Mode Rincm ; 7 oe "1 GQ 
, f° 4 | Ay=+1 -_ . | . 
Settling Time te to 0.1% 2 * = 5.5 -— —_ 5.5 — — 5.5 — HS. 


to 0.01% — a 6.0 a —. . 60 — — 6.0 = 


NOTES: ~ | 

1. Guaranteed but not 100% tested. 
2.Sample tested. 

3. Guaranteed by CMR test. 


ELECTRICAL CHARACTERISTICS at Vs = +15V, -55°C < Ta < 125°C for OP-470A, unless otherwise noted. 


LE LE TE TL DN I I TTS A TES EIT SIE TENT IE IE TE LOOT IE TT TT TREE SE III SG TEEN OT IIE ST SILA GLI ETI CTS EEL GIT ITI EB TTS SE ERTS | ICI GE SPIT ITE IIE EE NT TOT TTI TE ERG TTEIIE 


| | OP-470A | 
PARAMETER SYMBOL -~— #£CONDITIONS | MIN TYP MAX : UNITS 
input Offset Voltage = s« Vo . . — ae a One are — a 
_ Average Input a re: . 
TCV . | = ° 

Offset Voltage Drift CYos , “ 0.4 2 “ Eve Cc 
input Offset Current los Vom = OV _ 5 20 : nA 
Input Bias Current Te) Vom = OV — 15 50 nA 

ates Vo = +10V | | 
-Signal ; 

er oa Avo Herne | — 750 «16000 — V/V 
iri R, = 2k0 4 400 800 — 

Input Voltage Range IVR (Note 1) — +n +12 _— 

Output Voltage Swing Vo R, 2 2k +12 +13 — 

-M rg , 

Pomel More CMR Vom = £11V 100 12000 — dB 

Rejection 

Power Supply 

PSRR Vs = t4.5V to +18V — 1.0 56 | 
Rejection Ratio : “Ss / to +18 = . uV/V | 
I t 
COPD es ley No Load ae OO oma 


(All Amplifiers) 


NOTE: _ 
1. Guaranteed by CMR test. 
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ELECTRICAL CHARACTERISTICS at V, =+15V,-25°C < T, < +85°C for OP-470E/F, -40°C < T, $< +85°C for OP-470G, unless 
otherwise noted. 


| OP-470E OP-470F OP-470G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 
Input Offset Voltage Vos = 0.12 0.5 ad 0.24 1.0 — 0.5 1.5 mV 
Average Input 
TCV a ' a _ | a ° 

Offset Voltage Drift CVos ae é ve : é a 
Input Offset Current los Vom = OV — 4 20 = t 40 — 20 50 nA 
Input Bias Current lp Vom = OV ~ 1 50 = 20 70 — 40 75 nA 
Large-Signal Nome 

rae pie Avo R, = 10k 800 1800 — 600 1400 — 600 1500 _ V/mV 

9 Ry, = 2k 400 900 _ 300 700 — 300 800 — 
Input Voltage Range IVR (Note 1) +11 Ag _— +11 +12 _— +11 +12 _ V 
Output Voltage Swing Vo Ry 2 2k +12 +13 — +12 +13 — +12 +13 = V 
-M 

Common: Megs CMR Vom = £11V 100 «12002=CC 9 15 90 10 — dB 

Rejection : 
Power Supply 

ae oe ; PSRR Vs = +4.5V to +18V _— 0.7 5.6 a 1.8 10 — 1.8 10 pV/V 
Rejection Ratio 
lyc t 

oo rated ies No Load —- 92 1 = 69 A =). Soa ~ ad 


(All Amplifiers) 


NOTE: 
1. Guaranteed by CMR test. 
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FEATURES 


@ Excellent Speed ................... eTererer 8V/us Typ 
@ Low Noise ................... TinV/\/ Hz @ 1kHz Max 
_@ Unity-Gain Stable a | 

e High Gain-Bandwidth...................... 6.5MHz Typ 
@ Low Input Offset Voltage ....... reais ark 0.8mV Max 
@ Low Offset Voltage Drift....... pihgha ee asttars Sat 4uV/°C Max 
@ High Gain........................ ee 500V/mV Min 
e Outstanding CMR .....................008. 105 dB Min 
e industry Standard Quad Pinouts 

e Avaiiable in Die Form 


ORDERING INFORMATION ' 


T, = +25°C PACKAGE | OPERATING 
Vog MAX TEMPERATURE 
(uv) . CERDIP PLASTIC LCC* RANGE 
800 OP471AY* = OP471ATC/883 MIL 
800 s = OP471ARC/883.—s MIL 
800 OP471EY 2 4 IND 
1500 OP471FY < = IND 
1800 = OP471GP = XIND | 
1800 = op471Gsit z XIND 


For devices processed in total compliance to MIL-STD-883, add /883 after part 
number. Consult factory for 883 data sheet. 

t Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 

tt For availability and burn-in information on SO and PLCC packages, contact 
your local sales office. 


GENERAL DESCRIPTION 


The OP-471 is a monolithic quad op amp featuring low noise, 
1inV/V Hz Max @ 1kHz, excellent speed, 8V/us typical, a 
gain-bandwidth of 6.5MHz, and unity-gain stability. 


High Speed, Low Noise Quad 
Operational Amplifier 


14-PIN HERMETIC DIP 
(Y-Suffix) 
14-PIN PLASTIC DIP 
(P-Suffix) 


(S-Suffix) 


[e | fio] 4] fra) fi) 

om y 0 O 

R73 F 
20-LEAD LCC - 28-LEAD LCC 
(RC-Suffix) (TC-Suffix) 


The OP-471 has an input offset voltage under 0.8mV and an 
input offset voltage drift below 4uV/°C, guaranteed over the 
full military temperature range. Open loop gain of the OP-471 
is over 500,000 into a 10k{) load insuring outstanding gain 
accuracy and linearity. The input bias current is under 25nA 


SIMPLIFIED SCHEMATIC (One of four amplifiers is shown.) 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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limiting errors due to signal source resistance. The OP-471’s Lead Temperature Range (Soldering, 60 sec) .............. 300°C 
CMR of over 105dB and PSRR of under 5.6uV/V significantly Junction Temperature (T,) ..................cceeeeeees —65°C to +150°C 
reduce errors caused by ground noise and power supply Operating Temperature Range 

fluctuations. OP ATA icsecet acest see eeeeenredeoactanGeneneses —55°C to +125°C 
The OP-471 offers excellent amplifier matching which is OP-471E; OP <4 71 F cncesv cece es scdssczetenesinsat eae —25°C to +85°C 
important for applications such as multiple gain blocks, low- OP RING vrsererrsrierreeerentereetetitrneeeeeeeeees T4O°C to 485°C 
noise instrumentation amplifiers, quad buffers and low-noise PACKAGE TYPE 8, , (Note 2) 8c UNITS 
active filters. 14-Pin Hermetic DIP (Y) 94 10 °C/W 
The OP-471 conforms to the industry standard 14-pin DIP 14-Pin Plastic DIP (P) 76 33 °C/W 
pinout. It is pin compatible with the OP-11, LM148/149, 20-Contact LCC (RC) 78 30 °C/W 
HA4741, RM4156, MC33074, TLO084 and TL074 quad op amps 28-Contact LCC (TC) 70 28 °C/W 
and can be used to upgrade systems using these devices. 16-Pin SOL (S) 88 23 °C/W 


For applications requiring even lower voltage noise the OP- NOTES: 
470, with a voltage density of 5nV/\/ Hz Max @ 1kHz, is 1. Absolute maximum ratings apply to both DICE and packaged parts, unless 


recommended. otherwise noted. 

2. @., is specified for worst case mounting conditions, i.e., 8. A is specified for 
device in socket for CerDIP, P-DIP, and LCC packages; 8, a |S Specified for 
device soldered to printed circuit board for SOL package. 


ABSOLUTE MAXIMUM RATINGS (Note 1) 


Supply Voltage ..........cccccccccscsscsssssscscsssscecseeececstscsessrstacecees +18V 3. The OP-471's inputs are protected by back-to-back diodes. Current limiting 
Differential Input Voltage (Note 3) ......cceccccecscscssseeeees +1.0V meal stoys ate erased inorder (rea eve low nelee poner mance: rei otenual 
Differential Input Current (Note 3) wow eee +25mW MONE RET area ree Pare Nees eta ye gee meee 
[MBUL VOlEG 6 veg issicsss sictcses ioecacsh weatsavuneseeee tes Supply Voltage 
Output Short-Circuit Duration ..0...... Continuous 
Storage Temperature Range 

P, RC, TC, Y-Package ...........cccccccccessceeseees —65°C to +150°C 


ELECTRICAL CHARACTERISTICS at Vs = +15V, Ta = 25°C, unless otherwise noted. 


OP-471A/E OP-471F OP-471G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 
Input Offset Voltage Ves. — 025 08 _ 0.5 1.5 — 1.0 1.8 mV 
Input Offset Current los Vom = OV — 4 10 = 7 20 — 12 30 nA 
Input Bias Current ig Vom = OV = 7 25 — 15 50 =e 25 60 nA 
0.1Hz to 10Hz 
Input Noise Volt _ 250 500 — 250 500 _ 250 
pu i oltage Cnp-p (Note 1) 500 NVp-p 
| fo = 10Hz ~ 9 16 — 9 16 — 9 16 
Input Noise fo = 100Hz = 7 12 = 7 12 a 7 12 — 
Voltage Density €n fo = 1kHz . _ 6.5 1 —_ 6.5 1 ~ 6.5 1 Ne 
(Note 2) 
Pre ee fo = 10Hz _ 1.7 — — Af — — 1.7 _ 
eaieH Densit In tor Welk . oY ~~ = 0.7 =e a 0.7 — pA/V Hz 
y fo = 1kHz a ae ey 0M te ae 
; Vo = £10V 
- | 
ei een Ave Ry = 10k0) 500 700 — 300 500 — 300 500 — ~~ Vv/mv 
: Ry = 2ka 350 550 ~ 175-275 — 175 275 ~ 
Input Voltage Range IVR (Note 3) +11 +12 _ +11 +12 _— +1 +12 _ 
Output Voltage Swing Vo R, = 2ko +12 +13 — dg" 43 _ +12 «+13 _ 
Common-Mode Rejection CMR Vom = £11V 105 120 me 95 115 — 95 115 =, dB 
| 
sessaleanaea PSRR Vg = +4.5V to +18V = 1 56 — 56 178 — 56 178 pv 
Rejection Ratio 
Slew Rate SR 6.5 8 _ 6.5 8 _ 6.5 8 _— V/s 
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ELECTRICAL CHARACTERISTICS at Vs = +15V, Ta = 25°C, unless otherwise noted. (Continued) 


2 da os _ OP-471A/E . -. OP-471F  OP-471G 
PARAMETER | SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX. UNITS 
Supply Current. = . * ns . | 
| — — ; _ 
(All Amplifiers) sv No Load 9.2 11 9.2 a 9.2 1 mA 
_ Gain-Bandwidth Product GBW Ay = +10 = ae 2 OS" v= — 65 —- MHz 
F Vo = 20Vp. 
hannel t a 1 150 — 125 150 _ _ 
Channel Separation CS fo = 10Hz (Note 1) 25 125 150 dB 
Input Capacitance ones a a a = pF 
‘Input Resistance ; 
Differential-Mode Rin an en = a me ee 
Input Resistance 
R — 1 _ _ 11 — _ — 
Common-Mode INCH ut on 
. . Ay = +1 
Settling Time ts . to 0.1% | _ 4.5 _ _ 4.5 _ —_ 4.5 _ us 
to 0.01% —_ 7.5 — — 7.5 — — 7.5 — 


NOTES: | 

1. Guaranteed but not 100% tested. 
2. Sample tested. 

3. Guaranteed by CMR test. 


ELECTRICAL CHARACTERISTICS at Vs = +15V, -55°C < Ta < 125°C for OP-471A, unless otherwise noted. | 


OP-471A 
PARAMETER SYMBOL CONDITIONS | MIN TYP MAX UNITS 
Input Offset Voltage Vos i e os O04: 42° 3° 3 mV 
Average Input. | | . . . ste 
Offset Voltage Drift TCVos | | ; Be 
input Offset Current los Vom = OV — 6 20 nA 
Input Bias Current is Vom = OV | . —- 6 50 nA 
nag Vo = £10V 
ge ae Avo : Ry = 10k0 | 375 500 — V/mV 
g Ry = 2k 250. 350 al . 
Input Voltage Range IVR (Note 1) : +11 +12 _ | V 
Output Voltage Swing Vo R, = 2ko +2 0-413 = V 
Common-Mode 
Vey = t11V : 100° 115 ee B 
Rejection ule OM S 
Powel sHeply PSRR Vs = +4.5V to +18V | — 56 10 v/v 
Rejection Ratio ek ieee e 
Supply Current 
No L — 93 11 A 
(All Amplifiers) sy meas e 
NOTE: 


1. Guaranteed by CMR test. 
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ELECTRICAL CHARACTERISTICS at Vg = £15V, -25°C < T, $ +85°C for OP-471 E/F, -40°C < T, < +85°C for OP-471G, unless 
otherwise noted. 


| OP-471E OP-471F OP-471G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX — UNITS 
input Offset Voltage Vos — 0.3 1.1 — 0.6 2.0 _ 1.2 2.5 mvV 
Average Input 
TCV ee 1 4 a 2 7 = 4 = ° 
Offset Voltage Drift Oe che 
Input Offset Current los Vom = OV _ 5 20 ms 8 40 = 20 50 nA 
Input Bias Current ip Vom = OV _— 13 50 _ 25 70 a 40 75 nA 
Large-Signal MOG eee 
a ee Avs Ry = 10k?) 375 600 — 200 400 = 200 400 — V/mv 
° R, = 2k0 250 400 — 125 200 — 125 200 — 
Input Voltage Range IVR (Note 1) +11 +12 _— +11 +12 — +11 +12 — V 
Output Voltage Swing Vo R, 2 2k +12 +13 _— +12 +13 — +12 +13 — 
Semon Mads CMR Vom =£11V 00 #15 — 9 10 — 9 10 — dB 
Rejection 
uae PSRR —s- Vg = £4.5V to +18V — 32 10 —~ 8 316 —- 8 316 V/V 
Rejection Ratio 
Brey ee iy No Load = 6s 4 — 93 a a 


(All Amplifiers) 


NOTE: 
1. Guaranteed by CMR test. 
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Low-Voltage Micropower 
Quad Operational Amplifier 


FEATURES 


e Single/Dual Supply Operation .................. +1.6V to +36V 
Ps Css aaa gaaieS +0.8V to +18V 
e True Single-Supply Operation; Inputand Output Volt- 
~ age Ranges Include Ground 


e@ Low Supply Current ...........ssssscccccssssssssnsseesneneoes 80LLA Max 
e@ High Output Drive ................cssssssccsccssssessscessencccees 5mA Min 
© Low Offset Voltage ...........csccesessessscsnccnssccreeee 0.5mA Max 
@ High Open-Loop Gain ...........:cccssssssssereseeees 700V/mV Min 
e Outstanding PSAR ..........s:ccsssccesssersscnsenses 5.6uV/V Min 
e Industry Standard Quad Pinouts 

e Available in Die Form 


ORDERING INFORMATION ' 
‘Ta = 425°C PACKAGE OPERATING 
Vos MAX _CERDIP LCC TEMPERATURE 
(mV) 14-PIN PLASTIC 28-CONTACT RANGE 
0.5 OP490AY* ss OP490ATC/883 MIL 
0.5 OP490EY = = IND 
0.75 OP490FY a = IND 
1.0 a OP490GP & XIND 
1.0 “ opag0astt = XIND 


* For devices processed in total compliance to MIL-STD-883, add /883 after 
part number. Consult factory for 883 data sheet. 

t Burn-inis available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 

tt For availability and burn-in information on SO and PLCC packages, contact 
your local sales office. 


PIN CONNECTIONS 


14-PIN HERMETIC DIP | 
(Y-Suffix) 
14-PIN PLASTIC DIP 
(P-Suffix) 


faa} 

5 

Oo 
16-PIN SOL 28-PIN LCC 
(S-Suffix) (TC-Suffix) 


GENERAL DESCRIPTION 


The OP-490 is a high-performance micropower quad op amp» 
that operates from a single supply of +1.6V to +36V or from dual 
supplies of +0.8V to +18V. Input voltage range includes the 
negative rail allowing the OP-490 to accommodate input sig- 
nals down to ground in single-supply operation. The OP-490’s 
output swing also includes ground when operating froma single 


supply, enabling “zero-in, zero-out” operation. | 
Continued 


SIMPLIFIED SCHEMATIC (One of four amplifiers is shown.) 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


9-564 OPERATIONAL AMPLIFIERS 


ener 


V+ 


OOUTPUT 


ies | 


REV. B 


OP490 


GENERAL DESCRIPTION Continued Storage Temperature Range a 

The quad OP-490 draws less than 20uA of quiescent supply TC, Y, P Package ..........000.. eaten ee —65°C to +150°C 
current per amplifier, but each amplifier is able to deliver over Operating Temperature Range 

SmA of output current to a load. Input offset voltage is under OP A904 sr hatiehesdoiasnteaetaanen —55°C to +125°C 
0.5mV with offset drift below 5uV/°C over the military tempera- OP-490E, OP-490F .......cececesescesesseseseesesesenen —25°C to +85°C 
ture range. Gain exceeds over 700,000 and CMR is better than OP=490 G Vossststtcancvacetastetneniunascatmsmseet —40°C to +85°C 
100dB. A PSRR of under 5.6. V/V minimizes offset voltage Junction Temperature (Tj) .....cccceeeseeeeeeee. —65°C to +150°C 
changes experienced in battery powered systems. Lead Temperature Range (Soldering, 60 sec) ........... +300°C 


The quad OP-490 combines high performance with the space 


and cost savings of quad amplifiers. The minimal voltage and PCR DOr A Tee Sa (Note?) jc BNI 
current requirements of the OP-490 makes it ideal for battery 14-Pin Hermetic DIP (Y) 99 12 °C/W 
and solar powered applications, such as portable instruments “44-PinPlastic DIP(P) 76 33 °C/W 
and remote sensors. 28-Contact LCC (TC) 78 30 °C/W 
ABSOLUTE MAXIMUM RATINGS (Note 2) ie a hs rae | Caen AL 
Supply Voltage .......cccccscssesssescssesssssceveceseecsseeestsessseees +18V NOTES: 


1. Oj is specified for worst case mounting conditions, i.e., Oj, is specified for 


Differential Input Voltage ............. [(V—) — 20V] to [(V+) + 20V] device in socket for CerDIP, P-DIP, and LCC packages; Oj, is specified for 
Common-Mode Input Voltage...... [(V—) — 20V] to [(V+) + 20V] device soldered to printed circuit board for SOL package. 
Output Short-Circuit Duration ............ ce eeeeeeeeeees Continuous 2. Absolute maximum ratings apply to both DICE and packaged parts, unless 


otherwise noted. 


ELECTRICAL CHARACTERISTICS at Vs = +1.5V to +15V, Ta = +25°C, unless otherwise noted. 


OP-490A/E OP-490F OP-490G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX 
Input Offset Voltage Vos - 0.2 0.5 - 0.4 0.75 - 0.6 1.0 
Input Offset Current los Vom = OV - 0.4 3 - 0.4 5 - 0.4 5 nA 
Input Bias Current Ig Vom = OV - 4.2 15 - 4.2 20 - 4.2 25 nA 
Vg =+15V, Vo =+10V | 
Ry = 100kQ 700 1200 - 500 1000 - 400 800 ~ 
Ri = 10kQ 350 600 - 250 500 _ 200 400 ~ 
-Si Ri = 125 2 - 1 200 ~ 100 - 
pe cea Avo L = 2kQ 50 00 200 VimV 
g V+ = 5V, V-=OV, 
1V<Vo<4V 
Ri = 100kQ 200 400 - 125 300 - 100 250 - 
Ri = 10kQ 100 180 - 75 140 - 70 140 ~ 
V+ =5V, V-=0V 0/4 - - 0/4 - - 0/4 ~ ~ 
DP eae. ee Vg =#15V (Note 1) -15/13.5 - —  -15/13.5 - -  -15/13.5 - - . 
| Vs =+15V 
Vo Ry = 10kQ 413.5 +14.2 - 413.5 +14.2 _ 413.5 +14.2 _ Vv 
Ry, = 2kQ +10.5 +11.5 - #10.5 411.5 - +105 +11.5 - 
; V+=5V, V-=0V 
PEE NOIRe eWl0ds ~ OH Ry = 2kQ 40 42 - 40 42 - 40 4.2 7 af 
Vv V+=5V, V-=0V Vv 
= ~ Re = 10kQ = 100 500 = 100 500 - 100 500 e 
| | Vee Ce oN 90 110 80 100 = 80 100 n 
Common-Mode OV < Vom < 4V 
Rejection we Vg =t15V ee 
s= _ a 
~15V < Voy < 13.5V 100 130 90 120 90 120 
nou Supply PSRR = 1.0 5.6 - 3.2 10 2 3.2 10 =pVvvV 
Rejection Ratio 
Slew Rate SR Vg =+15V 5 12 - 5 12 ~ 5 12 - V/ms 
Supply Current Vg = 1.5V _ 40 60 = 40 60 ~ 40 60 
(All Amplifiers) Isy Ve sais: "OOS ss 60 80 = 60 80 a 60 80 ai 
Capacitive Load 
Ay = +1 - - - 650 = = = F 
Stability Ba 650 650 p 
fo = 0.1Hz to 10H 
Input Noise Voltage Cnp-p . re = 3 = = 3 = = 3 - — BVp-p 


Vg =+15V 
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ELECTRICAL CHARACTERISTICS at Vs = +1.5V to t15V, Ta = +25°C, unless otherwise noted. Continued 


1. Guaranteed by CMR test. 
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| OP-490A/E OP-490F OP-490G . 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 
Input Resistance 
= +1 a 3 - - - 
Differential Mode Rin Vs : ss ve me 
Input Resistance 
R Vs =+t15V - 20 ~ ~ 20 - 2 
Common Mode NGS . : ° a 
Gain Bandwidth GBWP ss Ay=+1 uy 20 é = 20 a 20. kHz 
Product 
. fo =10Hz © | . 
Channel Separation CS Vo = 20V 120 150 - 120 150 120 150 dB 
Vg = £15V (Note 2) 
NOTES: 
1. Guaranteed by CMR test. 
2. Guaranteed but not 100% tested. 
ELECTRICAL CHARACTERISTICS at Vs = +1.5V to +15V, —55°C < Ty < +125°C, unless otherwise noted. 
. | | OP-490A 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 
~ Input Offset Voltage Vos _ 0.4 1.0 mV 
Average Input Offset 
T Vg =+15V - 5 . 
Voltage Drift CVos s ? 2 H i c 
Input Offset Current los Vom =0V - 1.5 5 NA. 
Input Bias Current is Vom = OV z 4.4 20 nA 
Vs =+15V, Vg =+10V | 
R, = 100kQ 225 400 ~ 
— Ry = 10kQ 125 240 . - 
-Si Rp = 2kQ 50 11 - 
ave V+ = 5V, V-=0V, 
1V <Vo<4V 
R, = 100kQ 100 200 - 
Ry = 10kQ 50 110 - 
V+ = 5V, V-=0V 0/3.5 - - 
Input Voltage Range IVR Vg = £15V (Note 1) -15/13.5 7 _ V 
_ Vg = t15V 
Vo Ry = 10kQ +13 £13:7 - V 
| Ry = 2kQ +10 +11 _ 
Output Voltage Swing » , V+ =5V, V-=0V ) . 
OH R, = 2kQ 3.9 4.1 ~ : 
V+=5V, V-=0V - | 
Vou Ry = 10k us 100 500 a 
ee V+ = 5V, V—= OV, OV < Voy < 3.5V 85 105 _ 
wermennmade Helecvon eM Vs = +15V, -15V < Voy < 13.5V 95 115 = . 
Power Supply : 
PSRR - 3.2 10 VIV 
Rejection Ratio : a 
Supply Current Vg =+1.5V - 70 100 
No Load A 
(All Amplifiers) Isy Vg =t15V | = 90 120 A 
NOTE: . 
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ELECTRICAL CHARACTERISTICS 
at Vs = +1.5V to +15V, —25°C < Ta < +85°C for OP-490E/F, —40°C < Ta < +85°C for OP-490G, unless otherwise noted. 


OP-490E OP-490F OP-490G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 
Input Offset Voltage Vos ~ 0.32 0.8 _ 0.6 1.35 - 0.8 1.5 mV 
Average Input Offset 
TCV Vg = +15V 2 2 = 4 = s 4 = 0 
Voltage Drift CVos : ‘ Eve 
Input Offset Current los Vom = OV - 0.8 3 se 1.0 5 _ 1.3 4 nA 
Input Bias Current Ip Vom = 0V - 4.4 15 - 4.4 20 _ 4.4 25 nA 
Vs = +15V, Vo = +10V 
Ry, = 100k 500  ~—-800 : 350 700 = 300 600 zs 
Ry = 10kQ 250 400 - 175 350 = 150 250 z 
-Signal Ry = 2kQ 1 2 = 75 «150 = 75 ~3=«12 = 
ee, RG ec ee Oe, WY 
g V+ =5V, V-=OV, 
1V<Vo<4V 
Ry = 100k 150 280 = 100 220 = 80 160 = 
R, = 10kQ 75 140 a 50 =: 110 = 40 90 2 
V+=5V, V-=0V 0/3.5 = = 0/3.5 = & 0/3.5 = = 
Input Voltage R IVR 
Apu Onege Range: iv Vs =+15V (Note 1) -15/13.5 bs ~  ~15/13.5 = ~  -45/13.5 2 - - 
Vg =+15V 
Vo R, = 10kQ +13. #14 a5 +13. +14 2 413 +14 ad Vv 
Ry = 2kQ +10 +11 : +10 +11 Ss +410 +11 ze 
V+=5V, V-=0V 
Po rene ee Ry = 2kQ 39 4.1 is 39 44 : 39 44 2 : 
V V+ = 5V, V-=0V V 
eb Ry, = 10kQ ~ 100 500 - 100 500 -~ 100 500 H 
Mite a Sea, 90 110 a 80 100 2 80 100 re 
Common-Mode OV < Vom < 3.5V 
Rejection CMR Vg =+15V a 
gst ’ 
1 120 = 90 110 zs 90 110 & 
. ~15V < Voy < 13.5V sa 
power Supply PSRR «=. iar 66 = age 10 - 56 178 pV 
Rejection Ratio . 
Supply Current Vg = +1.5V ds 65 100 as 65 —- 100 a 60 100 
ee NoL 
(All Amplifiers) Isy Vaca é 80 120 2 80 120 Z 75 120 HA 
NOTE: 


1. Guaranteed by CMR test. 
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FEATURES 7 
Low Offset Voltage: 50 »V max 
Low Offset Voltage Drift: 0.5 wV/°C max 
Very Low Bias Current 
+25°C: 100 pA max 
~55°C to +125°C: 450 pA max 
Very High Open-Loop Gain: 2000 V/mV min 
Low Supply Current (per Amplifier): 625 pA max 
Operates from +2 V to +20 V Supplies 
High Common-Mode Rejection: 120 dB min 


APPLICATIONS 
Strain Gage and Bridge Amplifiers 
High Stability Thermocouple Amplifiers 
instrumentation Amplifiers 
Photo-Current Monitors 
High-Gain Linearity Amplifiers 
Long-Term Integrators/Filters 
Sample-and-Hold Amplifiers 
Peak Detectors 

_ Logarithmic Amplifiers 
Battery-Powered Systems 


GENERAL DESCRIPTION 

The OP-497 is a quad op amp with precision performance in 
the space saving, industry standard 16-pin SOIC package. Its 
combination of exceptional precision with low power and 
-extremely low input bias current makes the quad OP-497 useful 
in a wide variety of applications. 


Precision performance of the OP-497 includes very low offset, 
under 50 ,.V, and low drift, below 0.5 wV/°C. Open-loop gain | 
exceeds 2000 V/mV insuring high linearity in every application. 
Errors due to common-mode signals are eliminated by the 
OP-497’s common-mode rejection of over 120 dB. The OP-497’s 
power supply rejection of over 120 dB minimizes offset voltage 
changes experienced in battery powered systems. Supply current 
of the OP-497 is under 625 A per amplifier, and it can operate 
with supply voltages as low as +2 V. | 


The OP-497 utilizes a superbeta input stage with bias current 
cancellation to maintain picoamp bias currents at all tempera- 
tures. This is in contrast to FET input op amps whose bias cur- 
rents start in the picoamp range at 25°C, but double for every 
10°C rise in temperature, to reach the nanoamp range above | 
85°C. Input bias current of the OP-497 is under 100 pA at 25°C 
and is under 450 pA over the military temperature range. 


Combining precision, low power and low bias current, the 
OP-497 is ideal for a number of applications including instru- 
mentation amplifiers, log amplifiers, photo-diode preamplifiers 
and long term integrators. For a single device see the OP-97, for 
a dual see the OP-297. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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Precision Picoampere Input Current 


Quad Operational Amplifier 


PIN CONNECTIONS 


16-Lead Wide Body SOIC 
(S Suffix) 


NC = NO CONNECT 


14-Lead Plastic Dip 


(P Suffix) — 
20-Position Chip Carrier 
14-Lead Ceramic Dip (RC Suffix) 
(Y Suffix) 
« < 2 a 
7323 7 
[2 }L1 ]j20) 


TOP VIEW | 
(Not to Scale) 


1 
on a ee es 


Vs = 15V 
Hae a a re 


INPUT CURRENT - pA 


10 
-75 -50 -25 0 25 50 75 100 125 
TEMPERATURE - °C 


Input Bias, Offset Current vs. Temperature 


REV. C 


SPECIFICATIONS 0P497 
ELECTRICAL CHARACTERISTICS (@ V, = +15 V, T, = +25°C unless otherwise specified) 


A B/F C/G 
Parameter Symbol Condition Min Typ Max|Min Typ Max|Min Typ Max] Units 


INPUT CHARACTERISTICS 
Offset Voltage 


LV 


-40°C =< T, ~ +85°C 
~55°C ~ T, < +125°C 
Her 


min 


Average Input Offset Voltage Drift 
Long Term Input Offset Voltage Stability 


pViPC 
V/Mo 


Max 


Input Bias Current Vem = OV 
-40°C < T, < +85°C 
=59C =< Poe hi 
—40°C = T, < +85°C 
$56. SF 125°C 
Vem = OV 
—40°C < T, < +85°C 
556 = T= +125C 


Average Input Bias Current Drift 1Ge 


Input Offset Current 


Average Input Offset Current Drift 
Input Voltage Range’ 


Tastee Crabs 
Vem = =13V 
Train7 2D 
Large Signal Voltage Gain Vo = t10VR, =2kN 
—40°C <= T, = +85°C 
=~$5°C = Ty, = +129C 


Common-Mode Rejection CMR 


max 


Input Resistance Differential Mode 
Input Resistance Common Mode 
Input Capacitance : 


OUTPUT CHARACTERISTICS 
Output Voltage Swing 


Short Circuit 


POWER SUPPLY 
Power Supply Rejection Ratio 


s = +2Vto +20V 
+2.5Vto +20 V 


c= 


Supply Current (per Amplifier) 


Supply Voltage Range 

DYNAMIC PERFORMANCE 

Slew Rate : 0.05 0.15 0.05 0.15 0.05 0.15 Vis 

Gain Bandwidth Product 500 500 500 kHz 

Channel Separation Vo = 20 V p-p fo = 10 Hz 150 150 150 dB 

NOISE PERFORMANCE |. 

Voltage Noise 0.3 0.3 0.3 pV P-p_ 

Voltage Noise Density 17 17 ne 3 nV/\/Hz 
. 15 15 15 nV/\/Hz 

Current Noise Density 20 20 20 fA/\/Hz 

NOTE . 

1Guaranteed by CMR Test. 


Specifications subject to change without notice. 
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0P497 


WAFER TEST LIMITS (cv, = <15v,1, = +25, anes 


otherwise noted) 


iM 3 OP-497 GBC 
Symbol _ Condition Limit 


Parameter Units. 
Input Offset Voltage wV max — 
Input Offset Current Veén = 0V pA max > 
Input Bias Current Vem = 0V pA max 
Input Voltage Range’ V min 
Large Signal Voltage Gain Vo = +10 V, Ry = 10 kO V/mV min. 
Common-Mode Rejection Vom = +13 V dB min 
Power Supply Rejection Vs = +2 Vto +20 V ~ dB min 
Output Voltage Swing R, = 10 kO V min 
R, = 2kO V min 
Supply Current per Amplifier No Load pA max 


NOTE 


‘Guaranteed by CMR test. Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield 
after packaging is not guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualifications through sample lot - 


assembly and testing. 


_ ABSOLUTE MAXIMUM RATINGS' 


SUpDIY. VOltaBe: csod wk oe ek ye oe ee aw ak Oise +20 V 
Input Voltage” <6 ect ode Soon be ot awe nd acene +20 V - 
Differential Input Voltage?....... eee re ee 40 V 
Output Short-Circuit Duration ........ Se re a Indefinite 
Storage Temperature Range 
V ORG Package’ ¢s.u 5-5 x < awn ode eens —65°C to +175°C 
PspS:PAaCKaee y.ccs-d Suni aoe Bie ee SRE —65°C to + 150°C 
Operating Temperature Range 
OP497 As Ba CY < ace ds ie ee 4 —55°C to +125°C 
OP-497 FG) pe ers ha ee oe ee es —40°C to +85°C 
OP2497 FG CPS) ok oe dew Seats hak ee be wih —40°C to +85°C 
Junction Temperature 
Xs RCPackage™... 5.62 we ee wie 8 .. 765°C to +175°C 
PS PackaGe: cy 2 soi Mie ate A a hs —65°C to + 150°C 


Lead Temperature Range (Soldering, 60 sec) ....... + 300°C 


Package Type 


14-Pin Cerdip (Y) 
14-Pin Plastic DIP (P) 
20-Contact LCC (RC) 
16-Pin SOIC (S) 


°C/W 


NOTES 

‘Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. 

?For supply voltages less than +20 V, the absolute maximum input voltage is 
equal to the supply voltage. . 

*0, is specified for worst case mounting conditions, i.e., ;4 is specified for 
device in socket for cerdip, P-DIP, and LCC packages; ,, is specified for 
device soldered to printed circuit board for SOIC package. 


Vv 
CHANNEL SEPARATION = 20 log rn, 


Channel Separation Test Circuit 
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Temperature Package 
Range _ Description —— 


-|—55°C to +125°C | 14-Pin Cerdip 


OP497AY 


OP497BY —55°C to +125°C | 14-Pin Cerdip Q-14 
OP497CY —55°C to +125°C | 14-Pin Cerdip Q-14 
OP497BRC/883 | —55°C to +125°C} 20-Contact LCC |E-20A 
OP497FY —40°C to +85°C | 14-Pin Cerdip Q-14 
OP497FP —40°C to +85°C_ | 14-Pin Plastic DIP | N-14 
OP497FS —40°C to +85°C |16-PinSOIC. _— | R-16 
OP497GY —40°C to +85°C | 14-Pin Cerdip Q-14 
OP497GP —40°C to +85°C N-14 


14-Pin Plastic DIP 


OP497GS —40°C to +85°C | 16-Pin SOIC 


*For outline information see Package Information section. 


DICE CHARACTERISTICS 


OUTA OUTD 
1 14 


/ INA 27 13 -IND 


Fat 


12 +IND 


+INA 3 
V+ 4 EMD IN312 “41=sV- 


+inB 5 | M7 I SAW 10 +INC 


-INB 6 9 -INC 


7 8 
OUTB OUTC 


Die Size 0.112 x 0.129 inch, 14,448 sq. mils 
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Selection Tree — Instrumentation Amplifiers - 


INSTRUMENTATION 
AMPLIFIERS 


neeenas PROGRAMMABLE oe 
(SINGLE ENDED INPUT) [| 

AMP01 (Low Noise) | AD524 (Input Protection) 

AMP02_ (Input Protection) : AD624 (High Accuracy) 


AD625_ (Low Noise) AD526 | AD621 (Highest Accuracy) 


AD620 (Highest Accuracy) 
| | ene = AD626 (Input Protection) 
AMP04 | —_ 
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Selection Guide—Instrumentation Amplifiers 


Category 
High 


Accuracy 


Low 
Voltage 
Noise 


Resistor 
Programmable 
Gain 


Software 


Prog. Gain 


Single 
Supply 
Low 
Power 


Input 
Protected — 


Differential 


Model 


AD524 
AD620 
AD621 
AMP02 
AD624 


AD624 
AD625 
AMP01 


-AD620 


AD625 
AMP02 
AMP04 


AD526} 


AD626{ 
AMP04 


AD620 
AD621 
AMP04 
AD626 


AD524 
AMP02 


AMP03 
AD626 
SSM2143 


AD620 
AD621 
AMP05 


Gain Range 


1 to 1,000 
1 to 10,000 
10 to 100 
1 to 10,000 
1 to 1,000 


1 to 1,000 
1 to 10,000 
0.1 to 10,000 


1 to 10,000 
1 to 10,000 
1 to 10,000 
1 to 1,000 


1, 2, 4, 8, 16 


10 to 100 
1 to 1,000 


1 to 10,000 
10 to 100 
1 to 1,000 
10 to 100 


1 to 1,000 
1 to 10,000 


] 
10 to 100 
0.5 


1 to 10,000. 
10 to 100 
0.1 to 2,000 


Gain Error* 
+ % 


max (G=1) 


0.02 
0.02 


0.05 (G=10 or 100) 


0.02 
0.02 


0.02 
0.02 


0.6 (G=1-1 k) 


0.02 
0.02 
0.02 
0.5 


0.01 


0.6 (G=10 or 100) 


0.5 
0.02 


0.05 (G=10 or 100) 


0.5 
0.3 (G=10) 


0.02 

0.02 

0.008 

0.3 (G=10) 
0.1 


0.02 


0.05 (G=10 or 100) 


0.5 (G=1-1 k) 


*Does not include effects of external gain resistor (Rg). 
}Digitally programmable. 


{AD626 is specified differently for single and dual supply operation. 


**Resistance equals 200 kQ.. 
‘Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; J = J-Leaded Ceramic Package; 

M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline “SOIC” Package; RS = SSOP—Shrink Small Outline Package; S = Plastic 
Quad Flatpack; ST = Thin Quad Flatpack; T = TO-92; U = TSOP—Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In-Line “SIP” Package; Z = Ceramic Leaded Chip Carrier. 
?Temperature Ranges: C = Commercial, 0°C to +70°C; I = Industrial, —40°C to +85°C (Some older products —25°C to +85°C); M = Military, —55°C to +125°C. If a device has military grade offerings, the M 
temperature designator will be followed by: / to indicate 883B, , for JAN, , for SMD, and , for space level. 


3A = Amplifier Reference Manual. All other entries refer to this volume. 


Boldface Type: Data sheet information in this volume. 


Gain TC* 
ppm/°C 
max (G=1) 


5 


—50 (G=1000) 


5 (G=10) 
50 (G=1000) 
5 


5 
5 (G<1000) 
10 (G=<1000) 


—50 (G=1000) 


5 (G=1000) 
50 (G<1000) 
N/A 


2 


30 (G=10) 
N/A 


—50 (G=1000) 


5 (G=10) 
N/A 
30 (G=10) 


5 
50 (G=1000) 


0.015 
30 (G=10) 


—50 (G=1000) 


5 (G=10) 
20 (G=1000) 


Nonlinearity 
% 
max (G=1) 


0.003 

0.004 (G=1000) 
0.001 (G=10) 
0.006 (G=1000) 
+0.001 

+0.001 

0.001 (G=256) 
0.01 

0.004 (G=1000) 
0.001 (G<256) 
0.006 (G=1000) 
0.012 (typ) 


0.0035 


0.016 (G=10) 
0.012 (typ) 
0.04 (G=<1000) 
0.01 (G=10) 
0.012 (typ) 
0.055 (G=10) 


0.003 
0.006 (G=1000) 


0.055 (G=10) 


0.004 (G=1000) 
0.001 (G=10) 
0.001 (typ) 


Input Input 
Offset Offset 
Voltage Current 
pV max nA max 
50 10 

50 0.5 
125 0.5 
100 5 

25 +10 
25 +10 
25 +5 
50 1 

50 0.5 

25 +5 
100 5 

200 5 

500 - 
2500 N/A** 
200 5 

50 0.5 

50 0.5 
200 5 

250 N/A** 
50 +10 
100 5 

400 ~ 

250 N/A** 
1200 - 

50 0.5 
50 0.5 
1000 0.025 


Voltage 
Noise 


Slew 
Rate 
Volts/ps 
typ 


Power 
Supply 
Range 
+ Volts 


6 to 18 
2.3 to 18 
2.3 to 18 
4.5 to 18 
6 to 18 


6 to 18 
6 to 18 
4.5 to 18 


2.3 to 18 
6 to 18 
4.5 to 18 
2.25 to 18 


4.5 to 16.5 


+2.4 to +12 
+4.5 to +36 


2.3 tol8 
2.3 to 18 
2.25 tol8 
1.2 to 6 


6 to 18 
4.5 to 18 


6 to 18 
1.2 to 6 
6 to 18 


2.3 to 18 
2.3 tol8 
4.5 to 18 


w 
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ANALOG 
DEVICES 


Precision Instrumentation Amplifier 


FEATURES 

Low Noise: 0.3pV p-p 0.1Hz to 10Hz 

Low Nonlinearity: 0.003% (G = 1) 

High CMRR: 120dB (G = 1000) 

Low Offset Voltage: 50n.V 

Low Offset Voltage Drift: 0.5.V/°C 

Gain Bandwidth Product: 25MHz 

Pin Programmable Gains of 1, 10, 100, 1000 

Input Protection, Power On — Power Off 

No External Components Required 

internally Compensated 

MIL-STD-883B and Chips Available 

16-Pin Ceramic DIP and SOIC Packages and 
20-Terminal Leadiess Chip Carriers Available 

Available in Tape and Reel in Accordance 
with EIA-481A Standard 

Standard Military Drawing Also Available 


PRODUCT DESCRIPTION | 
The ADS524 is a precision monolithic instrumentation amplifier 


designed for data acquisition applications requiring high accuracy | 


under worst-case operating conditions. An outstanding combina- 
tion of high linearity, high common mode rejection, low offset 
voltage drift, and low noise makes the AD524 suitable for use in 
many data acquisition systems. 


The ADS524 has an output offset voltage drift of less than 25V/°C, 
input offset voltage drift of less than 0.5V/°C, CMR above | 
90dB at unity gain (120dB at G = 1000) and maximum nonlinearity 
of 0.003% at G = 1. In addition to the outstanding dc specifications 
the AD524 also has a 25MHz gain bandwidth product (G = 
100). To make it suitable for high speed data acquisition systems 
the AD524 has an output slew rate of 5V/ys and settles in 15s 
to 0.01% for gains of 1 to 100. 


As a complete amplifier the AD524 does not require any external 
components for fixed gains of 1, 10, 100 and 1,000. For other 
gain settings between | and 1000 only a single resistor is required. 
The ADS524 input is fully protected for both power on and 
power off fault conditions. 


The AD524 IC instrumentation amplifier is available in ‘four 
different versions of accuracy and operating temperature range. 
The economical “‘A”’ grade, the low drift ““B” grade and lower 
drift, higher linearity “(C” grade are specified from — 25°C to 

+ 85°C. The “S” grade guarantees performance to specification 
over the extended temperature range — 55°C to + 125°C. Devices 
are available in 16-pin ceramic DIP and SOIC packages and a 
20-terminal leadless chip carrier. 


PRODUCT HIGHLIGHTS 


1. The AD524 has guaranteed low offset voltage, offset voltage 
drift and low noise for precision high gain applications. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


REV. B 


CONNECTION DIAGRAMS 
Ceramic (D) and 
SOIC (R) Packages 


—INPUT | 1 | 116 | RG, 
+INPUT [ 2 | 


15 |] OUTPUT NULL 


RG, | 3 | | 14 | OUTPUT NULL 
ADS24 
INPUT NULL [ 4 | top view [13] G = 10 
(Not to Scale) oes toa 

= 2 

INPUT NULL | 5 | [12] G = 10 > fez FOR 

GAIN 
REFERENCE | 6 | 1411] G = 1000 


-Vs | 10 | SENSE 
+Vs5 [8 | 9 ] ourPuT 


4 15 
+Vs —_ — -Vs 
5 14 
INPUT OUTPUT 
OFFSET NULL OFFSET NULL 


Leadless Chip Carrier (E) Package 


7 0619 
+Vs — _y, 
5 18 
0 UT 


INPUT UTP’ 
OFFSET NULL OFFSET NULL 


NULL 


a 
2 @ 
1 20 


@ OUTPUT 


18 OUTPUT NULL 


17°G = 10 


AD524 


a te " SHORT TO 
TOP VIEW RG, FOR 

(Not to Scale) DESIRED 

INPUT NULL 7 15 G = 100 GAIN 


REFERENCE 8 14 G = 1000 


. The ADS524 is functionally complete with pin programmable 


gains of 1, 10, 100 and 1000, and single resistor programmable 
for any gain. 


. Input and output offset nulling terminals are provided for — 


very high precision applications and to minimize offset voltage 
changes in gain ranging applications. 


. The AD524 is input protected for both power on and power 


off fault conditions. 


. The ADS524 offers superior dynamic performance with a 


gain bandwidth product of 25MHz, full power response of 
75kHz and a settling time of 15s to 0.01% of a 20V step 
(G = 100). 
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AD524 a SPECIFICATIONS @ Vs = £15V, R, 7 2kQ =i Tl, = +25°C unless biherwise noted) 


ADS24A ADS24B {> apsas 
Model ; Min Typ Max. i - i igs in Typ Max 


GAIN | 
Gain Equation 
(External Resistor Gain 


Programming) a + | +20% | ahs + | +20% “ee + 1| +20% bala + | + 20% 


G G G Rg 
Gain Range (Pin Programmable) ~ 1to 1000 1 to 1000 1 to 1000 1 to 1000 
Gain Error! . 

Gel 

G = 10 
G = 100 
G = 1000 
Nonlinearity 
G=1 
G = 10,100 
G = 1000 
Gain vs. Temperature . 7 oo 
G=1 - — ppm/°C 
G=10 AS: ( ‘ppm/°G 
G = 100 as >) ppm/*C 
G = 1000 “~ppm/°C 


VOLTAGE OFFSET (May be Nulled) 
Input Offset Voltage 
vs. Temperature 
Output Offset Voltage 
vs. Temperature 
Offset Referred to the 
Input vs. Supply 
G=1 
G= 10 
G = 100 
G = 1000 


INPUT CURRENT 
Input Bias Current 
vs. Temperature 
Input Offset Current 
vs. Temperature 


INPUT 

Input Impedance 
Differential Resistance 
Differential Capacitance 
Common Mode Resistance 
Common Mode Capacitance 

Input Voltage Range 
Max Differ. Input Linear (Vpy.)” 


Max Common Mode Linear (Vc) 
Common Mode Rejection dc 
to 60Hz with 1kQ Source Imbalance 
G=1 
G= 10 
G = 100 
G = 1000 


OUTPUT RATING 
Vout, Rr, = 2k 


DYNAMIC RESPONSE 

Small Signal - 3dB. 
G-} 
G= 10 
G = 100 
G = 1000 

Slew Rate 

Settling Time to 0.01%, 20V Step 
G = }to 100 


G= 1000 
NOISE 

Voltage Noise, 1kHz =e 
R.T.L “av/VHz 
R.T.O. nv/VHz 

R.T.I., 0.1 to 10Hz 
G=1 pV p-p 
G=10 pV p-p 
G = 100, 1000 HV p-p 

Current Noise 


0.1Hz to 10Hz pApP 
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ADS24 


ADS24C AD524S 

Model Max Min Typ Max Min Typ Max Units 
SENSE INPUT 

Rw 20 20 kf. + 20% 

In 15 15 pA 

Voltage Range +10 +10 Vv 

Gain to Output l 1 % 
REFERENCE INPUT 

Rm 40 40 kf. + 20% 

lin 15 15 pA 

Voltage Range 10 10 Vv 

Gain to Output 1 1 % 
TEMPERATURE RANGE 

Specified Performance —25 + 85 ~ 25 +85 ~25 +85 —§55 + 125 i @ 

Storage — 65 +150 — 65 +150 -65 +150 °C 
POWER SUPPLY 

Power Supply Range +6 +15 +18 +6 +15 +18 +6 +15 +18 Vv 

Quiescent Current 5 5.0 3 5.0 3 5.0 mA 

NOTES 


'Does not include effects of external resistor Rg. 

2Voz is the maximum differential input voltage at G = 1 for specified nonlinearity. 

Vp. at other gains = 10V/G. 

Vp = Actual differential input voltage. 

Example: G = 10, Vp = 0.50 
Vem = 12V -(10/2 x 0.50V) = 9.5V 

Specifications subject to change without notice. 
All min and max specifications are guaranteed. Specifications shown in boldface are tested on all production units at final electrical test. Results from 
those tests are used to calculate outgoing quality levels. 


ABSOLUTE MAXIMUM RATINGS! NOTES 
‘Stresses above those listed under “Absolute Maximum Ratings” may cause 
Supply Voltage: s2. ce DES a a Oe aw +18V permanent damage to the device. This is a stress rating only and functional 
Internal Power Dissipation .............. 450mW operation of the device at these or any other conditions above those indi- 
Input Voltage,” cated in the operational section of this specification is not implied. Exposure 
‘ “i to absolute maximum rating conditions for extended periods may affect 
(Either Input Simultaneously) |[Vix| + |Vs| .. . . . <36V device reliability. 
Output Short Circuit Duration ........... Indefinite 2Max input voltage specification refers to maximum voltage to which either input 
Storage Temperature Range terminal may be raised with or without device power applied. For example, 
(eee ee eee ~65°C to +125°C bipe oe has supplies max Vyy is + 18 volts, with zero supply voltage max Vyjy 
+ s. 
CES tebe tas gd IOS deake Gerd eb 2 — 65°C to + 150°C 
Operating Temperature Range ORDERING GUIDE 
ADS24A/B/C ..........02000- — 25°C to + 85°C 
PDD 24 Sn sooe e a HH BS Ek Sd A —55°C to + 125°C 


Temperature Package 
Range Description 


Lead Temperature Range (Soldering 60 seconds) .. +300°C 


ADS24AD — 40°C to + 85°C 16-Pin Ceramic DIP - 
ADS24AE —40°Cto +85°C | 20-Pin LeadlessChip Carrier | E-20A 
: ADS524AR ~40°Cto + 85°C | 16-PinGull-Wing SOIC R-16 
METALIZATION PHOTOGRAPH AD524AR-REEL| — 40°C to + 85°C Tape & Reel Packaging . 
; ; ADS24BD’° —40°Cto +85°C | 16-Pin Ceramic DIP D-16 
Dineen Clove aviaches and (ee ADS24BE ~40°Cto +85°C | 20-Pin LeadlessChip Carrier | E-20A 
ADS5S24CD —40°Cto + 85°C | 16-Pin Ceramic DIP D-16 
OUTPUT AD524SD -—55°Cto + 125°C | 16-Pin Ceramic DIP  -D-16 
ai set es rae — AD524SD/883B | —55°Cto + 125°C | 16-Pin Ceramic DIP D-16 
ADS24SE/883B | -—55°Cto + 125°C | 20-Pin Leadless Chip Carrier | E-20A 


: ADS24AChips ~ 40°C to + 85°C Die 

OnuLL. — > output ADS24SChips | — 55°C to + 125°C |_ Die 

RG1 16 eas 8 +Vs5 *For outline information see Package Information section. 

0.103 (2.61) 
-INPUT 1 FUNCTIONAL BLOCK DIAGRAM 
+INPUT 2 7 -Vs 
fe hea 
RG2 3 <a ee as 


4 5 6 
INPUT = INPUT REFERENCE 


NULL NULL 


0.170 (4.33) 


PAD NUMBERS CORRESPOND 10 PIN NUMBERS FOR THE D-16 
AND R-16 16-PIN CERAMIC PACKAGES. 


REFERENCE 
+INPUT 
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ANALOG 
DEVICES 


Software Programmable 
~ Gain Amplifier 


FEATURES 
Digitally Programmable Binary Gains from 1 to 16 
Two-Chip Cascade Mode Achieves Binary Gain from 
1 to 256 
Gain Error: 
0.01% max, Gain = 1, 2, 4 (C Grade) 
0.02% max, Gain. = 8, 16 (C Grade) 
0.5ppm/°C Drift Over Temperature 
Fast Settling Time 
10V Signal Change: 
0.01% in 4.5us (Gain 
Gain Change: 
0.01% in 5.6s (Gain = 16) 
Low Nonlinearity: +0.005% FSR max (J Grade) 
Excellent DC Accuracy: 
Offset Voltage: 0.5mV max (C Grade) 
Offset Voltage Drift: 3V/°C (C Grade) 
TTL Compatible Digital Inputs 
Standard Military Drawing Available 


16) 


PRODUCT DESCRIPTION 

The ADS526 is a single-ended, monolithic software programmable 
gain amplifier (SPGA) that provides gains of 1, 2, 4, 8 and 16. 
It is complete, including amplifier, resistor network and | 
TTL-compatible latched inputs, and requires no external 
components. - 


Low gain error and low nonlinearity. make the AD526 ideal for 
precision instrumentation applications requiring programmable 
gain. The small signal bandwidth is 350kHz at a gain of 16. In 
addition, the AD526 provides excellent dc precision. The FET- 
input stage results in a low bias current of 50pA. A guaranteed 
maximum input offset voltage of 0.5mV max (C grade) and low 
gain error (0.01%, G=1, 2, 4, C grade) are accomplished using 
Analog Devices’ laser trimming technology. 


To provide flexibility to the system designer, the AD526 can be 
operated in either latched or transparent mode. The force/sense 
configuration preserves accuracy when the output is connected . 
to remote or low impedance loads. 


The ADS526 i is offered in one commercial (0 to + 70°C) grade, J, 
and three industrial grades, A, B and C, which are specified 
from — 40°C to +85°C. The S grade is specified from — 55°C to 
+ 125°C. The military version is available processed to MIL-STD 
883B, Rev C. The J grade is supplied in a 16-pin plastic DIP, 
and the other as are offered in a 16-pin hermetic side-brazed 
ceramic DIP. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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PIN CONFIGURATION 


DIG GND| 1 | © 


Vin cs 
NULL| 4] © AD526 CLK 
| TOP VIEW 
BNAEOG SNE 2 5 | (Not to Scale) ne 
ANALOG GND 1] 6 | B 


-Vs ; +Vs 


Vout SENSE | 8 | Vout FORCE 


APPLICATION HIGHLIGHTS | 
1. Dynamic Range Extension for ADC Systems: A single . 
ADS526 in conjunction with a 12-bit ADC can provide ‘ 96dB 
of dynamic range for ADC systems. 


2. Gain Ranging Pre-Amps: The AD526 offers complete digital 
gain control with precise gains in binary steps from 1 to 16. 
Additional gains of 32, 64, 128 and 256 are possible by ee 
two AD526s.. 


REV.B 


SPECIFICATIONS av, - 


AD526J 
Typ 


AD526A 
Typ 


Min 


Model Max {Min Max 


GAIN 
Gain Range 
(Digitally Programmable) 
Gain Error 
G=1 
G=2 
G=4 
G=8 
G = 16 
Gain Error Drift 
Over Temperature 
G=1 
G=2 
G=4 
G=8 
G=16 
Gain Error (Tin to Tmax) 
G=1 
G=2 
G=4 
G=8 
G=16 


Nonlinearity 


—-1,2,4,8, 16 1,2,4,8, 16 
0.02 
0.03 
0.03 
0.07 


VOLTAGE OFFSET, ALL GAINS 
Input Offset Voltage 
Input Offset Voltage Drift Over 

Temperature 
Input Offset Voltage 
Trin to Tmax 
Input Offset Voltage vs. Supply 
(Vs + 10%) 


INPUT BIAS CURRENT 
Over Input Voltage Range + 10V 


ANALOG INPUT 
CHARACTERISTICS 
Voltage Range 
(Linear Operation) 
Capacitance 


RATED OUTPUT 
Voltage 
Current (Vout = + 10V) 
Short-Circuit Current 
DC Output Resistance 
Load Capacitance 
(For Stable Operation) 


NOISE, ALL GAINS 

Voltage Noise, RTI 
0.1Hzto 10Hz 

Voltage Noise Density, RTI 
f= 10Hz 
f=100Hz 
f= 1kHz 
f = 10kHz 


REV. B 


ADS26B/S 


Min Max 


1,2,4, 8, 16 


0.01 
0.02 
0.02 
0.04 


AD526 


+15V, R, = 2kQ and T, = +25°C unless otherwise otherwise specified) 


AD526C 


Min Max Units 


1,2, 4,8, 16 


% 
% 
% 
% 
% 


ppm/°C 
ppm/°C 
ppm/°C 
ppm/°C 
ppm/°C 


% 
% 
% 
% 
% 


% FSR 
% FSR 
% FSR 
% FSR 
% FSR 


% FSR 
% FSR 
% FSR 
% FSR 
% FSR 


pVv/°C 
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/ADS26 


ADS26C 


AD526A ADS5S26B/S 


AD526J. 


Model Min’ Typ Max | Min’ Typ Max Typ Max Min Typ § Max Units 
DYNAMIC RESPONSE ve 
— 3dB Bandwidth (Small Signal) 
G= 4.0 MHz 
G=2 2.0 MHz — 
G=4 1.5 MHz. 
G=8 MHz 
G= 16 MHz 
Signal Settling Time to 0.01% 
(AVout= + 10V) 
G=1 Ms 
G=2 ws 
G=4 ws 
G=8 }LS 
G = 16 ws 
‘Full Power Bandwidth’ 
G = 1,2,4 MHz 
G = 8,1 MHz 
Slew Rate 
G = 1,2,4 V/ps 
G = 8, 16 V/s 
DIGITALINPUTS 
(Thnin to Tmax) 
Input Current (Vy = 5V) pA 
Logic “1” V 
Logic “0” V 
TIMING! 
(Vy, = 0.2V, Vy = 3.7V) 
AO, Al, A2 
Tc ns 
Ts ns 
Tu ns 
B 
Tc ns 
Ts ns 
Ty ns 
TEMPERATURE RANGE 
Specified Performance + 85/+ 125 
_ Storage +150 
POWER SUPPLY 
Operating Range 


Positive Supply Current 
Negative Supply Current 


PACKAGE OPTIONS? 
Plastic (N-16) 
Ceramic DIP (D-16) 


-ADS26JN _ 


AD526AD ADS26BD AD526SD 


ADS526SD/883B 
NOTES Sake ( ; 
'Refer to Figure 35 for definitions. Specifications subject to change without notice. 
FSR = Full-Scale Range = 20V. Specifications shown in boldface are tested on all production units at final 
RTI = Referred to'Input. electrical test. All min and max specifications are guaranteed, although only 
For outline information see Package Information section. those shown in boldface are tested on all production units. 


| KKK KKK K 


GAIN CODE RYYXKKK ORD 
COT OE BRK WY RY KKK) 
CLK OR GS 


Tc = MINIMUM CLOCK CYCLE NOTE: THRESHOLD LEVEL FOR 
Ts = DATA SETUP TIME GAIN CODE, CS, 
Tu = DATA HOLD TIME ANDCLKIS 1.4V. 


Figure 35. AD526 Timing 
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REV. B 


ANALOG 
DEVICES 


Low Cost, Low Power 
Instrumentation Amplifier 


AD620 


FEATURES 
EASY TO USE 
Gain Set with One External Resistor 
(Gain Range 1 to 1000) 
Wide Power Supply Range (+2.3 V to +18 V) 
Higher Performance than Three Op Amp IA Designs 
Available in 8-Pin DIP and SOIC Packaging 
Low Power, 1.3 mA max Supply Current 


EXCELLENT DC PERFORMANCE (“A GRADE”) 
125 »V max, Input Offset Voltage (50 .V max 
“B” Grade) 
1 pV/°C max, Input Offset Drift 
2.0 nA max, Input Bias Current 
93 dB min Common-Mode Rejection Ratio (G = 10) 


LOW NOISE 
9 nV/VHz, @ 1 kHz, Input Voltage Noise 
0.28 pV p-p Noise (0.1 Hz to 10 Hz) 


EXCELLENT AC SPECIFICATIONS 
120 kHz Bandwidth (G = 100) 
15 ps Settling Time to 0.01% 


APPLICATIONS 

Weigh Scales 

ECG and Medical Instrumentation 
Transducer Interface 

Data Acquisition Systems 

Industrial Process Controls 

Battery Powered and Portable Equipment 


PRODUCT DESCRIPTION 

The AD620 is a low cost, high accuracy instrumentation ampli- 
fier which requires only one external resistor to set gains of | to 
1000. Furthermore, the AD620 features 8-pin SOIC and DIP 
packaging that is smaller than discrete designs, and offers lower 


3 OP-AMP 
IN-AMP 
(3 OP-07s) 


TOTAL ERROR, PPM OF FULL SCALE 


SUPPLY CURRENT - mA 
Three Op Amp IA Designs vs. AD620 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


REV. D. 


CONNECTION DIAGRAM 


8-Pin Plastic Mini-DIP (N), Cerdip (Q) 
and SOIC (R) Packages 


TOP VIEW 


power (only 1.3 mA max supply current), making it a good fit 
for battery powered, portable (or remote) applications. 


The AD620, with its high accuracy of 40 ppm maximum non- 
linearity, low offset voltage of 50 wV max and offset drift of 
0.6 wV/°C max, is ideal for use in precision data acquisition sys- 
tems, such as weigh scales and transducer interfaces. Further- 
more, the low noise, low input bias current, and low power of 
the AD620 make it well suited for medical applications such as 
ECG and noninvasive blood pressure monitors. 


The low input bias current of 1.0 nA max is made possible with 
the use of SuperBeta processing in the input stage. The AD620 
works well as a preamplifier due to its low input voltage noise of 
9 nV/\/Hz at 1 kHz, 0.28 pV p-p in the 0.1 Hz to 10 Hz band, 
0.1 pA/\/Hz input current noise. Also, the AD620 is well suited 
for multiplexed applications with its settling time of 15 ys to 
0.01% and its cost is low enough to enable designs with one in 
amp per channel. 


10,000 


AD620 SUPERBETA 
BIPOLAR INPUT 
IN-AMP 


RTI VOLTAGE NOISE 
(0.1 -10Hz) - uV p-p 


1k 10k 100k 1M 10M 100M 
SOURCE RESISTANCE —- Q 


Total Voltage Noise vs. Source Resistance 
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AD620 — SPECIFICATIONS (typical @ +25°C, Vy = +15 V, and R, = 2 KO unless otherwise noted) “ 


AD620S*. 
Typ Max 


SANs AD620A AD620B 
Min Typ Max Min Typ Max | Mi 


Model 2 0 FT, Conditions | - 


) Units © 


GAIN a 1G = 1+ (49.4 Rg) | 
. Gain Range 10,000 
Gain Error! Vout = +10 V 
G=1 i ee i 0:10 
G = 10 me Be BE | 0.30 
G = 100 0.30. 
G = 1000 . Haas? &- 8s ee eae f : ie GEM : 0.70 
Nonlinearity, = Vour = —10 V to +10 V, | | | 
G = 1-1000 Ry = 10k0 a | to 10, 40 
G = 1-100 Ry, =2kO0 a | | | 10° 95 | 
Gain vs. Temperature Gain <1000! an . @ a: | 73507 . ppm/°C 
VOLTAGE OFFSET | (Total RTI Error = Vos; + Voso/G) | . 
Input Offset, Vosy = =+5Vto+I5V 
over Temperature = +5 Vto+iIS V 
Average TC +5 Vto +15 V’ 
Output Offset, Voso +15V 
=+5V 
over Temperature =+5Vto+15V 
Average TC +5 Vto+15V 
Offset Referred to the 
Input vs. 
Supply (PSR) = +2.3Vto +18 V 
G=1 
G=10 
G = 100 
‘G= 1000 
INPUT CURRENT 


Input Bias Current 
over Temperature 
Average TC . . 

Input Offset Current 
over Temperature 
Average TC 


INPUT © . 
Input Impedance | 
Differential 
Common-Mode: hee 
‘Input Voltage Range?” = +2.3Vto+5V 
over Temperature Se 
= +5Vto +18-V 
over Temperature 
Common-Mode Rejection 
Ratio DC to 60 Hz with 
1 kQ Source Imbalance ‘1 Vem = 0V to +10 V 
G=1 
G = 10 
G= 100 
G = 1000 | 
OUTPUT ; . . 
Output Swing R, = 10 kO, 
Vs = £2.3.Vto +5 V 


BEBE 


over Temperature 


Vs = +5 Vto +18V 


over Temperature 
Short Current Circuit 


g<<<< 
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AD620 


AD620A . AD620B AD620S* 
Model Conditions Min Typ Max | Min Typ Max Min Typ Max Units 


DYNAMIC RESPONSE 

Small Signal —3 dB Bandwidth 
G=1 
G = 10 
G = 100 
G = 1000 

Slew Rate 

Settling Time to 0.01% 10 V Step 
G = 1-100 
G = 1000 


NOISE 


Voltage Noise, 1 kHz 
Input, Voltage Noise, e,; 
Output, Voltage Noise, e,,, 
RTI, 0.1 Hz to 10 Hz 


Total RTI Noise = V(e2s:) + (€no/G)? 


G=1 
G= 10 
G = 100-1000 


Current Noise 
0.1 Hz to 10 Hz 


REFERENCE INPUT 
Riw 
lin 
Voltage Range 
Gain to Output 


POWER SUPPLY 
Operating Range* 
Quiescent Current Vs = +2.3Vto +18 V 

over Temperature 


1.1 1.6 1.1 1.6 11 1.6 
TEMPERATURE RANGE 
for Specified Performance —40 to +85 —40 to +85 —55 to +125 °C 
NOTES - | 
1Does not include effects of external resistor Rg. 

2One input grounded. G = 1. | . . 

3This is defined as the same supply range which is used to specify PSR. 

4See Analog Devices military data sheet for 883B tested specifications. 


Specifications subject to change without notice. 


Vin+ >Vrer = 0 
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AD620 


ABSOLUTE MAXIMUM RATINGS? | 


Supply Voltage sche a os os SO eK HRA +18 V 
Internal Power Dissipation”? ..............000+ 650 mW 
Input Voltage (Common Mode)..............262- +Vzs 
Differential Input Voltage ............ Greece ae sy +25 V 
Output Short Circuit Duration ........... -.... Indefinite 
Storage Temperature Range (Q) ......... —65°C to +150°C 
Storage Temperature Range (N, R)....... —65°C to +125°C 
Operating Temperature Range 

AD620 (As. BD. eos 44.444 eh wa wwe —40°C to +85°C 

PID620.(9). 43. dee Baie es sae tes —55°C to +125°C 
Lead Temperature Range 

(Soldering 10 seconds) ...........20 ee ee eee 300°C 
NOTES 


Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 
Specification is for device in free air: 

8-Pin Plastic Package: 6,4 = 95°C/Watt 

8-Pin Cerdip Package: 0;, = 110°C/Watt 

8-Pin SOIC Package: @,, = 155°C/Watt 


ORDERING GUIDE 


Temperature Range 


—40°C to +85°C 


Package Option* 
N-8 


AD620AN 


AD620BN —40°C to +85°C N-8 
AD620AR —40°C to +85°C R-8 
AD620BR —40°C to +85°C R-8 
AD620AChips —40°C to +85°C Die Form 


AD620SQ/883B —55°C to +125°C Q-8 


*N = Plastic DIP; Q = Cerdip; R = SOIC. 


ESD SUSCEPTIBILITY 


_ ESD (electrostatic discharge) sensitive device. Electrostatic 


charges as high as 4000 volts, which readily accumulate on the 
human body and on test equipment, can discharge without 
detection. Although the AD620 features proprietary ESD pro- 
tection circuitry, permanent damage may still occur on these 
devices if they are subjected to high energy electrostatic dis- 
charges. Therefore, proper ESD precautions are recommended — 
to avoid any performance degradation or loss of functionality. 


METALIZATION PHOTOGRAPH 


Dimensions shown in inches and (mm). 
Contact factory for latest dimensions. 


8 Ro T#Vg 


6 OUTPUT 
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REV. D. 


ANALOG 
DEVICES 


FEATURES 

EASY TO USE 

Pin-Strappable Gains of 10 & 100 

All Errors Specified for Total System Performance 
Higher Performance than Discrete In-Amp Designs 
Available in 8-Pin DIP and SOIC 

Low Power, 1.3 mA max Supply Current 

Wide Power Supply Range (+2.3 V to +18 V) 


EXCELLENT DC PERFORMANCE 

0.15% max, Total Gain Error 

+5 ppm/°C, Total Gain Drift 

125 pV max, Total Offset Voltage 
1.0 pV/°C max, Offset Voltage Drift 


LOW NOISE 

9 nV/V/Hz, @ 1 kHz, Input Voltage Noise 

0.28 »V p—p Noise (0.1 Hz to 10 Hz) 
EXCELLENT AC SPECIFICATIONS 

800 kHz Bandwidth (G = 10), 200 kHz (G = 100) 
12 ps Settling Time to 0.01% 


APPLICATIONS 

Weigh Scales | 

Transducer Interface & Data Acquisition Systems 
Industrial Process Controls 

Battery Powered and Portable Equipment 


PRODUCT DESCRIPTION 

The AD621 is an easy to use, low cost, low power, high accu- 
racy instrumentation amplifier which is ideally suited for a wide 
range of applications. Its unique combination of high perfor- 
mance, small size and low power, outperforms discrete in amp 
implementations. High functionality, low gain errors and low 
gain drift errors are achieved by the use of internal gain setting 
resistors. Fixed gains of 10 and 100 can be easily set via external 
pin strapping. The AD621 is fully specified as a total system, 
therefore, simplifying the design process. 


3 -OP-AMP 
IN-AMPS 


TOTAL ERROR, ppm OF FULL SCALE 


SUPPLY CURRENT -mA 


Three Op Amp IA Designs vs. AD621 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


REV. A 


Low Drift, Low Power 
Instrumentation Amplifier 


CONNECTION DIAGRAM 


8-Pin Plastic Mini-DIP (N), 
Cerdip (Q) and SOIC (R) Packages 


a | G=10/100 
+Vs 
ie OUTPUT 
5 | REF 


G=10/100 a | 

-IN 2 | 
aie 

+IN ha 

vs [a] 


For portable or remote applications, where power dissipation, 
size and weight are critical, the AD621 features a very low sup- 
ply current of 1.3 mA max and is packaged in a compact 8-pin 
SOIC, 8-pin plastic DIP or 8-pin cerdip. The AD621 also excels 
in applications requiring high total accuracy, such as precision 
data acquisition systems used in weigh scales and transducer 
interface circuits. Low maximum error specifications including 
nonlinearity of 10 ppm, gain drift of 5 ppm/°C, 50 wV offset 
voltage and 0.6 wV/°C offset drift (“B’’ grade), make possible 
total system performance at a lower cost than has been previ- 
ously achieved with discrete designs or with other monolithic 
instrumentation amplifiers. 


When operating from high source impedances, as in ECG and 
blood pressure monitors, the AD621 features the ideal combina- 
tion of low noise and low input bias currents. Voltage noise is 
specified as 9 nV\/Hz at 1 kHz and 0.28 pV p—p from 

0.1 Hz to 10 Hz. Input current noise is also extremely low at 
0.1 pA/\/Hz. The AD621 outperforms FET input devices with 
an input bias current specification of 1.5 nA max over the full 
industrial temperature range. 


10,000 


TYPICAL STANDARD 
BIPOLAR INPUT 


= 100 - n.Vp-—p 


(0.1 — 10Hz) 


AD621 SUPERBETA 
BIPOLAR INPUT . 
IN-AMP 


TOTAL INPUT VOLTAGE NOISE, G 


1k 10k 100k 1M 10M 100M 
SOURCE RESISTANCE - 2 


Total Voltage Noise vs. Source Resistance 
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AD621— SPECIFICATIONS 


Gain = _ Os Atypical @ +25°C, Vs = = +15 V, and R, = 2 k© unless otherwise noted) 


. eae — AD EIS! 
Parameter Conditions Typ Units 


GAIN 
Gain Error 
Nonlinearity 
Vout = ~10 Vto +10 Vv Re: =2 KO 
Gain vs. Temperature | 


TOTAL VOLTAGE OFFSET 
Offset (RTI) Vs=+15V 
over Temperature Vs= +5 Vto+15 V 
Average TC Vs = +5 Vto+15 V 
Offset Referred to the 
Input vs. Supply (PSR = |Vs = +2.3 Vto +18 V [95 
TOTAL NOISE cL 
Voltage Noise, (RTT) 1 kHz » 
RTI 0.1 Hz to 10 Hz . 
Current Noise f = 1 kHz 
0.1 Hz—10 Hz 
INPUT CURRENT 


Input Bias Current 
over Temperature 
Average TC 

Input Offset Current — 
over Temperature 
Average TC 


INPUT 
Input Impedance ae oe 
Differential ‘10||2 
Common-Mode . ar erie 
Input Voltage Range? == | Vg = -+2.3 Vto +5 VI - 
over Temperature _ ae 
Py 7 +5 Vto+18V 
over Temperature oo i 
Common-Mode Rejection 
Ratio DC to 60 Hz with 
1 kQ Source Imbalance 


OUTPUT | aan ‘ 
Output Swing ; ‘yR, = 10 kQ, 

me Vs = +2.3 Vtot5 V 

over Temperature 


ee) Vto+18V 


over Temperature 
Short Current Circuit. 


DYNAMIC RESPONSE 
Small Signal, 
—3 dB Bandwidth 
Slew Rate ; 
Settling Time to 0. 01% 


REFERENCE INPUT . 
Rin 
lin 
Voltage Range 
Gain to Output 


POWER SUPPLY 
Operating Range 
Quiescent Current — : od = +2.3V to + 18V 

over Temperature — 


TEMPERATURE RANGE 
For alana clan “49 to +85 —40 to +85 —55 to +125 


NOTES 

1See Analog Devices military data sheet + for 883B tested specifications. 
This is defined as the supply range over which PSRR is defined. 
3Input Voltage Range = CMV + (Gain X Vpypp). 


Specifications subject to change without notice. 
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AD621 


Gain — 100 (typical @ +25°C, V, = +15 V, and R, = 2 kQ unless otherwise noted) 


Parameter 


GAIN 
Gain Error 
Nonlinearity 


Vout = —10 Vto +10 V Ry = 2 kO 


Gain vs. Temperature 


TOTAL VOLTAGE OFFSET 


Offset (RTD 
over Temperature 
Average TC 

Offset Referred to the 
Input vs. Supply (PSR)? 


TOTAL NOISE 
Voltage Noise, (RTI) 
RTI 
Current Noise 


INPUT CURRENT 
Input Bias Current 
over Temperature 
Average TC 
Input Offset Current 
over Temperature 
Average TC 


INPUT 
Input Impedance 
Differential 
Common-Mode 
Input Voltage Range 
over Temperature 


3 


over Temperature 
Common-Mode Rejection 

Ratio DC to 60 Hz with 

1 kQ Source Imbalance 


OUTPUT 
Output Swing 


over Temperature 


over Temperature 
Short Current Circuit 


DYNAMIC RESPONSE 
Small Signal, 
—3 dB Bandwidth 
Slew Rate 
Settling Time to 0.01% 


REFERENCE INPUT 
Rin 
lin 
Voltage Range 
Gain to Output 


POWER SUPPLY 
Operating Range 
Quiescent Current 

over Temperature 


TEMPERATURE RANGE 
For Specified Performance 


NOTES 


AD621A | AD621B AD621S! 
Conditions Min Typ _ Max Min Typ Max Min Typ Max Units 
0.15 0.05 0.15 


ppm of FS 
ppm/°C 


Vs=+5V+I15V 
Vs=+5 Vto+15 V 
Vo=+5 Vto+tI5 V 


Vs = £2.3Vto +18V | 110. 


1 kHz 
0.1 Hz to 10 Hz 
f = 1 kHz 

0.1 Hz—-10 Hz 


10\||2 10/2 Loi GOIIpF 
10||2 10)|2 la? GQ) pl 
Vs = £2.3 Vtot+t5 V!—V,+ 1.9 +Vs5 — 1.2}-Vs + 1.9 PMG ACR Ws, eee ali 
=VeF 2.1 +V, — 1.3]-Vs + 2.1 Noe, “Deal ENG atl eV OTN 
+5 Vto+18 V |—-Vo+1.9 +Vs — 1.4|-Vs + 1.9 +Vi 0 EP OV LY mV LLY 
—Vgt2.1 -Vs + 2.1 $Ve lade Nie ls PV LALYV 
110 120 130 110 130 dB 
+V,5 ~ 1.2]-Vs + 1.1 tVe - 1L.2]V 
+Vs — 1.3}-Vg + 1.6 +V, — 1.3]V 
Vs = +5 Vtotl8V Vest 12 +V, — 1.4/V 
—V, + 2.3 +Vo — 1.5/V 
+18 mA 
200 kHz 
0.75 1.2 V/s 
10 V Step 12 [LS 


+50 


+Vg ~ 1.6 


Vg + 1.6 
- 1 + 0.0001 


Vs = +2.3Vto+18V 


1.1 1.6 1.1 1.6 1.1 1.6 


1See Analog Devices military data sheet for 883B tested specifications. 
?This is defined as the supply range over which PSRR is defined. 
3Input Voltage Range = CMV + (Gain X Vprpp)- 


Specifications subject to change without notice. 
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AD621 


ABSOLUTE MAXIMUM RATINGS’ 


Supply Voltage .............. pono GR eyo trie +18 V 
Internal Power Dissipation? .................. 650 mW 
Input Voltage .............. PY ee ae tVsz 
Differential Input Voltage ................0.206. +25 V 
Output Short Circuit Duration ............... Indefinite 
Storage Temperature Range (Q) ......... —65°C to +150°C 
Storage Temperature Range (N, R)....... —65°C to +125°C 
Operating Temperature Range | 
ADOZIA; BB: 64.4426% ee tena eaes —40°C to +85°C 
BDO21S cacuierici sane) etre dee ed Od ‘oa =55°C to +125°C 
Lead Temperature Range 
- (Soldering 10 seconds) ..... Se atyich Hades neces a ena +300°C 
NOTES 


Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 
Specification is for device in free air: 

8-Pin Plastic DIP Package: 0,4, = 95°C/Watt 

8-Pin Cerdip Package: 6,, = 110°C/Watt 

8-Pin SOIC Package: 0,4 = 155°C/Watt . 
3See Analog Devices’ military data sheet for 883B specifications. 


ESD SUSCEPTIBILITY | 

ESD (electrostatic discharge) sensitive device. Electrostatic 
charges as high as 4000 volts, which readily accumulate on the 
human body and on test equipment, can discharge without 
detection. Although the AD621 features proprietary ESD pro- 
tection circuitry, permanent damage may still occur on these 
devices if they are subjected to high energy electrostatic dis- 
charges. Therefore, proper ESD precautions are recommended 
to avoid any performance degradation or loss of functionality. 


ORDERING GUIDE 
|Package 


Temperature Package 
Range Description Option! 


—40°C to +85°C |8-Pin Plastic DIP |N-8 


AD621AN 


AD621BN —40°C to +85°C |8-Pin Plastic DIP |N-8 
AD621AR —40°C to +85°C |8-Pin Plastic SOIC] R-8 
AD621BR —40°C to + 85°C |8-Pin Plastic SOIC|R-8 
AD621SQ/883B7j|—55°C to +125°C|8-Pin Cerdip Q-8 


AD621ACHIPS |—40°C to +85°C |Die 


NOTES 
1For outline information see Package Information section. 
?See Analog Devices’ military data sheet for 883B specifications. 


METALIZATION PHOTOGRAPH 


Dimensions shown in inches and (mm) 
Contact factory for latest dimensions 


0.125 (3.57) 
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REFERENCE 


0.0708 
(2.545) 


REV.A 


ANALOG 
DEVICES 


Precision Instrumentation Amplifier 


AD624 


FEATURES 

Low Noise: 0.2,V p-p 0.1Hz to 10Hz 

Low Gain TC: 5ppm max (G = 1) 

Low Nonlinearity: 0.001% max (G = 1 to 200) 
High CMRR: 130dB min (G = 500 to 1000) 
Low Input Offset Voltage: 25uV, max 

Low Input Offset Voltage Drift: 0.254.V/°C max 
Gain Bandwidth Product: 25MHz 

Pin Programmable Gains of 1, 100, 200, 500, 1000 
No External Components Required 

Internally Compensated 


PRODUCT DESCRIPTION 

The AD624 is a high precision, low noise, instrumentation 
amplifier designed primarily for use with low level transducers, 
including load cells, strain gauges and pressure transducers. An 
outstanding combination of low noise, high gain accuracy, low 
gain temperature coefficient and high linearity make the AD624 
ideal for use in high resolution data acquisition systems. 


The AD624C has an input offset voltage drift of less than 0.25.V/ 
°C, output offset voltage drift of less than 102V/°C, CMRR 
above 80dB at unity gain (130dB at G=500) and a maximum 
nonlinearity of 0.001% at G=1. In addition to these outstanding 
dec specifications, the AD624 exhibits superior ac performance 
as well. A 25MHz gain bandwidth product, 5V/us slew rate and 
15s settling time permit the use of the AD624 i in high speed 
data acquisition applications. 


The AD624 does not need any external components for pre- 
trimmed gains of 1, 100, 200, 500 and 1000. Additional gains 
such as 250 and 333 can be programmed within one percent 
accuracy with external jumpers. A single external resistor can 
also be used to set the 624’s gain to any value in the range of 1 
to 10,000. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


REV.A 


CONNECTION DIAGRAM 


—INPUT [ 1 | 
+INPUT | 2 | 
RG, | 3 | 


INPUT NULL | 4 | 


116 | RG, 


115 | OUTPUT NULL 


14 | OUTPUT NULL 


INPUT NULL | 5 | 


REFERENCE | 6 | 
-Vs [7 | 
/  +V5 1 8 | 


FOR GAIN OF 1000 SHORT RG, TO PIN 12 
AND PINS 11 AND 13 TO RG, 


PRODUCT HIGHLIGHTS 

1. The AD624 offers outstanding noise performance. Input — 
noise is typically less than 4nV/WHz at 1kHz. 

2. The AD624 is a functionally complete instrumentation am- 
plifier. Pin programmable gains of 1, 100, 200, 500 and 1000 
are provided on the chip. Other gains are achieved through 
the use of a single external resistor. 


’ 3. The offset voltage, offset voltage drift, gain accuracy and 


gain temperature coefficients are guaranteed for all pre-trimmed 
gains. 

4. The AD624 provides totally independent input and output 
offset nulling terminals for high precision applications. This 
minimizes the effect of offset voltage in gain ranging 
applications. 

5. A sense terminal is provided to enable the user to minimize 
the errors induced through long leads. A reference terminal 
is also provided to permit level shifting at the output. 
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AD624 — SPECIFICATIONS (@ Vy = +15V, R, = 2kO, and T, = +25°C unless otherwise specified) = 
Model | __ Min Typ) = Max | Min ae = Min Typ = - Min’ Typ Max |. = 


GAIN" 
Gain Equation 
.”’ (External Resistor Gain 
Programming) 


40,000 | f 49.000 | 40.000 | | ame 
BO + 1 | + 20% OO + 1) +20% +1] +20% 0 +1| +20% 
| Rg Rg Rg F Rg 


Gain Range (Pin Programmable) 1 to 1000 1to 1000 1 to 1000 1 to 1000 
Gain Error ; = ae 

G=1 

G = 100 

G = 200, 500 

G = 1000 
Nonlinearity: 

G=1 

G = 100, 200 

G = 500, 1000 
Gain vs. Temperature 

G=1 

G = 100, 200 

G = 500, 1000 


VOLTAGE OFFSET (May be Nulled) 
Input Offset Voltage 
vs. Temperature 
Output Offset Voltage 
vs. Temperature 
Offset Referred to the 
Input vs. Supply 
G=1 
G = 100, 200 
G = 500, 1000 


INPUT CURRENT 
Input Bias Current 
vs. Temperature 
Input Offset Current 
vs. Temperature 


INPUT 

Input Impedance 
Differenual Resistance 
Differential Capacitance 
Common-Mode Resistance 
Common-Mode Capacitance _ 

Input Voltage Range! 

_ Max Differ. Input Linear (Vp) 


Max Common-Mode Linear (Vc) 
Common-Mode Rejection dc 
to 60Hz with 1k Source Imbalance 
G=1 
G = 100, 200 
G = 500, 1000 


OUTPUT RATING 
Vouts Rt = 2kN 


DYNAMIC RESPONSE 

Small Signal — 3dB 
G=1 
G = 100 
G = 200 
G = 500 
G = 1000 

Slew Rate 

Settling Time to 0.01%, 20V Step 
G = 110200 

'G= 500 
G = 1000 
NOISE 

Voltage Noise, 1kHz 
R.T.I. 4 4 4 
R.T.O. , 75 75 75 

R.T.1.,0.1 to 10Hz 
G=1 10 10 10 
G=100 0.3 0.3 0.3 
G = 200, 500, 1000. 0.2 0.2 0.2 

Current Noise 
0.1Hz to 10Hz a 


SENSE INPUT 
Rm 
lin 
Voltage Range 
Gain to Output 


REFERENCE INPUT 
Rw 
In 
Voltage Range 
Gain to Output 


kHz 


vi BS 


nvV/V Hz 
nV/V Hz 


pV p-p. 


pV p-p 
pV p-p 
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AD624A AD624B AD624C AD624S 
Model Min Typ Max Min Typ Max Min Typ Max ’ Min Typ Max Units 
TEMPERATURE RANGE 
Specified Performance —25 + 85 —25 +85 —25 +85 —55 +125 °C 
Storage —65 +150 — 65 +150 —65 +150 —65 + 150 °C 


POWER SUPPLY 


Power Supply Range +6 +15 +18 +6 +15 +18 +6 +15 +18 +6 +15 +18 Vv 
Quiescent Current 3.5 5 3.5 5 3.5 5 3.5 5 mA 
PACKAGE OPTION? & 
Ceramic (D-16) AD624AD AD624BD AD624CD AD624SD, AD624SD/883B 
Chips Available AD624AChips AD624SChips 


NOTES 

'Vp. is the maximum differential input voltage at G = 1 for specified nonlinearity. Vp, at other gains = 10V/G. Vp = actual differential input voltage. Example: G = 10, Vp = 0.50. 

Vom = 12V —(10/2 « 0.50V) = 9.5V. 

?For outline information see Package Information section. 

Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. All min and max specifications are 
guaranteed, although only those shown in boldface are tested on all production units. 


ABSOLUTE MAXIMUM RATINGS* FUNCTIONAL BLOCK DIAGRAM 
Supply Voltage ............0.. By es ee eee +18V 

Internal Power Dissipation .............. 420mW 

Input Voltage ...... LP aan ah acta’ Gr iatal ated, Moyen cee +Vs — INPUT 

Differential Input Voltage... .............. +Vs 

Output Short Circuit Duration ........... Indefinite a 

Storage Temperature Range......... — 65°C to + 150°C G = 200 


Operating Temperature Range 


AD624A/B/IC .........00000 —~25°C to +850 Ex 
ADOIAS 2 acre eon eee es —55°C to +125°C ae ois 


Lead Temperature (Soldering, 60secs) ........ + 300°C a) ourRUT 


*Stresses above those listed under “Absolute Maximum Ratings” may +INPUT 
cause permanent damage to the device. This is a stress rating only and 

functional operation of the device at these or any other conditions above 

those indicated in the operational sections of this specification is not 

implied. Exposure to absolute maximum rating conditions for extended 

periods may affect device reliability. 


(6) REFERENCE 


METALIZATION PHOTOGRAPH 


Contact factory for latest dimensions. 
Dimensions shown in inches and (mm). 


G=100 G=200 G=500 
13 12 11 
x 
OUTPUT 14 = Gs 
NULL 10 SENSE 
OUTPUT 15 
NOLL 9 OUTPUT 
0.103 (2.62) 
RG116 
-INPUT 1 
8 +Vs 


+INPUT 2 


3 4 5 7 
RG2 INPUT INPUT ~V, 
NULL NULL 


0.171 (4.34) 
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ANALOG 
DEVICES | 


Programmable Gain 
‘Instrumentation Amplifier 


FEATURES 

User Programmable Gains of 1 to 10, 000 

Low Gain Error: 0.02% max 

Low Gain TC: 5ppm/°C max 

Low Nonlinearity: 0.001% max 

Low Offset Voltage: 25nV° . 

Low Noise 4nV/V Hz (at 1kHz) RTI 

Gain Bandwidth Product: 25MHz 

16-Pin Ceramic or Plastic DIP Package, 20-Pin 
LCC Package 

Standard Military Drawing Available 

MIL-Standard Parts Available 

Low Cost | 


| PRODUCT DESCRIPTION 

~ The AD62S5 is a precision instrumentation amplifier specifically 
designed to fulfill two major areas of application: 

1) Circuits requiring nonstandard gains (i.e., gains not easily 
achievable with devices such as the AD524 and AD624). 

2) Circuits requiring a low cost, precision software program- 
mable gain amplifier. 


For low noise, high CMRR, and low drift the AD625JN is the 
most cost effective instrumentation amplifier solution available. 
An additional three resistors allow the user to set any gain from 
I to 10,000. The error contribution of the AD625JN is less than 
0.05% gain error and under S5ppm/°C gain TC; performance 
limitations are primarily determined by the external resistors. 
Common-mode rejection is independent of the feedback resistor 
matching. 


A software programmable gain amplifier (SPGA) can be configured 


with the addition of aCMOS multiplexer (or other switch network), 


and a suitable resistor network. Because the ON resistance of 
the switches is removed from the signal path, an AD625 based 


SPGA will deliver 12-bit precision, and can be programmed for 


any set of gains between 1 and 10,000, with penieey user 
selected gain steps. 


For the highest precision, the AD625C offers an put offeet | 
voltage drift of less than 0.254.V/°C, output offset drift below 
15.V/°C, and a maximum nonlinearity of 0.001% at G=1. All 


grades exhibit excellent ac performance; a 25MHz gain bandwidth 


_ product, 5V/ys slew rate and 15s settling time. 


The AD625 is available in three accuracy grades (A, B, C) ee 
industrial (— 40°C to + 85°C) temperature range, two grades (J, 


K) for commercial (0 to + 70°C) temperature range, and one (S) - : 
grade rated over the extended (— 55°C to + ee) temperature 


range. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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| CONNECTION DIAGRAMS 
Ceramic DIP (D) and Plastic DIP (N)Packages 


— INPUT 


— GAIN SENSE 
RTO NULL 


ae —Ve . 


AD625 
OP VIEW 
(Not to Scale) 


Leadless Chip Carrier (E) Package | 


w +GAIN SENSE 
S +INPUT 
8 -INPUT 
i - GAINSENSE _ 


RTI NULL 4 18 RTO NULL 
RT NULL 5 417 RTO NULL 
NCE 16 NC 
+ GAIN DRIVE 7 15 -GAIN DRIVE 


NC 8 14 SENSE | 


9 
w 
o 
= 
e 
i 
WW 
« 


PRODUCT HIGHLIGHTS 

1. The AD625 affords up to 16-bit precision for user selected 

_ fixed gains from 1 to 10,000. Any gain in this range can be 
programmed by 3 external resistors. 


. 2, A. 12-bit software programmable gain amplifier can be confi- 


gured using the AD625, a CMOS multiplexer and a resistor 
_ network. Unlike previous instrumentation amplifier designs, 
_ the ON resistance of a CMOS switch does not affect the gain 
accuracy. 


3. The gain accuracy snd gain janpecatare eseticent of the 


amplifier circuit are Primarily dependent on the user selected 
external resistors. . 

4. The AD625 provides totally independent input and output 
offset nulling terminals for high precision applications. This 
minimizes the effects of offset voltage in gain-ranging 
applications. _ 

5. The proprietary design of the AD625 provides input voltage 

_. noise of 4nV/WHz at 1kHz. 

6. External resistor matching is not required to maintain high 
common-mode rejection. 


REV.B 


SPECIFICATIONS (typical @ V; = 15V, R, = 2kO and T, = +25°C unless otherwise specified) AD625 


AD625A/J/S AD625B/K AD625C 
Model Min ‘Typ Max Min ‘Typ Max Min ‘Typ Max | Units 


GAIN 
Gain Equation 


Gain Range 

Gain Error! 

Nonlinearity, Gain = 1-256 
Gain>256 

Gain vs. Temp. Gain< 1000! 


GAIN SENSE INPUT 
Gain Sense Current 
vs. Temperature 
Gain Sense Offset Current 
vs. Temperature 


VOLTAGE OFFSET (May be Nulled) 
Input Offset Voltage 
vs. Temperature 
Output Offset Voltage © 
vs. Temperature 
Offset Referred to the 
Input vs. Supply 
G=1 
G=10 
G=100 
G= 1000 


INPUT CURRENT 
Input Bias Current 
vs. Temperature 
Input Offset Current 
vs. Temperature 


INPUT 

Input Impedance 
Differential Resistance 
Differential Capacitance 
Common-Mode Resistance 
Common-Mode Capacitance 

Input Voltage Range art 
Differ. Input Linear (Vp; 


Common-Mode Linear (Vc). 
Common-Mode Rejection Ratio dc to 
60Hz with 1kO Source Imbalance 


+10 +10 


12V — (; xVp) 12 - & xVp) 


G=1 70 75 75 85 
G=10 90 95 95 105 
G=100 100 105 105 115 
G= 1000 110 115 115 125 
OUTPUT RATING 
DYNAMIC RESPONSE 


Small Signal -3dB_ 
G=1(Rpe=20kD) 
G=10 
G=100 
G= 1000 

Slew Rate 

Settling Time to 0.01%, 20V Step 
G=1to200 


G=500 
G= 1000. 
NOISE 
Voltage Noise, 1kHz 
R.T.I. 4 nV/VHz 
R.T.O. 75 nV/VHz 
R.T.I., 0.1 to 10Hz 
G=1 10 pV p-p 
G=10 1.0 pV p-p 
G=100 0.3 LV p-p 
G= 1000 0.2 »V p-p 
Current Noise 
0.1Hz to 10Hz 60 pA p-p 
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AD625 | 


-- a |. AD625A/J/S J; AD625B/K _ - AD625C 7 

-Model ‘Mi Typ Max Min Typ Max Min Typ Max ‘Units . 

SENSE INPUT = 
Rin oe 10 10 

ln 


Voltage Rang 
Gain to Output 


REFERENCE INPU 
Rm 
In 
Voltage Range 
Gain to Output 


TEMPERATURE RANGE 
Specified Performance 
J/K Grades 
A/B/C Grades 
_ SGrade 
‘Storage 


POWER SUPPLY 
Power Supply Range 
Quiescent Current 


kD 
30 30 pA | 
+10 


1+0.01 


+6to +18 
3.5 


+6to +18 
3.5 


+6to +18 
3.5 


5 


NOTES j 
1Gain Error and Gain TC are for the AD625 only. Resistor network errors will add to the specified errors. 
2V py is thé maximum differential input voltage at G = 1 for specified nonlinearity. 
Vp x at other gains = 10V/G. 
Vp = actual differential input voltage. 
Example: G = 10, Vp = 0.50 
Vom = 12V-(10/2 x 0.50V) =9.5V. 
Specifications subject to change without notice. 
_ All min and max specifications are guaranteed. Specifications shown in boldface are tested on all production 
units at final electrical test. Results from those tests are used to calculate outgoing quality levels. 


‘ABSOLUTE MAXIMUM RATINGS! | ORDERING GUIDE 


Supply Voltage ........0... 0.000 eee ene +18V ; —— 
Internal Power Dissipation .............. 450mW sail Siete 
Input Voltage ............... Be Ditech, Baha de +Vs es Sears Os 
: : . AD625AD — 40°C to + 85°C 16-Pin Ceramic DIP _ | D-16 
Differential Input Voltage De ee +Vs  aD625BD — 40°C to + 85°C 16-Pin Ceramic DIP D-16 
Output Short Circuit Duration .........2.. Indefinite AD625CD — 40°C to + 85°C 16-Pin Ceramic DIP — D-16 
Storage Temperature Range (D, E) ..... —65°C to +150°C AD625SD —§5°Cto + 125°C 16-Pin Ceramic DIP — | D-16 
(N) . ~65°C to +125°C AD62SSD/883B | -55°Ct0 +125°C | 16-PinCeramic DIP — D-16 
: ete ee AD625SE/883B — 55°C to + 125°C 20-Pin Leadless Chip Carrier| E-20A 
Operating Temperature Range | AD625JN — 40°C to + 85°C 16-PinPlasticDIP S| N-16 
PIDOZS WR 385% on ere, bata & Oe Oto +70°C = AD62SKN —s_ | — 40°Cto + 85°C |_‘16-Pin Plastic DIP N-16 
AD625A/B/C ............... — 40°C to + 85°C AD625AChips — 40°C to + 85°C Die 
AD625S wesc ke ee es sdetahdunts 5 —55°C to +125°C 9 AD625SChips_ =| —55°Cto +125°C_| Die 
Lead Temperature Range S207 S77 IPOIEA Standard Military Drawing Available 
(Soldering, 60 seconds) .......... woe we e * 300°C *For outline information see Package Information section. 
NOTE | | FUNCTIONAL BLOCK DIAGRAM | 
‘Stresses above those listed under “Absolute Maximum Ratings” may cause (“N” AND “D” PACKAGE PINOUT) 


permanent damage to the device. This is a stress rating only and functional 
‘operation of the device at these or any other conditions above those 
indicated in the operational section of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 


AD625 


10kQ D 
| 


10kQ 


SENSE 


OUTPUT. 


REFERENCE 
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ANALOG 
DEVICES 


FEATURES 
Pin Selectable Gains of 10 and 100 
True Single Supply Operation 
Single Supply Range of +2.4 V to +10 V 
Dual Suppy Range of +1.2 V to +6 V 
Wide Output Voltage Range of 30 mV to 4.7V 
Optional Low-Pass Filtering 
Excellent DC Performance 
Low Input Offset Voltage: 500 wpV max 
Large Common-Mode Range: 0 V to +54 V 
Low Power: 1.2 mW (V, = +5 V) 
Good CMR of 90 dB typ 
AC Performance 
Fast Settling Time: 24 ys (0. 01 %) 
Includes Input Protection 
Series Resistive Inputs (Rj, = 200 kQ) 
RFI Filters Included 
Allows 50 V Continuous Overload 


APPLICATIONS 
Current Sensing 


Interface for Pressure Transducers, Position Indicators, 


Strain Gages, and Other Low Level Signal Sources 


PRODUCT DESCRIPTION 

The AD626 is a low cost, true single supply differential ampli- 
fier designed for amplifying and low-pass filtering small dif- 
ferential voltages from sources navn a large common-mode 
voltage. 


The AD626 can operate from either a single supply of 

+2.4 V to +10 V, or dual supplies of +1.2 V to +6 V. The 
input common-mode range of this amplifier is equal to 6 (+Vs 
—1 V) which provides a +24 V CMR while operating from 


CMRR - dB 


TTY tt 


0.1 1 10 100 1k = 10k 100k 1M 
FREQUENCY — Hz 


~ Common-Mode Rejection vs. Frequency 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


REV. B 


Low Cost, Single Supply 
Differential Amplifier 


AD626 


CONNECTION DIAGRAM 


8-Pin Plastic Mini-DIP (N) 
and SOIC (R) Packages 


ANALOG 
GND - 


a +5 V See panicaice, the AD626 features « a CMR of 


90 dB typ. 


The amplifier’s inputs are protected against continuous overload 
of up to 50 V, and RFI filters are included in the attenuator 
network. The output range is + 0.03 V to +4.9 V using 

a +5 V supply. The amplifier provides a preset gain of 10, but 
gains between 10 to 100 can be easily configured with an exter- 
nal resistor. Furthermore, a gain of 100 is available by connect- 
ing the G = 100 pin to analog ground. The AD626 also offers 
low- pass filter capability by connecting a capacitor between the 
filter pin and analog ground. 


The AD626A and AD626B operate over the industrial Snipers 
ture range of —40°C to +85°C. The AD626 is available in two 
8-pin packages: a plastic mini-DIP and SOIC. 


«Voy FOR SINGLE & 
DUAL SUPPLIES 


«Vom FOR DUAL 
SUPPLIES ONLY 


INPUT COMMON MODE RANGE - Volts 


POWER SUPPLY VOLTAGE : Volts 
Input Common-Mode Range vs. Supply 
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AD626— SPECIFICATIONS 
SINGLE SUPPLY (@ +v, =+5 v-and 1, = +25°e) 


AD626A. | ~~ AD626B 


Model Conditions © Min. Typ Max | Min Typ 
GAIN 
Gain Accuracy = ; “| Total Error 
Gain=10 | @ Vour 2 100 mV de 
Gain = 100 @ Vour = 100 mV de 
Over Temperature,T, = Tam-Tmax | G = 10 
ts - G = 100 
Gain Linearity 
Gain = 10 | | @ Vour = 100 mV de 
Gain = 100 _ @ Vour = 100 mV de 
OFFSET VOLTAGE > od 
Input Offset Voltage | 
vs. Temperature a Tam-Tmax, G = 10 or 100 


vs. Temperature 


Tumn~Tmax> G = 10 or 100 
vs. Supply Voltage (PSR) _ ! 


+PSR 
—PSR 7 | 

COMMON-MODE REJECTION ~—_s—s| RR, = 10k. 

+CMR Gain = 10, 100 f = 100 Hz, Vom = +24V 

+CMR_ Gain = 10, 100 f = 10 kHz, Voy = 6 V 

—-CMR Gain = 10, 100! f = 100 Hz, Vey = -2V 
COMMON-MODE VOLTAGE RANGE; = 

+CMV_ Gain = 10 CMR > 85dB_. 

—CMV Gain=10 =~ ~~ ~~ | CMR>85dB. 
INPUT ar wie | 

Input Resistance 

_ Differential 


. Common Mode 
Input Voltage Range (Common Mode) 
OUTPUT. 


Output Voltage Swing _ TR, =10kQ © 

Positive —|Gain=10 © 
an ie SS | Gain = 100 
Negative | Gain = 10 
| | | Gain = 100 

Short Circuit Current 
+156 

NOISE _ : 

Voltage Noise RTI | 
Gain= 10 | f= 0.1 Hz-10 Hz 
Gain = 100 f = 0.1 Hz-10 Hz 
Gain = 10 es oe ee f = 1 kHz 
Gain= 100 » | f = 1 kHz 

DYNAMIC RESPONSE 

—3 dB Bandwidth Vour = +1 Vdc 

Slew Rate, Tym to Tyax ‘Gain = 10° } 

a ee : Gain= 100 | 

Settling Time eof to 0.01%, 1 V Step 

POWER SUPPLY 
Operating Range — ey Ts-= Tam-T max 
Quiescent Current | ; | Gain = 10 
| _ Gain = 100 ; ; : 
TRANSISTOR COUNT 
NOTES 


1At temperatures above +25°C, —CMV degrades at the rate of 12 mV/°C; i.e, @ +25°C CMV = —2 V, @ +85°C CMV = ~—1.28 V. 
Specifications subject to change without notice. 
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AD626 
DUAL SUPPLY (@ +, = +5 v and, = +25°c) 


AD626A AD626B | 
Model | Conditions Min Typ Max | Min Typ Max | Units 


GAIN 
Gain Accuracy : Total Error 
Gain = 10 R, = 10 kO 
Gain = 100 


Over Temperature, T, = Tyn-T max 


Gain Linearity 
Gain = 10 
Gain = 100 
OFFSET VOLTAGE 
Input Offset Voltage 
vs. Temperature Tmin-! max> G = 10 or 100 
vs. Temperature Tuin~lmax> G = 10 or 100 
vs. Supply Voltage (PSR) 
+PSR 
—PSR 


COMMON-MODE REJECTION R, = 10 kQ 
+CMR Gain = 10, 100 f = 100 Hz, Voy = 24V 
+CMR Gain = 10, 100 f = 10 kHz, Voy = 6 V 


COMMON-MODE VOLTAGE RANGE 
+CMV_ Gain = 10 CMR > 85 dB 
-CMV Gain = 10 8 CMR > 85 dB 


INPUT 
Input Resistance 
Differential 
Common Mode | 
Input Voltage Range (Common Mode) 


OUTPUT : 
Output Voltage Swing TR, = 10 k0 | 
Positive — | Gain = 10, 100 
Negative _ | Gain = 10 
. : -| Gain = 100 
Short Circuit Current 
+I5¢ 
Isc 
NOISE 
Voltage Noise RTI 
Gain= 10 — f = 0.1 Hz-10 Hz 
Gain = 100 f = 0.1 Hz-10 Hz 
Gain = 10 f= 1 kHz 
Gain = 100 f= 1 kHz 
DYNAMIC RESPONSE 
—3 dB Bandwidth Vout = +1 Vde 
Slew Rate, Tym to Tyax Gain = 10 
Gain = 100 
Settling Time to 0.01%, 2 V Step 
POWER SUPPLY 
Operating Range Ta = Twn Tmax 
Quiescent Current Gain = 10 
TRANSISTOR COUNT © 
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‘AD626 


ABSOLUTE MAXIMUM RATINGS | 


Supply Voltage” 66 2 64 Sk Se eh De eS +36 V 

Internal Power Dissipation? | 

Peak Iniput Voltage” 2.0 v.05-55 cabs. oboe WG oe tee 60 V 

Maximum Reversed Supply Voltage Limit ......... —34V 

Output Short Circuit Duration ..-............ Indefinite 
- Storage Temperature Range (N, R) ...... —65°C to +125°C 

Operating Temperature Range 

AD626A/B .............. eee ee ee 740°C to +85°C 
Lead Temperature Range (Soldering 60 sec) ....... +300°C 
NOTES _ : 


1Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 
78-Pin Plastic Package: 6;, = 100°C/Watt, 0,, = 50°C/Watt 

8-Pin Plastic SOIC Package: 6;, = 160°C/Watt, 0;, = 42°C/Watt 


ESD SUSCEPTIBILITY | : — 
An ESD classification per method 3015.6 of MIL STD 883C 
has been performed on the AD626, which is a Class 1 device. 


ORDERING GUIDE 


Package Options* 


N-8 
R-8 


Temperature Range 
—40°C to +85°C 
—40°C to + 85°C 
—40°C to +85°C 


AD626AN 
AD626AR 
AD626BN 


*N = Plastic DIP; R = Small Outline IC. For outline information see 
Package Information section. 


METALIZATION PHOTOGRAPH 


Dimensions shown in inches and (mm). 
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‘V- FILTER 


REV.B 


ANALOG 
DEVICES 


FEATURES 

© Low Offset Voltage ......................0.. 50uV Max 
@ Very Low Offset Voltage Drift ........... 0.3uV/°C Max 
® Low Noise .................. 0.12uV,., (0.1Hz to 10Hz) 
® Excellent Output Drive ............... +10V at +50mA 
© Capacitive Load Stability ...................... to 1uF 
@ Gain Range ................. cee ee eee 0.1 to 10,000 
® Excellent Linearity ................. 16-Bit at G = 1000 
@ High CMR ...................45. 125dB Min (G = 1000) 
@ Low Bias Current ............. 0... cece eee 4nA Max 
@ May be Configured as a Precision Op-Amp 

© Output-Stage Thermal Shutdown 

® Available in Die Form 


ORDERING INFORMATION? 


tt 


PACKAGE 


OPERATING 
CERDIP PLASTIC TEMPERATURE 
18-PIN Lcc 20-PIN RANGE 

AMP01 AX* — ~ MIL 
AMP01BX* AMP01BTC/883 — MIL 
AMPO01EX — ~~ IND 
AMPO1FX — = IND 
_ _ AMP01GSHt COM 


. For devices processed in total compliance to MIL-STD-883, add /883 after part 
number. Consult factory for 883 data sheet. : 
Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 


For availability and burn-in information on SO and PLCC packages, contact 
your local sales office. 


SIMPLIFIED SCHEMATIC 


Manufactured under the following U.S. patents: 4,471,321 and 4,503,381. 


o Yi0os ga 
NULL 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


REV. C 


Low Noise, Precision 
Instrumentation Amplifier 


PIN CONNECTIONS 


Voos NULL [a] 
Voos NULL [5 | 


TEST PIN* [6 | 


— 18-PIN HERMETIC DIP 
(X-Suffix) 


REFERENCE [8 | 


IB] Vigg NULL 


26] Viog NULL 


AMP-01BTC/883 


28-LEAD LCC 
(TC-Suffix) 


20-PIN SOL 
(S-Suffix) 


*Make no electrical connection to these pins. 


O V+ 


O +Vop 


O OUTPUT 


© -Vop 
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AMP01 © 


GENERAL DESCRIPTION 


The AMP-01. is a monolithic instrumentation amplifier 
designed for high- precision data acquisition and instrumen- 
tation applications. The design combines the conventional 
features of an instrumentation amplifier with a high-current 
output stage. The output remains stable with high capaci- 
tance loads (1uF), a unique ability for an instrumentation 
amplifier. Consequently, the AMP-01 can amplify low-level 
signals for transmission through long cables without requir- 
ing an output buffer. The output stage may be Sos asa 
voltage or current generator. : 


Input offset voltage is very low (20uV) which generally 
eliminates the external null potentiometer. Temperature 
changes have minimal effect on offset; TCViog is typically 
0.15uV/°C. Excellent low-frequency noise performance is 
achieved with a minimal compromise on input protection. 
Bias current is very low, less than 10nA over the military 
temperature range. High common-mode rejection of 130dB, 
16-bit linearity at a ‘gain of 1000, and 50mA peak output 
current are achievable simultaneously. This Combination 
takes the instrumentation amplifier one step further towards 
the ideal amplifier. 


AC performance complements the superb DC apecitiGationé: 
The AMP-01 slews at 4.5V/us into capacitive loads of up to 
15nF, settles in 50us to 0.01% at a gain of 1000, and boasts a 
healthy 26MHz gain-bandwidth product. These features 
make the AMP-01 ideal for highrepesd data-acquisition 
systems. 


Gain is set by the ratio of two external resistors over a range 
of 0.1 to 10,000. A very low gain-temperature-coefficient of 
10ppm/°C is achievable over the whole gain range. Output 
voltage swing is guaranteed with three load resistances; 500, 
5000, and 2kN. Loaded with 5000, the output delivers + 13.0V 
minimum. A thermal shutdown circuit prevents destruction 
of the output transistors during overload conditions. 


The AMP-01 can also be configured as a high-performance 
operational amplifier. In many applications, the AMP-01 can 
_ be used in place of op-amp/power-buffer combinations. 


THEORY OF OPERATION 
An instrumentation amplifier, unlike an op amp, requires 


precise internal feedback. The two techniques Presee in 


use are resistive and current feedback. 


The AMP-01 employs the current feedback aecroueh which 
has significant advantages over resistive feedback. Advan- 
tages of current-feedback are: 7 


. a. The technique yields a very high common-mode rejec- 
tion ratio. The AMP-01 CMR is in excess of 130dB ata 
gain of 1000. 


b. The gain of the current iesdback design is set by the . 


ratio of two external resistors. Using external resistors 
allows any practical gain to be set with high precision 
and very low gain temperature coefficient. 
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cc. The currenttecaback design is immune 6 CMR ai 
dation when series resistance is added to the reference 
input. A small (trimmable) offset change results from 
added resistance, e.g. a printed circuit track. 


The AMP-01 utilizes low-drift thin-film resistors to minimize 
output offset temperature drift. A feedback voltage-to-current 
converter is employed having high linearity and low noise, 
particularly at low frequencies. Parameter shifts during 
packaging are eliminated by a post-assembly trimming 
technique which electronicaily adjusts the output offset 
voltage. | 


The AMP-01 input transistors Q1 and Q2 feed active loads, 
yielding. stage gain in excess of 4000 (see simplified 
schematic) The output amplifier, A1, is a two-stage design 
having a gain of about 50,000 driving a 100 load. Overall 
gain of 2 x 10® yields excellent linearity, even at: high 
closed-loop gains. 


Low bias current is achieved by using lon-implanted super- 


' beta transistors combined with a new bias-current cancella- 


tion system, patents applied for. Input bias current remains 
below 10nA over the military temperature range, ~55°C 
to +125°C. 


Superbeta transistors use a new transistor geometry peeilte 3 
ing in an input noise of only 5nV/\/ Hz at G = 1000. Noise 
includes contributions from the gain-setting resistor and 
internal overload-protection resistor. The input stage 
achieves an offset voltage drift of less than 0.34V/°C 
(E Grade). | 


The AMP-01 uses a unique two-pole compensation scheme 
where the load capacitance is incorporated into the dominate 
pole. Stable operation results even with high capacitance 
loads. The high output current. capability (90mMA peak) allows. 
the 4. 5V/us slew-rate to be maintained with load capacitance 
as high as 1D: 


ABSOLUTE MAXIMUM RATINGS (Note ) 


Supply Voltage scsiccccaciseesveicastuveccaatccsetduesuties venceeee £18V 
Common-Mode Input Voltage .................ceseeee Supply Voltage 
Differential Input Voltage, Fy & QKa2 «0... eeeseseeseeeeeeees +20V . 
= R. A § Sr Perey Eon peer rere +10V 

Output Short-Circuit Duration ..scscsssscccscsecsssssesssseee Indefinite | 
Storage Temperature Range ..............cce -65°C to +150°C 

Operating Temperature Range 
AMP-O1A, B ou... eeeeeeeees Dessteucteestteestens —55°C to +125°C 
AMP-O1E, F ...........cccsssscersenes astiaeceeesen el —25°C to +85°C | 
PAPO Geiss cai haces Sasacecacs.tacetunccete sates 0°C to +70°C 
Lead Temperature (Soldering, 60 Se) ................scseeee 300°C 
Junction Temperature (T)) .....-ssssscssseerseessseens —65°C to +150°C © 
PACKAGE TYPE @,q (Note 2) Gc UNITS 
18-Pin Hermetic DIP (Z) . 79 hl °C/W 
28-Contact LCC (TC) 78 30 °C/W 


20-Pin SOL (S) | 88 25 °C/W 
dle | 
Absolute maximum ratings apply to both DICE and packaged parts, unless other- 
wise noted. 
2. ©, is specified for worst case mounting conditions, i.e., @,, is specified for device 
in ‘socket for CerDIP and LCC packages; 8, a 'S Specified Yor device soldered to | 
printed circuit board for SOL package. . 


REV. C 


ELECTRICAL CHARACTERISTICS at Vs = +15V, Rg = 10k, R, = 2k, Ta = 25°C, unless otherwise noted. 


AMP-01A AMP-01B 
PARAMETER : SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
OFFSET VOLTAGE 
Ta = 25° Cc = 20 50 pas 40 100 
INDUC Meck Voltage Vios -~55°C < Ty <+125°C = 40 80 = 60 150 uv 
Input Offset Voltage Drift TCVios -§5°C << Tas+125°C _ 0.15 0.3 — 0.3 1.0 pV/°C 
Ta = 25°C ~ 1 3 _ 2 6 
Output Offset Voltage Voos 55°C <T,<+125°C _ 3 6 = 6 40 mV 
Rg=° 
_— 20 5 — 1 2 
Output Offset Voltage Drift TCVoos 55°C < Ta < +125°C 0 50 20 pv/°C 
G = 1000 120 130 _ 110 120 — 
G = 100 110 130 —_— 100 120 _ dB 
G=10 95 110 —_— 90 100 — 
Offset Referred to Input Ben G=1 6 90 ee 70 80 
vs. Positive Supply -55°C < Ta S+125°C 
V+=+5V to + 15V G = 1000 120 130 = 110 120 _ 
G = 100 110 130 — 100 120 — dB 
G=10 95 110 — 90 100 _ 
G= 75 90 _— 70 80 _ 
G = 1000 105 125 — 105 115 — 
G = 100 90 105 _— 90 95 — dB 
G=10 70 85 — 70 75 _ 
Offset Referred to Input PSR G= 50 65 _ 50 60 == 
vs. Negative Supply -55°C < Ta <+125°C 
V-=~8V to —15V G = 1000 105 125 — 105 115 = 
G = 100 90 105 _ 90 95 — as 
G=10 70 85 — 70 75 — 
G= 50 65 — 50 60 — 
: =+ pu 
Input Offset Voltage Trim Vs = +4.5V to +18V = +6 _ _ +6 = mV 
Range (Note 1) 
i si + + 
Output Offset Voltage Trim Vs = +4.5V to + 18V — +400 24 — +400 — a 
Range (Note 1) 
INPUT CURRENT 
. Ts =25°C << 1 4 _— 2 6 
Input Bias Current lp ~55°C <T,<+125°C = 4 10 = 6 15 nA 
Input Bias Current Drift TC, ~58°C < Ta S$ + 125°C —- 40 — _ 50 — pA/°C 
Ta = 25°C | — 0.2 1.0 — 0.5 2.0 
INPURO MSS ECAR SRT los -55°C < Ty + 125°C —- 085 3.0 a 10 60 un 
Input Offset Current Drift TClos -55°C < Ta < +125°C _ 3 — — 5 — pA/°C 
INPUT 
Differential, G = 1000 _ 1 — oa 1 _— 
Input Resistance Rin Differential, G < 100 — 10 — = 10 = GO 
Common-Mode, G = 1000 _ 20 _ _— 20 = 
T, = 25°C (Note 2) +10.5 —, = +10.5 et 
HpUbveltage Mange ae -55°C < Ta <+125°C +10.0 = _ +10.0 = a - 
Vom = £10V, 1k . 
source imbalance 
G = 1000 125 130 — 115 125 = 
G = 100 120 130 — 110 125 aoe dB 
G = 10 100 120 _ 95 110 _ 
Common-Mode_ CMR oli , ssi eo a : a = 
Rejection -§5°C <Ta<+125°C 
G = 1000 120 125 _ 110 120 _ 
G = 100 115 125 _ 105 120 _ dB 
G=10 95 115 — 90 105 S 
G= 80 95 — 75 90 _ 
NOTES: 
1. Vigog and Voos nulling has minimal affect on TCViog and TCVoos, 2. Refer to section on common-mode rejection. 


respectively. 
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AMP01 


ELECTRICAL CHARACTERISTICS at V, =+15V, R, = 10k, R, = 2kQ, T, preg: 25°C ST, < +85°C for E,F grades, 
o°C < T, <+70°C forG grade, unless siherwiee noted. . 


| | . AMP-01E AMP-01F/G 
OFFSET VOLTAGE 
| T, =+25°C - 2 So —- 40 100 
Input Offset Voltage _ Vv A ue Se, de wv 
_ “10s Twain 5 Ta S Tax 40 80 , 60 150 
Input Offset Voltage Drift —TWVios Tain 5 a S Tay (Note 2) - 0.15 03 - 0.3 1.0 pVv/°c 
T, =+25°C - 1 3 - 2 6 
Output Offset Voltage V A : mV 
; wae Twin ST, S$ Taax 7 3 : = 5 ae 
Output Offset Voltage Dritt  TCVo9g a - 2 100 - 50120 
hs win <4 Sax 
| G = 1000 120 130 - 110 120 - 
G=100 110 130 - 100 = 120 - 48 
G=10 . 95 110 - 90 100 - 
Offset Referred to Input PSR lath is = x 2 ee 
vs. Positive Supply . Tuan S Ta sTy AX 
V+ = +5V to +15V ae G = 1000 120 130 - 110 120 - 
G= 100 110 130 - 100 120 - dB 
G=10 95 110 - 90 100 - 
G= 75 = 90 - 70 80 - 
G= 1000 110 125 - 105 115 7 
G=100 95 105 - 90 95 - dB 
G=10 75 85 - 70 75 - 
Offset Referred to Input PSR ee ia >: = te 9 Z 
vs. Negative Supply . Tan S$ Ta S Trax . 
V- =-5V to-15V G = 1000 110 125 - 105 115 = 
. G=100 95 105 - 90 95 - dB 
G=10 | | 75 85 - 70 75 - 
G=1 55 65 = 50 60 - - 
Input Offset Voltage Trim Vg =44.5V to+18V | oS 
Range | (Note 1) z a8 . a 5g ~ my 
Output Offset Voltage Trim Vy = £4.5V to +18V 
Range (Note 1) co ISS ~ = we . my 
INPUT CURRENT 
7 T, =+25°C | - 1 4 - 2 6 
Input Bias Current | A mV 
cm Thy Se Sl was —— - 4 10 - 6S 
Input Bias Current Drift TCl, Tan = ta S Tax - 40 - - 50 - pArc 
T, =+25°C - 0.2 1.0 - 0.5 2.0 
Input Offset Current { A mV 
: B Tun = a S Tax —* 05 3.0 - 1.0 6.0 
Input Offset Current Drift TClos Tun "a S Tax sf = 3 = - 5 - pArC 
INPUT 
Differential, G = 1000 = 1 - ~ 1 = 
Input Resistance Rin Differential, G < 100 - 10 — - - 10 - ~GQ 
Common-Mode, G = 1000 - 20 - - 20 - 
| T, =+25°C (Note 3) . +105 - - +10.5 ~ 5 
A 
Input Voltage paras iVR ee <7, ST yay #100 = 7 +100 _ 7 V 
Vom =t10V, 1kQ 
source imbalance 
G = 1000 125 130 ~ 115 125 - 
G= 100 120 130 ~- 110 125 = dB 
| G=10 100 120 - 95 110 - 
Common-Mode CMR © of: | 85100 - 7s = 
Rejection Twin S a S$ Tax 
G = 1000 120 125 - 110 120 - 
-G=100 115 - 125 - 105 120 - dB 
G=10 95 115 - 90 105 - 
G=1 80 95 - 75 9 == 
NOTES: 
1. Vigg ANd Vous Nulling has minimal effecton TCV,,, and TCV i o¢, 2. Sample tested. 
respectively. 3. Refer to section on common-mode rejection. 
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AMP01 


ELECTRICAL CHARACTERISTICS at Vs = + 15V, Rg = 10k, R, = 2k, Ta = 25°C, unless otherwise noted. 


1. Guaranteed by design. 


2. Gain tempco does not include the effects of gain and scale resistor tempco 


match. 


3. -55°C = T, = +125°C for A/B grades, ~25°C « T, = +85°C for E/F grades, 


0°C s T, = 70°C FOR G grades. 


REV. C 


AMP-01A/E AMP-01B/F/G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
GAIN 
G= 20 X Rg 
ae Re —- 03 06 —- 05 08 % 
Accuracy Accuracy Measured 
from G = 1 to 1000 
Gain Range G 0.1 | — 10k 0.1 _— 10k V/V 
G = 1000 — 0.0007 0.005 — 0.0007 0.005 
. ; G = 100 — — 0.005 — — 0.005 ‘ 
Nonlinearity @ 240 (Note 1) S i 0.005 x _ 0.007 Yo 
G=1 _ — 0.010 — — 0.015 
1<Gs 1000 : 
ffici — 5 10 — 5 15 °C 
Temperature Coefficient Gro (Notes 1, 2) ppm/°C 
OUTPUT RATING 
R, = 2k +13.0 +13.8 —_ +13.0 +13.8 — 
Output Voltage R, = 5009 +13.0 +13.5 — +13.0 +13.5 — Vv 
V R, = 500 £2:5 +4.0 — +2.5 +4.0 — 
Swing OUT L 
Ry = 2k Over Temp. +12.0 +13.8 — +12.0 +13.8 _— y 
R,=5000 (Note 3) +#12.0 +13.5 —_ + 12.0 +13.5 — 
Positive Current Limit Output-to-Ground Short 60 100 120 60 100 120 mA 
Negative Current Limit Output-to-Ground Short 60 90 120 60 90 120 mA 
1<G< 1000 
iti tabili 0.1 1 — 0.1 1 — F 
Capacitive Load Stability No Oscillations, (Note 1) m 
Thermal Shut 
Srrighennigown Junction Temperature — 165 — — 165 — °C 
Temperature 
NOISE 
fo = 1kHz 
G = 1000 _ 5 — _ 5 —_ 
Voltage Density, RTI Cn G = 100 _ 10 — ~ 10 —_— nV/V/ Hz 
G=10 _— 59 — _ 59 — 
G=1 — 540 — _ 540 —_ 
Noise Current Density, RTI in fo = 1kHz, G = 1000 _ 0.15 ann aaa 0.15 _ pA/V Hz 
0.1Hz to 10Hz 
; G = 1000 — 0.12 — — 0.12 — 
Input Noise Voltage Cnp-p G = 100 _ 0.16 — _ 0.16 — HVp-p 
G=10 — 1.4 — — 1.4 — 
G=1 — 13 — _ 13 — 
Input Noise Current inp-p 0.1Hz to 10Hz, G = 1000 _ 2 _ — 2 — PAp-p 
DYNAMIC RESPONSE 
G=1 _— 570 — — 570 _— 
Small-Signal G=10 — 100 _— _ 100 — 
BW 
Bandwidth (-3dB) G = 100 es 82 = = 82 = oe 
G = 1000 — 26 — — 26 — 
| Slew Rate SR G=10 3.5 4.5 — 3.0 4.5 — V/s 
To 0.01%, 20V step 
G=1 _ 12 _ _ 12 _ 
Settling Time ts G= 10 — 13 — _ 13 — 
G = 100 = 15 bes = 15 2 se 
G = 1000 _— 50 — ~ 50° —_ 
NOTES: 
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AMPO1 


ELECTRICAL CHARACTERISTICS at Vs = + 15V, Rg = 10k, RL = 2kQ, Ta = 25°C, unless otherwise noted. 


ee | byob etcs - AMP-01A/E | AMP-01B/F/G 

PARAMETER SYMBOL CONDITIONS . MIN, TYP" MAX _MIN TYP MAX UNITS 
SENSE INPUT | | i a | 

Input Resistance Rin | 85 —iO—t—«* 35 50 6 ka 
Input Current: lin Referenced to V- se 280 _ _ 280 _ pA 
Voltage Range (Note 1) 105 — +145 ~10.5 a “hag oy 
REFERENCE INPUT __ . | | a oe 
Input Resistance - | Rin a | 35. 50 65 35 50 65 ko 
Input Current . lin "Referenced to V- — 280 — — 280 — pA 


Voltage Range | ‘(Note 1) : -10.5 _ +15 -10.5 —_ +15 V 
Gain to Output . _ 1 _ —_ 1 _ ' V/V 
POWER SUPPLY -25°C < T, < +85°C for E/F Grades, ~55°C < Ty < + 125°C for A/B Grades a 


+V linked to +Vop 


V R : +4.5 — +18 © . +45 _ +16 a 
Supply Voltage Range Vs | -V linked to -Vop 8 Vv 
+V linked to +Vop _ 3.0 4.8 _~ 3.0 4.8 
MEA 
ulescentCunent la -V linked to -Vop —- 34 48 —- 34 48 . 
NOTE: 


1. Guaranteed by design. 
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ANALOG 
DEVICES 


~ High Accuracy 8-Pin 
Instrumentation Amplifier 


FEATURES 

© Low Offset Voltage ................cscccscscssnscsenscecseee 100.V Max 
© LOW DEEEU ae cscaceccacscet exes carcacncstvesgpice scenes tee tierce 2un.V/°C Max 
© Wide Gain Range ..................ccccsssssssesccesecsesees 1 to 10,000 
°¢ High Common-Mode Rejection .....................+. 115dB Min 
° High Bandwidth (G = 1000) .............. et eseneccnee 200kHz Typ 
¢ Gain Equation Accuracy ................ccccccccessereeees 0.5% Max 
¢ Single Resistor Gain Set 

¢ Input Overvoltage Protection 

¢ Low Cost 

¢ Available in Die Form 


APPLICATIONS 

Differential Amplifier 

Strain Gauge Amplifier 

Thermocouple Amplifier 

RTD Amplifier 

Programmable Gain Instrumentation Amplifier 
Medical Instrumentation 

Data Acquisition Systems 


ORDERING INFORMATION ' 
T, = 425°C 
OPERATING 
Vios MAX —- Voog MAX PLASTIC TEMPERATURE 
(nV) (mV) 8-PIN RANGE 
100 4 AMPO2EP XIND 
200 8 AMPO2FP XIND 


T Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 


GENERAL DESCRIPTION 


The AMP-02 is the first precision instrumentation amplifier avail- 
able in an 8-pin package. Gain of the AMP-02 is set by a single 
external resistor, and can range from 1 to 10,000. No gain set 
resistor is required for unity gain. The AMP-02 includes an input 
protection network that allows the inputs to be taken 60V beyond 
either supply rail without damaging the device. 


Laser trimming reduces the input offset voltage to under 100pV. 
Output offset voltage is below 4mV and gain accuracy is better 
than 0.5% for gain of 1000. PMI's proprietary thin-film resistor 
process keeps the gain temperature coefficient under 50 
ppm/°C. 


Due to the AMP-02's design, its bandwidth remains very high 
over a wide range of gain. Slew rate is over 4V/us making the 
AMP.-02 ideal for fast data acquisition systems. 


_ This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


REV. C 


A reference pin is provided to allow the output to be referenced 
to an external DC level. This pin may be used for offset correc- 
tion or level shifting as required. In the 8-pin package, sense is 
internally connected to the output. 


For an instrumentation amplifier with the highest precision, 
consult the AMP-01 data sheet. For the highest input impedance 
and speed, consult the AMP-05 data sheet. 


PIN CONNECTIONS 


RG, [7 ra] AG, 

~N [2] 7] ve 

+IN {3 | 16} OUT 

V- [4] | S| REFERENCE 


EPOXY MINI-DIP 


(P-Suffix) 
16-PIN SOL 


(S-Suffix) 


_ __ Vout _ §£50kQ 
G = Gin)-(IN) * ( Rg )e 


FOR SOL CONNECT SENSE TO OUTPUT 
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ABSOLUTE MAXIMUM RATINGS 


| PACKAGE TYPE - -@,(Note2) 8. | UNITS 
Supply Voltage .......c.cccscseseececsecesssseeatereceues BP pase occeel +18V RES MONT Nera Oe Je ea AC LAs 
Common-Mode Input Voltage elise Wo GOV] to [(V+)+60V] _&PinPlasticDIP(P) HC 
Differential Input Voltage .............. [(V—) — 60V] to [(V+) + 60V] 16-Pin SOL (S) 92 27 “CW 
Output Short-Circuit Duration .............cccsssceceseeeeees Continuous NOTE: 
Operating Temperature Rangé.................... 40°C to+85°C ss" errs lace i zalings apply to Bolly DICE "end packaged Palla, Un}e6s 
Storage Temperature Range ae heat AR alae ici 85°C to +150°C 2. @, is specified for worst case mounting conditions, i.e., @., is specified for - 
Junction Temperature Range ........ saspecenseeuctee -65°C to +150°C device in socket for P-DIP package; @,, is specified for device soldered to 
Lead Temperature (Soldering, 10 $C) ........eeee saseereeee 300°C printed circuit board for SOL package. es ae 


ELECTRICAL CHARACTERISTICS at V, = +15V, Vc, = OV, T, = +25°C, unless otherwise noted. 
~~ 7 | -AMP-02E | . AMP-02F 


PARAMETER SYMBOL CONDITIONS | MIN TYP MAX MIN TYP MAX. | UNITS 
OFFSET VOLTAGE | aes . 
? | T,=425C - 20 100 z 40 200 — 7 
Deore ore Vios -40°C <T, <+85°C - 50 200 - 100 350 ay 
Input Offset Voltage Drift. TCVios —40°C <T, < +85°C - 0.5 2 ~ 1 4 pVv/ec 
” T, = +25°C | - 1 4 - 2. 8 Be 
pases ealasaaisiaty Yoos 40°C sT, < 485°C - 4 10 - 9 “go . .™ 
Output Offset Voltage Drift  TCVoo¢ 40°C <T, $+85°C - 50 100 -' 100° 200 = pwrc 
| | . Vg = £4.8V to £18V wee Ss ot 
G = 1000 115 128 - 110 16 #£=- 
G = 100° 115 125 - W105 M15 ee ag 
G =10 100 =. 110 - 95. 100, = on 
Gai 80 90 - 75 80 ss = 
Power Supply 
Rejection i 
Vg = +4.8V to +18V 
-40°C <T, $ +85°C 2 ae 
G = 1000 110-120 - 105 110 8 = aan 
G = 100 110 120 - 105 110 2 = dB 
G=10 ~  . 95. 110 - 90 . 95 -. te 
G=1 un, FS - 90 i 70 7§ - 
INPUT CURRENT | a eens | _ _ ae 
1, = 425°C | = 2 10. - 4 20 
- Input Bias Current ly 40°C <T <+85°C . > 12 30°: a a) oe nA 
Input Bias Current Drift TCl, —40°C <T, +85°C “= 150 - — es 250 . Te parc 
= +25° - ; - 1 
Input Offset Current lbs i ocr, < 485°C _ S Fe . : ne nA 
Input Offset Current Drift TClos 40°C <T, 5 +85°C - 9 - - 15 - pA/°C 
INPUT | aes 
oa Differentia,G<1000 ee | | -— 5 | 
vissanbnaaacaslii Rin Common-Mode, G = 1000 7 SS a eee oe eee 
= ° . : ’ = . - +11 - af pa 7¥ 
Input Voltage Range IVR obits yer oe — + ae re - i V 
Vow=ttiv oa =. Be 
-G = 1000 115 120 tex 110 115. =) 
G = 100 , 115 1200 = 10 115 0 = dB 
. G=10 ; | 100 1500 0 = 95 WO = 
= : - / 75 90 - 
Common-Mode ie ite = ae 
ay? CMR : 
Rejection Voge ttiV 
CM 
-40°C sT, $s +85°C . 
G = 1000 110 120 - 105 115 - 
G = 100 , 110... 120 =< 105 115 - 4B 
G=10 —.95 . 110 - 90 10 } 8 - Z 
G=1 75 9  - 70 86 — - 
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ELECTRICAL CHARACTERISTICS at Vg = t15V, Vo, = OV, T, = +25°C, unless otherwise noted. Continued 


| AMP-02E AMP-02F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
GAIN 
G = 1000 - - 0.50 - - 0.70 
Gain Equation G = 2OkKQ P G = 100 - - 0.30 - - 0.50 of 
Accuracy R, . G=10 7 - 0.25 - - 0.40 . 
G=1 - - 0.02 - ~ 0.05 
Gain Range G 1 - 10k 1 - 10k VIV 
Nonlinearity G = 1 to 1000 - 0.006 - - 0.006 - % 
: 1<sGs 1000 : 
Temperature Coefficient Gro (Notes 1, 2) - 20 50 ~ 20 _ §0 ppm/ Cc 
OUTPUT RATING 
T, = +25°C, 
Suiput Veliaye , | R, = 1kQ #120 £13 - #12 +13 - : 
Swing OuT R, = 1kQ, 
-40°C <T, < 485°C +11 +12 - +11 +12 - 
Positive Current Limit Output-to-Ground Short - 22 ~ - 22 - mA 
Negative Current Limit Output-to-Ground Short - 32 - ~ 932 - mA 
NOISE ee es 
fo = 1kHz et 
. G = 1000 - 9 - - 9 - 
Voltage Density, RTI e, G = 100 - 10 - -:- 10 - nVi/Hz 
G=10 - 18 - - 18 - 
| Gut . - 120. = ms 120 
Noise Current Density, RTI i, fo = 1kHz, G = 1000 - 0.4 ~ - 0.4 . paJ/iz 
0.1Hz to 10Hz | 
G = 1000 - 0.4 - ~ 0.4 
Input Noise Voltage re G = 100 - 0.5 - - 0.5 pV, : 
. G = 10 - 1.2 - 1.2 : 
G =1 - 10 - - 10 
DYNAMIC RESPONSE bese had oh, 
G=1 - 1200 -~ = 1200 : 
Small-Signal G=10 - 300 - ~ 300 _ 
kH 
Bandwidth (-3dB) hd G=100 - 200 oA ~ 200 - ; 
G=1000 _ - 200 - - 200 - 
Slew Rate SR G=10,R, =1kQ 4 6 = 4 6 _ V/ps 
; : To 0.01% +10V Step 
a ~ _ 0 - Ss 
Settling Time ty G = 1 to 1000 10 1 vy 
NOTES: 


1. Guaranteed by design. 
2. Gain tempco does not include the effects of external component drift. 
3. Input voltage range guaranteed by common-mode rejection test. 
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ELECTRICAL CHARACTERISTICS at V, = t15V, Voy = OV, T, = +25°C, unless otherwise noted. Continued 


Se AMP-02E AMP-02 2 ae 
PARAMETER ; SYMBOL CONDITIONS . MIN TYP MAX MIN TYP MAX UNITS 
SENSE INPUT | | | i 
input Resistance Rw . _ 25 _- = 25 - kQ 
‘VolageRange Ae 
REFERENCE INPUT 
Input Resistance Rin - 50 - = * §0 - kQ 
‘VoltageRange = tsts=—<CSsSSSOSsSsSsSSS a eee 
Gain to Output - 1 - - 1 - VV 
POWER SUPPLY | | 
Supply Voltage Range v5 $4.5 - +18 $4.5 - +18 Vv 
Supply Current hy tove<t, 2 a85°C ~ 2 7 : : mA 
SIMPLIFIED SCHEMATIC 


O REFERENCE 
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ANALOG 
DEVICES 


Precision Single Supply 
Instrumentation Amplifier 


AMP04* 


FUNCTIONAL BLOCK DIAGRAM 


FEATURES 

Single Supply Operation 

Low Supply Current: 700 pA max 
Wide Gain Range: 1 to 1000 

Low Offset Voltage: 150 ,»V max 
Zero-In/Zero-Out 

Single-Resistor Gain Set 

8-pin Mini-DIP and SO packages 


APPLICATIONS 

Strain Gages 
Thermocouples 

RTDs 

Battery Powered Equipment 
Medical Instrumentation 
Data Acquisition Systems 
PC Based Instruments 
Portable Instrumentation 


GENERAL DESCRIPTION 

The AMP-04 is a single-supply instrumentation amplifier 
designed to work over a +5 volt to +15 volt supply range. It 
offers an excellent combination of accuracy, low power con- 
sumption, wide input voltage range, and excellent gain 
performance. 


Gain is set by a single external resistor and can be from | to 
1000. Input common-mode voltage range allows the AMP-04 to 
handle signals with full accuracy from ground to within | volt of 
the positive supply. And the output can swing to within 1 volt 
of the positive supply. Gain bandwidth is over 700 kHz. In 
addition to being easy to use, the AMP-04 draws only 700 »A of 
supply current. 


For high resolution data acquisition systems, laser trimming of 
low drift thin-film resistors limits the input offset voltage to 
under 150 wV, and allows the AMP-04 to offer gain nonlinearity 
of 0.005% and a gain tempco of 30 ppm/°C. 


A proprietary input structure limits input offset currents to less 
than 5 nA with drift of only 8 pA/°C, allowing direct connection 
of the AMP-04 to high impedance transducers and other signal 
sources. 


*Protected by U.S. Patent No. 5,075,633. 
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IN(-) (2) 


IN(+) (3) 


The AMP-04 is specified over the extended industrial (—40°C to 
+85°C) temperature range. AMP-04s are available in plastic and 
ceramic DIP plus SO-8 surface mount packages. 


Contact your local sales office for MIL-STD-883 data sheet and 
availability. 


PIN CONNECTIONS 
8-Lead Epoxy DIP 8-Lead Narrow-Body SO 
(P Suffix) (S Suffix) 
Rean L— L—} gain 
-IN L__| AMP-04 || V+ 
+N maa 5 Pe 
v- Co _] REF 
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AMP04— -SPECIFICATIONS 
ELECTRICAL CHARACTERISTICS « (Vs = = +5 V, You = = +2.5V, ae = +25°C unless otherwise noted) 


bn dae d eee AMP-04F | 
Parameter “i : oe ymbol | Conditions Typ Max | Min Typ Max | Units 


OFFSET VOLTAGE 
Input Offset: Voltage 


. —40°C = T, = +85°C 
Input Offset Voltage Drift 
Output Offset Voltage | 
: rr se —40°C = T, = +85°C 
Output Offset Voltage Drift — 7 
INPUT CURRENT 
Input Bias Current 
—40°C = T, = +85°C 
Input Bias Current Drift 
Input Offset Current 
—40°C = T, = +85°C 
Input Offset Current Drift 


INPUT 
Common-Mode Input Resistance | 
Differential Input Resistance 
Input Voltage Range 


Common-Mode Rejection 0V = Vem = 3.0 V 
| G=1_ 
G=10 
G = 100 
G = 1000 
Common-Mode Rejection | OV <= Vom = 2.5 V 
“ne —— +40°C = T, = +85°C 
|G=l!1 
G = 10 
G = 100 
_ 7 | G = 1000 
Power Supply Rejection . 40VeEV,=12V 
a —40°C = T, = +85°C 
G=1 
G = 10 
G= 100 
G = 1000 


Gain Equation Accuracy 


G = 1 to 100 
—40°C = Ty =+85°C: 
= 1000 


Gain Range | G 

Nonlinearity 1R, =5kO 
10, R, =5k0 
100, R; = 5 kO 


Gain Temperature Coefficient AG/AT 


OUTPUT 
Output Voltage Swing High Vou Ry = 2 kO V 
| R, = 2 kO 
—40°C = Ty, = +85°C V 
Output Voltage Swing Low VoL R, = 2kO 
— 40°C = T, = +85°C 2.5 mV 
Output Current Limit 30 mA 


15 
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AMP-04E AMP-04F 
Parameter | Symbol Conditions Min Typ Max | Min Typ Max | Units 


NOISE 


Noise Voltage Density, RTI nV/\/Hz 
nV/\/Hz 
nV/\/Hz 

ps 100 Hz, é= = 1000 nV/\/Hz 

Noise Current Density, RTI f = 100 Hz, G = 100 pA/\/Hz 

Input Noise Voltage - 0.1 to 10 Hz, G = 1 wV p-p 

0.1 to 10 Hz, G = 10 ; : wV p-p 
0.1 to 10 Hz, G = 100 wV p-p 
DYNAMIC RESPONSE 
Small Signal Bandwidth kHz 


POWER SUPPLY 
Supply Current Isy 550 700 700 pA 
—40°C = T, = +85°C 850 850 pA 


Specifications subject to change without notice. 


ELECTRICAL SPECIFICATIONS (V; = £15 V, Vey = OV, T, = +25°C unless otherwise noted) | 


AMP-04E AMP-04F | 
Parameter Symbol Conditions | Min Typ Max | Min’ Typ Max | Units 


OFFSET VOLTAGE 
Input Offset Voltage 


| —40°C = T, = +85°C © 
Input Offset Voltage Drift | | 
Output Offset Voltage 

| —40°C = T, = +85°C 
Output Offset Voltage Drift 


INPUT CURRENT 
Input Bias Current 
—40°C = T, = +85°C 
Input Bias Current Drift | 
Input Offset Current 
—40°C = T, = +85°C 
Input Offset Current Drift 


INPUT 
Common-Mode Input Resistance 
Differential-Mode Input Resistance 
Input Voltage Range 
Common-Mode Rejection 


—" 
N 


= 


S 
So 


=<VoMm=+t+l11V 
=< T, = +85°C 


=12°V 
G=1 
G = 10 
G = 100 
G = 10 
-11V 
°C 


th 
Qr 


ol 
—t tet ee 
o © 


t+ OOOO 
I 


Power Supply Rejecticn 


Qaa 
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_ Prd o Ba | teen a - AMP-04E | AMP-04F 
Parameter | _| Symbol | Conditions Min Typ Max | Min Typ Max | Units 


GAIN (G = 100 K/Rgaw) 


Gain Equation Accuracy G = 1 to 100 % 
? G = 1000 % 
G = 1 to 100° 


-40°C < T, < +85°C 


Gain Range 

Nonlinearity G=1,R, =5k0 
G = 10,R, =5k0 
G = 100, R, = 5 kO 


Gain Temperature Coefficient 


OUTPUT 
Output Voltage Swing High 


—40°C = T, = +85°C 
R, = 2 kO 

—40°C = T, = +85°C 
Sink 
Source 


Output Voltage Swing Low VoL. 


Output Current Limit 


f = 1kHz,G=1 
f = 1 kHz, G = 10 

f = 100 Hz, G = 100 
f = 100 Hz, G = 1000 
f = 100 Hz, G = 100 
0.1 to 10 Hz, G = 1 
ex p-p | 0.1 to 10 Hz, G = 10 
Cx p-p | 0.1 to 10 Hz, G = 100 


DYNAMIC RESPONSE | 
Small Signal Bandwidth _ BW G = 1, —3 dB 700 700 est kHz 
POWER SUPPLY ? 
Supply Current | Igy 
Igy 
Specifications subject to change without notice. 


WAFER TEST LIMITS (Vy = +5,V, Voy = +2.5 V, T, = +25°C unless otherwise noted) . sat | 


OFFSET VOLTAGE | a7 
Input Offset Voltage Vios 300 _ pV max 
Output Offset Voltage Voos 3 7 mV max 


NOISE | 
Noise Voltage Density, RTI 


Noise Current Density, RTI 
Input Noise Voltage 


ing 
Cn Pp-p 


—40°C < T, < +85°C. 


INPUT CURRENT 
Input Bias Current Ip nA max 
Input Offset Current Ios nA max 
INPUT | 
Common-Mode Rejection CMR 0V = Vem = 3.0 V 
G=1 dB min 
G = 10 dB min 
| G = 100 . dB min 
— G= 1000 , dB min 
Common-Mode Rejection CMR Vs = £15 V,-12V S Voy = +12 V | 
G=1 dB min 
_ | G=10 dB min 
st G = 100 dB min 
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Parameter 


Power Supply Rejection 


GAIN (G = 100 K/Rgam) 
Gain Equation Accuracy 


OUTPUT 
Output Voltage Swing High 
Output Voltage Swing Low 


POWER SUPPLY 
Supply Current — 


NOTE 
Electrical tests and wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guaranteed for 
standard product dice. Consult factory to negotiate specifications based on dice lot qualifications through sample lot assembly and testing. 


ABSOLUTE MAXIMUM RATINGS! DICE CHARACTERISTICS 
SUDDLY Voltage) sa dalek Os oe Se eek Se +18 V 
Common-Mode Input Voltage? ............20005 +18V 
Differential Input Voltage .............020202005 36 V 
Output Short-Circuit Duration toGND ......... Indefinite Reain Bean 
Storage Temperature Range ; 
Z Package: 4.6 bo Sais MERE SES —65°C to + 175°C 
P, S Package ..........0-.- ees —65°C to + 150°C 
Operating Temperature Range 
AMP-O4A js 506 ae GER GeR Ea —55°C to +125°C 
AMP-04E, F ..... ere eR may ae Brae Sete —40°C to +85°C 7 V+ 
Junction Temperature Range 
DVaCkage ten 6 OSes i Sie wR a —65°C to +175°C 
P, S Package... 0.2.0... eee ee eee —65°C to +150°C 8 Vour 
Lead Temperature Range (Soldering, 60 sec) ....... +300°C 
Package Type 
8-Pin Cerdip (Z) °C/W 
8-Pin Plastic DIP (P) 
8-Pin SOIC (S) 5 REF 


NOTES 

1Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. 

For supply voltages less than +18 V, the absolute maximum input voltage is 


equal to the supply voltage. AMP-04 Die Size 0.075 xX 0.99 inch, 7,425 sq. mils. 
30,4 is specified for the worst case conditions, i.e., 0; is specified for device in Substrate (Die Backside) Is Connected to V+. 
socket for cerdip, P-DIP, and LCC packages; @;, is specified for device Transistor Count, 81. 


soldered in circuit board for SOIC package. 


ORDERING GUIDE 


Package 
Option’ 


AMPO04EP 
AMP04FP 
AMP04FS 
AMP04AZ 
AMP04GBC 


NOTES 
For outline information see Package Information section. 
2Consult MIL-STD-883 data sheet. 
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APPLICATIONS . 

Common-Mode Rejection 

The purpose of the instrumentation amplifier is to amplify the 
difference between the two input signals while ignoring offset — 
and noise voltages common to both inputs. One way of judging 
the device’s ability to reject this offset is the common-mode 
gain, which is the ratio between a change in the common-mode 
voltage and the resulting output voltage change.. Instrumentation 
amplifiers are often judged by the common-mode rejection ratio, 
which is equal to 20 < log, of the ratio of the user-selected dif- 
ferential signal gain to the common-mode gain, commonly called 


the CMRR. The AMP-04 offers excellent CMRR, guaranteed to — 


be greater than 90 dB at gains of 100 or greater. Input offsets 
‘attain very low temperature drift by proprietary laser-trimmed 
thin-film resistors and high gain amplifiers. 


Input Common-Mode Range Includes Ground 

The AMP-04 employs a patented topology (Figure 1) that 
uniquely allows the common-mode input voltage to truly extend 
to zero volts where other instrumentation amplifiers fail. To — 


illustrate, take for example the single supply, gain-of 100 instru- - - 


mentation amplifier as in Figure 2. As the inputs approach zero 
volts, in order for the output to go positive, amplifier A’s output 
(Voa) must be allowed to go below ground, to —0.094 volts. 
Clearly this is not possible in a single supply environment. Con- 
sequently this instrumentation amplifier configuration’s input 
common-mode voltage cannot go below about 0.4 volts. In com- 
parison, the AMP-04 has no such restriction. Its inputs will 
function with a zero-volt common-mode voltage, 


Figure 1. Functional Block Diagram 


Figure 2. Gain = 100 Instrumentation Amplifier 
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~ Input Common-Mode Voltage Below Ground 


Although not tested and guaranteed, the AMP-04 inputs are 
biased in a way that they can amplify signals linearly with 


common-mode voltage as low as —0.25 volts below ground. This 
holds true over the industrial temperature range from —40°C to 


+85°C. 


Extended Positive Common-Mode Range 


On the high side, other instrumentation amplifier configura- 


tions, such as the three op amp instrumentation amplifier, can 
have severe positive common-mode range limitations. Figure 3 
shows an example of a gain of 1001 amplifier, with an input. — 
common-mode voltage of 10 volts. For this circuit to function, 
Vor Must swing to 15.01 volts in order for the output to go to 
10.01 volts. Clearly no op amp can handle this swing range __ 
(given a +15 V supply) as the output will saturate long before 

it reaches the supply rails. Again the AMP-04’s topology does 


not have this limitation. Figure 4 illustrates the AMP-04 operat- 


ing at the same common-mode conditions as in Figure 3. None - 


of the internal nodes has a signal high enough to cause amplifier - 
- saturation. As a result, the AMP-04 can accommodate much. — 


wider common-mode range than most instrumentation amplifiers. 


‘Figure 3. Gain = 1001, Three Op Amp Instrumentation iz 
Amplifier ’ a 


Figure 4. Gain = 1000, AMP-04 


REV. 0 


Programming the Gain 
The gain of the AMP-04 is programmed by the user by selecting 
a single external resistor —Rg ary: 


Gain = 100 kO/Rearn 


The output voltage is then defined as the differential input volt- 
age times the gain. 


Vour = (Vin+ — Vin_) X Gain 


In single supply systems, offsetting the ground is often desired 

for several reasons. Ground may be offset from zero to provide a 
quieter signal reference point, or to offset ‘“‘zero” to allow a uni- 
polar signal range to represent both positive and negative values. 


In noisy environments such as those having digital switching, 
switching power supplies or externally generated noise, ground 
may not be the ideal place to reference a signal in a high accu- 
racy system. 


Often, real world signals such as temperature or pressure may 
generate voltages that are represented by changes in polarity. In 
a single supply system the signal input cannot be allowed to go 
below ground, and therefore the signal must be offset to accom- 
modate this change in polarity. On the AMP-04, a reference 
input pin is provided to allow offsetting of the input range. 


The gain equation is more accurately represented by including 
this reference input. 


Vour = (Vin+ — Vin) X Gain + Veer 


Grounding 

The most common problems encountered in high performance 
analog instrumentation and data acquisition system designs are 
found in the management of offset errors and ground noise. Pri- 
marily, the designer must consider temperature differentials and 
thermocouple effects due to dissimilar metals, IR voltage drops, 
and the effects of stray capacitance. The problem is greatly 
compounded when high speed digital circuitry, such as that 
accompanying data conversion components, is brought into the 
proximity of the analog section. Considerable noise and error 
contributions such as fast-moving logic signals that easily propa- 
gate into sensitive analog lines, and the unavoidable noise com- 
mon to digital supply lines must all be dealt with if the accuracy 
of the carefully designed analog section is to be preserved. 


Besides the temperature drift errors encountered in the ampli- 
fier, thermal errors due to the supporting discrete components 
should be evaluated. The use of high quality, low-TC compo- 
nents where appropriate is encouraged. What is more important, 
large thermal gradients can create not only unexpected changes 
in component values, but also generate significant thermoelectric 
voltages due to the interface between dissimilar metals such as 
lead solder, copper wire, gold socket contacts, Kovar lead 
frames, etc. Thermocouple voltages developed at these junctions 
commonly exceed the TCVog contribution of the AMP-04. 
Component layout that takes into account the power dissipation 
at critical locations in the circuit and minimizes gradient effects 
and differential common-mode voltages by taking advantage of 
input symmetry will minimize many of these errors. 


High accuracy circuitry can experience considerable error contri- 
butions due to the coupling of stray voltages into sensitive areas, 
including high impedance amplifier inputs which benefit from 
such techniques as ground planes, guard rings, and shields. 
Careful circuit layout, including good grounding and signal rout- 
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ing practice to minimize stray coupling and ground loops is rec- 
ommended. Leakage currents can be minimized by using high 
quality socket and circuit board materials, and by carefully 
cleaning and coating complete board assemblies. 


As mentioned above, the high speed transition noise found in 
logic circuitry is the sworn enemy of the analog circuit designer. 
Great care must be taken to maintain separation between them 
to minimize coupling. A major path for these error voltages will 
be found in the power supply lines. Low impedance, load 
related variations and noise levels that are completely acceptable 
in the high thresholds of the digital domain make the digital 
supply unusable in nearly all high performance analog applica- 
tions. The user is encouraged to maintain separate power and 
ground between the analog and digital systems wherever possi- 
ble, joining only at the supply itself if necessary, and to observe 
careful grounding layout and bypass capacitor scheduling in sen- 
sitive areas. 


Input Shield Drivers : 

High impedance sources and long cable runs from remote trans- 
ducers in noisy industrial environments commonly experience 
significant amounts of noise coupled to the inputs. Both stray 
capacitance errors and noise coupling from external sources can 
be minimized by running the input signal through shielded 
cable. The cable shield is often grounded at the analog input 
common, however improved dynamic noise rejection and a 
reduction in effective cable capacitance is achieved by driving 
the shield with a buffer amplifier at a potential equal to the volt- 
age seen at the input. Driven shields are easily realized with the 
AMP-04. Examination of the simplified schematic shows that 
the potentials at the gain set resistor pins of the AMP-04 follow 
the inputs precisely. As shown in Figure 5, shield drivers are 
easily realized by buffering the potential at these pins by a dual, — 
single supply op amp such as the OP-213. Alternatively, applica- 
tions with single-ended sources or that use twisted-pair cable 
could drive a single shield. To minimize error contributions due 
to this additional circuitry, all components and wiring should 
remain in proximity to the AMP-04 and careful grounding and 
bypassing techniques should be observed. 


| a< 1/2 OP-213 
; (2) i 1) Vout 


Figure 5. Cable Shield Drivers 
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Compensating for Input and Output Errors 

To achieve optimal performance, the user needs to take into 
account a number of error sources found in instrumentation 
amplifiers. These consist primarily of i input and output offset 
voltages and leakage currents. 


The input and output offset volunees are sadepenticnt from one 
- another, and must be considered separately. The input offset 
component will of course be directly multiplied by the gain of 
the amplifier, in contrast to the output offset voltage that is 
independent of gain. Therefore, the output error is the domi- 
nant factor at low gains, and the input error grows to become 
the greater problem as gain is increased. The overall equation 
for offset voltage error referred to the output (RTO) is: 


Vos (RTO) = (Vios X G) + Voos 


where Vea is the input offset voltage and Voos the output off- 
set voltage, and G is the programmed amplifier gain. 


The change in these error voltages with temperature must also | 

be taken into account. The specification TCVog, referred to the 
output, is a combination of the input and output drift specifica- 

tions. Again, the gain influences the input error but not the out- 
put, and the equation is: 


TCV os (RTO) = (TCV 10s x G) + - TCV 905 


In some applications the user may wish to define the error con- © 
tribution as referred to the input, and treat it as an input error. | 


The relationship is: | 
TCVos5 (RTD = TCV ios + (TCV cos / G) 


The bias and offset currents of the input transistors also have an 
impact on the overall accuracy of the input signal. The input. 
leakage, or bias currents of both inputs will generate an addi- 
tional offset voltage when flowing through the signal source 
resistance. Changes in this error component due to variations 
with signal voltage and temperature can be minimized if both 
input source resistances are equal, reducing the error to a 
common-mode voltage which can be rejected. The difference in 
bias current between the inputs, the offset current, generates a | 
differential error voltage across the source resistance that should 
be taken into account in the user’s design. 


In applications utilizing floating sources such as thermocouples, 
transformers, and some photo detectors, the user must take care 
to provide some current path between the high impedance 
inputs and analog ground. The input bias currents of the AMP- 
04, although extremely low, will charge the stray capacitance 
found in nearby circuit traces, cables, etc., and cause the input 
to. drift erratically or to saturate unless given a bleed path to the 
analog common. Again, the use of equal resistance values will 
create a common input error voltage that is rejected by the 
amplifier. | 


Reference Input 

The Vrer input is used to set the system ground. For dual sup- 
ply operation it can be connected to ground to give zero volts 
out with zero volts differential input. In single supply systems it 
could be connected either to the negative supply or to a pseudo- 
ground between the supplies. In any case, the REF input must 
be driven with low impedance. 


Noise Filtering 

Unlike most previous instrumentation amplifiers, the output 
stage’s inverting input (Pin 8) is accessible. By placing a capaci- 
tor across the AMP-04’s feedback path (Figure 6, Pins 6 and 8) 
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_ Figure 6. Noise Band Limiting 


a single- pole low-pass filter is produced. The cutoff frequency. 
(frp) fe follows the relationship: 


1 
2m (100 RO) Ce, - 


Filtering can be applied to reduce wide band noise. Figure 7a 
shows a 10 Hz low-pass filter, gain of 1000 for the AMP-04. 
Figures 7b and 7c illustrate the effect of filtering on noise. The 
photo in Figure 7b shows the output noise before filtering. By | 
adding a 0.15 wF capacitor, the noise is reduced by about a fac- 
tor of 4 as shown in Figure 7c. 


fie = 


+15V 


Figure 7b. Unfiltered AMP-04 Output : 
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Figure 7c. 10 Hz Low-Pass Filtered Output 


Power Supply Considerations 

In dual supply applications (for example +15 V) if the input is 
connected to a low resistance source less than 100 0, a large 
current may flow in the input leads if the positive supply is 
applied before the negative supply during power-up. A similar 
condition may also result upon a loss of the negative supply. If 
these conditions could be present in you system, it is recom- 
mended that a series resistor up to 1 kQ. be added to the input 
leads to limit the input current. 


This condition can not occur in a single supply environment as 
losing the negative supply effectively removes any current return 
path. | 


Offset Nulling in Dual Supply 

Offset may be nulled by feeding a correcting voltage at the 
Veer pin (Pin 5). However, it is important that the pin be 
driven with a low impedance source. Any measurable resistance 
will degrade the amplifier’s common-mode rejection perfor- 
mance as well as its gain accuracy. An op amp may be used to 
buffer the offset null circuit as in Figure 8. 


Rg 


* AMP-04 ie 


INPUT 
+O 
+5V 
50k 
* OP-90 FOR LOW POWER 1000) 
OP-113FORLOWDRIFT sy! *Sm\ 
RANGE > 50k 
-5V 


Figure 8. Offset Adjust for Dual Supply Applications 


Offset Nulling in Single Supply | 

Nulling the offset in single supply systems is difficult because 
the adjustment is made to try to attain zero volts. At zero volts 
out, the output is in saturation (to. the negative rail) and the out- 
put voltage is indistinguishable from the normal offset error. 
Consequently the offset nulling circuit in Figure 9 must be used 
with caution. 
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First, the potentiometer should be adjusted to cause the output 
to swing in the positive direction; then adjust it in the reverse 
direction, causing the output to swing toward ground, until the 
output just stops changing. At that point the output is at the 
saturation limit. 


Figure 9. Offset Adjust for Single Supply Applications 


Alternative Nulling Method | 

An alternative null correction technique is to inject an offset 
current into the summing node of the output amplifier as in 
Figure 10. This method does not require an external op amp. 
However the drawback is that the amplifier will move off its 
null as the input common-mode voltage changes. It 1s a less 
desirable nulling circuit than the previous method. 


V+ —\WWy— v- 


Figure 10. Current Injection Offsetting Is Not 
Recommended 
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APPLICATION CIRCUITS ea 

Low Power Precision Single Supply RTD ) Amplifier 

Figure 11 shows a linearized RTD amplifier that:is powered off 
a single +5 volt supply. However, the circuit will work up to 
36 volts without modification. The RTD is excited by a 100 wA 
constant current that is regulated by amplifier A (OP-295). The 
0.202 volts reference voltage used to generate the constant cur- 
rent is divided down from the 2.500 volt reference. The AMP- 
04 amplifies the bridge output to a 10 mV/°C output coefficient. 


R3 
BALANCE 


._C3 
O.1uF +5V RB 
383Q 


ADJ 


0-—4.00V 


Agense ADJ. 


(@1/2 FS) 


NOTES: ALL RESISTORS +0.5%, +25 PPM/°C 
ALL POTENTIOMETERS +25 PPM/°C 


Figure 11. Precision Single Supply RTD Thermometer 
Amplifier | ode < ae 


The RTD is linearized by feeding a portion of the signal back to 
the reference circuit, increasing the reference voltage as the tem- 
perature increases. When calibrated properly, the RTD’s non- 
linearity error will be canceled. 


35002 STRAIN 
GAGE BRIDGE 


5k 


_ LINEARITY . 


10-TURN 97.6k 


To calibrate, either immerse the RTD into a zero-degree ice 
bath or substitute an exact 100 0 resistor in place of the RTD. 
Then adjust bridge BALANCE p potentiometer R3 for a 0 volt 
output. Note that a 0 volt output is also the negative output 
swing limit of the AMP-04 powered | with a single supply. There- 
fore, be sure to adjust R3 to first. cause the output to swing 
positive and then back. off until the: ‘output just. stop swinging 
negatively. oh 


Next, set the LINEARITY ADJ. potentiometer. to adie mid- 
range. Substitute an exact.247.04 ( resistor (equivalent to 400°C 
temperature) in place of the RTD. Adjust the FULL-SCALE 
potentiometer for a 4. 000 volts output. 


Finally substitute a 175, 84 CO resistor (equivalent to 200°C tem- 
perature), and adjust the LINEARITY ADJ potentiometer for a 
2.000 volts at the output. Repeat the full-scale and the half-scale 
adjustments as needed. ; 


When properly calibrated, the circuit achieves better than 
+0.5°C accuracy within a temperature measurement pee rom 
0°C to 400°C. : 


Precision 4-20mA Loop Transmitter wan Noninteractive 
Trim 

Figure 12 shows.a full bridge strain gage transducer Geplitien: 
circuit that is powered off the 4-20 mA current loop. The.. 
AMP-04 amplifies the bridge signal differentially and is con- 
verted to a current by the output amplifier. The total quiescent _ 
current drawn by the circuit, which includes the bridge, the 
amplifiers, and the resistor biasing, is only a fraction of the 

4 mA null current that flows through the current-sense resistor-- 
Rcgnsg- The voltage across Rsensr feeds back to the OP-90’s 
input, whose common-mode is fixed at the current summing 
reference voltage, thus regulating the output current. 


With no bridge signal, the 4 mA null is simply set up by the 
50 kQ NULL potentiometer plus the 976 k© resistors that 
inject an offset that forces an 80 mV drop across. Rggnsg- At a 
50 mV full-scale bridge voltage, the AMP-04 amplifies the 
voltage-to-current converter for a full-scale of 20 mA at the out- 
put. Since the OP-90’s input operates at a constant 0 volt 
common-mode voltage, the null and the span adjustments do 


4mA NULL 

Us 2 
REF-o2 ‘ 
GND 


OUT 


+Vg 
+12V 
TO 
-+36V 
4-20mA WS Pioap 
UNLESS OTHERWISE SPECIFIED, ALL RESISTORS +1% => 1002. 
OR BETTER POTENTIOMETER TEMPCO < 50 PPM/°C 7 
| Inuct * ‘span 
Figure 12. Precision 4-20 mA Loop Transmitter Features Noninteractive Trims 
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\/ 


GAIN OF 10 O 


not interact with one another. Calibration is simple and easy Single Supply Programmable Gain Instrumentation Amplifier 
with the NULL adjusted first, followed by SPAN adjust. The Combining with the single supply ADG221 quad analog switch, 
entire circuit can be remotely placed, and powered from the the AMP-04 makes a useful programmable gain amplifier that 
4-20 mA 2-wire loop. can handle input and output signals at zero volts. Figure 15 
4-20 mA Loop Receiver | shows the implementation. A logic low input to any of the 
At the receiving end of a 4-20 mA loop, the AMP-04 makes a fale control ports will cause the gain to change by shorting a 
convenient differential receiver to convert the current back to a BAM Set FeetstOr actors AMP-04 s Pins | and 8. Trimming 1S 
usable voltage (Figure 13). The 4-20 mA signal current passes required at higher gains to improve accuracy because the switch 
through a 100 © sense resistor. The voltage drop is differentially ON-resistance becomes oO significant part of the gain-set 
amplified by the AMP-04. The 4 mA offset is removed by the resistance. The gain of 500 setting has two switches connected 
EPseb AG eCUONCIFCLIE: in parallel to reduce the switch resistance. 
s15V +5V TO +30V 
IN4002 : 1S 5 
10uF 0.1yF 4 
b a 10 Ty 
| g| S ~V 2002 
0 Vout ie 
0-1.6V FS 
| GAIN OF 500 O lie 
| 
re} 
E GAIN OF 100 O [18 be 
SUPPLY 8 Lal 
mi 


| — | fd Sak 0.22)F 
Figure 13. 4 to 20 mA Line Receiver | SV 


INPUT TO +30V} Your 

Low Power, Pulsed Load-Cell Amplifier +O— O 
Figure 14 shows a 350 1) load cell. that is pulsed with a low duty ; V  REF{s | 
cycle to conserve power. The OP-295’s rail-to-rail output capa- 7 = AMP-04 | oa al 
bility allows a maximum voltage of 10 volts to be applied to the . 4 J 
bridge. The bridge voltage is selectively pulsed on when a mea- 7 | ae 
surement is made. A negative-going pulse lasting 200 ms should 
be applied to the MEASURE input. The long pulse width is Figure 15. Single Supply Programmable Gain Instrumen- 
necessary to allow ample settling time for the long time constant tation Amp lifier 
of the low-pass filter around the AMP-04. A much faster settling 
time can be achieved by omitting the filter capacitor. The switch ON resistance is lower if the supply voltage is 

+12V ; 12 volts or higher. Additionally the overall amplifier’s tempera- 


ture coefficient also improves with higher supply voltage. 


Figure 14. Pulsed Load Cell Bridge Amplifier 
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Figure 16. Input Offset (Viog) Distribution @ +5 V 
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Figure 18. Input Offset Drift (TCV, os) Distribution @ +5 V 
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Figure 20. Output Offset (Vo9s) Distribution @ +5 V 
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Figure 17. Input Offset (Vios) Distribution @ +15 V 
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Figure 19. Input Offset Drift (TCV,os) Distribution @ +15 V 
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Figure 21. Output Offset (Voos) Distribution @ +15 V 
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Figure 22. Output Offset Drift (TCVo9s) Distribution Figure 23. Output Offset Drift (TCVoo9s) Distribution 
@+5hV @+15V 


+OUTPUT SWING - Volts 


OUTPUT VOLTAGE SWING - Volts 


—OUTPUT SWING - Volts 


-50 ~25 0 25 50 75 100 


TEMPERATURE - °C TEMPERATURE -— °C 


Figure 24. Output Voltage Swing vs. Temperature Figure 25. Output Voltage Swing vs. Temperature 
@+5V | @ +15V 
40 
an Vg = +5V, Voy = 2.5V Vg = +5V, Voy = 2.5V 
Vg = +15V, Voy = OV Vg = 215V_ Voy = OV 
30 


INPUT BIAS CURRENT - nA | 
8 
INPUT OFFSET CURRENT - nA 


TEMPERATURE -— °C . TEMPERATURE - °C 


Figure 26. Input Bias Current vs. Temperature Figure 27. Input Offset Current vs. Temperature 
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Figure 28. Closed-Loop Voltage Gain vs. Frequency Figure 29. Closed-Loop Output Impedance vs. Frequency 
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Figure 32. Positive Power Supply Rejection vs. Frequency Figure 33. Negative Power Supply Rejection vs. Frequency 


10-52 INSTRUMENTATION AMPLIFIERS | REV.0 


VOLTAGE NOISE ~ nv/VHz 
/ A_RX##H + JH HH 
mel eink aa ee 
Pee Pedi UD arp eee 4 
Os OA 


= CLL jititL jt Tit 


otkae GAIN — . 


Figure 34. Voltage Noise Density vs. Gain 
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Figure 36. Voltage Noise Density vs. Frequency 
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Figure 38. Supply Current vs. Temperature 
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Figure 35. Voltage Noise Density vs. Gain, f = 1 kHz 
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Figure 37. Input Noise Voltage 
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Figure 39. Maximum Output Voltage vs. Load Resistance 
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SYIIAITANV NOILVIOSI Z-L1 


Selection Tree — Isolation Amplifiers 
ISOLATION 
7 | AMPLIFIERS | 


2 PORT 


Vp-p 21500 V 


AD202 (No Output Amp) — 
AD204* (With Output Amp) 


*Multichannel: Require Clock Driver AD246 


3 PORT 


V p-p = 2500 V 


AD210 (20 kHz BW) 


E-LL SUaldalIdINV NOILVIOSI/ 


Selection Guide—lIsolation Amplifiers 


Model 


289 
290A 
292A 
AD202 
AD203 
AD204 
AD208 
AD210 


Peak 
Volt Iso 
V pk 


2500 
1500 
1500 
1000-2000 
2000 
1000-2000 
1000-2000 
2500-3500 


Gain 
Range 
V/V. 


1-100 
1-100 
1-100 
1-100 
1-100 
1-100 
1-1000 
1-100 


Gain 
Nonlin 
% max 


0.012-0.05 
0.1-0.25 
0.1-0.25 
0.025-0.05 
0.025 


0.025-0.05 


0.015-0.03 
0.012-0.025 


0.44 kHz 
20 


Package 
Options! 


ie | 
Pi 
o 3S 
“% 


Comments 


Precision, Wide Bandwidth, Synchronized 

Single Channel, General Purpose 

Multichannel, General Purpose 

Lowest Cost, Small Size, Single Channel 

Rugged, Military Temperature Range, Wide Bandwidth 
Lowest Cost, Small Size, Multichannel 

Precision, Low Cost, Single Channel, mV Input 
Precision, 3-Port Isolation, Wide Bandwidth 


Page® 


A 5-75 
A 5-81 
A 5-81 
11-5 
A 5-19 
11-5 
A 5-41 
11-12 


1Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; J = J-Leaded Ceramic Package; 


M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline “SOIC” Package; RS = SSOP—Shrink Small Outline Package; S = Plastic 
Quad Flatpack; ST = Thin Quad Flatpack; T = TO-92; U = TSOP—Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In-Line “SIP” Package; Z = Ceramic Leaded Chip Carrier. 
Temperature Ranges: C = Commercial, 0°C to +70°C; I = Industrial, —40°C to +85°C (Some older products —25°C to +85°C); M = Military, —55°C to + 125°C. If a device has military grade offerings, the M 


temperature designator will be followed by: / to indicate 883B, ; for JAN, » for SMD, and , for space level. 
3A = Amplifier Reference Manual. All other entries refer to this volume. 
Boldface Type: Data sheet information in this volume. 
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ANALOG 
DEVICES 


FEATURES 

Small Size: 4 Channels/Inch 

Low Power: 35mW (AD204) . 

High Accuracy: + 0.025% max Nonlinearity (K Grade) 

High CMR: 130dB (Gain = 100V/V) 

Wide Bandwidth: 5kHz Full-Power (AD204) 

High CMV Isolation: + 2000V pk Continuous (K Grade) 
(Signal and Power) 

isolated Power Outputs 

Uncommitted Input Amplifier 


APPLICATIONS 

Multichannel Data Acquisition 

Current Shunt Measurements 

Motor Controls 

Process Signal Isolation 

High Voltage Instrumentation Amplifier 


GENERAL DESCRIPTION 

The AD202 and AD204 are general purpose, two-port, trans- 
former-coupled isolation amplifiers that may be used in a broad 
range of applications where input signals must be measured, 
processed and/or transmitted without a galvanic connection. 
These industry standard isolation amplifiers offer a complete 
isolation function, with both signal and power isolation provided 
for in a single compact plastic SIP or DIP style package. The 
primary distinction between the AD202 and the AD204 is that 
the AD202 is powered directly from a + 15V dc supply while 
the AD204 is powered by an externally supplied clock, such as 
the recommended AD246 Clock Driver. 


The AD202 and AD204 provide total galvanic isolation between 
the input and output stages of the isolation amplifier through 
the use of internal transformer-coupling. The functionally com- 
plete AD202 and AD204 eliminate the need for an external, 
user-supplied dc/dc converter. This permits the designer to » 
minimize the necessary circuit overhead and consequently reduce 
the overall design and component costs. 


-The design of the AD202 and AD204 emphasizes maximum 
flexibility and ease of use, including the availability of an un- 
committed op amp on the input stage. They feature a bipolar 
+ 5V output range, an adjustable gain range of from 1 to 100V/V, 
+ 0.025% max nonlinearity (K grade), 130dB of CMR and the 
AD204 consumes a low 35mW of power. 


PRODUCT HIGHLIGHTS 
_ The AD202 and AD204 are full-featured isolators offering numer- 
ous benefits to the user: 


Small Size: The AD202 and AD204 are available in SIP and ~ 
DIP form packages. The SIP package is just 0.25” wide, giving 


the user a channel density of four channels per inch. The isolation | 


barrier is positioned to maximize input to output spacing. For 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


REV. A 


~ Low Cost, Miniature 
Isolation Amplifiers 
AD202/AD204 


FUNCTIONAL BLOCK DIAGRAM 


_ applications requiring a low profile, the DIP package provides a 


height of just 0.350”. | 


High Accuracy: With a maximum nonlinearity of + 0.025% for 
the AD202K/AD204K (+0.05% for the AD202J/AD204J) and - 
low drift over temperature, the AD202 and AD204 provide high 
isolation without loss of signal integrity. 


Low Power: Power consumption of 35mW (AD204) and 75mW 
(AD202) over the full signal range makes these isolators ideal 
for use in applications with large channel counts or tight power 
budgets. 


Wide Bandwidth: The AD204’s full-power bandwidth of 5kHz 
makes it useful for wideband signals. It is also effective in appli- 
cations like control loops, where limited bandwidth could result 
in instability. ‘ 

Excellent Common-Mode Performance: The AD202K/AD204K 
provide + 2000V pk continuous common-mode isolation, while 
the AD202J/AD204J provide + 1000V pk continuous common- 
mode isolation. All models have a total common-mode input 
capacitance of less than 5pF inclusive of power isolation. This 
results in CMR ranging from 130dB at a gain of 100 to 104dB 
(minimum at unity gain) and very low leakage current (2A 
maximum). | | 


Flexible Input: An uncommitted op amp is provided at the | 
input of all models. This provides buffering and gain as required, 
and facilitates many alternative input functions including filtering, 
summing, high-voltage ranges, and current (transimpedance) | 
input. ; : 


Isolated Power: The AD204 can supply isolated power of +7.5V 
at 2mA. This is sufficient to operate a low-drift input preamp, 
provide excitation to a semiconductor strain gage, or to power 
any of a wide range of user-supplied ancillary circuits. The -. 
AD202 can supply +7.5V at 0.4mA which is sufficient to operate 
adjustment networks or low-power references and op amps, or 
to provide an open-input alarm. 
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aD202/AD204— SPECIFICATIONS « gk @ +27 Y= +1 ee 


GAIN es | ee 

Range tt | . | LV/V-100V/V * 

Error ; + 0.5% typ( + 4% max) * 

vs. Temperature, ; + 20ppm/°C typ (+ 45ppm/°C max) * 

vs. Time _ : + 50ppm/1000 Hours * 

vs. Supply Voltage +0.01%/V ~+0.01%/V +0.01%/V +0.01%/V 
Nonlinearity (G = 1V/V yl + 0.05% max + 0.025% max + 0.05% max +0.025% max _. 
Nonlinearity vs. Isolated Supply Load + 0.0015%/mA [* * * — 

INPUT VOLTAGE RATINGS 

Input Voltage Range | +5V. * 
Max Isolation Voltage (Input to Output) . - “4 a . 
AC, 60Hz, Continuous “| 750V rms 750Vrms 1500V rms 
Continuous (AC and DC) + 1000V peak + 1000V peak | + 2000V peak . 
Isolation- Mode Rejection Ratio (IMRR) (@ 60Hz Vere 
Rs< 1002 (HI & LO Inputs) G= 1V/V 110dB 105dB ‘105dB 
G= 100V/V 130dB ~ | * a 
Rs= 1kQ (Input HI, LO, or Both) G= 1V/V 104dB min — 100dB min 1 100dB min 
| G=100V/V 110dB min * | iis 
Leakage Current Input to Output @ 240V rms, 60Hz | 2A rms max * {* 
INPUT IMPEDANCE -. 
Differential (G = 1V/V) ° ei 107.0 x 
Common Mode . 2GQ||4.5pF * 

INPUT BIAS CURRENT 
Initial, @ + 25°C * 
vs. Temperature (Oto + 70°C) | x 

INPUT DIFFERENCE CURRENT 
Initial, @ + 25°C * 
vs. Temperature (0 to + 70°C) * 

INPUT NOISE _ fom soit 
Voltage, 0.1 to 100Hz 42V p-p + hate oe Sa 

f>200Hz | | | 50nV/WHz | | | Dare a 

FREQUENCY RESPONSE . 
Bandwidth(Vo <10V p-p, G= 1-S0V/V) | 2kHz 
Settling Time, to + 10mV (10V Step) ~ 

OFFSET VOLTAGE (RTD os 
Initial, @ + 25°C Adjustable to Zero (+5+5/G)mV max 
vs. Temperature (0 to + 70°C). . 

RATED OUTPUT 
Voltage (Out HI to Out LO) ‘ 

Voltage at Out HI or Out LO (Ref. Pin 32) i 
Output Resistance ae 7kO, 
Output Ripple, 100kHz Bandwidth 10mV pk-pk . 2 ok " 
5kHz Bandwidth 0.5mV rms * . 
. ISOLATED POWER OUTPUT? © , , Daw . 
Voltage, No Load < +7.5V 7 . a - 4 Oe las 
Accuracy | +10% . ‘Jee : a * on 
Current | 2mA (Either Output)? 2mA (Either Output)? | 400A Total 400,A Total - 
Regulation, No Load to Full Load 5%  . = ty ig 4 , 
Ripple : 100mV pk-pk * . i - 

OSCILLATOR DRIVEINPUT | yas . We 
Input Voltage 1SV pk-pk nominal -15V pk-pk nominal f.°% N/A 
Input Frequency 25kHz nominal 25kHz nominal © | N/A 

- POWER SUPPLY (AD202 Only) . : 

.. Voltage, Rated Performance i. BV + + 5% +15V 45% | 
Voltage, Operating . +15V + 10% +15V + 10% : 
Current, No Load (Vs = + 15V) se SmA | SmA 

TEMPERATURE RANGE om 
Rated Performance Oto +70°C ‘ = 
Operating = © — 40°C to + 85°C * 

Storage -- — — 40°Cto + 85°C * 

PACKAGE DIMENSIONS* . 

SIP Package (Y) | 2.08” x 0.250” x 0.625” } 1 . . 
DIP Package (N) 2.10" x0.7 ” x 0.350” = Bee cs 

NOTES 

*Specifications same as AD204J. 


‘Nonlinearity i is specified as a % deviation from a best sing line. 
?1.0uF min decoupling required (see text). 

33mA with one supply loaded. 

“Width is 0.25” typ, 0.26” max. 


Specifications subject to change without notice. 
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AD202/AD204 


PIN DESIGNATIONS 


AD202/AD204 SIP PACKAGE 


Cen FUNCTION 


+INPUT 

INPUT/Viso COMMON 
— INPUT 

INPUT FEEDBACK 

— Viso OUTPUT 


+ Viso OUTPUT 


+ 15V POWER IN (AD202 ONLY) 
CLOCK/POWER COMMON 
CLOCK INPUT (AD204 ONLY) 
OUTPUTLO 

OUTPUT Hi 


AD202/AD204 DIP PACKAGE 


Cen [FuNcTION——S—*d 


+ INPUT 
INPUT/Viso COMMON 
PUT 


OUTPUTLO 
OUTPUT HI 


+ 15V POWERIN (AD202 ONLY) 
CLOCK INPUT (AD204 ONLY) 
CLOCK/POWER COMMON 

+ Viso OUTPUT 

— Viso OUTPUT 

INPUT FEEDBACK 


ORDERING GUIDE 


Package 
Option 


AD202JY 
AD202KY 
AD202JN 

AD202KN 


AD204JY 
AD204KY 
AD204JN 
AD204KN 


Max Common- 
Mode Voltage (Peak) 


+ 0.05% 
+0.025% . 
+0.05% 

+ 0.025% 


+0.05% 

+ 0.025% 

+0.05% 
+0.025% 


OUTLINE DIMENSIONS 


Dimensions shown in inches and (mm). 


AD202/AD204 SIP PACKAGE . 


0.250 (6.3) TYP 
0.260 (6.6) MAX 


af SS ne (52.8) sat aap 


(15.9) 
M 


0.10 (2.5) TYP 


NOTE 
PIN 311S PRESENT ONLY ON AD202. 
PIN 33 IS PRESENT ONLY ON AD204. 


DIFFERENCES BETWEEN THE AD202 AND AD204 

The primary distinction between the AD202 and AD204 is in 
the method by which they are powered: the AD202 operates 
directly from + 15V dc while the AD204 is powered by a non- 
isolated externally-supplied clock (AD246) which can drive up 
to 32 AD204s. The main advantages of using the externally-clocked 
AD204 over the AD202 are reduced cost in multichannel appli- 
cations, lower power consumption, and higher bandwidth. In 
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“TT _ 0.010 x 0.020 
(0.25 x 0.51) 


AD202/AD204 DIP PACKAGE | 
SSS 2.100 (53.3) MAX Ta eae 


0.10 t 

(2.5) AD202/AD204 0.350 (8.9) 

== id ima | 
| | | | | 0.010 (0.25) 


F_ 0.018 (0.46 
, — sOUAKE. 0.015 (0.38) 
0.10 (2.5) TYP-o| ke— 


BOTTOM VIEW 


(3.8) | f-__—_—- 160 (40.6) ———» 


NOTE 
PIN 20 IS PRESENT ONLY ON AD202. 
PIN 21 IS PRESENT ONLY ON AD204. 


addition, the AD204 can supply substantially more isolated | 
power than the AD202. 


Of course, in a great many situations, especially where only one 
or a few isolators are used, the convenience of stand-alone operation 
provided by the AD202 will be more significant than any of the 
AD204’s advantages. There may also be cases where it is desirable _ 
to accommodate either device interchangeably, so the pinouts of 
the two products have been designed to make that easy to do. 
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AD202/AD204 


= OSCILLATOR - : 


Figure 1b. AD204 Functional Block Diagram 
(Pin Designations Apply to the DIP-Style Package.) 


INSIDE THE AD202 AND AD204 

The AD202 and AD204 use an amplitude modulation technique 
to permit transformer coupling of signals down to dc (Figure la 
and 1b). Both models also contain an uncommitted input op 
amp and a power transformer which provides isolated power to 
the op amp, the modulator, and any external load. The power 
transformer primary is driven by a 25kHz,.15V p-p square wave 
which is generated internally in the case of the AD202, or supplied 
externally for the AD204. — 

Within the signal swing limits of approximately + 5V, the output 
voltage of the isolator is equal to the output voltage of the op 
amp; that is, the isolation barrier has unity gain. The output 


NONLINEARITY 
-  (%) 


0. 04 02 03. 04 


(Circuit figures shown on this page are for SIP style pack- 
ages. Refer to page 3 for proper DIP package pin-out.) © 
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. 0 
05 06 07 08 09. 1.0 
“ QUTPUTLOAD-MQ 


_ Figure 2. Effects of Output Loading — 


signal is not internally buffered, so the user is free to interchange 
the output leads to get signal inversion. Additionally, in multi- 
channel applications, the unbuffered outputs can be multiplexed 
with one buffer following the mux. This technique minimizes 
offset errors while reducing power consumption and cost. The 
output resistance of the isolator is typically 3kM for the AD204 
(7k. for AD202) and varies with signal level and temperature, 

so it should not be loaded (see Figure 2 for the effects of load 


- upon nonlinearity and gain drift). In many cases a high-impedance 


load will be present or a following circuit such as an output _ 
filter can serve as a buffer, so that a separate buffer function — 
will not often be needed. a oa 


GAIN GAINTC 
CHANGE CHANGE 

(%) (ppm/C) 
, ~500 


- 400 


— 300 
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AD202/AD204 


Input Configurations. The AD202 and AD204 have been de- 
signed to be very easy to use in a wide range of applications. 
The basic connection for standard unity gain applications, useful 
for signals up to + 5V, is shown in Figure 5; some of the possible 
variations are described below. When smaller signals must be 


USING THE AD202 AND AD204 


Powering the AD202. The AD202 requires only a single + 15V 
power supply connected as shown in Figure 3a. A bypass capacitor 


is provided in the module. 


AD202 


Gi)}--s +15v 25% 
(2)}—,_ 15VRETURN 


VV 


Figure 3a. 


Powering the AD204. The AD204 gets its power from an ex- 
ternally supplied clock signal (a 15V p-p square wave with a 
nominal frequency of 25kHz) as shown in Figure 3b. 


+15V 


15V 
RETURN 


Figure 3b. 


AD246 Clock Driver. The AD246 is a compact, inexpensive 
clock driver that can be used to obtain the required clock from 
a single 15V supply. Alternatively, the circuit shown in Figure 4 
(essentially an AD246) can be used. In either case, one clock 
circuit can operate at least 32 AD204s at the rated minimum 
supply voltage of 14.25V and one additional isolator can be 
operated for each 40mV increase in supply voltage up to 15V. A 
supply bypass capacitor is included in the AD246, but if many 
AD204s are operated from a single AD246, an external bypass 
capacitor should be used with a value of at least 1pF for every 
five isolators used. Place the capacitor as close as possible to the 
clock driver. : 


CLK & 
PWR COM 


Figure 4. Clock Driver | 


(Circuit figures shown on this page are for SIP style pack- 
ages. Refer to page 3 for proper DIP package pin-out.) 
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AD202 OR AD204 


Figure 5. Basic Unity-Gain Application 


handled, Figure 6 shows how to get gain while preserving a 
very high input resistance. The value of feedback resistor Rr 
should be Kept above 20k for best results. Whenever a gain of 
more than five is taken, a 100pF capacitor from FB to INCOM 
is required. At lower gains this capacitor is unnecessary, but it 
will not adversely affect performance if used. 


Vo = Vsic x (1 + Be 
Re 


Re2=20k0 


Figure 6. Input Connections for Gain > 1 


The “noninverting” circuit of Figures 5 and 6 can also be used 
to advantage when a signal inversion is needed: just interchange 
either the input leads or the output leads to get inversion. This 
approach retains the high input resistance of the “noninverting” 
circuit, and at unity gain no gain-setting resistors are needed. 


When the isolator is not powered, a negative input voltage of 
more than about 2V will cause an input current to flow. If the 
signal source can supply more than a few mA under such condi- 
tions, the 2k resistor shown in series with IN+ should be 
used to limit current to a safe value. This is particularly important 
with the AD202, which may not start if a large input current is 
present. 
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Figure 7 shows how to accommodate current inputs or sum 
currents or voltages. This circuit can also be used when the 
input signal is larger than the +5V input range of the isolator; 
for example, a +50V input span can be accommodated with 
Rg = 20k and Rs = 200k. Once again, a capacitor from FB to 
IN COM is required for gains above 5. 


‘rR; Re 


neaankd 
Figure 7. Connections for Summing or Current Inputs 


Adjustments. When gain and zero adjustments are needed, the 
circuit details will depend on whether adjustments are to be 
made at the isolator input or output, and (for input adjustments) 
on the input circuit used. Adjustments are usually best done on > 
the input side, because it is better to null the zero ahead of the 
gain, and because gain adjustment is most easily done as part of 
the gain-setting network. Input adjustments are also to be preferred 
when the pots will be near the input end of the isolator (to 
minimize common-mode strays). Adjustments on the output 
side might be used if pots on the input side would represent a 
hazard due to the presence of large common-mode voltages 
during adjustment. 


Figure 8a shows the input-side adjustment connections for use 
with the “‘noninverting” connection of the input amplifier. The 
zero adjustment circuit injects a small adjustment voltage in 
series with the low side of the signal source. (This will not work 
if the source has another current path to input common or if 


current flows in the signal source LO lead). Since the adjustment | 


voltage is injected ahead of the gain, the values shown will work 
for any gain. Keep the resistance in series with input LO below 
a few hundred ohms to avoid CMR degradation. 


(Circuit figures shown on this page are for SIP style pack- | 


ages. Refer to page 3 for proper DIP package pin-out.) 
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Figure 8a. Adjustments for Noninverting Connection of 
Op Amp 


Also shown in Figure 8a is the preferred means of adjusting the 
gain-setting network. The circuit shown gives a nominal Rr of 
50kQ, and will work properly for gains of ten or greater. The 
adjustment becomes less effective at lower gains (its effect is 
halved at G = 2) so that the pot will have to be a larger fraction 
of the total Rg at low gain. At G = 1 (follower) the gain cannot 
be adjusted downward without compromising input resistance; _ 
it is better to adjust gain at the signal source or after the output. 


Figure 8b shows adjustments for use with inverting input circuits. 
The zero adjustment nulls the voltage at the summing node. 
This method is preferable to current injection because it is less 
affected by subsequent gain adjustment. Gain adjustment is 
again done in the feedback; but in this case it will work all the 
way down to unity gain (and below) without alteration. — 


Figure 8b. Adjustments for Summing or Current Input 
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Figure 9 shows how zero adjustment is done at the output by 
taking advantage of the semi-floating output port. The range of 
this adjustment will have to be increased at higher gains; if that 
is done, be sure to use a suitably stable supply voltage for the 
pot circuit. 


There is no easy way to adjust gain at the output side of the 
isolator itself. If gain adjustment must be done on the output 
side, it will have to be in a following circuit such as an output 
buffer or filter. 


+15V 


100k 
ZERO 


—15V 


Figure 9. Output-Side Zero Adjustment 


Common-Mode Performance. Figures 10a and 10b show how 
the common-mode rejection of the AD202 and AD204 varies 
with frequency, gain, and source resistance. For these isolators, 
the significant resistance will normally be that the path from the 
source of the common-mode signal to IN COM. The AD202 
and AD204 also perform well in applications requiring rejection 
of fast common-mode steps, as described in the Applications 
section. | 


10 20 £5060 100 200 500 tk 2k 5k 
FREQUENCY - Hz —» 


Figure 10a. AD204 


(Circuit figures shown on this page are for SIP style pack- 


ages. Refer to page 3 for proper DIP package pin-out.) 
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10 20 5060 100 200 500 tk 2k  # 5k 
FREQUENCY — Hz —= 


Figure 10b. AD202 


APPLICATION EXAMPLE 

Process Current Input with Offset. Figure 11 shows an isolator 

receiver which translates a 4-20mA process current signal into a 

0 to + 10V output. A 1V to 5V signal appears at the isolator’s 

output, and a —1V reference applied to output LO provides the 

necessary level shift (in multichannel applications, the reference 1 
can be shared by all channels). This technique is often useful ' 

for getting offset with a follower-type output buffer. 


The circuit as shown requires a source compliance of at least 
5V, but if necessary that can be reduced by using a lower value 
of current-sampling resistor and configuring the input amplifier 
for a small gain. : 


Oto +10V 


-1V TO 
ADDITIONAL 
CHANNELS 


—15V 


Figure 11. Process Current Input Isolator with Offset 
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DEVICES 


Precision, Wide Bandwidth, 
3- Port Isolation Amplifier 


AD210* 


FEATURES a 

High CMV Isolation: 2500V RMS Continuous 
+3500V Peak eontnuous 

Small Size: 1.00” x 2.10” x 0.350” 

Three-Port Isolation: Input, Output, and Power 

Low Nonlinearity: +0.012% max 

Wide Bandwidth: 20kHz Full- Power (—3aB) 

Low Gain Drift: +25ppm/°C max 

High CMR: 120dB (G=100V/V) 

Isolated Power: +15V @ +5mA 

Uncommitted Input Amplifier - 


APPLICATIONS 

Multichannel Data Acquisition 

High Voltage Instrumentation Amplifier 
Current Shunt Measurements 

Process Signal Isolation 


GENERAL DESCRIPTION 

The AD210 is the latest member of a new senetibon of low 
cost, high performance isolation amplifiers. This three-port, 

wide bandwidth isolation amplifier is manufactured with surface- 
mounted components in an automated assembly process. The 
AD210 combines design expertise with state-of-the-art manufac- 
turing technology to produce an extremely compact and economical 
isolator whose performance and abundant user features far exceed 
those offered in more expensive devices. 


The AD210 provides a complete isolation function with both 
signal and power isolation supplied via transformer coupling 
internal to the module. The AD210’s functionally complete 
design, powered by a single + 15V supply, eliminates the need 
for an external DC/DC converter, unlike optically coupled isolation 
devices. The true three-port design structure permits the AD210 
to be applied as an input or output isolator, in single or multi- 
channel applications. The AD210 will maintain its high per- 
formance under sustained common-mode stress. | 


Providing high accuracy and complete galvanic isolation, the 
AD210 interrupts ground loops and leakage paths, and rejects 
common-mode voltage and noise that may otherwise degrade 
measurement accuracy. In addition, the AD210 provides protec- 
tion from fault conditions that may cause damage to other sections 
of a measurement system. 


PRODUCT HIGHLIGHTS 
The AD210 is a full-featured isolator providing numerous user 
benefits including: © 


High Common-Mode Performance: The AD210 provides 2500V 
rms (Continuous) and + 3500V peak (Continuous) common-mode 
voltage isolation between any two ports. Low input to output 


*Covered by U.S. Patent No. 4,703,283. 


~- FUNCTIONAL BLOCK DIAGRAM 


capacitance of SpF results in a 120dB CMR at a gain of 100, 
and a low leakage current (2uA rms max @ 240V rms, 60Hz). 


High Accuracy: With maximum nonlinearity of +0.012% |. 

(B Grade), gain drift of + 25ppm/°C max, and input offset drift 
of (+ 10+ 30/G) wV/°C, the AD210 assures signal integrity while 
providing high level isolation. 


Wide Bandwidth: The AD210’s aaowes bandwidth af 20kHz 
makes it- useful for wideband signals. It is also effective in appli- 
cations like control loops, where limited bandwidth could result 
in instability. 
Small Size: The AD210 provides a complete isolation function 
in a small DIP package just 1.00” x 2.10” x.0.350”. The low 
profile DIP package allows application in 0.5” card racks and 
assemblies. The pinout is optimized to facilitate board layout 
while maintaining isolation spacing between ports. 


Three-Port Design: The AD210’s three-port design structure 
allows each port (Input, Output, and Power) to remain indepen- 


dent. This three-port design permits the AD210 to be used as 


an input or output isolator. It also provides additional system 
protection should a fault occur in the power source. . 


Isolated Power: + 15V @ 5mA is available at the input and 
output sections of the isolator. This feature permits the AD210 
to excite floating signal conditioners, front-end amplifiers and 
remote transducers at the input as well as other circuitry at the 
output. | = 


Flexible Input: An uncommitted operational amplifier is provided 
at the input. This amplifier provides buffering and gain as required, 
and facilitates many alternative input functions as required by 
the user. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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SPECI FICATIONS (typical @ +25°C, & V, = +15 V unless otherwise noted) AD21 0 


Model AD210AN AD210BN AD210JN 
GAIN OUTLINE DIMENSIONS 
Range 1V/V - 100V/V bs 7 : . ss 
set ies ee ‘i Dimensions shown in inches and (mm). 
vs. Temperature (0 to + 70°C) + 25ppm/°C max * * 
(-25°Cto +85°C) + SOppm/°C max * [/~<—_—-__- 2.10 (53.3) Max —_——_—>| 
vs. Supply Voltage + 0.002%/V . * 
Nonlinearity! + 0.025% max + 0.012% max * 
Nonlinearity vs. Isolated Supply Load + 0.002%/mA * * SIDE VIEW 91) MAX 
INPUT VOLTAGE RATINGS 
Linear Differential Range +10V * * 0.196 (4.98) 
* 0.146 (3.71) 


Maximum Safe Differential Input +15V 
Max. CMV Input-to-Output 

ac, 60Hz, Continuous 2500V rms *. 1500V rms 

dc, Continuous + 3500V peak 
Common-Mode Rejection 

60Hz, G = 100V/V 


i 
3 
x 


Rs=5000 Impedance Imbalance  120dB * * 
Leakage Current Input-to-Output 00.3) 
@ 240Vrms, 60Hz 2A rms max * * ; 
INPUT IMPEDANCE 
Sic es | foe CETTE it 
Common Mode SGOSpF hate hee eee eee wei 
INPUT BIAS CURRENT 
fnitial, @ + 25°C sion ucuuemuas:* . =| | 0.150 (3.81) —e|  |t- 0.100 (2.54) TYP 
vs. Temperature (0 to + 70°C) 10nA max 


(-25°C to + 85°C) 30nA max 
INPUT DIFFERENCE CURRENT 


AC1059 Mating Socket 


Initial, @ + 25°C SpA typ (200pA max) * by 2.10 (53.3) 
vs. Temperature (0 to + 70°C) 2nA max . " 0.30 
(=25°Cto +85°C)__10nA max : (7.5) eo 1.50'(37.5) Sage 0.020 
INPUT NOISE ; u 
Voltage (1kHz) 18nV/V Hz * * SS eG al 
(10Hz to 10kHz) 4yV rms * * | ft 
Current (1kHz) 0.01pA/V Hz * * 1.00 0.800 0.100 DIA, C/S TO 
FREQUENCY RESPONSE re) paces 
Bandwidth ( — 3dB) —(0) a ©) 
G=1V/V 20kHz . . 
G=100V/V 1SkHz * * 
Settling Time (+ 10mV, 20V Step) 
G=1V/V 150s >. oo 
G=100V/V 500s * ten ies ee 
Slew Rate (G = 1V/V) 1V/us 8 * xe 0.100(2.5) oe 
OFFSET VOLTAGE (RTI)? 0.15 (3.75) 0.300 
Initial, @ + 25°C (+15 +45/G)mV max (+5 +15/G)mV max * (7.5) 
vs. Temperature (0 to + 70°C) (+10 + 30/G)pn V/°C . a 
(<25°Cto +85°C)_(#10 =50/G)AVFC__* : AD210 Pin Designations 
RATED OUTPUT? 
Voltage, 2k2 Load +10V min * * " 
Impedance 10 max * * DESIGNATION; FUNCTION — / 
Ripple, (Bandwidth = 100kHz) 10mV p-p max 7 * 
ISOLATED POWER OUTPUTS* Output 
Voltage, No Load +15V is * 
Accuracy +10% * * 
Current +5mA * . 
Regulation, No Load to Full Load See Text * . 
Ripple See Text . i 
POWER SUPPLY 
Voltage, Rated Performance + 15Vdce +5% * * 
Voltage, Operating +15Vdc +10% © * * 
Current, Quiescent 50mA * - 
Current, Full Load —- Full Signal 80mA 7 * 
TEMPERATURE RANGE 
Rated Performance — 25°C to + 85°C * * 
Operating — 40°C to + 85°C * ~ 
Storage ~ 40°C to + 85°C bi * 
PACKAGE DIMENSIONS 
Inches 1.00 x 2.10 x 0.350 i : 
Millimete: 25.4 X 53.3 x 8.9 * * 
NOTES 


*Specifications same as AD210AN. 


‘Nonlinearity is specified as a % deviation from a best straight line. W A 4 N | N G | 
*RTI — Referred to Input - . : 
3A reduced signal swing is recommended when both + Viss and + Voss supplies are 
fully loaded, due to supply voltage reduction. Ng 
“See text for detailed information. 


ee i : : ESD SENSITIVE DEVICE 
Specifications subject to change without notice. 


CAUTION 


ESD (electrostatic discharge) sensitive device. Per- 
manent damage may occur on unconnected devices 
subject to high energy electrostatic fields. 
Unused devices must be stored in conductive foam 
or shunts. The protective foam should be dis- 
charged to the destination socket before devices are 
removed. 
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INSIDE THEAD2100 ssi. 

The AD210 basic block diagram is illustrated in Figure 1. A 

+ 15V supply is connected to the power port, and + 15V isolated 
power is supplied to both the input and output ports via a 50kHz 
carrier frequency. The uncommitted input amplifier can be used 
to supply gain or buffering of input signals to the AD210. The 
fullwave modulator translates the signal to the carrier frequency 
for application to transformer T1. The synchronous demodulator 
in the output port reconstructs the input signal. A 20kHz, three- 
pole filter is employed to minimize output noise and ripple. 
Finally, an output buffer provides a low impedance ‘output 
capable of driving a 2k/. load. | 


OUTPUT 
POWER 
SUPPLY 


PWR PWR COM 


Figure 1. AD210 Block Diagram 


USING THE AD210 

The AD210 is very simple to apply in a wide range of applications. 
Powered by a single + 15V power supply, the AD210 will provide 
outstanding performance when used as an input or output isolator, 
in single and multichannel configurations. | 


Input Configurations: The basic unity gain configuration for 
signals up to + 10V is shown in Figure 2. Additional input 
amplifier variations are shown in the following figures. For 
smaller signal levels Figure 3 shows how to obtain gain while 
maintaining a very high input impedance. 


Figure 2. Basic Unity Gain Configuration 


The high input impedance of the circuits in Figures 2 and 3 can 
be maintained in an inverting application. Since the AD210 is a 
three-port isolator, either the input leads or. the output leads 
may be interchanged to create the signal inversion. _ 
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Re 
Vour = Vsie (1 + | 
G 


+ 15V 


Figure 3. Input Configuration for G>1 


Figure 4 shows how to accommodate current inputs or sum 
currents or-voltages. This circuit configuration can also be used _ 
for signals greater than + 10V. For example, a + 100V input 
span can be handled with Re= 20k and Rs; =200k0. 


Figure 4. Summing or Current Input Configuration — 


Adjustments A a 
When gain and offset adjustments are required, the actual circuit 
adjustment components will depend on the choice of input 
configuration and whether the adjustments are to be made at 
the isolator’s input or output. Adjustments on the output side 
might be used when potentiometers on the input side would 


represent a hazard due to the presence of high common-mode 


voltage during adjustment. Offset adjustments are best done at’ 
the input side, as it is better to null the offset ahead of the gain. 


Figure 5 shows the input adjustment circuit for use. when the , 
input amplifier is configured in the noninverting mode. This 


offset adjustment circuit injects a small voltage-in series with the 
GAIN po . 
47.5kQ) 


+15V 
Figure 5. Adjustments for Noninverting Input 
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low side of the signal source. This will not work if the source 
has another current path to input common or if current flows in 
the signal source LO lead. To minimize CMR degradation, keep 
the resistor in series with the input LO below a few hundred 
ohms. 


Figure 5 also shows the preferred gain adjustment circuit. The 
circuit shows Rg of 50k0, and will work for gains of ten or 
greater. The adjustment becomes less effective at lower gains 
(its effect is halved at G=2)-so that the pot will have to be a 
larger fraction of the total Rg at low gain. At G=1 (follower) 
the gain cannot be adjusted downward without compromising 
input impedance; it is better to adjust gain at the signal source 
or after the output. 


Figure 6 shows the input adjustment circuit for use when the 
input amplifier is configured in the inverting mode. The offset 
adjustment nulls the voltage at the summing node. This is pref- 
erable to current injection because it is less affected by subsequent 
gain adjustment. Gain adjustment is made in the feedback and 
will work for gains from 1 to 100V/V. 


+15V 


Figure 6. Adjustments for Inverting Input 


Figure 7 shows how offset adjustments can be made at the 
output, by offsetting the floating output port. In this circuit, 
+ 15V would be supplied by a separate source. The AD210’s . 
output amplifier is fixed at unity, therefore, output gain must 
be made in a subsequent stage. 


Vour 


OFFSET 
+ 15V - 15V 


+ 15V 


Figure 7. Output-Side Offset Adjustment 
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PERFORMANCE CHARACTERISTICS 

Common-Mode Rejection: Figure 9 shows the common-mode 
rejection of the AD210 versus frequency, gain and input source 
resistance. For maximum common-mode rejection of unwanted 
signals, keep the input source resistance low and carefully lay 
out the input, avoiding excessive stray capacitance at the input 
terminals. 


5060 100 200 500 1k 2k 5k 10k 
FREQUENCY - Hz 


Figure 9. Common-Mode Rejection vs. Frequency 


Phase Shift: Figure 10 illustrates the AD210’s low phase shift ie 


and gain versus frequency. The AD210’s phase shift and wide 
bandwidth performance make it well suited for applications like 
power monitors and controls systems. 


—60 


GAIN - dB 


CCHICe ti NIN 
ETN 
COCCI TINE N 
CCCI 
CoE oo 


10 10k 100k 
menueneve Hz 


PHASE SHIFT - Degrees 


Figure 10. Phase Shift and Gain vs. Frequency 
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Isolated Power: The AD210 provides isolated power at the 
input and output ports. This power is useful for various signal. 
conditioning an Both ports are pate at a-nominal + he 

at 5mA. 


The load characteristics of the isolated power supplies are shown 
in Figure 15. For example, when measuring the load rejection 
of the input isolated supplies Viss, the load is placed between 
+Viss and — Viss. The curves labeled Viss and Voss are the 
individual load rejection characteristics of the input and the 
output supplies, respectively. 


There is also some effect on either isolated supply when loading 
the other supply. The curve labeled CROSSLOAD indicates the 
sensitivity of either the input or output supplies as a function of 
the load on the opposite supply. 


VOLTAGE 


Voss 


Voss SIMULTANEOUS 
Viss 


Viss SIMULTANEOUS 


5 10 
CURRENT - mA 


Figure 15. Isolated Power Supplies vs. Load 


Lastly, the curves labeled Voss simultaneous and Vice simul- 
taneous indicate the load characteristics of the isolated power 
supplies when an equal load is placed on both supplies. 


The AD210 provides short circuit protection for its isolated 
power supplies. When either the input supplies or the output 
supplies are shorted to input common or output common, re- 
spectively, no damage will be incurred, even under continuous 
application of the short. However, the AD210 may be damaged 
if the input and output supplies are shorted simultaneously. 


RIPPLE, mV p-p 


, LOAD- mA 


Figure 16a. Isolated Supply Ripple vs. Load 
‘External 4.74F Bypass) 
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Under any circumstances, care should be taken to ensure that 
the power supplies do not accidentally become shorted. 


The isolated power supplies exhibit some ripple which varies as — 
a function of load. Figure 16a shows this relationship. The 
AD210 has internal bypass capacitance to reduce the ripple to a 
point where performance is not affected, even under full load. 
Since the internal circuitry is more sensitive to noise on the 
negative supplies, these supplies have been filtered more heavily. 
Should.a specific application require more bypassing on the 
isolated power supplies, there is no problem with adding external 
capacitors. Figure 16b depicts supply ripple as a function of 
external bypass capacitance under full load. 


‘ae a 
CRISS Svan 
=. PS oo 
te es 


ae ny . 
SETS aie 
ICN SPT 
aco ea eee ed 
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C vise.) 
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10pF - 100pF 
CAPACITANCE 


100mV 


10mV 


RIPPLE -— Peak-Peak Volts 


imV 
. 0. pF 


Figure 16b. Isolated Power Supply Ripple vs. Bypees 
Capacitance (Volts p-p, IMHz Bandwidth, 5mA Load) 


Isolated V-to-I Converter 
Illustrated in Figure 19, the AD210 is used to convert a 0 to 
+10V input signal to an isolated 4-20mA output current. The 
AD210 isolates the 0 to + 10V input signal and provides a prop- 
ortional voltage at the isolator’s output. The output circuit 
converts the input voltage to a 4-20mA output current, which i in 
turn is applied to the loop load Rroap- 
ADJUST 
TO 4mA w. +28V 


WITH CURRENT 
ov IN LOOP 


CURRENT 
Loop 


+15V 


Figure 19. Isolated Voltage-to-Current Loop Converter 
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CHANNEL 1 
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(8) (2) 
~v, 9.31k 
7 +Viss (3) AD7502 TO. 
AD580 50k MULTIPLEXER 
OS EEE oll, ollbot ie 
CHANNEL 3 (16) cae z 
39k es Lo | (1) Et 
P AD OP-07 alae: 
ace 
oN 1.0uF (18) (2) 
: (14) (3) 
500 (15) enya (4) 
1 LG0)(23) SELECT 
CHANNEL 4 —)S 6) 
je Ee wl 
~| Pe ET 
ee Te A 
| (14) (3) 
(15) 


~Viss 


A1; A2 = AD547 


DC POWER 
SOURCE 


Figure 22. Multichannel Data Acquisition Front End 


MULTICHANNEL DATA ACQUISITION FRONT-END 


Illustrated in Figure 22 is a four-channel data acquisition front-end 
used to condition and isolate several common input signals 
found in various process applications. In this application, each 
AD210 will provide complete isolation from input to output as 
well as channel to channel. By using an isolator per channel, 
maximum protection and rejection of unwanted signals is obtained. 
The three-port design allows the AD210 to be configured as an 
input or output isolator. In this application the isolators are 
configured as input devices with the power port providing addi- 
tional protection from possible power source faults. 


Channel 1: The AD210 is used to convert a 4-20mA current 
loop input signal into a 0-10V input. The 25 shunt resistor 
converts the 4-20mA current into a + 100 to +500mV signal. 
The signal is offset by — 100mV via Ro to produce a0 to + 400mV 
input. This signal is amplified by a gain of 25 to produce the 
desired 0 to + 10V output. With an open circuit, the AD210 
will show —2.5V at the output. 


Channel 2: In this channel, the AD210 is used to condition and 
isolate a current output temperature transducer, Model AD590. 
At +25°C, the AD590 produces a nominal current of 298.2A. 
This level of current will change at a rate of 1wA/°C. At —17.8°C 
(0°F), The AD590 current will be reduced by 42.8A to 

+ 255.44A. The AD580 reference circuit provides an equal but 


REV. A 


opposite current, resulting in a zero net current flow, producing 
a OV output from the AD210. At + 100°C (+212°F), the AD590 
current output will be 373.24A minus the 255.4yA offsetting 
current from the ADS580 circuit to yield a +117.8yA input 
current. This current is converted to a voltage via Rr and Rg to 
produce an output of + 2.12V. Channel 2 will produce an output 
of +10mV/°F over a 0 to +212°F span. 


Channel 3: Channel 3 is a low level input channel configured 
with a high gain amplifier used to condition millivolt signals. 
With the AD210’s input set to unity and the input amplifier set 
for a gain of 1000, a + 10mV input will produce a + 10V at the 
AD210’s output. 


Channel 4: Channel 4 illustrates one possible configuration for 
conditioning a bridge circuit. The AD584 produces a + 10V 
excitation voltage, while Al inverts the voltage, producing negative 
excitation. A2 provides a gain of 1000V/V to amplify the low 
level bridge signal. Additional gain can be obtained by reconfig- 
uration of the AD210’s input amplifier. + Viss provides the 
complete power for this circuit, eliminating the need for a separate 
isolated excitation source. | 

Each channel is individually addressed by the multiplexer’s 
channel select. Additional filtering or signal conditioning should 
follow the multiplexer, prior to an analog-to-digital conversion 
stage. , 
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SHOLVYVdINOD 2-21 


Selection Tree — Comparators 


COMPARATORS 


DUAL SUPPLY | SINGLE SUPPLY 


Open Collector | Open Collector 


(45 ns, Prop Delay, +13 V CMV) | (45 ns, Prop Delay, +13 V CMV) 
AD790 AD790 


) | (300 ns) 
Diff Output CMpo4 
(3.5 ns, ECL) 
AD96685 AD96687 Single | Dual 


(4.5 ns, TTL) (4.5 ns) 
AD9696  ##$AD9698 AD9696 AD9698 


SYHOLVEVdINOD 


&-cl 


Selection Guide— Comparators 


Prop 

Delay Vos 

ns Dispersion mV Package Temp 
Model max ps Logic max Options’ Ranges” Comments Page®* 
AD1317 2.5 250 ECL 10 Z I, M/p Dedicated Window Comparator with Wide CM Range SL 6-15 
AD96685 » 3.5 50 ECL 2 E, H, P,Q, R I, M/, Ultrafast 12-13 
AD96687 3.5 50 ECL - 2 E, P,Q, R I, M/ Dual AD96685 12-13 
AD9696 ~=—s 7.0 100 TTL 2 H, N, Q, R, Z C, M/ Single Comparator 12-9 
AD9698 7.0 100 TTL p. H, Q, R, Z C, M/ Dual Comparator 12-9 
AD790 45 — TTL 0.25-1 N,Q,R C, I, M/p Fast, Precise Single or Dual Supply 12-5 
CMP05 55 — TTL 0.6 H,N,Q,R I, M/ High Speed Precision Comparator A 3-51 
CMP01 180 — ~ TTL 0.8 H, N, Q C, M/, Fast Precision Comparator A 3-27 
CMP02 270 — TTL 0.8 H, N, Q C,M Low Input Current Precision Comparator A 3-35 
CMP04 300 typ = F TTL 1.0 N, Q, R I, M/, Quad Low Power Precision Comparator 12-16 
PM139 1300 — TTL 2 D, E, N I, M/p; Low Power, Single or Dual Supply A 3-65 
PM239 1300 — TTL 2 D,E,N I,M Low Power, Single or Dual Supply A 3-65 


1Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; J = J-Leaded Ceramic Package; 
M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline “SOIC” Package; RS = SSOP—Shrink Small Outline Package; S = Plastic 
‘Quad Flatpack; ST = Thin Quad Flatpack; T = TO-92; U = TSOP—Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In-Line “SIP” Package; Z = Ceramic Leaded Chip Carrier. 


' 2Temperature Ranges: C = Commercial, 0°C to +70°C; I = Industrial, —40°C to +85°C (Some older products ~25°C to +85°C); M = Military, —55°C to +125°C. If a device has military grade offerings, the M 


temperature designator will be followed by: / to indicate 883B, , for JAN, , for SMD, and , for space level. 
3A = Amplifier Reference Manual; SL = Special Linear Reference Manual. All other entries refer to this volume. 
Boldface Type: Data sheet information in this volume. 
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12-4 COMPARATORS 


ANALOG 
DEVICES 


FEATURES 

45 ns max Propagation Delay 

Single +5 V or Dual +15 V Supply Operation 

CMOS or TTL Compatible Output 

250 pV max Input Offset Voltage 

500 »V max Input Hysteresis Voltage 

15 V max Differential Input Voltage 

On-Board Latch 

60 mW Power Dissipation 

Available in 8-Pin Plastic and Hermetic Cerdip 
Packages 
MIL-STD-883B Processing Available 

Available in Tape and Reel in Accordance with 
EIA-481A Standard 


APPLICATIONS 

Zero-Crossing Detectors 
Overvoltage Detectors 
Pulse-Width Modulators 
Precision Rectifiers 

Discrete A/D Converters z= 
Delta-Sigma Modulator A/Ds 


PRODUCT DESCRIPTION 

The AD790 is a fast (45 ns), precise voltage comparator, with a 
number of features that make it exceptionally versatile and easy 
to use. The AD790 may operate from either a single +5 V sup- 
ply or a dual +15 V supply. In the single-supply mode, the 
AD790’s inputs may be referred to ground, a feature not found 
in other comparators. In the dual-supply mode it has the unique 
ability of handling a maximum differential voltage of 15 V across 
its input terminals, easing their interfacing to large amplitude 
and dynamic signals. 


This device is fabricated using Analog Devices’ Complementary 
Bipolar (CB) process — which gives the AD790’s combination of 
fast response time and outstanding input voltage resolution 

(1 mV max). To preserve its speed and accuracy, the AD790 
incorporates a “low glitch’’ output stage that does not exhibit 
the large current spikes normally found in TTL or CMOS out- 
put stages. Its controlled switching reduces power supply distur- 
bances that can feed back to the input and cause undesired 
oscillations. The AD790 also has a latching function which 
makes it suitable for applications requiring synchronous 
operation. | 


The AD790 is available in five performance grades. The 
AD790J and the AD790K are rated over the commercial 
temperature range of 0 to +70°C. The AD790A and AD790B © 
are rated over the industrial temperature range of —40°C to 
+85°C. The AD790S is rated over the military temperature 
range of —55°C to +125°C and is available processed to MIL- 
STD-883B, Rev. C. = 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


REV..A 


_ Fast, Precision 
Comparator 


CONNECTION DIAGRAMS 
8-Pin Plastic Mini-DIP (N) 
and Cerdip (Q) Packages 


ouTPuT | 1 | £ AD790 | 8 | GROUND 
VLoaic 4 LS LATCH 


. 1 GAE 


PRODUCT HIGHLIGHTS 


l. 


The AD790’s combination of speed, precision, versatility and _ 
low cost makes it suitable as a general purpose comparator in 
analog signal processing and data acquisition systems. 


. Built-in hysteresis and a low-glitch output stage minimize the | 


chance of unwanted oscillations, making the AD790 easier to 
use than standard open-loop comparators. 


. The hysteresis combined with a wide input voltage range 


enables the AD790 to respond to both slow, low level (e.g., 
10 mV) signals and fast, large amplitude (e.g., 10 V) signals. 


. A wide variety of supply voltages are acceptable for operation 


of the AD790, ranging from single +5 V to dual +5 V/ —12 V, 
+5 V, or +5 V/+£15 V supplies. | 


. The AD790’s power dissipation is the lowest of any compara- 


tor in its speed range. . 


. The AD790’s output swing is symmetric between V, ogic . 


and ground, thus providing a predictable output under a _ 
wide range of input and output conditions. 
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AD790— SPECIFICATIONS 


DUAL SUPPLY (Operation @ +25°C and +V; = +15V, ies —15,V, Vggic = +5 V unless othervise noted) 


Parameter — . 


RESPONSE CHARACTERISTIC 
Propagation Delay, tpp 


OUTPUT CHARACTERISTICS 
Output HIGH Voltage, Vor; 


‘Output LOW Voltage, Vor 


INPUT CHARACTERISTICS 
Offset Voltage’. - 


Hysteresis” 
Bias Current 


Offset Current 


Power Supply 
Rejection Ratio dc 


Input Voltage Range. . 
Differential Voltage — 
Common Mode 

Common Mode 
Rejection Ratio 


Input Impedance : 


LATCH CHARACTERISTICS 
Latch Hold Time, t,; 
Latch Setup Time,.t, _ 
LOW Input Level,V,, 
HIGH Input Level, V;,; 
Latch Input Current 


SUPPLY CHARACTERISTICS 
Diff Supply Voltage? 


Logic Supply 
Quiescent Current 

+V, 

—Vs 

Vioaic . 
Power Dissipation 
_ TEMPERATURE RANGE 
‘Rated Performance 


NOTES 


‘Defined as the average of the input voltages at the low to high and high to low transition points. Refer to Figure 14. 
Defined as half the magnitude between the input voltages at the low to high and high to low transition points. Refer to o Figure 14. 


. ~AD790J/A 
Conditions Min Typ Max 
100 mV Step oe 
5 mV Overdrive 
Toni to Ta : 


1.6 mA Source 
6.4 mA Source 
Eg tO Ta: 


1.6 mA Sink 


6.4 mA Sink — 
Tin to 3 ae. . 


16 to Te 
ited. 
Either Input 
Tin to T,, 


max 


Tain to @ lone 


V5 +20% 


fren to se 


| Ves+15 V- 


<+10V 


; ies to ‘a 


Vioaic = 5 v 
Tinin tO Tee 


To a, 


+V, =15V 


Vioaic a aN 


0 to +70/—40 to +85 


Min 


0 to +70/—40 to +85 


AD790K/B 
Typ Max 


3+V., must be no lower than (V; ogrc —0.5 V) in any supply operating conditions, except during-power up. 


All min and max specifications are guaranteed. Spectications shown in boldface are tested on all production units at final test. 


Specifications subject to change without notice. 
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AD790 
SINGLE SUP P LY (Operation @ +25°C and +Vs = Viogic = +5 V, —V, = 0 unless otherwise noted)! 


AD790J/A AD790K/B AD790S Units 
Parameter Conditions Min Typ Max Min Typ Max Min Typ Max 
RESPONSE CHARACTERISTIC | 100 mV Step . 
Propagation Delay, tpp 5 mV Overdrive 45 50 45 50 45 50 ns 
Tig tO" Vega . 50/60 50/60 65 ns 


OUTPUT CHARACTERISTICS 
Output HIGH Voltage, Voy, 1.6 mA Source 
6.4 mA Source 
Din to eee 
Output LOW Voltage, Vo; 1.6 mA Sink 
6.4 mA Sink 
eae to (i 
INPUT CHARACTERISTICS 
Offset Voltage” 
Tain to Lae 
Hysteresis* To f0 Ed 
Bias Current Either Input 


Thain to Tax 


Offset Current 
_ Tain to Tags 
Power Supply 
Rejection Ratio dc 4.5 VsV.;=5.5 V 
| Tain to eax | 
Input Voltage Range 
Differential Voltage 
Common Mode 
Input Impedance 


LATCH CHARACTERISTICS 
Latch Hold Time, t;, 
Latch Setup Time, t, 


LOW Input Level, V,, eee (sl ae 
HIGH Input Level, V,;; bee TOME es 
Latch Input Current 
a errs to Daag 
SUPPLY CHARACTERISTICS 
Supply Voltage* Fe tO Fas 7 


Quiescent Current 
Power Dissipation 


60 60 60 
TEMPERATURE RANGE . od . 
Rated Performance Tinin tO Trax 0 to +70/—40 to +85 0 to +70/—40 to +85 —55 to +125 °C 


NOTES 

1Pin 1 tied to Pin 8, and Pin 4 tied to Pin 6. 

?Defined as the average of the input voltages at the low to high and high to low transition points. Refer to Figure 14. 

Defined as half the magnitude between the input-voltages at the low to high and high to low transition points. Refer to Figure 14. 
*—V. must not be connected above ground. . 

Specifications subject to change without notice. 


All min and max specifications are guaranteed. Specifications shown in boldface are tested on all production units at final test. . 
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AD790 


‘ABSOLUTE MAXIMUM RATINGS" NOTES uaa. a 
Supply Voltage .......... 0500 cS i ee ee eee ee EIB VO 'Stresses above those listed under “Absolute Nasi: Ratings” “ may cause 
Internal Power Dissipation®..................500mW. | ee Le to at device. Sea a batons cent fees a | 
ie ae Raat ~_ eration of the device at these or any other conditions above those indicated in 
Differential Inp ut Voltage etter eee see See es $165 V the operational sections of this epesificanigeic is not Sapled Exposure. to 
Output Short Circuit Duration ............... . Indefinite absolute maximum rating conditions for extended periods, may affect device 
Storage Temperature Range : reliability. 
CIN GIN) a dnks gece es, a erate he etn wes 2. —65°C to +125°C ~~... "Thermal characteristics: plastic N- 8 Scckine: On = rca ceramic Q-8 
(OQ ticmnickes adn Tain acta ch athe tone eed “y... -65°C to +150°C package: Oj = TIO Ciwarts Qc = 20°Ciwatt. 
Lead Temperature ero (Soldering 60 es iiatgacknrd as +300°C cae Eanes: i a ache Sic = oe hae 
Logic Supply Voltage -................. eae are 7V : 
_ 3 ORDERING GUIDE 
METALIZATION PHOTOGRAPH : | 
Contact factory for latest satya Package . 
Dimensions shown in inches and (mm). Range — : Description | Option* - 
Call factory for chip specifications. : 
_— | ~ AD790JN 0°C' to +70°C Plastic DIP | } 
/_»——— 0.05. AD790JR 0°C to +70°C SOIC =| R8 
+Vs — a Vioce AD790JR-REEL | 0°C to +70°C Reel 
| _e AD790KN { 0°C to +70°C Plastic DIP | N-8 
~ AD790AQ —40°C to +85°C Cerdip | Q8 
: AD790BQ —40°C to +85°C Cerdip Q-8 
ri -.  AD790SQ —55°C to +125°C | Cerdip =. |. Q-8 
AD790SQ/883B | —55°C to +125°C | Cerdip =—s_ |. 


~15V- 


Figure 1. Basic Dual Supply 


‘GROUND 


AD7908 Chips ——55°C to +125°C | Die 


*For outline infomation see. Package Information section. 


+5V LATCH. 
: (OPTIONAL) 


LATCH | 


5100 - 


Figure 2. Basic Single Supply: 
Configuration (N, Q Package.Pinout) 


Configuration (N, Q Package Pinout) ki aes ac ee 


7904 
0.1pF SCOPE 
putse| ~13V | 0.1,F 
GENERATOR | — 
| -4.7V ~15V 
HP8112 590 $ ao 6502 
10kQ -5V 
. -5mV VOLTAGE 
V SOURCE 
O -5V . 
102 


12-8. COMPARATORS — 


Figure 3. Response Time Test Circuit (N, Q Package Pinout) 
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ANALOG 
DEVICES 


- Ultrafast 
TIL Comparators 


AD9696/AD9698 


FEATURES 

4.5 ns Propagation Delay 

200 ps Maximum Propagation Delay Dispersion 
Single +5 V or +5 V Supply Operation 
Complementary Matched TTL Outputs 


APPLICATIONS 

High Speed Line Receivers 

Peak Detectors 

Window Comparators 

High Speed Triggers 

Ultrafast Pulse Width Disedminatore: 


GENERAL DESCRIPTION 

The AD9696 and AD9698 are ultrafast TTL- aennacble voltage 
comparators able to achieve propagation delays previously possi- 
ble only in high performance ECL devices. The AD9696 is a 
single comparator providing 4.5 ns propagation delay, 200 ps 
maximum delay dispersion and 1.7 ns setup time. The AD9698 
is a dual comparator with equally high performance; both de- 
vices are‘ideal for critical timing circuits in such applications as 
ATE, communications receivers and test instruments. 


Both devices allow the use of either a single +5 V supply or 

+5 V supplies. The choice of supplies determines the common 
mode input voltage range available: —2.2 V to +3.7 V for +5 V 
operation, +1.4 V to +3.7 V for single +5 V supply operation. | 


The differential input stage features high precision, with offset 
voltages which are less than 2 mV and offset currents less than 
] pA. A latch enable input is provided to allow operation in ei- 
ther sample-and-hold or track-and-hold applications. 


The AD9696 and AD9698 are both available as commercial tem- 
perature range devices operating from ambient temperatures of 
0°C to +70°C, and as extended temperature range devices for 
ambient temperatures from —55°C to + 125°C. Both versions are 
available qualified to MIL-STD-883 class B. 


Package options for the AD9696 include a 10-pin TO-100 metal 
can, an 8-pin ceramic DIP, an 8-pin plastic DIP, and an 8-lead 
small outline plastic package. The AD9698 is available in a 
16-pin ceramic DIP, a 16-lead ceramic gullwing, a 16-pin plastic 
DIP, and a 16-lead small outline plastic package. Military quali- 
fied versions of the AD9696 come in the TO-100 can and 


~ ceramic DIP; the dual AD9698 comes in ceramic DIP. 


FUNCTIONAL BLOCK DIAGRAM 


AD9696/AD9698 Architecture 


LEVEL - INPUT 
| INPUT | LATCH joan SHIFT OUTPUT . 


AD9696 


NONINVERTING 
INPUT 
INVERTING 


Q OUTPUT’ 


Q OUTPUT 


LATCH 
ENABLE 
AD9698 
NONINVERTING O- O Q OUTPUT Q OUTPUT O “OC NONINVERTING . 
_ INPUT “ INPUT 
INVERTING O O Q OUTPUT Q OUTPUT O O INVERTING 
INPUT , INPUT 
LATCH LATCH 
ENABLE _- ENABLE 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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AD9696/AD9698—SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS' — Operating aspera Range?” 


Supply Voltage (+Vs/-Vs) I Riaad ie lain ete Meee +7 V/-7V AD9696/AD9698KH/KN/KQ/KR? a Aare 0c to +70°C . 
Input Voltage Range ................ on ee Saeed V ~ AD9696/AD9698TH/TQ®? 2... 00.2... —55°C to +125°C” 
Differential Input Voltage ....... eh eeied Las tees Ue te 5.4V Storage Temperature Range ..... “vee ee ~65°E to +150°C ; 
Latch Enable: Voltage ............22008. -0.5Vto+V, Junction Temperature _ 
Output Current (Continuous)... 2.0.6.0... eee 20 mA  KH/KQ/TH/TQ Suffixes 2... ........000.. 2... +175°C 
Power Dissipation ........... re ee ree ee 600mW —*KN/KR Suffixes ..... eee ee fawye.6¢2 ISOC 

: Bs = | | Lead Soldering Temperature (10 sec) ........ . 2. +300°C 


(Supply Voltages = —5.2 V and +5.0 V; load as specified in Note 4, 


| ELECTRICAL | CHARACTERISTICS unless otherwise indicated) 


0°C to +70°C 


—55°C to +125°C 


AD9696/AD9698 | AD9696/AD9698 
_KH/KN/KQKR? TH/TQ? 
Parameter | Min Typ Min Typ Units 
INPUT CHARACTERISTICS ] 


Input Offset Voltage? 


Input Offset Voltage Drift 
Input Bias Current 


Input Offset Current . a 


Input Capacitance . | 

Input Voltage Range 
+5.0V 
+5.0V 

Common Mode Rejection Ratio 
+5.0 V 

* +5.0V 


LATCH ENABLE INPUT 
Logic “‘1” Voltage Threshold 
Logic ‘‘0” Voltage Threshold 
Logic “1” Current 
Logic ‘‘0” Current | 


DIGITAL OUTPUTS - 
Logic “‘1” Voltage (Source 4 mA) 
Logic “0” Voltage (Sink 10 mA) 


SWITCHING PERFORMANCE 
Propagation Delay (tp,)® 
Input to Output HIGH 
Input to Output LOW 
Latch Enable to Output HIGH 
Latch Enable to Output LOW 
Delta Delay Between Outputs 
Propagation Delay Dispersion 
~ 20 mV to 100 mV Overdrive 
100 mV to 1.0 V Overdrive 
Rise Time?! 
Fall Time?! 
Latch Enable > 
Pulse Width [tpywg)] 
Setup Time (ts) 
Hold Time (t,;) 
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AD9696/AD9698 


~—55°C to +125°C 


0°C to +70°C 


AD9696/AD9698 AD9696/AD9698 
Test TH/TQ? 
Parameter Temp Level Min Typ Max Units 
POWER SUPPLY’ 

Positive Supply Current® (+5.0 V) 
AD9696 mA 
AD9698 mA 

Negative Supply Current? (—5.2 V) 
AD9696 mA 
AD9698 mA 

Power Dissipation 
AD9696 +5.0 V mW 
AD9696 +5.0 V mW 
AD9698 +5.0 V mW 
AD9698 +5.0 V mW 

Power Supply Rejection Ratio’® dB 

dB 

NOTES Suffixes KH and TH apply only to model AD9696; AD9698 not available 
1Absolute maximum ratings are limiting values, to be applied individually, in metal can. St 

and beyond which the serviceability of the circuit may be impaired. ‘Load circuit hae 420 2 from +V, to eiiepat: 460 a from output to eanund: 

Functional operability is not necessarily implied. Exposure to absolute °R, =100 0. 

maximum rating conditions for an extended period of time may affect Propagation delays measured with 100 mV pulse; 10 mV overdrive. 

device reliability. 7Supply voltages should remain stable within +5% for normal operation. 
?Typical thermal impedances: Specification applies to both +5 V and +5 V supply operation. 

AD9696 Metal Can 8,4 = 170°C/W Z = 50°C/W *Specification applies to only +5 V supply operation. 

AD9696 Ceramic DIP 6,4 = 110°C/W = 20°C/W 10Measured with nominal values +5% of +V, and —Vg. 

AD9696 Plastic DIP Oy, = 160°C/W = 30°C/W ‘Although fall time is faster than rise time, the complementary outputs cross 

AD9696 Plastic SOIC 6, = 180°C/W a. = 30°C/W at midpoint of logic swing because of delay on start of falling edge. 

AD9698 Ceramic DIP 6,4 = 90°C/W ae = 25°C/W Specifications subject to change without notice. 


AD9698 Plastic DIP 84 = 100°C/W 8;, = 20°C/AW 
AD9698 Plastic SOIC = 8,4 = 120°C/W Ss 8;, = 20°C/W 


ORDERING GUIDE | 


EXPLANATION OF TEST LEVELS 

Test Level 

I -—- 100% production tested. 

II 100% production tested at +25°C, and sample tested 


Package 
Option’ 


at specified temperatures. AD9696KH TO-100 Can | 0°C to +70°C | H-10A 
III — Sample tested only. AD9696KN Plastic DIP | 0°C to +70°C N-8 
IV - Parameter is guaranteed by design and characterization AD9696KR SOIC 0°C to +70°C R-8 
testing. AD9696KQ Cerdip 0°C to +70°C Q-8 
V Parameter is a typical value only. AD9696TH TO-100 Can | —55°C to +125°C | H-10A 
VI — All devices are 100% production tested at +25°C. 100% AD9696TQ s Cerdip —55°C to +125°C | Q8 
production tested at temperature extremes for extended AD9696TZ/ 883B° Gullwing ~55°C to +125°C | Z-8A 
temperature devices; sample tested at temperature ex- AD9698KN_ Plastic DIP | 0°C to +70°C N-16 
remes for commercial/industrial devices. AD9698KR SOIC 0°C to +70°C R-16A 
= : AD9698KQ Cerdip 0°C to +70°C Q-16 
AD9698TQ Cerdip —55°C to +125°C | 


Gullwing —55°C to +125°C 


AD9698TZ/883B* 


NOTES 

"H = Hermetic Metal Can, N = Plastic DIP, Q = Cerdip, R = Small Out- 
line (SOIC), Z = Ceramic Leaded Chip Carrier. For outline information see 
Package Information section. 

?Refer to AD9696TZ/883B military data sheet. 

3Refer to AD9698TZ/883B military data sheet. 
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AD9696/AD9698 


| = 
1 our (NIC) 1 
Ql oy (Vg) | 2| 
GROUND (-IN,)] 3] 


PIN CONFIGURATIONS . 


16] Q2 oy; (LATCHENABLE1) 
; 


144] GROUND (Qigu7) 


LATCH 


Q2 our (GROUND) ENABLE 


GROUND 


LATCH ENABLE 1(+IN,)/ 4] Top view [13] LATCH ENABLE 2 (Q1,,,,) Qour | 
Not to Scale’ Not to Scale 
NIC (+IN2) | 5 ( ) 12] NIC (Q2 yy)’ 3 | ( ) | 6] GROUND = 
“Vg (INQ) | 6 | 11] +V, (Q2 our) | 5) LATCH 
| ENABLE 
HIN, (+44) -IN, (GROUND) +IN 
+INy (NIC)] 8) Fg | +IN. (LATCH ENABLE 2) 


- [AD9698KR/TZ PINOUTS Say IN ()] 


| Name | 
Qlour .. 


Qlour | 


GROUND | 


. LATCH 
ENABLE 1 


12-12 COMPARATORS 


AD9696KN/KR/KQ/TQ/TZ | 


AD9698KN/KQ/TQ 


AD9696KH/TH 


PIN DESCRIPTIONS 
Function © 


One of two complementary outputs. Qloyr will be at logic HIGH if voltage at a is greater than voltage 2 at Ca 
and LATCH ENABLE 1 is.at logic LOW. 


One of two complementary outputs. Qlour will be at logic HIGH if voltage at -IN ; Is greater than voltage at aN) 
and LATCH ENABLE 1 is at logic LOW. . ee 


Analog and digital ground return. All GROUND pins should be sanitected together and to a ioe impedance ground 
plane near the comparator. | 


Output at Qloyr will track differential ee at the inputs when LATCH ENABLE 1 is. at logic LOW... 

When LATCH ENABLE 1 is at logic HIGH, the output at Qloy-z will reflect the input state at the saplieaion of the 
latch command, delayed by the Latch Enable Setup Time (ts). Since the architecture of the input stage (see block 
diagram) is faster than the logic of the latch stage, data will typically be latched-if applied to the comparator(s) ¥ within . 
1.7 ns after the latch. This is the Setup Time (ts); for guaranteed performance, ts must be 3 ns. 


No internal connection to comparator. 
| Negative power supply connection; nominally — —5.2V. 

. Inverting input of differential input stage for Comparator #1. 
Noninverting input of differential input stage for Comparator #1. 
Noninverting input of differential input stage for Comparator #2. 
Inverting input of differential input stage for Comparator #2. 
Positive power supply connection; nominally: +5 V. 


Output at Q2our will track differential changes at.the inputs when LATCH ENABLE 2 is at ieee LOW. | 

When LATCH ENABLE 2 is at logic HIGH, the output at Q2o,;7 will reflect the input state at the application of the 

latch command, delayed by the Latch Enable Setup Time (tg). Since the architecture of the input stage (see block 

diagram) is faster than the logic of the latch stage, data will typically be latched if applied to the comparator(s) within 
1.7 ns after the latch. This.is the Setup Time (t,); for guaranteed performance, ts, must be 3 ns. | 


One of two complementary outputs. Qour will be at logic HIGH if voltage at —IN, is greater than voltage at +IN, 
and LATCH ENABLE 2 is at logic LOW. 


One of two complementary outputs. Qour will be at logic HIGH if voltage at +IN; i iS. BreAter than voltage at 


—IN, 
and LATCH ENABLE 2 is at Jogic LOW. as 


REV.A 


ANALOG 
DEVICES 


Ultrafast Comparators 
AD96685/AD96687 


FEATURES 

Fast: 2.5ns Propagation Delay 

Low Power: 118mW per Comparator 
Packages: DIP, TO-100, SOIC, PLCC 
Power Supplies: +5V, —5.2V 

Logic Compatibility: ECL 
MIL-STD-883 Versions Available 
50ps Delay Dispersion 


APPLICATIONS 

High Speed Triggers 

High Speed Line Receivers 
Threshold Detectors 
Window Comparators 
Peak Detectors | 


. INVERTING 


INPUT 


GENERAL DESCRIPTION 

The AD96685 and AD96687 are ultrafast voltage comparators. 
The AD96685 is a single comparator with 2.5ns propagation 
delay; the AD96687 is an equally fast dual comparator. Both 
devices feature 50ps propagation delay dispersion which is a 
particularly important characteristic of high speed comparators. 
It is a measure of the difference in propagation delay under 
differing overdrive conditions. 


A fast, high precision differential input stage permits consistent 
propagation delay with a wide variety of signals in the common- 
mode range from ~2.5V to +5V. Outputs are complementary — 
digital signals fully compatible with ECL 10K and 10KH logic 
families. The outputs provide sufficient drive current to directly 
drive transmission lines terminated in 500 to —2V. A level- 
sensitive latch input is included which permits tracking, track- 
hold, or sample-hold modes of operation. 


NONINVERTING 
INPUT o 


AD96685 FUNCTIONAL BLOCK DIAGRAM 


NONINVERTING 
INPUT 


INVERTING ¢ 
INPUT 


LATCHENABLE Vr 


O QOUTPUT 


0 QOUTPUT 


AD96687 FUNCTIONAL BLOCK DIAGRAM 


LE (te My 


LATCH ENABLE 


LATCH ENABLE 


THE OUTPUTS ARE OPEN EMITTERS, REQUIRING EXTERNAL 
PULL-DOWN RESISTORS. THESE RESISTORS MAY BE IN THE 
RANGE OF 5022 — 200{2 CONNECTED TO -2.0V, OR 2001) - 20001) 


ORDERING GUIDE 


Device 

AD96685BH — 25°C to + 85°C 10-Pin Can, Industrial 

AD96685BP — 25°C to + 85°C 20-Pin PLCC, Industrial P-20A 

' AD96685BQ —25°Cto + 85°C . 16-Pin DIP, Industrial Q-16 

AD96685BR — 25°C to + 85°C 16-Pin SOIC, Industrial R-16 
AD96685TE — 55°C to + 125°C 20-Pin LCC, Extended Temperature E-20A 
AD96685TH — 55°C to + 125°C 10-Pin Can, Extended Temperature H-10A 
AD96685TQ — 55°C to + 125°C 16-Pin DIP, Extended Temperature Q-16 
AD96687BP ~— 25°C to + 85°C 20-Pin PLCC, Industrial | P-20A 
AD96687BQ — 25°C to + 85°C 16-Pin DIP, Industrial Q-16 
AD96687BR — 25°C to + 85°C 16-Pin SOIC, Industrial R-16 
AD96687TE — 55°C to + 125°C 20-Pin LCC, Extended Temperature 


AD96687TQ | —55°Cto + 125°C 


*For outline information ste Package Information section. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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Temperature Range 


16-Pin DIP, Extended Temperature 


COMPARATORS 


NONINVERTING 
o INPUT 


INVERTING 
2 INPUT 


The AD96685 and AD96687 are available in both industrial, 

— 25°C to +85°C, and military: temperature ranges. Industrial 
range devices are available in 16-pin DIP, SOIC, and 20-lead 
PLCC; additionally, the AD96685 is available in a 10-pin, TO-100 
metal can. Both devices are available qualified to MIL-STD-883, 
Class B in 16-pin ceramic DIP and 20-lead ceramic LCC; the 
TO-100 version of the AD96685 is also mil-qualified. 


12-13 


AD96685/AD96687 — SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS? - 


Positive Supply Voltage (+Vs) : ee ee we ee ee +6.5V 


Negative Supply Voltage (— Vo. olan. a eee GOV 


Input Voltage Range” : ve e5yV 
Differential Input Voltage... .600.......... 5.5V 
Latch Enable Voltage... 0 0. ee 
Output Current . 2 2. ete ee ee ee ee 30MA 


eo © © © .0 @ tie, e © 0 © © © © © © 


—-Vs toOV — 


Operating Temperature Range* 
AD96685/87/BH/BQ/BP/BR | 
AD96685/87/TE/TH/TQ ......... —S55°C to +125°C 

Storage Temperature Range. ........ —S55°C to +.150°C 

Junction Temperature... 2. ee ee ee FITC 

Lead Soldering Temperature oe wee ee ee we 300°C 


~25°C to +85°C 


: e 
oo e@ © e@ e # @ 


ELECTRICAL CHARACTERISTICS (Poste Supply Voltage = 


Parameter 


INPUT CHARACTERISTICS 
Input Offset Voltage‘ 


Input Offset Drift 
Input Bias Current 


Input Offset Current 


Input Resistance 
Input Capacitance — 
Input Voltage Range* | Full 
Common-Mode Rejection Ratio 


ENABLE INPUT 
Logic “1” Voltage 
Logic “0” Voltage 
Logic “1” Current 
Logic “O” Current _ 


DIGITAL OUTPUTS® 
Logic “1” Voltage 
Logic “0” Voltage 


’ SWITCHING PERFORMANCE? — 
Propagation Delays’. 
Input to Output HIGH 
Input to Output LOW 
Latch Enable to Output HIGH © 
‘Latch Enable to oe LOW - 
Dispersion® 
Latch Enable iene 2% 
Minimum Pulse Width - 
Minimum Setup Time 
Minimum Hold Time’ ~~ 


POWER SUPPLY? ! 
Positive Supply Current( + 5. ov) 
Negative Supply Current c= 5.2V) 
Power Supply Rejection Ratio!® - 


NOTES 
Absolute maximum ratings are limiting values, to. be applied individually, 
and beyond which serviceability of the circuit may be impaired. Functional: 

_ Operation under any of these conditions is not necessarily implied. . 
Exposure to absolute maximum rating conditions for extended pias may 
affect device reliability. 

Under no circumstances should the input voltages exceed the supply. 


voltages. 
3Typical thermal impedances . 
AD96685 Metal Can 14: a= 172°C/W;3 @c = s2°CW 
AD96685 Ceramic OA= =115 °CIW; 8jc= 57°C/W 
AD96685 LCC Oya = 172°C/W3 0c = 65°C/W 
AD96685 SOIC Oya = 170°C/W3 O50, = 60°C/W. 
AD96685 PLCC Oya = 88°C/W O50 = 45°C/W 
AD96687 Ceramic Oya = 115°C/W; 8y¢ = 57°C/W 
AD96687 LCC Oya = 82°C/W; 83 = 31°C/W 
AD96687 SOIC Oya = 92°C/W; 8jc =47°C/W 
AD96687 PLCC Oya =81°C/W; Sic = 45°C a 
‘Rs = 1000. 


Input Voltage Range can be extended to —3.3V if — ~V5= = —6.0V. 

Outputs terminated through 50 to —2.0V... 

Propagation delays measured with 100mV pulse (10mV overdrive), to 
50% transition point of the output. 

“Change i in propagation Delay from 100mV to 1V input overdrive. 
*Supply voltages should remain stable within +5% for normal operation. 

10Measured at +5% of +Vs and — Vs. 


Specifications subject to change without notice. 
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+5.0V; Negative Supply Vote = —5.2, unless otherwise stated) 


Min Typ 


EXPLANATION OF TEST LEVELS 
~ Test Level 


I - 100% Sidnetibn et 
100% production tested at + 25°C, and sample tested 
- at specified temperatures. 
Sample tested only. 
- Parameter i is guaranteed by design and characterization 


testing. 

Parameter is a typical value nly, 

All devices are 100% production tested at + 25°C; 
100% production tested at temperature extremes for 
extended temperature devices; sample tested at 
temperature extremes for commercial/industrial 
devices. 
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~ AD96685/AD96687 


a ae . FUNCTIONAL DESCRIPTION | 

Pin Name Description - 

+Vs — Positive supply terminal, nominally +5.0V. 

NONINVERTING INPUT — Noninverting analog input of the differential input stage. The NONINVERTING INPUT must 

be driven in conjunction with the INVERTING INPUT. 

INVERTING INPUT — Inverting analog input of the differential input stage. The INVERTING INPUT must be driven 
. — in conjunction with the NONINVERTING INPUT. 

LATCH ENABLE ~ In the “compare” mode (logic HIGH), the output will track changes at the input of the comparator. 


In the “latch” mode (logic LOW), the output will reflect the input state just prior to the comparator 
being placed in the “latch” mode. LATCH ENABLE must be driven in conjunction with LATCH 
ENABLE for the AD96687. | | 
LATCH ENABLE. _ ~In the “compare” mode (logic LOW), the output will track changes at the input of the comparator. 
In the “latch” mode (logic HIGH), the output will reflect the input state just prior to the comparator 
being placed in the “latch” mode. LATCH ENABLE must be driven i in conjunction with 
| LATCH ENABLE for the AD96687. _ 

-Vs ~— Negative supply terminal, nominally —5.2V. 

Q ~ One of two complementary outputs. Q will be at logic HIGH if the analog voltage at the NON- 
INVERTING INPUT is greater than the analog voltage at the INVERTING INPUT (provided. 
the comparator is in the “compare” mode). See LATCH ENABLE and LATCH ENABLE (AD96687 — 
only) for additional information. 

— One of two complementary outputs. Q will be at logic LOW if the analog voltage at the NONIN- 
VERTING INPUT is greater than the analog voltage at the INVERTING INPUT (provided the ~~ 
comparator is in the “compare” mode). See LATCH ENABLE and LATCH ENABLE (AD96687 

only) for additional information. 

GROUND 1 | = — One of two grounds, but primarily associated with the ae sound Both grounds should be | 

, eer connected together near the comparator.:: 

GROUND2 | —_ — One of two grounds, but primarily icouaed with the analog ground. Both grounds should be 

connected ibesiot near the comparator. 


Al 


PIN DESIGNATIONS. 
AD96685BQ/TQ/BR AD96687BQ/TQ/BR 


crouno1[1] @ =~ ——*[a6]‘Grouno2 —s aourput [7] © 16 | QOUTPUT 

Vs+ | 2 | 15] Nc Goutput | 2 | 15 | GouTeuT 
Nee CS 14] Nc GROUND | 3 | [14] Grouno 

LATCH . TC 

nent i+] apsssss [13] NC ENABLE AD96687 ENABLE 

TOP VIEW sla _tATGH TOP VIEW [ATGH 
(Not 2 Scale) 12 | QOUTPUT ENABLE 5 | (Not to Scale) 12 Eras AD96687TE /BP 
~ fat} qourput ‘Ve- fit] Vs+ 


1s 10 | NC INVERTING 


INVERTING 
INPUT [10 


INPUT 


AD96685SBH/TH 


GROUND 1 


NONINVERTIN 
INPUT L4] 


INVERTING 
INPUT 0 NONINVERTING (8) GoutPut 
NC] 6) INPUT 
ne [7 | 
LATCH ie 


INVERTING 
° INPUT 
a aaa 
_ LATCHENABLE N 


(PIN 5 ieee TO CASE) 
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Quad Low Power, 
Precision a 


- FEATURES | 


IGN GIN 682d oScxed saw eck veers eee ens: 200V/mv Typ 
Single or Dual Supply Operation = 
Input Voltage Range Includes Ground ) 
Low Power Consumption (1 -5mW/Comparator) 
Low Input Bias Current .............. Core 100nA Max | 
Low Input Offset Current ...........0..0.... 10nNA Max — 
Low Offset Voltage ..............0...05.00.. 1mV Max © 
Low Output Saturation Voltage veseeee. 250MV @ 4mA 
Logic Output Compatible with TTL, DTL, ECL, MOS and 
CMOS 
e Directly Replaces LM139/239/339 Comparators: 
. Available in Die Form 
ORDERING INFORMATION | t ee ee 
Ty= 425°C PACKAGE ‘OPERATING 
Vos “GERD PLASTIC SO TEMPERATURE 
(mV) 14-PIN: . 14-PIN 14-PIN RANGE - 
1 | CMPO4BY* = , MIL 
1 CMPO4FY CMPO4FP CMPO4FS. ~  XIND. 
* For devices processed in total compliance to MIL- STD-883, add /883 after part : . 
number. Consult factory for 883 data sheet. — 
Burn-in is available on commercial and industrial ee range parts in: 


—~ 


CerDIP, ee DIP, and TO-can packages. 


SIMPLIFIED SCHEMATIC (1/4 CMP-04) 


+INPUT © 
© 


- SUBSTRATE DIODES 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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GENERAL DESCRIPTION 


Four precision independent comparators comprise the CMP- 


: 04. Performance highlights include a very low offset voltage, 
_ low output saturation voltage and high gainina single supply 
~ design. The input voltage range includes ground for single 


supply operation and V- for split supplies. A.low power 


a supply current of 2mA, which is independent of supply 
- voltage, makes this the preferred comparator for precision 


applications requiring’ ‘minimal power consumption. Maxi- 
mum logic interface Hexibility | is offered by the open-collector 


TTL OutpUE. 


aes CONNECTIONS 


14-PIN HERMETIC DIP 
 (Y¥-Suffix) 
14-PIN EPOXY DIP 
(P-Suffix) 


14-PIN SO 
—(S-Suffix), 


TYPICAL INTERFACE. 


- Driving CMOS 
80 


- 11/4 CD4011 


REV: A. 


CMP04 


ABSOLUTE MAXIMUM RATINGS (Note 1) Output Short-Circuit to GND .........ecccceceseseeseeeee Continuous 
eupely [| (0 eee an eg Ee 36V or +18V Lead Temperature (Soldering, 60 sec) ........ eee 300°C 
Differential Input Voltage ................ ameaei iu arenaycenutedene at 36V ‘EAVLEREIVOERS. OO “a ea oe So eae 
Input Voltage .........cscsscscssesssssssisssesscsteseeesteeee ~0.3V to +36V Aareoicncardig 1a Wore 2) “1c soa 
Operating Temperature Range 14-Pin Hermetic DIP (2) 110 26 "CW 
CMPB-O4 FY. acctcrscticesiics sev Auccstsiuanlestcecaseseies: —40°C to +85°C 14-Pin Plastic DIP (P) 83 39 °C/W 
CMP-O4BY sis civcrcdecestacsctendsyevenerssceastexscenacees -—55°C to +125°C 14-Pin SO(S) 120 36 °C 
CMP-O4FP, FS... cccssssecessreeceseceeesees —40°C to +85°C NOTES: | 
Junction Temperature (T) Us caspauecseWaeeevesen de -65°C to +150°C 1. Absolute maximum ratings apply to both DICE and packaged parts, unless 
Storage Temperature Range Big cetese ake 65°C to +150°C Otherwise noted. 
Fee UMIK) seavedcenee coe ate tavaeg ec taesctt aeaavinsentass -65°C to'+125°C PEIN ree ee at aceon rig comraibons ue: is seeciied Jor 
dévice i in socket for CerDIP and P-DIP packages; @., is spacitied for device 
Input Current (Vin MHS OV) ahd sraooad hcateaiesr iene aint 50mA soldered to printed circuit board for SO package. " 


ELECTRICAL CHARACTERISTICS at V+ = +5V, T, = 25°C, unless otherwise noted. 
, | 


: CMP-04B/F _ 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 
| | Rg = 00, R, = 5.1k | 
input Offset Voltage Vos Vo = 1.4V, (Note 1) ror 0.4 1 mV 
| Hin(+) — Sin() | : 

Input Offset Current | los R, =5.1kn | —_ 2. 10 nA 
7 | Vo = 1.4V = ee ce: 
Input Bias Current Ip bin(+) Or Vipy(-) ie 25 100 nA 
Voltage Gain = , Ay Ry = 15k, V+ = 15V, (Note 5) 80 - 200 _ V/mv 

| ) Vin= TTL Logic Swing | : 
Large-Signal Response Time ty Vaer = 1.4V, (Note 4) : a . — 300 _ ns 


Vat = 5V, Ry. = 5§.1kn 


Vin = 100mV Step, (Note 4) . : 


Small-Signal Response Time ty 5mV Overdrive _ 1.3 _— us 
| | Vat = 5V, RL = 5.1k0 3 


Input Voltage Range — CMVR ( Note 2) 0 — V+-1.5 . Wv 
Common-Mode Rejection Ratio = = CMRR _ (Notes 3, 5) : 80 00 BB 
Power Supply Rejection Ratio PSRR ° ~=—- V+ = +5V to 18V, (Note5) °C 80 10  — °° 4B 
Vin(-) 21V, Vin(t) =O, =a | 
— 250 4 V 
Saturation Voltage Vor len << 4mA 00 m 
; Vin(-) 2 1V, 
. 6 16 — 
Output Sink Current Isink Vi(t) = 0, Vo S$ 1.5V mA 
Vin(+) 2 1V, 
= 0.1 100 A 
Output Leakage Current LEAK Viy(-) = 0, Vo = 30V n 
oene So R, =, All Comps | 
Supply Current I+ V4 = 30V 0.8 2.0 mA 
NOTES: 


1. Atoutput switch point, Vo = 1.4V, Rg = 02 with V+ from 5V; and over the 
, full input common-mode range (OV to V+ — 1.5V). 
2. . Theinput common-mode voltage or either input signal voltage should not 
be allowed to go negative by more than 0.3V. The upper end of the 
common-mode voltage range is V+ — 1.5V, buteither orboth inputs cango 
to +30V without damage. 
R, 2 15k0, V+ = 15V, Voy = 1.5V to 13.5V. 
Sample tested. — 
Guaranteed by design. 


oS So 
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-CMPO4 


ELECTRICAL CHARACTERISTICS at V+= _ 45V, -55°C sT,s tine? for CMP- o4By, A0°C s s T, < +85°C for CMP-O4FY/FP/ | 
FS, unless otherwise noted. | | 


CMP-O4B/E ae ee 
nen ee eee Lt __ MIN, TYP. MAX. —«s* UNITS | 


oO Ag=00, RL = 5.1k0 
Vo = 1.4V, (Note 1) _ 


. fbeuacthy ete ae ee a ee 2 in) = AAyy(- y soi ws 2 clip atte GE ) ee irae 
Input Offset Current == lg RL =. 1ko a, Pe ae re _ 40 2D 
| ¢ | = oa Vo = 1.4V. be oP 3 : mat, Fee 
‘Input Bias‘Current:) Ip 8 Ay HY OF tpg) ae gies oe eee 40 . 200 a 7 nA- 
Voltage Gain ay 18k, V+ = 15V, (Note 5) 70 (oe. * pe Wmv 
Vin = TTL Logic stihl g . an . | See 
Large-Signal Response Time : tt ee betes 1 av: nae a Mi tee BGO ee A ag, 
8 Sst Ree n+ ke, “Vay = 100mV Step, (Note 4) phate Soy ae ope aaa 
Small-Signal Response Time ty - SmvV Overdrive: . ey ah oo AB mms 
be =. aft Var = 5V, Ry = 5.1k2 | ee 2 ee 
Input Voltage Range -  CMVR - (Note 2) ge ee 8S eer WRG Se So - OS 
Common-Mode Rejection Ratio .__ -CMRR | (Notes 3,5) ee | ; 60 100 aor | dB 
Power Supply Rejection Ratio PSRR V+=+5Vto18V tes. 3 80 100 ra gB 
Vin(-) 2 1V, Vin(+) = | te 


Saturation Voltage MQ ce eae o.oo. 280 7002 
; Pees : “ss : ‘ sock 


Input Offset Voltage a . ~ Vos 


“Vin(+) = 0, Vo S1.5V 
Vin(+) 2 1V, 


Output Leakage.Current - "Nea ener? a ee an 9 BS Oa. . 200? .. —— 
; in(7) = ¥, Vo = Soe hae . A is 


Output Sink Current . | ISINK 


“ oe Rr ; | R, = @, All Comps ie t,t e ie eit asi, es 
Supply Current § . I+ W4-=30V a . - 1.2 A 3.0 | | mA 
NOTES: 

1. Atoutput switch point, Vo=1 AN, Re=0Nwith V+from 5V; and over the ful $3 RL 15k0, vee = 18V, Vou= 1.5V to 13. SV. 
input common-mode range (OVtoV+-1.5V). _ 4, Sample tested. | 
2. ‘The input common-mode voltage or either input signal voltage should not «5 Guaranteed by design. 
be allowed to go negative by more than 0.3V. The upper end of the 
‘common-mode voltage range is V+ — 1.5V, but either or both inputs cango 
to +30V without aes 


BURN-IN CIRCUIT 


ZN BV TO 6.2V - 
5 WATT 470k 


+30V TO _ 
ONE EACH O ADJACENT ; 
_PER BOARD SOCKETS =  MIL-STD-883, METHOD 1015, CONDITION B 
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Matched Transistors 
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Page 
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MATO1 — Matched Monolithic Dual Transistor ......... 0.0... ccc ccc eee eee tee tenet ee tee eee eees 13-5 
MATO2 — Low Noise, Matched Dual Monolithic Transistor .........0 0... 0c ccc cee ete ee eee ee eee eee ee ees 13-7 
MAT03 — Low Noise, Matched Dual PNP Transistor ....... 0.0.0... . ccc cece ce eee eee eee eee eee eee eeees 13-10 
MAT04 = Matched Monolithic Quad Transistor ...... 0... ccc ee eee eee ete e eet eee ene aes 13-13 


MATCHED TRANSISTORS 13-1 


dNd €0LVW 
— NdN LOLVW 
- NdN#OLVIN NdN ZOLVW 
| pend LT 


SYOLSISNVUL 
CGaHOLVA 


SJOJSISURJ] Payo}eW — 9dl] UONIajaS — 
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Selection Guide— Matched Transistors 


Vos TCVos AhFE_ en 
Max Max - hFE max max Package Temp 
Model . Type pV opVv°C— OMin'’ _% nV/VHz? Options? Ranges* Comments Page> 
MAT01 DualNPN- 100 = 0.5 500 3 75 Q M/ Low Cost 13-5 
MAT02 Dual NPN 50 0.1 500 2 1 N I, M/ Low Noise, Lowr,,; 13-7 
MAT03. DualPNP- 100 0.5 100 2 1 N I, M/ Low Noise 13-10 
MAT04 Quad NPN 200 #1 300 2 2.5 N I, M/ Low Cost 13-13 
SSM2210 DualNPN — 200 1 300 5 iT P I Low Cost, Audio D 
SSM2220 Dual PNP — 200 ] 80 6 l R I Low Cost, Audio D 
1, =1mA 
?f,. = 100 Hz 


3Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; J = J-Leaded Ceramic Package; 

M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline “SOIC” Package; RS = SSOP—Shrink Small Outline Package; S = Plastic 
Quad Flatpack; ST = Thin Quad Flatpack; T = TO-92; U = TSOP—Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In-Line “SIP” Package; Z = Ceramic Leaded Chip Carrier. 
“Temperature Ranges: C = Commercial, 0°C to +70°C; I = Industrial, —40°C to +85°C (Some older products —25°C to +85°C); M = Military, —55°C to +125°C. If a device has military grade offerings, the M 
temperature designator will be followed by: / to indicate 883B, ,; for JAN, » for SMD, and g for space level. 
5D = Data Sheet. All other entries refer to this volume. 
Boldface Type: Data sheet information in this volume. 


13-4 MATCHED TRANSISTORS 


ANALOG 
DEVICES 


Matched Monolithic 
Dual Transistor 


FEATURES 
© Low Vos (Vee Match) ................ 2. eee 40u.V Typ 
| 100.V Max 
©: Low TOV 6 4 ¢swtesscoedidectcateenedes 0.5uV/° C Max 
© MIQN Nee: 3254 ka niee iia saree wee eee eis 500 Min 
e Excellent hee Linearity from 10nA to 10mA 
© Low Noise Voltage ......... 0. 23uVp-p — 0.1Hz to 10Hz 
© High Breakdown ................c ccc ceceeaes 45V Min 
° Available in Die Form | 
ORDERING INFORMATION{ 
Ta = 25°C OPERATING 
Vos MAX TEMPERATURE 
(mV) PACKAGE RANGE 
0.1 MAT01AH* MIL 
0.5 MAT01GH MIL 


* For devices processed in total compliance to MIL-STD-883, add /883 after part 
number. Consult factory for 883 data sheet. 

ft Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 


GENERAL DESCRIPTION 


The MAT-01 is a monolithic dual NPN transistor. An exclu- 
sive Silicon Nitride “Triple-Passivation” process provides 
excellent stability of critical parameters over both tempera- 
ture.and time. Matching characteristics include offset voltage 
of 40uV, temperature drift of 0.154V/° C, and hee matching of 
0.7%. Very high heg is provided over a six decade range of 
collector current, including an exceptional hee of 590 at a 
collector current of only 10nA. The high gain at lowcollector 


current makes the MAT-01 ideal for use in low-power, | 


low-level input slages: 


PIN CONNECTIONS 


(TOP VIEW) 


__ TO-78 — 


‘(H-Suffix) 


NOTE: 
Substrate is connected to case. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


REV. A 


ABSOLUTE MAXIMUM RATINGS (Note 4) 


Collector-Base Voltage (BVcgo) 7 
MAT-OIAH SGHiN vs sina stint cetaeom paw asraek4 45V 


Collector-Emitter Voltage (BVcE0) 7 

MAT-O1AH, GH, N .... sec c cece ccc c ccc cnscccecs .. 45V 
Collector-Collector Voltage (BVcc) 

MAT-O1AH, GH, N ....... ccc cece cece e ete ceeeeee 45V 
Emitter-Emitter Voltage (BVee) 

MAT-O1AH, GH,N .......... cece ween cece eeee 45V 
Emitter-Base Voltage (BVego) (Note 1) ................ 5V 
Collector Current (ic) ......... cece cece e eee eneee 25mA 
Emitter Current (le) 0... .. ccc cece cece ccc ececeveces 25mA 
Total Power Dissipation | 

Case Temperature < 40°C (Note 2) .............. 1.8W 

Ambient Temperature < 70°C (Note 3) ......... s0OmW 
Operating Ambient Temperature ....... —55°C to + 125°C 
Operating Junction Temperature ...... -55°C to + 150°C 
Storage Temperature ................. -65° C to + 150°C 
Lead Temperature (Soldering, 60 sec) ............. 300° C 
DICE Junction Temperature ........... —65°C to + 150°C 
NOTES: 


_ 1. Application of reverse bias voltages in excess of rating shown can result in 


degradation of heg and heg matching characteristics. Do not attempt to 
measure BVego greater than the 5V rating shown. 

2. Rating applies to applications using heat sinking to control case tempera- 
ture. Derate linearly at 16.4mW/°C for case temperatures above 40°C. 


'3. Rating applies to applications not using heat sinking; device in free air only. 


Derate linearly at 6.3mW/° C for ambient temperatures above 70°C. 
4. Absolute maximum ratings apply to both DICE and packaged devices. 


BURN-IN CIRCUIT 


MATCHED ‘TRANSISTORS 13-5 


MATO1. 


3 - ELECTRICAL CHARACTERISTICS at vee 15V, Ic= Oak T= 25°C, unless otherwise noted. | 
MAT-O1AH ===-—sCWMSAT-O1GH 


prec 7 | “SYMBOL ._ CONDITIONS - MIN TYP MAX MIN TYP MAX ~~ UNITS. 
Breakdown Voltage BVcce0 sg = 100uA , es V 
Offset Voltage — Vog | _ | — 004 o1 | — 010 O85 mV 
Offset Voltage Stability ‘ , | a Sr | 
First Month Vos/Time (Note 1) - — 2.0 = a 20 = — — pV/Mo 
Long-Term “(Note 2) . — 02 — = 02 = . 
- Offset Current los a ok . . | . — 01 06 _ 0.2 3.2 nA 
Bias Current te: a = 8 20 — 1% 40 .. nA 
Ig =10nA — 590 ye — 40 — 
Current Gain Nee . « Io= 10pA = . 500 TIO). gh ra . 250 560 _. 
| Ig=10mA | = 840 _ — 610 _—.. 
bi ; Ig=10eA_ — 0.7 3.0 oo 10° 8.0 , 
Current Gain Match | 3 Ahre 400NAS Ig 10mA _ 08 a - 12 = % 
‘ Low Frequency Noise . . = 
Notiage Capo 0.1Hz to 10Hz (Note 3). 0.23 «04 | 0.23 #04 . WV pep ; 
Broadband Noise . ren pee u | ee Bo 
Volt age @naMs "(Hz to 10kHz . . <= 060 # — — 0.60 eae HAMS. 
iia Weta fo =.10Hz (Note 3) —- 70 90 . .. = 70 90. 
patie en —s,_—_s« fg = 100Hz' (Note 3) = 61 76 647.8 VA 
icaitats 7 fg = 1000Hz (Note 3) — 60 75 «= -— 60°78 |. | 
Offset Voltage Change AVos/AVcnp_ —isiéO SV S30V_ C= — O58 30 ©  — O08 80 » yw 
Offset Current Change Ss Alos/AVog’ ss OS Veg 30V)C — 2 6% = = . 8 70 ~~ pA 
Coilector-Base ; | Veg = 30V, Ip =0 2 
Leakage Current cao | (Note 4) iS 50 25 200 pA 
Collector-Emitter os Nigg = BOV, Vag = 0 | — 
Leakage Current Ices (Notes 4, 6) - — Ber ee... oe ay ey : PA 
Collector-Collector . 7 Ag ee a eae . 
Leakage Current - 'oc é - Veo= " 30V, (Note 6) P&S 20. 200 - | eo 30 side oe Pp 
Collector Saturation =, ig =0.1mA, I= 1mA = 012, 0.20 = 012 0.25 ‘ 
Voltage | | CEAE: = Ip=1mA, I= 10mMA mB —- o8 — | 
Gain-Bandwidth Product .* Vce=10V,ig=10mA = 450 = MH 
Output Capacitance Cop | | — Vog = 15V, le = 0 | : _— 2.850 0= — 20° oo” pF 
Collector-Collector home , air an eee a one 
| = ~ 65 = _ So im ; 
_- Capacitance Coc Veo= 0 ms US - ey | te ehh pF 
ELECTRICAL CHARACTERISTICS at Vcop = 15V, Ico = 10HA, -55°C < Ta <= + 125°C, unless otherwise noted. 
| SF, MAT-01AH | MAT-01GH a pes 
PARAMETER | SYMBOL CONDITIONS MIN TYP MAX  - MIN TYP MAX. UNITS 
Offset Voltage >. Wee | ; a — (006 0.15 | — 014 070 mv 
_ Average Offset | 
: . — 0.15 0.50 —- 03 3 ° 
- Voltage Drift TCVos = (Note 7) | | | 0.35 8 pV/°C 
Offset Current * . log oe de — 09 80 ae 15 15.0. nA 
Average Offset _ | . | : 2. i, each 
_ 10 90 — 1 | ° 
Current Drift TClos | (Note 5) | 5 150 _ pA/ C ? 
Bias Current lp — 28 60 — 36 -=—=—- 130 nA 
CurrentGain Nee | | 167 400 — 77 ~~ 300 — oe 
~ Collector-Base | | Ta = 125°C, Veg = 30V, 
—_ 15 80 _ 25 A 
Leakage Current 'cBo Ie = 0 (Note 4) “ ‘ 
Collector-Emitter Ta = 125°C, Veg = 30V, 
- _ 50 300 ~ 90 400 A 
Leakage Current Ices Voge = 0 (Notes 4, 6) » " 
= . = 125°C | 
Collector-Collector ine Ta = 125°C, Voc = 90V = 30 200 of 50 400 a 
Leakage Current _ (Note 6) 
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ANALOG 
DEVICES 


Low Noise, Matched 
Dual Monolithic Transistor 


FEATURES | 

© Low Offset Voltage ................. ccc eee 50u.V Max 

@ Low Noise Voitage at 100Hz, 1mA ... 1.0nV/\/ Hz Max 

© High Gain (h_eg) .................. 500 Min at lc = 1mA 
Miueeakeeeenoudes 300 Min at Ic= 1A 

© Excellent Log Conformance ............... pe = 0.32 

© Low Offset Voltage Drift ................ 0.1.V/° C Max 


© Improved Direct Replacement for LM194/394 
e Available in Die Form 


ORDERING INFORMATION ' 
T, = +25°C andi OPERATING 
Vog MAX Lcc TEMPERATURE 
(uV) 10-78 20-CONTACT RANGE 
50 MATO2AH* E MIL 
50 MATO2EH . IND 
150 os MATO2BRC/883 MIL 
150 MATO2FH IND 


* For devices processed in total compliance to MIL-STD-883, add /883 after part 
number. Consult factory for 883 data sheet. 

t Burn-in is available on commercial and industrial i as range parts in 
CerDIP, piastic DIP, and TO-can packages. 


GENERAL DESCRIPTION 


The design of the MAT-02 series of NPN dual monolithic 
transistors is optimized for very low noise, low drift, and low 
rge. Precision Monolithics’ exclusive Silicon Nitride “Triple- 
Passivation” process stabilizes the critical device parameters 
over wide ranges of temperature and elapsed time. Also, the 
high current gain (hee) of the MAT-02 is maintained over a 
wide range of collector current. Exceptional characteristics 
of the MAT-02 include offset voltage of 50u%V max (A/E 
grades) and 150uV max (B/F grades). Device performance is 


specified over the full military temperature range as well as. 


at 25°C. 


Input protection diodes are provided across the diniittebase 
junctions to prevent degradation of the device character- 
istics due to reverse-biased emitter current. The substrate is 
clamped to the most negative emitter by the parasitic 
isolation junction created by the protection diodes. This 
results in complete isolation between the transistors. 


The MAT-02 should be used in any application where low 
noise is a priority. The MAT-02 can be used as an input stage 
to make an amplifier with noise voltage of less than 1.0nV/ 
at 100Hz. Other applications, such as log/anti-log circuits, 
may use the excellent logging conformity of the MAT-02. 
Typical bulk resistance is only 0.30 to 0.40. The MAT-02 
electrical characteristics approach those of an ideal transistor 
when operated over a collector current range of 1A to 10mA. 
For applications requiring multiple devices see MAT-04 Quad 
Matched Transistor data sheet. 


. This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


REV. C 


PIN CONNECTIONS 


a kN TO-78 
CD ()6 Bo 
H-Suffix 
A Gl ) 
S () 


E, E5 


MAT-02BRC/883 
20-LEAD LCC 
_ (RC-Suffix) 


NOTE: Substrate is connected to case on TO-78 package. Substrate 
is normally connected to the most negative circuit potential, 
- but can be floated. 


ABSOLUTE MAXIMUM RATINGS (Note 3) 


Collector-Base Voltage (BVEO)- a<si<oseualss abeaoue 40V 
Collector-Emitter Voltage (BVcEO) 1... eee e eee e ees 40V 
Collector-Collector Voltage (BVcc) ......----------- 40V 
Emitter-Emitter Voltage (BVegc) ...............- ee eee 40V 
Collector Current.) 224s. 5 oud nce wea eene ieee 20mA 
Emitter Current (I) ..... pied ays ee ere Se ree 20mA 
Total Power Dissipatlon 
Case Temperature <40°C (Note 1) ..........:ccsccseeseeeeees 1.8W 
Ambient Temperature <70°C (Note 2) ..........cscesceees 500mW 
Operating Temperature Range ; 
MAT-O2A, B............:sccceee dulsduinentundunptecescora —55°C to +125°C 
MAT -O2E,. P sossstioeccssosesedcsaatetegs cexvuciavecmnanccees —25°C to +85°C 
Operating Junction Temperature .................. —55°C to +150°C 
Storage Temperature .0...... eee eeeeeeeeeeeeees —65°C to +150°C 
Lead Temperature (Soldering, 60 S@C)..............:cseecee +300°C 
Junction Temperature ...........ccececseesseeeeeeeeees —65°C to +150°C 
NOTES: 


1. Rating applies to applications using heat sinking to control case temperature. 
Derate linearly at 16.4mW/°C for case temperature above 40°C. 

2. Rating applies to applications not using heat sinking; device in free air only. 
Derate linearly at 6.3mW/°C for ambient temperature above 70°C. 

3. Absolute maximum ratings apply to both DICE and packaged devices. 
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MATO2 


ELECTRICAL CHARACTERISTICS at Vos = 15V, Ic= 10uA, Ta= 25°C, unless otherwise noted. 


MAT-O2A/E = —*-—s MAT-02B/F° 


PARAMETER SYMBOL. CONDITIONS ==  - °° ~~ -MIN “TYP MAX = MIN. TYP MAX — UNITS” 
oe ae Ic=1mA (Note 1) | 600 605 — 400 605 — 
Current Gain. Nee lo=10uA ~ ie 400550 a 00 ae = 
lo= pA . 300 485 #— 200 485 _ 
Current Gain Match == Alege: 10uA<Ic¢<1mA,(Note2) ee): ae} = 068 <4 4 ..° 6 
Vea =0 <2 ae a Pe eae fy <k 
: — :. 10." 50 _ 0 150. od 
Offset Voltage Vos 1MA S lg < 1mA (Note 7) cen . — 50 8 50 os pv 
Offset Voltage _ 0 Vop < Vaax (Note 6) = Co Fae | a Soe 
| Change vs Vog AVos/AVcp 1HA S Ios ima (Note 7) | : | : . wy vO: HY 
‘Offset Voltage Change ; Vos = OV _ Ee 0 ie ae pattie xe ad 
ts —_ 5? 25. —-.. ‘§- 50 nae og 
vs. Collector Current AVos/Alc TA < lo <= 1mA (Note 7) . ek a nr 
‘Offset Current a ci ; | 
Al <= Vop = Va, _ 30 70 _ 30° 70 A/V 
Change vs Vog Alos/AVcp. = 9 = Vep=VMax es 7 a | oe Moat , 
Bulk Resistance BE 10uA < Io < 10mA (Note 3) ns | — 03 05 —- 03 £05 a 
Collector-Base ae | rn 3” | | _ 
Leakage Current. IcBo Vos = Vmax. . re “5 nea _m ee 26 | 400 : pA 
Collector-Collector — meer : ae Oe — ae - ea | 
Leakage Current loc Veo = Vmax: (Notes 3, 5) _ os 35 200 | = 35 400 pA 
Collector-Emitter. ae Vee = Vax: (Notes 3, 5) . ; ORR _ 
Leakage Current Ices Vee =0 | | eat Xe “ae ee ee pA 
Io = 1MA, Vog = 0, (Note 4) | et 7 
| fo = 10Hz —- 16 2 =. 08. 8 : 
Noise Voltage Density e, fo = 100Hz : . / me 09 - 1 me 0.9 2. ° AWVHZ 
| ig KHZ — — 0.85 1 — 0.85 2. oe eS 
fo = 10kHz , = 0,85 1 — 0.85 2 
Collector Saturation lc =1mA | . ee es ei By Vee ee oe 
_» % - — + 0.05 0.1 —- 0. . 0. vd 
Voltage _ Vee\sar) ‘tg = 100uA | 3 : | | nee as " 
Input Bias Current Ip p= 10H | . | om Be “A 
Input Offset Current los e_ < = 10pA_ : oS . - Se Tee OBS ee 138. > nA 
Breakdown Voltage BVcco i (sti 7 Bn v a 
Gain-Bandwidth Product fy «=. Ig = 10MA,Vog=10—V. ist om 200 HM 
Output Capacitance Cog Mep=1Vile=0 | = Bo — 2 + pF 
Coliector-Collector | | _ ** . _# SO aa Reg ae ae ere eee 
Capacitance Ceo Ve = 0 | ig ees OEM eee oie gp ye, , : ar 
NOTES: - 3. ‘Guaranteed by design. 
1. Current gain is guaranteed with Collector-Base Voltage (Vs) swept from 4. Sample tested. 
0 to Viyax at the indicated collector currents. 5.. loc and Icgs are verified by measurement of Icgo. 
2. Current Gain Match (Ahee) is defined as: 6. This is the maximum change in Vog as Vcg is swept from ov to 4ov.. 
7. Measured at lo= ees and Laueramend by sesiane over the specified range : 


100 (Alp) (hee min) 


FE = lo of lc. 
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ELECTRICAL CHARACTERISTICS Vp = 15V, -25°C < Ta < + 85°C, unless otherwise noted. 


N 


. MAT-02E MAT-02F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
Offset Voltage V Ves = 0 ans = 70 = — 220 uV 
OF. 1pA <I¢< 1mA (Note 5) | 
Average Offset Tey 10uA < Io 1MA, 0 < Vog S Varax, (Note 1) — 0.08 0.3 — 0.08 1 weC 
Voltage Drift os Vos Trimmed to Zero, (Note 3) — 0.03 0.1 — 003 #403 . 
Input Offset Current los Io = 10uA = — 8 _ - . nA 
Input Offset 
= mate 4 faa ° 
Gureent oat TClos Io = 10nA, (Note 4) 0 90 40 150 pA/°C 
Input Bias Current lp Io = 10nA _— — 45 = = 50 nA 
Ic= mA, (Note 2) a 300 -— — 
a Io = 100uA | 275 — — 250 _ - 
Current Gain Nee lo = 10uA 225 _ _ 200 = = 
Io= 1A 200 _ _ 150 _ — 
Collector-Base : 
_Leakage Current 'cBo Ves = Vmax i 2 . oP ee ms 
Collector-Emitter oe 
Leakage Current Ices Voce = Vmax Vee = 0 a oe *S a ? = omg 
Collector-Collector 
Leakage Current loc Veo = Vaiax c- | ~ : pe ~ : a ne 
ELECTRICAL CHARACTERISTICS Vcp = 15V, -55°C < Ta S$ + 125°C, unless otherwise noted. 
| MAT-02A MAT-02B 
PARAMETER SYMBOL CONDITIONS — . MIN TYP MAX MIN TYP MAX UNITS 
Offset Voltage CV Vee = 0 | = ~— 80 _ — 250 V 
9 os 1uA <I¢< 1mA (Note 5) # 
Average Offset . TCV, 10nA <!I6< IMA, 0S Vog = Veax, (Note 1) _ 0.08 0.3 — 0.08 4 
Voltage Drift os Vos Trimmed to Zero, (Note 3) — 0.03 0.1 — 003 03 
Input Offset Current los Io = 10nA = a . Oo ae _ 15 
Input Offset exie ae | 7 | ee ; 
Current Drift TClos Io = 10nA, (Note 4) —- 4 90 ne 40 150 _ PAC 
Input Bias Current | Ip Io = 10pA = ~ 60 _ ~— 70 OA 
Io = 1mA, (Note 2) 275 — 
. lo = 100 pA 225 — — 2000 — 
Current Gain. hee lo=10uA ped _ rs ie fe a ie 
Ilo = 1pA 150 — — 100 _ — 
Collector-Base Vos = Vax 
= 15 as se — 
Leakage Current lcBo Ta = 125°C 2 ne 
Collector-Emitter . '  Voe = Vaax Vee = 0 
I _ 50 _ _ _ 
Leakage Current CES Ty = 125°C _ 50 nA 
Collector-Collector Voc = Vmax | 
| — 30 _ — 4 — 
Leakage Current ce Ta = 125°C e a 
oe Vv 
Guaranteed by Vog test (TCVog = —2S for Vos < Veg) T = 298k for 
° “TT 
- Ty = 25°C. 
Current gain is guaranteed with Collector-Base Voltage (Vee) swept from 
0 to Vax at the indicated collector current. 
3. The initial zero offset voltage is established by adjusting the ratio of les to 
log at Ta = 25°C. This ratio must be held to 0.003% over the entire 
temperature range. Measurements are taken at the temperature extremes 
and 25°C. 
4. Guaranteed by design. 
5. Measured atic= 10uA and guaranteed by design over the specified range 


of lo. 
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DEVICES © 


Low Noise, Matched 
_ Dual PNP Transistor 


FEATURES 

© Dual Matched PNP Transistor , te 

© Low Offset Voltage ............ 0.0 cc cece eee -. 100uV Max 
@ Low Noise...............0..0005 “Anv//Hz @ 1kHz Max 
@ High Gain ....... 00... cece eee eee ee ee eee es 100 Min. 
© High Gain Bandwidth... .. em abodnd ay A crats 190MHz Typ 
e Tight Gain Matching..... caries teehee: Gertatota 3% Max 
e Excellent Logarithmic Conformance....... rpe = 0. 30 Typ 
© Available in Die Form 


ORDERING INFORMATION{ 


Ta = +25°C PACKAGE | OPERATING © 
“Nos MAX TEMPERATURE 
(uV) TO-78 LCC RANGE 
100 | MATO3AH* ~~  MATO3ARC/883 MIL” 
oe 100 | MATO3EH a -  XIND 
200  —.- MATO3FH see | XIND | 


* For devices processed in total compliance to lie STD- 883, add /883 after paper 
number. Consult factory for 883 data sheet. 
t Burn-in.is available-on industrial lemperenite range Satis: ; 


GENERAL DESCRIPTION 


- The MAT-03 dual monolithic PNP transistor offers excellent | 
_. parametric matching and high frequency performance. Low 


noise characteristics (1nV/\/Hz Max @ 1kHz), high bandwidth 


(190MHz typical), and low offset voltage '(100uV Max), makes . 


the MAT-03 an excellent choice for demanding preamplifier 


applications. Tight current gain matching (3% Max mismatch) . 


and high current gain (100 Min), over a wide range of collector 
current, makes the MAT-03 an excellent choice for current 
mirrors. A low value of bulk. resistance (typically 0. 32) also 
makes the MAT-03 an ideal component for applications requir- 
ing accurate logarithmic conformance. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


13-10. MATCHED TRANSISTORS 


: each transistor is individually tested to data sheet specifica: 
‘tions. Device performance.is guaranteed at 25°C and.over the: 


extended industrial and military temperature ranges. To insure 
the long-term stability of the matching parameters, internal 
protection diodes across the base-emitter junction clamp any 
reverse base-emitter junction potential. This prevents | a base- 
emitter breakdown condition which can result in degradation of 
gain and matching performance due to excessive ereaKcown 
current. ae ae 


PINCONNECTIONS . 
MAT-OSARC/883. | 


20-CONTACT LCC 
(RC-Suffix) 


10-78 
(H-Suffix) 


REV. B 


ABSOLUTE MAXIMUM RATINGS (Note 1) 


Collector-Base Voltage (BVcgo) ...-..-. ee cee ee eee eee 36V 
Collector-Emitter Voltage (BVcEo)..... Le aan be ateqens 36V 
Collector-Collector Voltage (BVcc) ....... 2... cece cence 36V 
Emitter-Emitter Voltage (BVeg) ................ Segara 36V 
Collector Current (lo) oss... cccatewd ee tnd see ee ewn ees 20mA 
Emitter CUnrent. (le) x3 eeieack ec uuuiie ee ethos ads 20mA 
Total Power Dissipation 

Ambient Temperature < 70°C (Note 2) ...........- 500mW 
Operating Temperature Range 

MATHOSAT sist c Souter ews oad we dae aes -§5°C to + 125°C 

MAT-OSE/F ...... SH Ace.s wie Rud Alea ... 40°C to +85°C 


MATO3 


6 


-55°C to +150°C 


Operating Junction Temperature.................. 

Storage Temperature... eee eceseseceeesereeees —65°C to +150°C 
Lead Temperature (Soldering, 60 SeC) ....... eee eee +300°C 
Junction Temperature ............:ccccceeceeeeeeeeeeees +65°C to +150°C 


NOTES: | 

1. Absolute maximum ratings apply to both DICE and packaged devices. 

2. Rating applies to TO-78 not using a heat sink, and LCC; devices in free air only. 
For TO-78, derate linearly at 6.3mW/°C above 70°C ambient temperature; for 
LCC, derate at 78mW/°C. 


ELECTRICAL CHARACTERISTICS at T, = +25°C, unless otherwise noted. 


OOOO  ———————————————————O————eeeeeeee ee 


MAT-03A MAT-03E MAT-03F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 
Vos — OV, —36V : . 
Current Gain _ ‘ Ic=1mA 100, 165 = 100 165 = 80 165 = 
(Note 1) re Io = 100nA 90 150 — 90 150 — 70 150 — 
Io = 10nA 80 120 _ 80 120 — 60 120 — 
Current Gain Matching | : 
h Io= 100nA, Veg = OV _— 0.5 3 —_ 0.5 3 — 0.5 6 % 
(Note 2) Are C HA, VcB 6 
Offset Voltage 
V, Vep = OV, Ic = 100KA _— 40 100 — 40 100 — 40 200 V 
(Note 3) Os ‘ce Cc Ou ii B 
lco= 100nA 
Offset Voltage Change 
V V Vos, = OV — 11 150 _ 11 150 — 11 
vs Collector Voltage AVos/AVce Ces | - | att ol 
VcB, = -36V : 
Offset Voltage Change Ves = OV . a 
V | —. 12 50 —_ » 12 50 — 1 75 
vs Collector Current Avos‘Alc lc, = 10pA, Torn =1mA ‘ ie HY 
Vop = OV, 
Ik Resista _ 3 75 _ 0.3 ai _— 5 : 
Bulk Resistance BE 10uA <Ig<1mA 0 0 | 0.75 | | . 0.3 0.75 ce) 
Offset Current ee lo = 100uA, Vog = OV a 6 = 35 = 6 3 = 6 8645 nA 
Coliector-Base 
I =- =V — 2 — _ 
Leakage Current CBo _ Yep = ~36V = Vax 2 50 00 50 200 50 400 pA 
lo= 1mA, Vop= 0 
= 10H _ : — ; = = = 
Noise Voltage Density P > : is ie - ‘ : : ‘ai . 
Note 4 N = — : — 7 = = . : 
ioe? fo = 1kHz =. i607 1 a ae e107 nN ie 
fo = 10kHz —_— 0.7 1 — 0.7 — — 0.7 — 
Collector Saturation 
Voltage VCE(SAT) lo = 1mA, Ig = 100nA — 0.025 0.1 _ 0.025 0.1 _ 0.025 0.1 V 
NOTES: 


1. Current gain is measured at collector-base voltages (Vog) swept from 0 to 
Vmax at indicated collector current. Typicals are measured at Vog = OV. 
2. Current gain matching (Ahrfe) is defined as: 


_ 100 (Alp) Nee (MIN) 


Ahre iE 


REV. B 


3. Offset voitage is defined as: 


Vos = VBE, ~ Vee, 
where Vos is the differential voltage for 


x KT , {Ic 
Ic, = Ic): Vos = Vee, ~ Vee,= “Q ne) 


4. Sample tested. Noise tested and specified as equivalent input voltage for 


each transistor. 
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ELECTRICAL CHARACTERISTICS at -55°C <Tas +125°C, unless otherwise noted. 


oF 


eo tied 7 ai ee | | MAT-03A eS 
PARAMETER ~ SYMBOL CONDITIONS eo ae MIN TYP MAX = = --—OUNITS ~~ 
| | Veg = OV, -36V , a | - 7 
‘Ig=1mA _— ee. 70 110 = 
Current Gain ; Nee lo= 100A , : _ * 60 100 _ 
. _ ae Io =10nA 50 - 85 — | 
Offset Voltage (st Vos Ig = 100A, Vog = OV ‘ ee 40 150 | uV 
Offset Voltage Drift ne: 5, oo 
= =0V = ° 
(Note 1) TCVos lo 100zA, Vos 0 . 0.3 0.5 | | pV/ C. 
Offset Current ei 1g = 100A, Veg = OV a a. _ 15 85 | nA 
Breakdown Voltage BVcEo , | 86 54 = ov 
NOTE: 


1. Guaranteed by Vos test (TCVos — Vos/T for Vos < Vee) 
where T = 298°K for Ta = 25°C. 


ELECTRICAL CHARACTERISTICS at -—40°C < Ta <= +85°C, unless otherwise noted. 


_ MAT-03E — MAT-03F : 
PARAMETER SYMBOL CONDITIONS | | MIN TYP MAX —° MIN. TYP MAX UNITS 
| Vop = OV, -36V _ | - | | | 
| Io = 1mA 70120 ee 60 120 2 
Current Gain hee Io = 100KA — 60 105 _ 50 105 — 
tg = 10pA : 50 90 = 40 90 = 
Offset Voltage Vos | lo = 100A, Veg = OV - | — ° 30 135 se 30 265 BV 
Offset Voltage Drift ay ts eg PR Rec | oa 4 ie.” Bie 
een TCVos Io = 100pA, Voa= OV ee = 03° 10 — yv/rc 
Offset Current ‘hee lo = 100A, Vop = OV ae. ee 10 8 « — 10 200 © nA 
Breakdown Voltage - BVceo. | - _— 8 36 a ee. ee ee ov 
NOTE: © | 


1. Guaranteed by Noe test (TCVos = oe for Vos < Vee) - 
where T = 298° K for Ta= 25°C. 


13-12 MATCHED TRANSISTORS ee oo | REV. B 


ANALOG 
DEVICES 


Matched Monolithic 
Quad Transistor 


FEATURES 

@ Low Offset Voltage ............ccececsssccesssessesseseenes 200uV Max 
@ High Current Gain... ecsssssctceesssteceensees 400 Min 
e Excellent Current Gain Match. ...............cccccessessees 2% Max 
e Low Noise Voitage at 100Hz, 1mA.......... 2.5nV/ Hz Max 
e Excellent Log Conformance ............... .». TBE = 0.6Q Max 
e Matching Guaranteed for All Transistors 

e Available in Die Form 


ORDERING INFORMATION ' 
. PACKAGE 
T, = +25°C OPERATING 
Vog MAX CERDIP PLASTIC TEMPERATURE 
(uV) 14-PIN 14-PIN RANGE 
200 MATO4AY* —_ MIL 
200 MATO4EY — IND 
400 MATO4BY* — MIL 
400 MATO4FY MATO4FP XIND 
400 a= MATO4FStt — XIND 


*  Fordevices processed in total compliance to MIL-STD- 883, add /883 after part 
number. Consult factory for 883 data sheet. 

t Burn-inis available on commercial and industrial lomperatule range parts in 
CerDIP, plastic DIP, and TO-can packages. 

tt For availability and burn-in information on SO and PLCC packages, contact 
your local sales office. 


GENERAL DESCRIPTION 


The MAT-04 is a quad monolithic NPN transistor that offers 
excellent parametric matching for precision amplifier and non- 
linear circuit applications. Performance characteristics of the 
MAT-04 include high gain (400 minimum) over a wide range of 
collector current, low noise (2.5nV// Hz maximum at 100Hz, 
|, = 1 mA) and excellent logarithmic conformance. The MAT-04 
also features a low offset voltage of 200V and tight current gain 
matching, to within 2%. Each transistor of the MAT-04 is 
individually tested to data sheet specifications. For matching 
parameters (offset voltage, input offset current, and gain match), 
each of the dual transistor combinations are verified to meet 
stated limits. Device performance is guaranteed at 25°C and over 
the industrial and military temperature ranges. 


The long-term stability of matching parameters is guaranteed by 
the protection diodes across the base-emitter junction of each 
transistor. These diodes prevent degradation of beta and 
matching characteristics due to reverse bias base-emitter 
current. 


The superior logarithmic conformance and accurate matching 
characteristics of the MAT-04 makes it an excellent choice for 
use in log and antilog circuits. The MAT-04 is an ideal choice in 
applications where low noise and high gain are required. . 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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PIN CONNECTIONS 


14-PIN CERDIP 
(Y-Suffix) 


14-PIN PLASTIC DIP 


(P-Suffix) 


14-PIN SO 
(S-Suffix) 


ABSOLUTE MAXIMUM RATINGS (Note 1) 


Collector-Base Voltage (BV 56) ----::esceseseeseeeeesestseseseneennens 40V 
Collector-Emitter Voltage (BV 4.6) --.--essesseessesestsees caaceaecic OV. 
Collector-Collector Voltage (BV...) .-.-::sssssssessesteeseeeeseeesens 40V 
Emitter-Emitter Voltage (BV, -) ......sssesssssesnesseecnsensenes . 40V 
Collector Current ...........:ccccssscseccessteeessesssssrtesetesesessstereeeee GOMA 
E Mitel CUlre itso cacpsei ivan csnsocecccceistvdgantteresaeecnoesbicsiyietees 30mA 
Substrate (Pin-4 to Pin-11) Current ............:ccssseseees ... SOMA 
Operating Temperature Range . 
MAT-O4AY, BY .u..cccccsccscscsecssesseseneeessersnees _-55°C TO +1 25°C 
MATO4EY pcaied otitis, etn Gatland —25°C TO +85°C 
MAT-O4F YER ES avcscceiceeetteccesaungeneseie ees —40°C to +85°C 
Storage Temperature 
Y PACkAQG siscetacrencadeiareeesi tastes cise —65°C to +150°C 
P Package ...........:.ssc0 sateen mune mateeseanicasuatte —65°C to +125°C 
Lead Temperature (Soldering, 60 S@C) ............:cscece0e +300°C 
PACKAGE TYPE (Note 2) Bc UNITS 
14-Pin CERDIP (Y) 108 16 °C/W 
14-Pin Plastic DIP (P) | 83 39 °C/W 
14-PinSO(S) 120 36 °C/W 


Aiea ras 

Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. 

@., is specified for worst case mounting conditions, i.e., @., is specified fordevice 
in ‘Socket for CerDIP and P-DIP packages; On is specified for device soldered 
to printed circuit board for SO package. 


nN 
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MATOS : 


ELECTRICAL CHARACTERISTICS at Ta = 25°C unless otherwise noted. Each transistor i is. individually tested. For Taeteting: 
parameters Vos los: Ahee) each dual transistor combination is verified to meet Stated limits. All tests made at endpoints unless other- 


‘wise, noted. 
og MAT-O4A/E = MAT-04B/F 
- PARAMETER SYMBOL CONDITIONS MIN TYP MAX _"" MIN TYP MAX UNITS 
— | | 10pASIigsimA | : | - 
Current Gain hee OV = Vop = 30V -, 400... 800 — 300 600 — 
(Note 1): 7 
7 - Ig = 100pA : | | | 
peed Ahee OV<Vogs30V0 = 05 2 — 1 4) % 
; (Note 2) . 
. | | 10pA<Io<1mA | 
- OffsetVoltageé” Vos OV < Vg = 30V — 50 200 — 100 . 400 uv 
; _ (Note 4) . 
Offset Voltage 102A <Io<-1mA 
Change vs AVos/Alc Vep=0V _ 5 25 _ 10 50 pV 
Collector Current (Note 4) | . ss 
10pA<Io<1mA eo 
sal oceehiacee AVos/AVop OV = Vog = 30V = 60100 — 100 200 pV 
ge vs Veg 2° (Note4) — . : ee cee. 
| 7 ; 10pA <I = 1mA 3 
Bulk Emitter Resistance ee Vop= OV — — . 0.4 06 — — 0.4 0.6 r¢) 
| | | (Notes) | 
ee are “Ig = 100nA | oar 
Input rs carer Ip OV <Vog <30V —. . 125 250 — 165 ase . nA 
input Offset Current , logs lo= 100A — 0.6 5 a 2 13 nA 
| Vos = OV | : 
- Breakdown Voltage BVcEo b= 10pA © “i 40 _ —_ Oc | = Vv 
Collector Saturation Ig = 100nA a Boe acre . tgs. te : 
_ ; ; = : 0. eo % a! 
oliage Voeisan i= tmA" 0.03 0.06 0 03 06 
Collector-Base fF ndoe Soe 3 er 
aces = 40V ) / aoe 5 —_ = _ A 
~ Leakage Current Icp0 Wes y . oy | | 5 P 
ee ei Veg =0V fo = 10Hz = 1 3 — 2 ie ee, 
pecans en lo=1mA fo = 100Hz AB 25 — 18 3 © nVVRz 
one _(Note3) . fo = 1kHz “= 48 28. — 18 8 
Gain Bandwidth | ‘Ig = 1mA: fee 2 | dae ee 9 oe * ye ¥5 
wt a — 300 _ — 300 —_ | MHz 
Product = (iti (tittstST Vg = 10V. : i ea ce 
e Oe ee a ee, Vop = 15V [=O | oe et | ee 
Output Capacitance —Copo | ns Pt: E | — 10 — pe Ae: Se ae pF 
| ‘citanc 2 7 Vee = OV. Ig =0 ee ae = a Fee, 
Input Capacitance Cego f=1MHz — 40 40 . Bere a 
NOTES: : 
1. Current gain measured at lc = 10RA, 100A and 1mA. 
100 (Alp) (Nee min) 
2. Currentgain matchisdefinedas: Ah_ee = ag 
6 
3. Sample tested. 
4. Measured at Ic = 10.A and guaranteed by design over the specified range 
of Ic: 
5. Guaranteed by design. 
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MATO4 


ELECTRICAL CHARACTERISTICS at -25°C < T, $ +85°C for MAT-04E, —40°C < T, < +85°C for MAT-04F, unless otherwise 


noted. Each transistor is individually tested. For matching parameters (V 


stated limits. All tests made at endpoints unless otherwise noted. 


log) each dual transistor combination is verified to meet 


PARAMETER SYMBOL CONDITIONS 
10pA = Ilo=1mA 
Current Gain hee OV = Vog = 30V 
(Note 1) 
10pA<Io=1mA 
Offset Voltage Vos OV = Vog = 30V 
(Note 3) 
Average Offset 100A 
Voltage Drift TCVos Nos = oy 
9 (Note 2) 
. Io = 100A 
Input Bias Current Ip OV <Vog <30V 
, Io = 100pA 
Input Offset Current los Von ary 
Average Offset TCI Io = 100nA 
Current Drift us Vog = OV 
Breakdown Voltage BVcEo Io = 10pA 
Collector-Base 
| = 40V 
Leakage Current PEO Noe 20 
Collector-Emitter 
| Voge = 40V 
Leakage Current ees CE 
Collector-Substrate . - 
les Ves = 40V 


Leakage Current 


Os! 
MAT-04E MAT-04F 

MIN TYP MAX MIN TYP MAX UNITS 

225 625 = 200 500 _ 
— 60 260 — 120 520 uv 
— 02 1 — 04 2 VC 
— 160 445 — 200 500 nA 
hat 4 20 a= 8 40 nA 
— 50 = — 100 = pA/°C 
40, — = 40 — a V 
— 085 _ — 05 -_ nA 
= 5 oe = 5 _ nA 
— 07 = — 07 a nA 


ELECTRICAL CHARACTERISTICS at —55°C < Ta <= 125°C unless otherwise noted. Each transistor is individually tested. For 
matching parameters (Vos, log) each dual transistor combination is verified to meet stated limits. All tests made at endpoints unless 


otherwise noted. 
MAT-04A MAT-04B 
PARAMETER | SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
10pA<Io=1mA 
Current Gain hee OV = Veg = 30V 175 475 _ 125 425 — 
(Note 1) 
10pA <= Ilo=1mA 
Offset Voltage Vos OV <Vopg = 30V — 70 300 — 140 600 uv 
(Note 3) 
Io = 100nA 
a ss TCVog Vop = OV a2 2 1 — 64 2 vec 
= (Note 2) 
Io = 100pA 
Input Bias Current lp OV < Voy <30V — 210 . §70 — 235 800 nA 
Input Offset Current los ci — 6 30 — 12 60 nA 
Vos =O0V 
Average Offset Ilo = 100pA 
— =e ots 1 a ° 
Current Drift TClos Vop = OV ae | as ili 
Breakdown Voltage BVcEo Io = 10pA 40 = es 40 _— = Vv 
Collector-Base 
| Vop = 40V — —_ — ae A 
Leakage Current cee Se : 
Collector-Emitter 
= 40V =. 4 — = 4 = A 
Leakage Current les Vor = 40 i eC 
Collector-Substrate 
| Vos = 40V — 7 —_ —_ 7 — A 
Leakage Current cs cs : 
NOTES: 


1. Current gain measured at I> = 102A, 100,,A and 1mA. 
2. Guaranteed by Vos test (TCVog = Vog/T for Vog << Vpe) T = 298°K for 


Ty, = 25°C. 
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. Measured at lp = 102A and guaranteed by design over the specified range 


of lo: 
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~ SINJNOdWOI Olanv Zz-t1L 


PRE AMPS | 


SSM2017 


DIFFERENTIAL 
LINE DRIVERS 
RECEIVERS 


_ Drivers | 


SSM2142 


Receivers | 


_ §SM2141 (Ay = 1) 
SSM2143 (Ay = 2) 


BUFFERS — 


BUF04 


Selection Tree — Audio Components 


AUDIO. 


BIPOLAR 


OP AMPS 


(Low Noise, Wide Bandwidth) 
AD829 | 
AD811 


(NE5534 Upgrade) (NE5532 Upgrade) 
OP176 ) 


SINGLE SUPPLY 


AD820 (FET) AD822 (FET) 
OP113 OP213 OP413 
~— OP279 
— $5M2135 


AD843 OP249 8. 
AD711/744 AD712/AD746 AD713. 
- (Low Voltage Noise) | 
~ AD743_ | 


AD745 


- VOLUME | 
CONTROL | 


SSM2160/61 (6 VCAs with D/As) 


CLICKLESS |. 
SWITCHES | 


SSM2402/2412 (Dual) 
SSM2404. (Quad) _ 


- VOLTAGE © 
-CONTROLLED 
- AMPLIFIERS 


 $SM2018T/2118T 


~ $SM2024- 


SLNINOdNOD OIGNV 


&-v1 


Selection Guides—Audio Components 


Amplifiers 


Model 


SSM2017 
SSM2135 
SSM2141 
SSM2142 
SSM2143 


Function 


Audio Preamplifier 

Dual Audio Op Amp 
Differential Line Receiver 
Balanced Line Driver 
Differential Line Receiver 


THD+N 
@ 1 kHz 


0.005% 
0.001% 
0.001% 
0.006% 


- 0.0006% 


Volume Control/Voltage-Controlled Amplifiers 


Model 


SSM2018T 
SSM2118T 


SSM2024 
SSM2160 


_ . SSM2161 


_ Function 


Voltage Out VCA 
Diff. Current Out VCA 


Quad Current-Controlled VCA 
Hex Digital Volume Control 
Quad Digital Volume Control 


“Clickless” Audio Switches 


Model 


SSM2402 
SSM2404 
SSM2412 


Function 


Dual SPST Switch 
Quad SPST Switch 
Dual SPST Switch 


THD 
% 


0.003 
0.008 
0.003 


Signal 
Range 
Vv 

+14,2 


+12.0 
+14.2 


Temp 


Ranges” 


cen A coe Bi eee aoe El coe 


Comments | 
Low Noise, 8-Pin DIP, High Gain 


+5 V Supply, 8-Pin DIP, High Output 


High CMRR, Drives 600 0 


10 V RMS into 600 0, High Cap Load 


Gain = 1/2 or 2, High CMRR 


Comments 


Trimless, 140 dB Gain Range 

Direct Output Summing 

Low Feedthrough, Class A 

““Clickless” Control, Master Attenuator 
Low Crosstalk, Adjustable Step 


Comments 


Break-Before-Make, Low Distortion 
Single Supply, Low Crosstalk 
Higher Speed, Low Noise 


Page 
14-5 
14-14 
14-24 
14-26 
14-28 


Page 
14-34 


14-37 
14-34 


1Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; J = J-Leaded Ceramic Package; 

M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline “SOIC” Package; RS = SSOP—Shrink Small Outline Package; S = Plastic 
Quad Flatpack; ST = Thin Quad Flatpack; T = TO-92; U = TSOP—Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In-Line “SIP” Package; Z = Ceramic Leaded Chip Carrier. 
Temperature Ranges: C = Commercial, 0°C to +70°C; I = Industrial, —40°C to +85°C (Some older products —25°C to +85°C); M = Military, —55°C to +125°C. If a device has military grade offerings, the M 


temperature designator will be followed by: / to indicate 883B, , for JAN, , for SMD, and , for space level. 


Boldface Type: Data sheet information in this volume. 
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ANALOG ~ Self-Contained 
DEVICES Audio Preamplifier 


SSM 2017 


FEATURES FUNCTIONAL BLOCK DIAGRAM 

Excellent Noise Performance: 950 pV/VHz or 1.5 dB 7 
Noise Figure 

Ultralow THD: <0.01% @ G = 100 Over the Full Audio 
Band 

Wide Bandwidth: 1 MHz @ G = 100 

High Slew Rate: 17 V/s typ 

Unity Gain Stable 

True Differential Inputs 

Subaudio 1/f Noise Corner 

8-Pin Mini-DIP with Only One External Component 
Required 

Very Low Cost 

Extended Temperature Range: —40°C to +85°C 


APPLICATIONS 
Audio Mix Consoles 
Intercom/Paging Systems 


Two-Way Radio 

Sonar 

Digital Audio Systems PIN CONNECTIONS 
GENERAL DESCRIPTION Epoxy Mini-DIP (P Suffix) 


The SSM-2017 is a latest generation audio preamplifier combin- 
ing SSM preamplifier design expertise with advanced process- 
ing. The result is excellent audio performance from a self- 
contained 8-pin mini-DIP device, requiring only one external | 
gain set resistor or potentiometer. The SSM-2017 is further TOP VIEW 
enhanced by its unity gain stability. - | (Not to Scale) 


Key specifications include ultralow noise (1.5 dB noise figure) 
and THD (<0.01% at G = 100), complemented by wide band- 
width and high slew rate. . 


Applications for this low cost device include microphone pream- 
plifiers and bus summing amplifiers in professional and con- 
sumer audio equipment, sonar, and other applications requiring 
a low noise instrumentation amplifier with high gain capability. 


(Not to Scale) 


NC = NO CONNECT 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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: Parameter: ; wee 
DISTORTION PERFORMANCE 


ee ee Distortion Plus Noise | THD+N 


NOISE PERFORMANCE 
Input Referred Voltage Noise Density 


Input Current Noise Density 
~ DYNAMIC RESPONSE ; 
Slew Rate 


-. Small Signal Bandwidth - 


INPUT 
Input Offset Voltage 
Input Bias Current 
Input Offset Current 
Common-Mode Rejection 


Power Supply Rejection 


Input Voltage Range 
Input Resistance 


‘OUTPUT 7 
Output Voltage Swing: 
Output Offset Voltage 
Minimum Resistive Load Drive 
Maximum Capacitive Load Drive 


Short Circuit Current Limit | 
Output Short Circuit purion 


GAIN 
Gain Accuracy 


Maximum Gain 
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(Vv, = +15 V and —40°C < T, = +85°C, unless ridaslales epectiot : 
Typical specifications apply at 1, = oe 2 ae ie 


Conditions - 

Ty = +25°C 

Vo =7 Vrms 

Ry = _ 5 kQ 

1000, f = 1 kHz 


Hou l 


QOoqgmo 


f = 1 kHz, G = 1000 
= 1 kHz; G = 100 

f = 1 kHz; G = 10 

f= 1kHz;G=1 

f = 1 kHz, G = 1000 


T= 40°C to — 
+6V to+18V 


Vs 


_— 
S 
S 
a) 


0 


tou ei 
Co } 


rr on ee 


G 
G 
sh 
G: 
G 
G 
G 


Differential, | = 1000 
G=1°:" 


_| Common Mode, G= 1000 


G=i 
R, =2k0;T, = +25°C” 


T, = +25°C 
T, = —40°C to +85°C 


Output-to-Ground Short 


REV.B 


a — §SM2017° 


REFERENCE INPUT 


Input Resistance kO, 
Voltage Range V 
Gain to Output V/V 
POWER SUPPLY 
Supply Voltage Range V 
Supply Current = = : +14.0| mA 
Specifications subject to change without notice. 
ABSOLUTE MAXIMUM RATINGS NOT ni 
ue 6,4 1s specified for worst case mounting conditions, i.e., 6,4 is specified for 
Sadat ion rae ee er re ee ene” : os ; fe - » device in socket for cerdip and plastic DIP; 0,4 is eorciied for device 
oF ut Ga Cj is Di , +i Gp ete Oe Oe Pp ee teen MPP if ABE soldered to printed circuit board for SOL package. 
utput Short Circuit Duration ................. sec 7 ; 
Storage Temperature Range (P, Z Packages) . —65°C to + 150°C ORDERING GUIDE 
Junction Temperature (Tj) ......... 2. 765°C to + 150°C | 
Lead Temperature Range (Soldering, 60 sec) ........ 300°C Temperature Package '| Package 
Operating Temperature Range........... —40°C to +85°C Range’ Description Option” 
Thermal Resistance! SSM2017P | —40°C to +85°C | 8-Pin Plastic DIP | N-8 
—40°C to +85° -Pi ti - 
8-Pin Hermetic DIP (Z): 84 = 1345 @j¢ = 12 ...... SOW ead capo ee eos nee 
8-Pin Plastic DIP (P): 0;4 = 96; 9c = 37 .......-. °C/W ~ — 


eCIW *XIND = —40°C to +85°C. 
*For outline information see Package Information section. 


16-Pin SOIC (S): Ora — 92; Qic SDT ewes tothe weg 


Typical Performance Characteristics 


AA@IO PRECISION 2817-7or THBOH(:) we FREQ(H) 
"Ode 


Figure 1. Typical THD+Noise* at G = 1, 10, 100, 1000; | Figure 2. Typical THD+Noise* at G = 2, 10, 100, 1000; 


*80 kHz low-pass filter used for Figures 1-2. 


C= et = (1H2) 01 | 


GIN) - GIN) Re 
Basic Circuit Connections 
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ANALOG © ar a Trimless 
DEVICES > Voltage Controlled Amplifiers — 


SSM2018T/SSM2118T* 


FEATURES | | | FUNCTIONAL BLOCK DIAGRAMS» 


117 dB Dynamic Range 

0.006% Typical THD+N (@ 1 kHz, Unity Gain) 
- 140 dB Gain Range | 
~ No External Trimming Required 

Differential Inputs | 

Complementary Gain Outputs 

‘Buffered Control Port | 

I-V Converter On-Chip (SSM2018T) 

Differential Current Outputs (SSM2118T) 

Low External Parts Count — 

Low Cost 


 SSM-2018T 


GENERAL DESCRIPTION : | 

The SSM2018T and SSM2118T represent continuing erohie 

tion of the Frey Operational Voltage Element (OVCE) topology 
that permits flexibility in the design of high performance volume 
control systems. Voltage (SSM2018T) and differential current 
(SSM2118T) output versions are offered, both laser-trimmed 
for gain core symmetry and offset. As a result, the SSM2018T 
the first professional audio quality VCA to offer trimless « 
tion. The SSM2118T is ideal for low noise Suniming int 
VCA based systems. 


Due to careful gain core ious the SSM2018T/SSM21 18Tf . 
combine the low-noise of Class AB topologies with the low dis- > 
tortion of Class A circuits to offer an unprecedented level of 
sonic transparency. Additional features include differential in- 
puts, a 140 dB gain range, and a high impedance control port. 
The SSM2018T provides an internal current-to-voltage con- 
verter; thus no external active components are required. The 
SSM2118T has fully differential current outputs that permit 
high noise-immunity summing of multiple channels. 


Both devices are offered in 16-pin plastic DIP and SOIC pack- 
- ages and guaranteed for operation over the extended industrial © 
temperature range of —40°C to +85°C. 


_ SSM-2118T 


*Protected by U.S. Patent Nos. 4,471;320 and 4,560,947. 


This is a preliminary data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


This snreuation applies to a product under development. Its enaractenenca and specifications are subject to change without notice. 
Analog Devices assumes no epmgauon regarding future manufacture unless otherwise agreed to in writing. 
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SPECIFICATIONS 


SSM2018T/SSM2118T 


ELECTRICAL SPECIFICATIONS jy, = +15, a, = 0 0B, R, = 100 KO, f = 1 kHz, 0 dBu = 0.775 Vrms, simple VCA application 


circuit with 18 kQ2 resistors, —V,, floating, and Class AB gain core bias (Rg = 150 kQ2), —40°C < T, < +85°C, unless otherwise noted. Typical 


specifications apply at T, = +25°C.] 


Parameter 


AUDIO PERFORMANCE! 
Noise 
Headroom 
Total Harmonic Distortion plus Noise 


INPUT AMPLIFIER 
Bias Current 
Offset Voltage 
Offset Current 
Input Impedance 
Common-Mode Range 
Gain Bandwidth 


Slew Rate 


OUTPUT AMPLIFIER (SSM2018T) 
Offset Voltage 
Output Voltage Swing 


Minimum Load Resistance 


CONTROL PORT 
Bias Current 
Input Impedance 
Gain Constant 
- Gain Constant Temperature Coefficient 
Control Feedthrough 
Maximum Attenuation 


POWER SUPPLIES 
Supply Voltage Range 
Supply Current 
Power Supply Rejection Ratio 


NOTES 


Min Top Max | Uni 


Vin = GND, 20 kHz Bandwidth dBu 

Clip Point = 1% THD+N dBu 

2nd.and 3rd Harmonics Only (+25°C to +85°C) . 
Ay = 0 dB, Vin = +10 dBu ~% 
Ay = +20 dB, Vin =-10 dBu % 
Ay = -20 dB, Vin = +10 dBu % 


Vom =0V 
Vom =0V 
Vom =0V 


VCA Configuration 
VCP Configuration 


Device Powered in Socket > 60 sec 


+10 dB to 40 dB Gain Range 
Ve=t4V 


1§SM2118T tested and characterized using OP275 as current-to-voltage converter. 


Specifications subject to change without notice. 


This information.applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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‘SSM20181/SSM2118T 


ABSOLUTE MAXIMUM Bere a = AS a eas -PIN: CONFIGURATIONS 


plas aka aa = 7 £ISV - _ 16-Lead Plastic DIP ee --16-Lead Plastic DIP 
Input Voltage .............. oer ee ee tVs5 end oe | 3 and SOL 
_ Operating Temperature Range ene eee 40°C to. +85°C 
Storage Temperature ................... —65°C to +150°C 
Junction Temperature (Tj) ........... 02 eee eee . +150°C 
Lead Temperature (Soldering, 60 sec) ............. +300°C 
THERMAL CHARACTERISTICS | 
Thermal Resistance? Shoo 
16-Pin Plastic DIP a ace 
a ee a Re eee mere a Oh) 
ee re Paes eee ee rrr rts on OY 
16-Pin SOIC 
Gis ot cide rieet asain ei wawsevohates dee eee CW. 
Os Sk es en eee en een gades etre utes 27°C/W 
TRANSISTOR COUNT 
Number of Transistors | 
SOM2Z01GT. duce saweerk.c cee ope Oa ees 125 a 
SSM2118T ...........00. ere aie eas ..... 108  .SSM2018TN 
ee | SSM2018TR R-16 
ESD RATINGS: aa SSM2118TN N-16 
883 (Human Body) moc! (aa ite leh say wee eS 500 V 
EIAJ Model ..... cere yer ee Meera: ee 100 V. 


IStresses above those listed under “Absolute Maximum Ratings” may cause usline information see Package Information 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in the 
operation section of this specification is not implied. Exposure to abso! 
mum rating conditions for extended periods may affect device reliak 

Ora is specified for worst-case conditions, i.e., Oj, 1s specified fo 
for P-DIP and device soldered in circuit board for SOIC package. 


COMPENSATION 
NETWORK 


-IN 


Figure 1. SSM2018T Detailed Functional Block Diagram 


_ CAUTION 


ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily » 

~ accumulate on the human body and test equipment and can discharge without detection. ‘ WARNING! we 
Although the SSM2018T/SSM2118T features proprietary ESD protection circuitry, permanent Reprint 4 

damage may occur on devices subjected to high energy electrostatic discharges. Therefore, proper 

ESD precautions are recommended to avoid performance ecco or loss of functionality. 


ESD SENSITIVE DEVICE 


This information applies to a product Adar development. Its sharaciorsties and specifications are subject to change without notice. 
Analog Devices assumes:no obligation regarding future manufacture unless otherwise agreed to in writing. : 
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SSM2018T/SSM2118T 


= 


oa 


THD+N - % 


THF 18k we 
Vins © VeontRroL 
ee nese 
1yF re] 
i Figure 3. SSM2018T Typical Application Circuit 
20 100 tk 10k 20k 
GLOBAL 
FREQUENCY - Hz FRomM SYMMETRY 
ADDITIONAL {| TRIM 
SSM2118T's 500k SOpF 


Figure 2. SSM2018T THD+N vs. Frequency (80 kHz Low- 
Pass Filter; for Ay = 0 dB, Vin = 1 Vrms; for Ay = +20 dB, 
Vin = 0.1 Vrms; for Ay = —20 dB, Vin = 10 V rms) 


BRIE 


COMP 1 


COMP 2 - 


V+ 


ie 
OMPENSATION 
ETWORK 


ob . 
: N 
@ | 


MODE 


Figure 4. SSM2118T Detailed Functional Diagram 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. . 
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SB ANALOG © Quad Current: 
DEVICES Controlled Amplifier 


FEATURES 5 hy She GENERAL DESCRIPTION 


e Four VCAsinOne Package The SSM-2024 is a quad Class Anoninverting current-controlled 
e Ground Referenced Current Control Inputs : transconductance amplifier. Each of the four VCAs is completely 
e 82dBS/Nat0.3%THD ~ . ae ee, independent and includes a ground referenced linear current gain 
e FullClass A Operation | ae i control. These voltage-in/current-out amplifiers offer over 82dB 
e —40dB Control Feedthrough (Untrimmed) S/N at 0.3% THD. Other features include low control voltage 
e Easy Signal Summing : | feedthrough and minimal external components for most applica- - 
e 6% Gain Matching —» tions. With four matched VCAs ina single IC, the SSM-2024 pro- 
eS _ vides a convenient solution for applications requiring multiple | 
: | amplifiers. The pinout groups the four outputs for easy signal 
APPLICATIONS - — | summing for circuits such as four-channel mixers. 
e Electronic Musical Instruments | 
e Noise Gating | ' PIN CONNECTIONS 
e Compressor/Limiters | | : 
e Signal Mixing | | 
e Automatic Gain Control 
® 


‘Voltage-Controlled Oscillators 


16-PIN PLASTIC DIP 


ORDERING INFORMATION — 


| (P-Suffix) 
Bento saa OPERATING» | 
PLASTIC » .. TEMPERATURE - 
16-PIN ae RANGE 
~ SSM2024P_ 7 -10°Cto+50°C 


BLOCK DIAGRAM 


The SSM-2024 is mask work protected under the Semiconductor Chip Protection Act of 1983. - 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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SSM2024 


ABSOLUTE MAXIMUM RATINGS = PACKAGE TYPE @, (Note) © 


ce | "UNITS. 
Supply Voltage ........ccccecsccscssessseesesseesesesesseesceees 36V or +18V ee es Se 
Junction Temperature ........c.ccccccceccccssesssseseeseseceseeeesess +150°C UAE UGU AY) ee se Oe 
Operating Temperature Range ..........c.ssccesee —10 to +50°C NOTES: = a a 
Storage Temperature Range .........:ccccceseeee —65 to +150°C : mA are GONCUONS LOO le arec ec lor device 
Maximum Current into Any Pin .........ssesessseceeeseeeeeeeeeees 10mA ~ 
Lead Temperature Range (Soldering, 60 sec).............. 300°C 


ELECTRICAL CHARACTERISTICS at V,=+15V, T, = +25°C, unless otherwise noted. 


SSM-2024 
PARAMETER SYMBOL = = —‘ CONDITIONS MIN TYP MAX UNITS 
Pee loon (1-4) = 0 Vg = +15V 0.95 1.40 1.85 
P | . CON s 
omlive Supey eunen -tey egy (1-4) = 0 Vg = #16.5V 1.05 1.55 2.05 bs 
. loon (1-4) = 0 Vg =+15V 1.05 1.55 . 2.05 
| t reas CON s 
ee aes Isy loon (1-4) = 0 Vg = #16.5V 1.20 1.65. 2.25 ve 
Gain  G loon (1-4) = £500HA 3842 4085 - 4330 umhos 
Gain Matching AG loon (1-4) = £500HA _ - +6 % 
Vin = OV loony (1-4) = +500nA 
] IN CON - 4 V 
nput Offset Voltage Vos loon (1-4) = +250uA oe +1.3 m 
2 | — +2.5uA <1... (1-4) < +250NA - +100 +840 
Vv _ CON V 
Pree wine ee “Vos -4250NA $ Ion (1-4) $ +250HA : +250 +840 3 
Output Leakage a Icon (1-4) 20 | | = 0.1 +5 | nA 
eo nee leon (1-4) = 500HA 
CON i 
Control Rejection (Untrimmed) CVR Vi, (1-4) = 40mVp-p | 30 a | | as 
Signal-to-Noise. a SIN Vy (1-4) = 40mVp-p | ~ 62s * eS dB 
Distortion — THD Viy (1-4) = 40mVp-p | oe O3ie ig ° % 
Threshold Input Control Voltage -V,,, loyr (1-4) = 0 MBO 4220 mV 


NOTE: Specifications subject to change; consult latest data sheet. 


SIMPLIFIED SCHEMATIC (1 OF 4 AMPLIFIERS) 


} ICONTROL ° 
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hg ANALOG _ 


FEATURES 

Excellent Sonic Characteristics 

High Output Drive Capability 

5.2 nV/VHz Equivalent Input Noise @ 1kHz _ 

0.001% THD+N (Vo = 2.5 V p-p @ 1 kHz) . 
3.5 MHz Gain Bandwidth 

--Unity-Gain Stable 
Low Cost 


APPLICATIONS 
Multimedia Audio Systems 
Microphone Preamplifier | 
Headphone Driver | 

Differential Line Receiver 

Balanced Line Driver 

Audio ADC Input Buffer 

Audio DAC I-V Converter and Filter 
Pseudo-Ground Generator | | 


GENERAL DESCRIPTION “ ? 


The SSM-2135 Dual Audio Operational Amplifier permits excel- 


lent performance in portable or low power audio systems, with 

an operating supply range of +4 V to +36 V or +2 V to 

+18 V. The unity gain stable device has very low voltage noise 
of 4.7 nV/\/Hz, and total harmonic distortion plus noise below 
0.01% over normal signal levels and loads. Such characteristics 

are enhanced by wide output swing and load drive capability. A 
unique output stage* permits output swing approaching the rail 


- Dual Single-Supply 


| PINCONNECTIONS = 
8-Lead Narrow-Body SOIC Lead Epoxy DIP : 
(S Suffix) ~ 


_ under moderate load conditions. Under severe loading, the 


SSM-2135 still maintains a wide output swing with ultralow 
distortion. . ; 


. Particularly well suited for computer audio systems and portable 


digital audio units, the SSM-2135 can perform preamplification, -: 


a headphone and speaker driving, and balanced line-driving and . 


receiving. Additionally, the device is ideal for input signal con- 
ditioning in single-supply sigma-delta analog-to-digital converter 


_ subsystems such as the AD1878/AD1879. . a a 
The SSM-2135 is available in 8-pin plastic DIP and SOIC pack- 


ages, and is guaranteed for operation over the extended indus- | 
trial temperature range of —40°C to +85°C. ; 


_ *Protected by U. S. Patent No. 5,146,181. 


FUNCTIONAL BLOCK DIAGRAM 
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SPECIFICATIONS ‘isa 2ishaat sage ftom aterm te 


Electrical Characteristics 


Parameter 


AUDIO PERFORMANCE 
Voltage Noise Density 
Current Noise Density 
Signal-To-Noise Ratio 
Headroom =—™ 
Total Harmonic Distortion 


= ] kHz 
f= 1 kHz 


SSM2135 


nV/v/ Hz 
pA/\/Hz 


20 Hz to 20 kHz, 0 dBu = 0.775 V rms dBu 
Clip Point = 1% THD+N, f = 1 kHz, Ry = 10 kQ as * dBu 
Ay = +1, Vo = 1V p-p, f = 1 kHz, 80 kHz LPF 


R, = 10 kO 
| R, = 320 
DYNAMIC PERFORMANCE | 
Gain Bandwidth Product 
Settling Time to 0.1%, 2 V Step 
INPUT CHARACTERISTICS 


Input Voltage Range 
Input Offset Voltage 
Input Bias Current 
Input Offset Current 
Differential Input Impedance — 
Common-Mode Rejection 

- Large Signal Voltage Gain 


OUTPUT CHARACTERISTICS 
Output Voltage Swing High 


Output Voltage Swing Low 


Short Circuit Current Limit 


POWER SUPPLY 
Supply Voltage Range Single Supply 
Dual Supply 
Power Supply Rejection Ratio — 
Supply Current : 
Vs = +5V 
Vs = +18 V 


ABSOLUTE MAXIMUM RATINGS 
Supply Voltage ©. ' or | 
Single Supply ..... Par ara ae Ris ied Me eens Sees H36N 


Dual Supply ............ Sapte Oe eee “eta sa IS-V 
PApUG V Obta ge is se hts a oe ee nays: peta kala unerarorade x +tV¢> 
Differential Input Voltage ..... ee ee ee 10 V 
Output Short Circuit Duration ............. . . Indefinite 
Storage Temperature Range ......... . . ~65°C to +150°C 
Operating Temperature Range........... —40°C to +85°C © 
Junction Temperature Range (T;) a4 tee es ~65°C to +150°C | 
Lead Temperature (Soldering, 60 sec) .........%. +300°C 
ESD RATINGS 
883 (Human Body) Model .........25.......200.% 1kV 
BIA) Model: «6 2) sn 4 33. 5.0-4 Oe id Ve Rd ee a Ha dee ee 175 V 


REV. A 


0V<Voy =4V, f= de 
0.01 V < Vour = 3.9 V, Ry, = 600 0 


Vom = 9V; Vour = 2V 
Vem = 0V; Vour = 2 V 


Vs = +4V to +6 V, f = de 
Vour = 2.0 V, No Load 


THERMAL CHARACTERISTICS 


Thermal Resistance! 


8-Pin Plastic DIP aN 103°C/W 
4 O1c 43°C/W 

8-Pin SOIC. aN 1S 8°C/W 
| . Bic 43°C/W 


‘Oya is specified for worst case conditions, i.e., Oy, is specified for device in 
socket for P-DIP and device soldered in circuit board for SOIC package. 


~ ORDERING GUIDE 
Temperature Package 
Range Description 
40°C to +85°C | 8-Pin Plastic DIP 
_ —40°C to +85°C | 8-Pin Narrow Body 


*For outline information see Package Information section. 


Package 
Option* 


SSM2135P 
SSM2135S 
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eed 
| | Ayes fetkHz |] - 
Vin = 1Vp-p ; il 
ae ne be Soe A =. 
| _|_ WITH.80kHz FILTER: Pia 
A, Sw ge | 
+2.5Vde 2 — rs 
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Figure 1. Test Circuit for Figures 2-4 


THDON(%) vs AMPL(Vpp) 
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| pe | 
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Figure 4. THD+N vs. Load (See. Test cue . 


vo 


our © 
0.1 
gs 
| 
2 
a 
— 
| . ik a 0.01. 
Figure 2. THD+N vs. Amplitude (See Test Circuit; Ay = 
+1, ve fa V,f= y kHz, with 80 si Low-Pass Filter) 
0.001 
. GAIN- 4B 
Figure 5. THD+N vs. Gain 
1 
Vs = +5V 
are f = 1kHz 
—_ Vm * NEP. 
RL = 10kQ 
0.1 WITH 80kHz FILTER. 
7; 
elle 
--4 
Ps 
r= 


0.01 


Figure 3: THD+N vs. Frequency (See Test Circuit; 
— Ay = +1, Vin = 1V p-p, with 80 kHz Low-Pass Filter) 


SUPPLY VOLTAGE - V . 


Figure 6. THD+N vs. Supply Voltage - 


Coan 
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SSM2135 


SMPTE(%) us AMPL(Upp) 


4 
a 
t 
FREQUENCY - Hz 
Figure 7. SMPTE Intermodulation Distortion (Ay = +1, Figure 10. Current Noise Density vs. Frequency 


Vs = +5 V, f = 1 kHz, R, = 10 kQ) 


Figure 11. Frequency Response (Ay = +1,V5 = +5 V, 
Vin = 1V p-p, R, =:10 kQ) | 


e_ —nV/VHz 


n 


Figure 12.. Square Wave Response (Vs = +5V, Ay = +1, 


1 10 . 100 . 1k 
FREQUENCY - Hz 


Figure 9. Voltage Noise Density vs. Frequency 
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- SSM2135 


CHANNEL SEPARATION - dB 


alee A I 
a ee 
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- Figure 13. Crosstalk vs. Frequency (R, = 10 kQ) 
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- COMMON-MODE REJECTION - dB 


100 a “4k s«COK 100k iM 
FREQUENCY - Hz 


Figure 14. Common- Mode Rejection vs. Frequency _ 
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Figure 15. Power Supply Rejection vs. Frequency 
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OPEN-LOOP GAIN - dB CLOSED-LOOP GAIN - dB 


OVERSHOOT -% 


a Sl 
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an | 
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-10 


Figure 16. Closed-Loop Gain vs. Frequency 


PHASE — Degrees 


"FREQUENCY - Hz 


Figure 17. eee Loop Gain and Phase vs. Frequency 
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Figure 18, Small Signal Overshoot vs.. Load Capacitance 


REV. A 


SSM2135 
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10 100 1k 10k 100k 1M 0 § 10 15 20 25 30 35 40 
FREQUENCY - Hz SUPPLY VOLTAGE - Volts 
Figure 19. Output Impedance vs. Frequency Figure 22. Output Swing vs. Supply Voltage — 


POSITIVE OUTPUT SWING - Volts 
NEGATIVE OUTPUT SWING - Volts 


MAXIMUM OUTPUT - Volts 


| ~ 10 100 1k : 10k 100k wi 
LOAD RESISTANCE - | | TEMPERATURE - °C 
Figure 20. Maximum Output Voltage vs. Load Resistance — Figure 23. Output Swing vs. Temperature and Load 


, Vs = +5V 
+0.5V = Voyz = +4.0V 
2 
(J 
7 
> 1 
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2°t Fi 
3 : 
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= 
= 
3 ‘ 
= 
1k 10k 100k 10M ; 
aot bs FREQUENCY - Hz 3 TEMPERATURE - °C 
_ Figure 21. Maximum Output Swing vs. Frequency Figure 24. Slew Rate vs. Temperature 
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—SSM2135 


OPEN-LOOP GAIN - V/uV 


TEMPERATURE~°C 


_ Figure 25. Open-Loop Gain vs. Temperature | 


OPEN-LOOP GAIN - Vi:V_ 


TEMPERATURE - °C 


Figure 26. Gain Bandwidth Product and Phase Margin vs. 


Temperature 


SUPPLY CURRENT - mA 


75 -50 -25 O 2 50 75 100 125 
TEMPERATURE — °C 


Figure 27. Supply Current vs. Temperature 
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INPUT BIAS CURRENT — nA 


TEMPERATURE - °C 


Figure 28. Input Bias Current vs. Temperature — 


APPLICATION INFORMATION 


The SSM-2135 is a low voltage audio amplifier that has excep- 
tionally low noise and excellent sonic quality even when driving 
loads as small as 25 . Designed for single supply use, the 
SSM-2135’s inputs common-mode and output swing to zero 
volts. Thus with a supply voltage at +5 V, both the input and 
output will swing from 0 V to +4 V. Because of this, signal 
dynamic range can be optimized if the amplifier 1s biased to a 
+2 V reference rather than at half the supply. voltage. — 

The SSM-2135 is unity-gain stable, even when driving ‘into a 
fair amount of capacitive load. Driving up to 500 pF does: not 


cause any instability in the amplifier. However, overshoot in the 


frequency response increases slightly. — 


The SSM-2135 makes an excellent output amplifier for +5 V 
only audio systems such as a multimedia workstation, a CD out- 
put amplifier, or an audio mixing system. The amplifier has 
large output swing even, at this supply voltage because itis 
designed to swing to the negative rail. In addition, it easily — 
drives load impedances as low as 25 © with low distortion. 


The SSM-2135 is fully protected from phase reversal for inputs _ 
going to the negative supply rail. However, an internal ESD 
protection diodes will turn “on”. when either input is forced — 
more than 0.5 V below the negative rail. Under this condition, 
input current in excess of 2 mA may ‘cause erratic output: behav- 
ior, in which case a current limiting resistor should be included 
in the offending input if phase integrity is requited with exces- 
sive input voltages. A 500 © or higher. series input resistor will 


prevent phase inversion even with the input pulled 1 volt below | 
‘the negative supply. - . a8 

“Hot” plugging the input to a signal generally does not present 
~a problem for the SSM-2135, assuming the signal does not have — 


any voltage exceeding the device’s supply voltage. If so, it is 
advisable to add a series input resistor to limit the current, as. 
well as a Zener diode to clamp the input to a voltage no higher | 
than the supply. 
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APPLICATION CIRCUITS 


A Low Noise Stereo Headphone Driver Amplifier 

Figure 29 shows the SSM-2135 used in a stereo headphone 
driver for multimedia applications with the AD 1848, a 16-bit: 
stereo codec. The SSM-2135 is equally well suited for the serial- 
bused AD1849 stereo codec. The headphone’s impedance can be 
as low as 25 Q, which covers most commercially available high 
fidelity headphones. Although the amplifier can operate at up to 
+18 V supply, it is just as efficient powered by a single +5 V. 
At this voltage, the amplifier has sufficient output drive to 
deliver distortion-free sound to a low impedance headphone. 


Figure 29. A Stereo Headphone.Driver for Multimedia 
Sound Codec 


Figure 30 shows the total harmonic distortion characteristics 
versus frequency driving into a 32 2 load, which is a very typi- 
cal impedance for a high quality stereo headphone. The SSM- 
2135 has excellent power supply rejection, and as a result, is 
tolerant of poorly regulated supplies. However, for best sonic 
quality, the power supply should be well regulated and heavily 
bypassed to minimize supply modulation under heavy loads. A 
minimum of 10 wF bypass is recommended. - 


. THD*N(%) vs FREQCHz) 


Figure 30. Headphone Driver THD+N vs. Frequency into a 
32 2 Load (V, = +5 V, with 80 kHz Low-Pass Filter) 
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SSM2135 


A Low Noise Microphone Preamplifier | 

The SSM-2135’s 4.7 nV/\/Hz input noise in conjunction with 
low distortion makes it an ideal device for amplifying low level 
signals such as those produced by microphones. Figure 31 illus- 
trates a stereo microphone input circuit feeding a multimedia 
sound codec. As shown, the gain is set at 100 (40 dB), although 
it can be set to other gains depending on the microphone output 
levels. Figure 32 shows the preamplifier’s harmonic distortion 
performance with 1 V rms output while operating from a single 
+5 V supply. | 


The SSM-2135 is biased to 2.25 V by the Vpgp pin of the 
AD1848 codec. The same voltage is buffered by the 2N4124 
transistor to provide “phantom power” to the microphone. A 
typical electret condenser microphone with an impedance range 
of 100 © to 1 kOQ works well with the circuit. This power 
booster circuit may be omitted for dynamic microphone 
eleinents. 


L CHANNEL 
MIC IN 


R CHANNEL 
MIC IN 


Figure 31. Low Noise Microphone Preamp for Multimedia 
Sound Codec 


THD¢N(Y) vs FREQCHz) 


Figure 32. MIC Preamp THD+N Performance (Vs = +5 V, 
Ay = 40 dB, Voyr = 1V rms, with 80 kHz Low-Pass Filter) 
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_ An 18- Bit Stereo CD-DAC Output Amplifier 

_ The SSM-2135 makes an ideal. ‘single supply stereo output 
‘amplifier for audio D/A converters because of its low noise and 
distortion. Figure 33 shows the implementation of an 18-Bit ste- 
reo. DAC channel. The output amplifier also provides low-pass 
filtering for smoothing the oversampled audio signal. The filter’s 
cutoff frequency is set at 22.5, kHz and it has a nea flat 
_ response from dc to 20 kHz. : 


_As mentioned above, the amplifier’ S outputs can drive directly 
into a stereo headphone that has impedance as low as 25 wv with 
no additional Seer required. 


" ¢BW SUPPLY 


AD1868 veL’ 
; — (3) 
7.68kS2 9.76k82 


LEFT 
CHANNEL — 
‘ OUTPUT 


a] 


a nib 


seal 


Figure 33. +5 V Stereo 18-Bit DAC 


A Single Supply Differential Line Driver 

Signal distribution and routing is often required in audio sys- 
tems, particularly portable digital audio equipment for profes- 
sional applications. Figure 34 shows a single supply line driver 
circuit that has differential output. The bottom amplifier pro- 


. vides.a 2 V dc bias for the differential amplifier in order to max- _ 


-imize the output swing range. The amplifier can output a 
maximum of 0.8 V rms signal with a +5 V supply. It is capable 
of driving into 600 2 line termination at a reduced output | 
amplitude. 


_ 100uF 


AUDIO IN o—) + 


4 
«x  #V 


SSM-2135 
2.5k 


AUDIO OUT 


10k 


7.5k 
Figure 34. Single Supply Differential Line Driver 
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+ 
8 . 
: . . 
1/2 
SSM-2135 DIFFERENTIAL 


A Single Supply Differential Line Receiver 
Receiving a differential signal with minimum distortion is 


-. achieved using. the circuit in Figure 35;-Unlike a difference 


amplifier (a subtractor), the circuit has a true balanced input 
impedance regardless of input drive levels. That is, each input 
always presents a 20 kQ. impedance to the source. For best. | 
common-mode rejection performance,.all resistors around the 
differential amplifier must be very well matched. Best results 
can be achieved using a 10 k() precision resistor network. 


DIFFERENTIAL 
AUDIO IN 


Figure 35. Single Supply Balanced Differential Line. 
. Receiver 


A Pseudo-Reference Voltage Generator 


For single supply circuits, a reference voltage source is often . 


required for biasing purposes or signal offsetting purposes. The © 
circuit in Figure 36 provides a supply splitter function. with low 

output impedance. The 1 wF output capacitor serves as a charge 
reservoir to handle a sudden surge in demand by the load as 


- well as providing a low ac impedance to it. The 0.1 pF. feedback 
_capacitor compensates the amplifier in the: peetpee of a heavy - 


capacitive load, maintaining stability. 


The output can source or sink up to 12 mA of current with 
+5 V supply, limited only by the 100 0 output resistor. Reduc- 


_ ing the resistance will increase the output current capability. 


Alternatively, increasing the supply voltage to 12 V also 
improves the output drive to more than 25 mA. ° . 


Vgt = +5V > +12V » 


Vs5*. 
0 -=- OUTPUT 


Figure 36. Pseudo-Reference Generator 
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A Digital Volume Control Circuit . 

Working in conjunction with ‘the AD7528/PM7528 dual 8-bit 
D/A converter, the SSM-2135 makes for an efficient audio atten- 
uator, as shown in Figure 37. The circuit works off a single 

+5 V supply. The DAC’s are biased to a 2 V reference level 
which is sufficient to keep the DAC’s internal R-2R ladder 
switches operating properly. This voltage is also the optimal 
midpoint of the SSM-2135’s common-mode and output swing 
range. With the circuit as shown, the maximum input and out- 
put swing is 1.25 V rms. Total harmonic distortion measures a 
respectable 0.01% at 1 kHz and 0.1% at 20 kHz. The frequency 
response at any attenuation level is flat to 20 kHz. 


Each DAC can be controlled independently via the 8-bit parallel 
data bus. The attenuation level is linearly controlled by the 
binary weighting of the digital data input. Total attenuation 


ranges from 0 dB to —48 dB. 
3 
aay 10uF+0.14F 
2 ‘ 1, L AUDIO 
> Pe OUT 


1/2 
4{ssm-2135  47HF 


L aupio o—| 
IN 


47uF 


DATA IN 


6 
CONTROL 15 
SIGNAL 16 


.R AUDIO. 


R AUDIO OUT 
Da 47 uF 
p 
+5V 
: +5V 
8 7.5k 
0.1uF 2.0V 3 
\ 7 ' 12 2.0V 
5V -2135 [4 
+ 1uF SSM-2 y es 
VV 


Figure 37. Digital Volume Control 
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SSM2135 


A Logarithmic Volume Control Circuit 
Figure 38 shows a logarithmic version of the volume control 
function. Similar biasing is used. With an 8-bit bus, the 
AD7111 provides an 88.5 dB attenuation range. Each bit 
resolves a 0.375 dB attenuation. Refer to AD7111 data‘sheet for 
attenuation levels for each input code. 


O.1nF | +5V 


GY L AUDIO 
L AUDIO ,_+ "  QUTA OUT 
IN AD7111 aGnp Ae 
DGND Vop R AUDIO 
R AUDIO 1 OUT 
IN ADTI11 aGnp 


DATA IN & 
CONTROL 
+5V 
8 
1/2 
SSM-2135 _|4 


Figure 38. Single Supply Logarithmic Volume Control 
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™ ANALOG 
DEVICES 


High Common-Mode Rejection 
_ Differential Une Receiver 


FEATURES | 


e High Common-Mode Rejection tae 
NOG senvestnsunceasesastine dhs dealwtvadedetedganssanesanencetvaneltnes 100dB Typ 
BOHZ .....eseseee oes ie iscectltsl esta tate eic neces 100dB Typ 
DORE sss cssssccasicassiohsassssesvessousnedsecsis susesaenieee 70GB Typ 
40kHz axesseavananstbetauelahidbies sessnscnsasssseceveceesstscecsstaess O2UE TYP 
@ Low Distortion .................:ssssssssscsseesseteseseseeeenes 0.001% Typ 
@ Fast Slew Rate ............scscsecesees eareevacticuanestnes 9.5V/us Typ 
e Wide Bandwidth ................ Guvdiuntdasensenaes ene 3MHz Typ 
@ Low Cost 


e Complements SSM-2142 Differential Line Driver 


APPLICATIONS 

-e@ Line Receivers . 

e Summing Amplifiers | 
e Buffer Amplifiers — Drives 6002Load | 


ORDERING INFORMATION | 
| EACRESE OPERATING 
PLASTIC = NARROW BODYSO =‘ TEMPERATURE 
- 8-PIN 8-PIN RANGE 
SSM2141P SSM2141S ——-XIND (-40°C < T, < +85°C) 


.. FUNCTIONAL DIAGRAM 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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GENERAL DESCRIPTION 


The SSM-21 41isan integrated differential amplifier intendéd to 
receive balanced line inputs i in audio applications requiring ahigh 
level of noise immunity and optimum common- -mode rejection. 


The SSM-2141 typically achieves 100GB of common-mode re- 


jection (CMR), whereas implementing an op amp with four off- 
the-shelf precision resistors will typically achieve only 40dB of 
CMR — inadequate for high- performance audio. 


The SSM-2141 achieves low distortion performance by main- 
taining a large slew rate of 9.5V/us and high open-loop gain. 
Distortion is less than 0.002% over the full audio bandwidth. The 
SSM-2141 complements the SSM-2142 balanced line driver. 
Together, these devices comprise a fully integrated solution for 
equivalent transformer balancing of audio signals without the 
problems of distortion, EMI fields, and high cost. 


Additional applications for the SSM-2141 include summing sig- 
nals, differential preamplifiers, and 6002 low distortion: buffer 
amplifiers. 


PIN CONNECTIONS. 


" . pererence (1]° 


 8-PIN 
PLASTIC MINI-DIP 
(P-Suffix) 


NARROW BODY SO 
(S-Suffix) 


~ REV. B 


SSM2141 


ABSOLUTE MAXIMUM RATINGS (Note 1) SLGRAROTLIEE @, (Noe2) aaae 
Supply Voltage ...........cceeeeen Ee eee ie +18V ee oa ee 
Input Voltage (Note 1) ......cccesssecsseesessseseens Supply Voltage 8-Pin Plastic DIP (P) 103 43 °C/W 
Output Short-Circuit Duration ................esseeceseees Continuous NOTES: 
Sto rage Temperature Rang e 1. For supply voitages less than +18V, the absolute maximum input voltage is 
equal to the supply voltage. 

P PackagG...........eseeeees sesneeaeenessneesenneesnens —65°C to +150°C 2. ©, isspecifiedforworstcase mounting conditions, i.e.,@,, is specified for device 
Lead Temperature (Soldering, 60 sec) ...............csce0 +300°C in socket for P-DIP package. 
JUNCTION TeMpPeratUre ............ ees eececeretececeececececneseesees +150°C 
Operating Temperature Rang@....................0008 —40°C to +85°C 
ELECTRICAL CHARACTERISTICS at Vg = £18V, T, = +25°C, unless otherwise noted. 

SSM-2141 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 
Offset Voltage Vos Voy = OV -1000 25 1000 pV 
Gain Error No Load, Vin =t10V, R, =0Q - 0.001. 0.01. % 
Input Voltage Range IVR (Note 1) +10 | - ~ V 
Common-Mode Rejection CMR Voy = £10V 80 100 Ss dB 
Power Supply Rejection Ratio PSRR © V, = £6V to +18V - . 0.7 15 pV 
Output Swing Vo R, =2kQ . +13 £14.7 — . Vv 
Short-Circuit Current Limit | Ise Output Shorted To Ground +45/-15 - - | mA - 
Small-Signal Bandwidth (-3dB) BW R, = 2kQ 7 | 3 ~, MHz 
Slew Rate SR R, =2ka | 6 9.5. -- ips 
Total Harmonic R, = 100kQ - 0.001 - 
L 

Distortion i . R, = 6002 - 0.01 - 2 
Capacitive Load Drive Capability C, No Oscillation | - 300 ~ pF 
Supply Current . . ley No Load . - 25%  * 335. mA 
NOTE: 
1. Input voltage range guaranteed by CMR test. 
ELECTRICAL CHARACTERISTICS at V, =+18V, -40°C < T, < +85°C. 

_ 7 . ns | SSM-2141 

PARAMETER ; SYMBOL CONDITIONS MIN TYP MAX UNITS 
Offset Voltage | Vos Voy = OV (-2500 = 200 ~——-2500 wv 
Gain Error No Load, V,,, =+10V, R, =0 . - - (0.002 0.02 % 
Input Voltage Range IVR (Note 1) | | +10 , Se —- Vv 
Common-Mode Rejection CMR Vow =+10V 75 90 - dB 
Power Supply Rejection Ratio PSRR oa V, =t6V to +18V _ - i 4.0 20 pVN- 
Output Swin | NG R, = 2kQ | . 413000 N47 -— v 
SlewRate SR R, = 2ka | | s 95 - Vins: 
Supply Current | / ley No Load = 2.6 4.0 mA 
NOTE: | | 


1. Input voltage range guaranteed by CMR test. 
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> 


Balanced Line Driver 


_$SM2142. 


FEATURES» : 
Transformer-Like Balanced Output 
Drives 10 V RMS Into a 600 © Load 
_ Stable When Driving ree Capacitive Loads and rong 
Cables 
Low Distortion 
0.006% typ 20 Hz-20 kHz, 10 V RMS into 600 2 
‘High Slew Rate 
15 V/ps typ 
Low Gain Error 
(Differential or Single-Ended); 0.7% typ 
Outputs Short-Circuit Protected 
Available In space-saving 8-Pin Mini- DIP Package | 
' Low Cost | 


; APPLICATIONS 
Audio Mix Consoles — 
Distribution Amplifiers aie 
Graphic and: Parametric Equalizers — 
Dynamic Range Processors 
Digital Effects Processors 
Telecommunications Systems 
‘Industrial Instrumentation 
Hi-Fi Equipment | 


GENERAL DESCRIPTION 
The SSM-2142 is an integrated differential-output buffer ampli- 
fier that converts a single-ended input signal to a balanced out- 


-_ put signal pair with high output drive. By utilizing low noise 


thermally matched thin film resistors and high slew rate amplifi- 
ers, the SSM-2142 helps maintain the sonic quality of audio 


systems by eliminating power line hum, RF interference, voltage . 


drops, and other externally generated noise commonly encoun- 
tered with long audio cable runs. Excellent rejection of 
common-mode noise and offset errors is achieved by laser 
trimming of the onboard resistors, assuring high gain accuracy. 
The carefully designed output stage of the SSM-2142 is capable 
of driving difficult loads, yielding low-distortion performance 
despite extremely long cables or loads as low as 600 Q), and is 
stable over a wide range of operating conditions. 


Based on a cross-coupled, electronically balanced topology, 
the SSM- 2142 mimics the performance of fully balanced 


transformer-based solutions for line driving. However, the SSM- | 


2142 maintains lower distortion and occupies much less board — 
space than transformers while achieving comparable common- 
mode rejection performance with reduced parts count. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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FUNCTIONAL BLOC DIAGRAM” 


+OUT FORCE . 


© +OUT Seno 


C - OUT PENSE 


 ~OUT FORCE 


ALL RESISTORS 30k2 
UNLESS OTHERWISE - 
| INDICATED: 


e we 
GND 


The SSM-2142 in tandem with the SSM-2141 differential re- 
ceiver establishes a complete, reliable solution for driving and 


‘receiving audio signals over long cables. The SSM-2141 features 


an Input. Common-Mode Rejection Ratio of 100 dB at 60-Hz. 
Specifications demonstrating the performance of this type ve 
tem are included in the data sheet. so 


PIN CONNECT. 


8-Pin Plastic DIP- “16. Pin | 
(P Suffix) Wide Body SOL... 
8-Pin Cerdip - - — (S Suffix) - 


(Z Suffix) 


REV. A | 


(V; = +18 V, —40°C = T, = +85°C, operating in differential mode unless 
) indicated otherwise. Typical characteristics apply to operation at T, = +25°C.) 


SPECIFICATION SSM2142 


OUTPUT COMMON-MODE REJECTION | OCMR 
OUTPUT SIGNAL BALANCE RATIO 
TOTAL HARMONIC DISTORTION 


See Test Circuit; f = 1 KHz aB 
See Test Circuit; f = 1 kHz 3B 


INPUT IMPEDANCE Hep co 
INPUT CURRENT a HA 
GAIN, DIFFERENTIAL dB 
GAIN, SINGLE-ENDED ee ek dB 
GAIN ERROR, DIFFERENTIAL eee: % 
POWER SUPPLY REJECTION — 2 = +13Vto+18V 60 80 | aB 
RATIO STATIC 
| OCMR | 
| SBR 


Plus Noise THD+N | 20 Hz to 20 kHz, — | | | % 
| yt aes le 
SLEW RATE as a vs 
OUTPUT COMMON-MODE _ Vas = 6000 =250 250 - | mV 
VOLTAGE OFFSET! | 
DIFFERENTIAL OUTPUT _ Waa = 600 2 50 mV 
VOLTAGE OFFSET a ce 
DIFFERENTIAL OUTPUT - Vv 
VOLTAGE SWING 
OUTPUT CURRENT, SHORT CIRCUIT oe “mA 
- NOTE 


1Output common-mode offset voltage can be removed by inserting dc blocking capacitors in the sense lines. See the pres Information. 
Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS* 


Supply Voltage: 4-24 454 4 ow eek Su Sie wR Ah ae +18 V +18V 

Storage Temperature ................ —60°C to + 150°C. *15V 
Lead Temperature (Soldering, 60 sec) ........... +300°C Y 
Junction Temperature ......... 0... 0c ee eevee +150°C 

Operating Temperature Range........... —40°C to +85°C re 

Output Short Circuit Duration (Both Outputs)... . . Indefinite ° 


*Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. These are stress ratings only; the functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 


ORDERING GUIDE 


Package 
Description 


Plastic DIP 
Cerdip 
SOL 


Operating 
Temperature Range 
—40°C to +85°C 


—40°C to +85°C 
—40°C to +85°C 


Package 


Model Option? 


SSM2142P 
SSM2142Z 
SSM2142S2 


Q-8 


NOTES 
‘For outline information see Package Information section. 
?For availability of SOIC package, contact your local sales office. 


REV. A 


SHIELDED 
‘ TWISTED-PAIR 
CABLE 


Typical Application of the SSM-2142 and SSM-2141 
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6 dB Differential 
Line Receiver 


FEATURES | 
High Common-Mode Rejection 

DC: 90 dB typ 

60 Hz: 90 dB typ 

20 kHz: 85dBtyp 
Ultralow THD: 0.0006% typ @ 1 kHz 
Fast Slew Rate: 10 V/s typ 
Wide Bandwidth: 7 MHz typ (G = 4/2) 
Two Gain Levels Available: G = 1/2 or 2 
Low Cost 


GENERAL DESCRIPTION . 

The SSM-2143 is an integrated differential amplifier intended to 
receive balanced line inputs in audio applications requiring a 
high level of immunity from common-mode noise. The device 
provides a typical 90 dB of common-mode rejection (CMR), 
which is achieved by laser oe of resistances to better than 
0.005%. 


Additional features of the device include a slew rate if 10 V/s 


and wide bandwidth. Total harmonic distortion (THD) is less 


than 0.004% over the full audio band, even while driving low 


impedance loads. The SSM-2143 input stage is designed to han- | 


dle input signals as large as +28 dBu at G = 1/2. Although pri- 
marily intended for G = 1/2 applications, a gain of 2 can be 
— realized by reversing the +IN/—IN and SENSE/REF ERENCE 


connections. 


When configured for a gain of 1/2, the SSM- 2143 and SSM-2142 
Balanced Line Driver provide a fully integrated, ‘unity gain solu- 
tion to driving audio signals over long cable runs. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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PIN CONNECTIONS 


‘Epoxy Mini-DIP (P Suffix) 


and | 
SOIC (S Suffix) 


TOP VIEW 
+IN [3 | Nor To SCALE) 


NC =NO CONNECT - 


REV. 0 


(VV, = +15 V, —40°C = T, = +85°C, G = 1/2, unl herwi ified. 
SPECIF ICATIONS Typical specifications apply ath = +25°C.) sees ee — | SSM 2143. 
—— Uni 
AUDIO PERFORMANCE | <3 | 3 


Total Harmonic Distortion Plus Noise 
Signal-to-Noise, Ratio 


Vin = 10 V rms, R, = 10kQ, f = 1 kHz 
0 dBu = 0.775 V rms, 20 kHz BW, RTI 


Headroom Clip Point = 1% THD+N 
DYNAMIC RESPONS 
Slew Rate | R, = 2 kO, C, = 200 pF 


Small Signal Bandwidth R, = 2 kQ, C,. = 200 pF 
G = 1/2 


G=2 
INPUT 


Input Offset Voltage 
Common-Mode Rejection 


Vom = 0V, RTI, G = 2 
Vom = £10 V, RTO 
f = dc 


f = 60 Hz 
f = 20 kHz 
f = 400 kHz 


Power Supply Rejection 
Input Voltage Range 


Vs = +6Vto +18 V 
Common Mode 
Differential 


OUTPUT 
Output Voltage Swing 
Minimum Resistive Load Drive 
Maximum Capacitive Load Drive 
Short Circuit Current Limit 


GAIN 
Gain Accuracy 


REFERENCE INPUT | 
Input Resistance | 
Voltage Range 


POWER SUPPLY 
Supply Voltage Range 
Supply Current 


Specifications subject.to change without notice. 


ABSOLUTE MAXIMUM RATINGS | | ORDERING GUIDE 


Supply Voltages = i 4.55 ANSE ARES CS ae +18 V 
Common-Mode Input Voltage ...........20e000% +22 V Temperature Package Package 
Differential Input Voltage........ 0.0000 e ee eee +44V Range Description Option* 
Output Short Circuit Duration........ Ramee Continuous SSM2143P | —40°C to +85°C | 8-Pin Plastic DIP | N-8 
Operating Temperature Range............ —40°C to +85°C SSM2143S —40°C to +85°C | 8-Pin SOIC »  §O0-8 
Storage Temperature Range ...........-- —65°C to + 150°C oe 
Junction Temperature (Tj)... 0.0.0. cece eens +150°C *For outline information see Package Information section. 
Lead Temperature (Soldering, 60 sec.).........-.. +300°C 
Thermal Resistance | 

8-Pin Plastic DIP (P): 8;4 = 103, Oj¢ = 43..--+---- °C/W 

8-Pin SOIC (S): O54 = 150, Oyc¢ = 43 «ee ee eee °C/W 
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- Serial Input Hex/Quad “Clickless” 
Volume Control with Master Attenuation 


~ SSM21 BO/SSM2161_ 


FEATURES 
Digitally-Controlled “Clickless” Level Adjustment 
_~$SM2160: Six Channels 
_, $SM2161: Four Channels 
Master Control Has 128 1 dB Steps 
Each Channel Has 32 1 dB Steps Plus Mute e, 
Step Sizes Can Be Changed Using External Resistors 
High Gain Accuracy | 
100 dB Gain Range 
Excellent Audio Characteristics: 
-100 dBu SNR (0 dBu = 0.775 V rms, Vs = +5 V) 
+10 dBu Headroom (Vs = +5 V) 


0.008% THD+N (@ 1 kHz, Vin = = -10 dBu, Unity Gain) — oom 


_-80 dB Crosstalk (@ 1 kHz) 
Single or Dual Supply Operation —. 
24-Pin Plastic DIP and SOIC Packages (SSM2160) 
20-Pin Plastic DIP and SOIC Packages (SSM2161) 


APPLICATIONS 

Dolby* Pro-Logic Master Volume Control 
Home THXt System |. _ 

DSP Soundfield Processors 

Automotive Audio Systems 

HDTV Audio Systems 


GENERAL DESCRIPTION 


The SSM2160 and SSM2161 allow digital control of volume for | 


six and four channels, respectively, with a master level control. 


' In order to avoid “clicking,” the device uses high performance 


| voltage controlled amplifiers (VCAs) for the audio signal path.’ 

~ The VCA control port effectively isolates DAC charge injection 
from the audio path, which is the major contributor to clicking 
in resistor-ladder type attenuators. Each channel is controlled by 
a dedicated 5-bit DAC, providing 32.steps of adjustment, plus 


*Dolby i is a registered trademark of Dolby Laboratories: Liettee Corporation. 
tHome THX is a pia trademark of Lucasfilm, Ltd. 


This is a preliminary data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212.. 


. FUNCTIONAL BLOCK DIAGRAM 


SHIFT 
REGISTER 
DATA are 


ADDRESS | ’ 
DECODER 


TO ADDITIONAL CHANNELS 


SSM 2160 (6 CHANNEL) 
SSM 2161 (4 CHANNEL) 


| Sante caannel balance. Step sizes are defaulted to 1. B, 


but channel sizes can be increased or master sizes decreased by 
the addition of external resistors. Approximately 80.dB of.at- 
tenuation and up to 20 dB of gain is possible. 


- The SSM2160/SSM2161 can operate either single or: faiaal: sup- 


ply, with a total supply voltage range of 8 V to 36 V. An on-chip 
voltage reference is provided for single-supply applications. 


This information applies to a product under development. Its characteristics and specifications are eeanees to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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SPECIFICATIONS 


SSM2160/SSM2161 


ELECTRICAL SPECIFICATIONS cv, =+5 v, a, =0 a8, 0 aBu = 0.775 Vrms, Vy = —10 dBu, fypio = 1 KHz, foxx = 250 kt 


R, = 100 kQ, -40° C < <I < +85°C, unless otherwise noted. Typical specifications apply at T, = +25°C.) 


Parameter 


AUDIO PERFORMANCE 
Noise 
Headroom 


Total Harmonic Distortion Plus Noise 


Channel Separation 


ANALOG INPUT 
Input Offset Voltage 
Input Impedance 


GAIN CONTROL ELEMENTS 
Default Step Size—Master 
Default Step Size—Channel 
Gain Error 


Gain Match Error 


Mute Attenuation 


ANALOG OUTPUT 
Output Impedance 
Mute Output Impedance 
Output Sink Current 
Minimum Resistive Load Drive 
Maximum Capacitive Drive 
Offset Voltage 


CONTROL SECTION | 
Logic Input LO 
Logic Input HI 
Logic Input Current 
Maximum Clock Frequency 
‘Timing Characteristics 


REFERENCE 
Output Voltage 
Output Impedance 
Load Regulation 


POWER SUPPLIES 
“Supply Voltage Range 


Supply Current: 


Power Supply Rejection R Ratio 


Specifications subject to change without notice. 


Min Top Max | Uni 


Vin = GND, 20 kHz Bandwidth BD dBu — 
‘Clip Point = 1% THD+N | dBu 
2nd and 3rd Harmonics Only | 

Ay = 0dB . % 
Ay = -20 dB | «0. % 
Ay = 0 dB, Vin = +10 dBu ; : % 

Any Channel to Another dB 

10 mV 


AyMASTER = 0 dB to -60 dB dB 

AvyCHANNEL = 0 dB to +20 dB dB 

Relative to Same Channel . 
AAyMASTER = 0 dB dB 
- AyMASTER = —20 dB dB 
AyMASTER = ~40 dB dB 


Channel Muted 


Logic LO or HI 


See Timing Diagram 


Vs = +10 V (Single Supply) 


-10mA <I, <+10mA 


-Dual Supply | 


+4 +15 V 
~~ Single Supply. ~: +8 +30 V 
Positive TBD TBD mA 
Negative 20 30 mA 
TBD | dB 


Dual Supply 


This information. applies.to a: product under development Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no. cop ligation regarding future manufacture.unless otherwise agreed to in writing. re ou 
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SSM2160/SSM2161 


ABSOLUTE MAXIMUM RATINGS! 


Supply Voltage nt | oe 
Dial Supply nianct oemhor ee ectonre tein »..t18V 
Single Supply. ov... 6... eee eee eee $36 V 
Analog Input Voltage: Bra Bites itn die gOS eee eee +Vs | 
Logic Input Voltage ......... Det hare eay cn tontatesgs tVs.. 
Operating Temperature Range.......... ...-40°C to +85°C 
Storage Temperature ................-. ..-65°C to +150°C 
Junction Temperature (Tj) ..........0e essen 2. $150°C 
_ Lead Temperature (Soldering, 60 SEC) eo Ad cuca este +300°C 


THERMAL CHARACTERISTICS 
Thermal Resistance? 
24-Pin Plastic DIP ($8M2160) 


Ora ere Rare ee ee ee ees Sue eae TBD°C/W 
Oe: daveteae ats paeee ec ee ee eee are TBD°C/W 
24-Pin SOIC ($SM2160) : 
Daina eue oad hersaaiviais .TBD°C/W 
Cie. dihinnwtcmie dS hgstitecdaad ee in TBD°C/W 
20-Pin Plastic DIP (SSM2161) . . 
a Resaiecike geclote eases we Hi ed upbeat Sea epee TBD°C/W 
CS ae op nt HES tock WE ot a EAR Ses TBD°C/W 
20- Pin SOIC (SSM2161) ? - 4 
OAS ea deni eawe it ati, hanna Shi aioe 2 TBD°C/W 
OG, arate Ae een ee TBD°C/W 
TRANSISTOR COUNT | 
Number of Transistors ...... ree bee eu ares | 
ESD RATINGS’ 
883 (Human Body) Model RO rey Tee ee TBD ky 
EIAJ Model ..... tad cad are Sh eet os LEleeneaes TBD 
NOTES | 


‘Stresses above those listed. ‘under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in 


the operation section of this specification is not implied. Exposure to absolute . 


maximum rating conditions for extended periods may affect device reliability. 
Oya i is specified for worst-case conditions, i.e., Oya is specified for device in socket 
for P-DIP and device soldered in circuit board for SOIC package. 


ORDERING GUIDE 


| Temperature Range ‘| 


. Package Option* 
SSM2160N | 


~40°C to +85°C N-24 
SSM2160R | -40°C to. +85°C R-24 
SSM2161N | —40°C to +85°C 


| N-20 


SSM2161R 


~40°C to +85°C 


*N = Plastic DIP; R = SOIC. For outline information see Package infomation 
section. 


CAUTION 


ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V eaaity 


“ $SM2160 PINCONFIGURATION _ 


_ 24-Lead Plastic DIP and SOIC 


V+ | 1] ¢ |24|. CH SET 
AGND | 2| | 23} MSTR OUT 
Vaer | 3) MSTR SET 
Vourt [4 | | Vour2 
Vat [5 | 20] Vy2 
Vour3 6 | SSM2160 19 | Vour4 
Vn3 [7] Noto Sel 18] V4 
Vour5 [8 | VourS 
Vn5 [9 | 16] V6 
WRITE 15] DATA 
LD [111 14] CLK 


CONFIGURATION 


ead Plastic DIP and SOIC 


SSM2161 
Ka TOP VIEW 16} Vev2 


Vour3 || (Not to Scale) |15] Vour4 


accumulate on the human body and test equipment and can discharge without detection. WARNING! Wai 
Although the SSM2160/SSM2161 features proprietary ESD protection circuitry, permanent aT a 


damage may occur on devices subjected to high energy electrostatic discharges. Therefore, proper 
ESD precautions are recommended to avoid performance degradation or loss of functionality. 


ESD SENSITIVE DEVICE 


This jufounration applies. to 'a product under development. Its characteristics.and spcitications are. subject to change without nONGe: 
Analog Devices assumes.no epngeHon regarding future manufacture unless otherwise: agreed to in writing. - : 
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| REV. 0 


SSM2160/SSM2161 


SSM2160 POWER SUPPLY CONNECTIONS 


EXTERNAL 
REFERENCE 


Dual Supply Single Supply Single Supply Using External Reference 


TYPICAL APPLICATION CIRCUIT (DUAL. 


* Use formula Ry = 1400X /(1X). 
*“ Use formula Ro, = 44-20X/(X-1), where "X" equals desired step size in dB. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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‘ANALOG 
DEVICES 


a 


Dual Audio 
Analog Switches 


FEATURES 
 "Clickless" Bilateral Audio o Switching 
e Guaranteed "Break-Before-Make" Switching 


@ LOW Distortion .............::ecssssssscssssssrseesessseeeeces 0.003% Typ 
e Low Noise..........  scescaaidhe Heamnnaditee ae cag 1nV/VHz 
e Superb OFF-lsolation ..................sccccccscsasccecevees 120dB Typ 
@ Low ON-ReSistance .............sscsscssessssssssesessseecnsress 60Q Typ 
e Wide Signal Range: : | 

Vg = +1 BY ed Gater deere eater cee Ok tes 10V RMS 
e Wide Power Supply Range .............csssssssessssseees +20V Max 


e Available in Dice Form 


ORDERING INFORMATION 
PACKAGE - OPERATING 
PLASTIC SOL TEMPERATURE 
14-PIN 16-PIN RANGE 
SSM2402P SSM2402S , XIND* 
SSM2412P 


SSM2412S XIND* 
*XIND = —40°C to +85°C | 


GENERAL DESCRIPTION a 7 
The SSM-2402/2412 are dual analog switches designed spe- 


cifically for high-performance audio applications. Distortion and 


noise are negligible over the full audio operating range of 20Hz 
to 20kHz at signal levels of up to 10Vems: The SSM-2402/2412 
offer a monolithic integrated alternative to expensive and noisy 
relays or complex discrete JFET circuits. Unlike conventional 
general-purpose CMOS switches, the SSM-2402/2412 provide 
superb fidelity without audio "clicks" during switching. . 


Conventional TTL or CMOS logic can be used to control the 
switch state. No external pull-up resistors are needed. A "T” 


configuration provides superb OFF-isolation and true bilateral © 


operation. The analog inputs and outputs are protected against 
overload and overvoltage. 


Animportant feature is the guaranteed "break-before-make" for 
all units, even IC-to-IC. In large systems with multiple switching 
channels, all separate switching units must open before any 
switch goes into the ON-state. With the SSM-2402/2412, you 
can be certain that multiple circuits will all break-before-make. 


The SSM-2402/2412 represent a significant step forward in 
audio switching technology. Distortion and switching noise are 
significantly reduced in the new SSM-2402/2412 bipolar-JFET 
switches relative to CMOS switching technology. Based on a 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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‘new circuit topology that optimizes audio performance, the 


SSM-2402/2412 make use of a proprietary bipolar-JFET proc- 
ess with thin-film resistor network capability. Nitride capacitors, 
which are very area efficient, are used for the proprietary ramp 
generator that controls the switch resistance transition. Very 
wide bandwidth amplifiers control the gate-to-source voltage 
over the full audio operating range for each switch. The ON- 
resistance remains constant with changes in signal amplitude 
and frequency, thus distortion is very low, less than 0.01% Max. 


The SSM-2402 is the first analog switch truly optimized for high- 
performance audio applications. For broadcasting and other 
switching applications which require a faster switching time, we 
recommend the SSM-2412-— a dual analog switch with one-third 


_of the switching time of the SSM-2402. 


PIN CONNECTIONS 


14-PIN 
PLASTIC DIP 
(P-Suffix) 


SSM-2402 
SSM-2412. 


16-PIN SOL 
(S-Suffix) 


SSM-2402 
SSM-2412 


* GUARD PINS FOR INPUT/OUTPUT ISOLATION 
(GROUND FOR BEST PERFORMANCE) 


CONTROL LOGIC 
Logic In Switch State 


0 OFF 
1 ON 


Logic "0" <0.8V 
Logic "1" 22.0V 


REV..A 


SSM2402/SSM2412 


FUNCTIONAL DIAGRAM TIMING DIAGRAM 


MAIN SWITCH CLOSED/ 
SHUNT SWITCH OPEN 


MAIN SWITCH OPEN/ 
SHUNT SWITCH OPEN 


INTERNAL 
RAMP GENERATOR 


MAIN SWITCH OPEN/ 
SHUNT SWITCH CLOSED 
1 


| 
I ton > > tH tore 
i] 


HIGH 
CONTROL 
INPUT 
LOW 


SWITCH TIMING 


ABSOLUTE MAXIMUM RATINGS 


MAIN SHUNT Operating Temperature Rangeé..................c00 —40°C to +85°C 

Phen Bailicoal Operating Supply Voltage Range ......... cece +20V 
Analog Input Voltage Range 

CONtinNUOUS ........... cc cescceccceeeeeeseeees V-+3.5V < V, = V+ —3.5V 

Maximum Current Through Switch ............ceseseeesseeeeeees 20mA 


Logic Input Voltage Range ............... eee V+ Supply to -2V 
V+ Supply to Ground ...............cccccssssseccrssssssseeecesessneeeees +36V 


V= Supply to: Ground ssisiciceciest cs cssvensscssusaiedaaedecrnssssdesdaaz 


| VOTO. SUD DIY vies cases fesszet eascncnsdaesneensyteucevantasthasinetiytess 
waa e-[_ omens ena esnonrnemnoerastooe 


PACKAGE TYPE 8, a (NOTE 1) 8 


jc 
LOGIC HIGH = ON "pi | 
TOGic LOW core 14-Pin Plastic DIP (P) 76 33 | 
S,,S2= MAIN SWITCHES 16-Pin SOL (S) 92 27 
S3 = SHUNT SWITCH NOTE: 


1. 8, a iS Specified for worst case mounting conditions, i.e., @,, is specified for 
device in socket for P-DIP package; @,, is specified for device soldered to 
printed circuit board for SOL package. 


ELECTRICAL CHARACTERISTICS at V, = +18V, R, = OPEN, and-40°C s T, = +85°C, unless otherwise noted. 
_ All specifications, tables, graphs, and application data apply to both the SSM-2402 and SSM-2412, unless otherwise noted. 


SSM-2402/2412 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 
Positive Supply V,. = 0.8V, 2.0V 
Current *Isy (Note 1) 7 ee a . i 
Negative Supply V1, = 0.8V, 2.0V 
Pa ~ 4. ; mA 
Current . Isy i, (Note 1) e a . i 
V,, = 0.8V, 2.0V 
Ground Current | | IL ‘ _ : 1.5 mA 
aaa: GND (Note 1) ae 
Digital Input High Vine T, = Full Temperature Range . 2.0 - - 
Digital Input Low Vint T, = Full Temperature Range ~_ - 0.8 
Logic Input V,y = 0 to 15V 
| IN _ . 
Current LOGIC (Note 2) sg ie HA 
Analog Voltage Poe 
Range (Note 3) VANALOG -14.2 - +14.2 Vv 
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SSM2402/SSM2412 


_ ELECTRICAL CHARACTERISTICS at V, = +18V, R, = OPEN, and -40°C < T, < +85°C, unless otherwise noted. Continued 


: SSM-2402/2412 
PARAMETER SYMBOL CONDITIONS TYP MAX ‘UNITS 
Analog Current 
Range (Note 3) ANALOG. = +10 — mA 
Overvoltage Input ; . 
Current Vin = *Vsuppcy +40 - mA 
-14.2¢ Va $ +14.2V 
1, =+10mA, V,, =2.0V 
Swi “A TIL 
idlealeedly R T, = +25°C 60 85 Q 
Resistance ON A 
T, = Full Temperature Range - 115 Q 
Tempco (AR,,/AT) | 0.2 - are 
~14.2<V,<414.2V } 
A 9 
Roy Match RoyMATCH |, =410mA, V, = 2.0V 1 5 %o 
Switch ON Vit= 2.0V 
Leakage Current Is(on) -14.2V sV, $+14.2V 0.05 . 1.0 pA 
(Notes 1, 2) Va = OV 0.05 10.0 nA 
Switch OFF V,, = 0.8V 
Leakage Current IS(OFF) -14.2V $V, 5 +14.2V 0.05 1.0 pA 
(Notes 1, 2) . V, =0V 0.05 10.0 nA 
-Turn-On Time ‘ V,=+10V,R, =2kQ SSM-2402 10.0 - ate 
(Note 4) ON . T, = +25°C, See Test Circuit SSM-2412 — 3.5 - 
Turn-Off Time , Va = +10V, Ry = 2kQ SSM-2402 4.0 - oe 
(Note 5) OFF T, = +25°C, See Test Circuit. SSM-2412 1.5 - 
Break-Before-Make SSM-2402 6.0 fe 
t T, = +25° 
Time Delay (Note 6) 'orr ~ fon Ae SSM-2412 2.0 - i 
ee a SSM-2402 50 - 
Charge Injection Q T,= = °C SSM-2412 150 - pc 
| ON-State V,=1V 
A= ' "RMS ae 
Input Capacitance CS ion) f = SkHz, T, = +25°C i a 
OFF-State cs Va= 1Vems r 7 oF 
Input Capacitance (OFF) f = SkHz, T, = +25°C 
io V,=10Voue, 20Hz to 20kHz 
i A RMS = 
OFF Isolation lsoorr) ; T, = 425°C, See Test Circuit 120 dB 
Channel-to-Channel _ C Vaz 10Vems? 20Hz to 20kHz 96 i dB 
Crosstalk T T, = +25°C 
Total Harmonic. 0 to 10V.,,<, 20Hz to 20kHz ; 1 ae es 
RMS’ G 
Distortion (Note 7) © Ae T, = +25°C, R, = 5kQ one Se - 
Spectral Noise 20Hz to 20kHz = 
Density 8a T, = +25°C ; . INNS 
Wideband Noise . 20HZz to. 20kHz 02 V 
Density np-p T,= +25°C ° BN op 
NOTES: _ 


5. Turn-OFF time is measured from the time the logic input reaches the 50% point 
to the time the output reaches 50% of the initial value. 

6. Switch is guaranteed by design to provide break-before-make operation. 

7. THD guaranteed by design and dynamic Ron testing. 


1, "V,,"is the Logic Control Input. 

2. Current tested at V,,, = OV. This is the worst case condition. 

3. Guaranteed by R,,, test condition. 

4. Turn-ON Time is measured from the time the logic input reaches the 50% point 
to the time the output reaches 50% of the final value. 
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ANALOG 
DEVICES Quad Audio Switch 


FEATURES BLOCK DIAGRAM OF ONE SWITCH CHANNEL 

“Clickless” Bilateral Audio Switching 

Four SPST Switches in a 20-Pin Package 

Ultralow THD+N: 0.0008% @ 1 kHz (2 V rms, 
R, = 100 kQ)) 


LOGIC INTERFACE 


CONTROL © 


Low Charge Injection: 35 pC typ aD SW1A 
High OFF Isolation: —100 dB typ (R, = 10 kX. @ 1 kHz) BREAK-BEFORE MAKE a8 
CONTROL 


Low Crosstalk: —94 dB typ (R, = 10 kf. @ 1 kHz) 

Low ON Resistance: 28 2 typ 

Low Supply Current: 900 A typ DIGITAL 

Single or Dual Supply Operation: +11 V to +24 V or CONTROL V+ 
+5.5 V to +12 V 

Guaranteed Break-Before-Make 

TTL and CMOS Compatible Logic Inputs PIN CONNECTIONS 

Low Cost-Per-Switch Epoxy Mini-DIP (P-Suffix) 

and SOIC (S-Suffix) 


GENERAL DESCRIPTION 

The SSM-2404 integrates four SPST analog switches in a single 
20-pin package. Developed specifically for high performance 
audio applications, distortion and noise are negligible over the 
full operating range of 20 Hz to 20 kHz. With very low charge 
injection of 35 pC, “clickless” audio switching is possible, even 
under the most demanding conditions. 


Switch control. is realized by conventional TTL or CMOS logic. 
Guaranteed “‘break-before-make” operation assures that all 
switches in a large system will open before any switch reaches 
the ON state. 


Single or dual supply operation is possible. Additional features 
include —100 dB OFF isolation, —94 dB crosstalk and 28 
ON resistance. Optional current-mode switching permits an 
extended signal-handling range. Although optimized for large 
load impedances, the SSM-2404 maintains good audio perfor- . 

ae CONNECT TO ANALOG GROUND 
mance even under low load impedance conditions. FOR BEST NOISE ISOLATION 


NC = NO CONNECT 
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SSM2404— SPECIFICATIONS i tie wn - = mae 


Parameter 


AUDIO PERFORMANCE | 
Total Harmonic Distortion Plus Noise | THD+N 


| @ 1 kHz, with 80 kHz Filter, « 
R, = 100 kQ, Vin = 2 Vrms 


Ving = 2.4 V, I, = +2 mA 
Vinu = 2.4 V; Va = 0 V 
I, = +10 mA, Va = +10 V de 


V. = 50 mV rms, f = 1 kHz, Ry, = 10 ka | 
= 50 mV rms, f = 1 kHz, Ry = 10kQ 


_ Spectral Noise Density 20 Hz to 20 kHz 
Wideband Noise Density 20 Hz to 20 kHz 
ANALOG SIGNAL SECTION 
Analog Voltage Range 
Analog Current. Range 
ON Resistance Row 
Ron Matching | Ron Match | I, = +10 mA, V, = 0 V 
ON Leakage Current — Ison) 
OFF Leakage Current S(OFF) 
Charge Injection 
ON-State Input Capacitance — Con 
OFF-State Input Capacitance Corr 
OFF Isolation I 5Q.0FF) 
Channel-to-Channel Crosstalk Cr Va = 
CONTROL SECTION | 
Digital Input-High Vinu DGND = 0V 
Digital Input Low a Vint DGND = 0V 
Turn-On Time’ ton See Test Circuit 
Turn-Off Time? "| torr See Test Circuit 


lon torr 


Break-Before-Make Time Delay 
Logic Input Current | 


Logic HI Vinu = 2.4V 
Logic LO Vint = 0.8 V 
POWER SUPPLY | 
Supply Voltage Range _ Single Supply © 


Dual Supply ) 
All Channels On 
All Channels On 
All Channels On 


Positive Supply Current 
Negative Supply Current 
Ground Current 


NOTES 


1Turn-on time is measured from ie time the logic input reaches the 50% point to the time the output reaches 50% of the final value.. 
?Turn-off time is measured from the time the logic input reaches the 50% point to the time the puto reaches 50% of the initial value. 


Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS 
Supply Voltage 


Single Supply soc o- Gee Se eo wee es +27 V 
Dual Supply 22-60% a0 5 eee See +13.5 V 
Analog Input Voltage (Va) .. 2... 2... ce ee ee ee ee eee Vs 
Logic Input Voltage (Vinuann) +e ee ee eee Vg 
Maximum Current Through Any Switch .......... 20 mA 
Operating Temperature Range........... —40°C to +85°C 
Storage Temperature Range ........... —65°C to +150°C 
-. Junction Temperature (T;). 6.6... 0... eee ee eee +150°C 
Lead Temperature (Soldering, 60 sec) ........... +300°C 
Thermal Resistance! 
20-Pin Plastic DIP (P): @;4 = 74, 8j¢ = 32 ........ °C/W 
20-Pin SOIC (S): O34 = 90, Oj¢ = 27 «6. we ee ee ee °C/W 


NOTE 
10,4 is specified for worst case mounting conditions, i.e., 6;4 is specified for 
device in socket for P-DIP package. 
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ORDERING GUIDE 


Operating 
Temperature 
Range 


—40°C to +85°C 
—40°C to +85°C 


*N = Plastic DIP, R = SOIC. For outline information see Package Infor- 
mation section. 


Package 
Option* 


Package 


20-Pin Plastic DIP 
20-Pin SOIC 


SSM2404P 
SSM2404S 


REV.B 


SSM2404 


Va (ny = 50MV ams 
f = 20Hz TO 100kHz 


Va (our) 
e 


AUDIO PRECISION SSM2484B THD+N(%) us AMPL(Vras) 


R, = 10k AND 100kQ 


V, 
OFF ISOLATION = 20 LOG hia ictal 
Va (IN) 


OFF Isolation Test Circuit 


HIGH 


LOGIC 


t;< 100ns 


DC VOLTAGE 


V, 
na CLOSED . 
Figure 2. Headroom (Vs = +12 V, f = 1kHz, with 
Va (our) 80 kHz Filter) 
ton : : torr : 1 eens SE SN SO SN RN 
ton/tore Timing Diagram 
0.1 
+12V 
° ze 
i 
= 0.01 LK— 
Va (iN) Oo OVA (oUT) = 
SWITCH |. e 
CONROL |. 
0.001 
Coa 
: Fat ial 
= = iv joes No a ie Wee dee pe Sie 
100 1k . 10k 100k 140 
Test Circuit for tox/toge Timing Specification, ton/torr LOAD RESISTANCE -Q 


Switching Response, and ON/OFF Transition Photos Figure 3. THD+N vs. Load (Vs =+12 V, V4 = 2 Vrms, 


f = 1 kHz, with 80 kHz Filter) 


AUDIO PRECISION SSM24B4C THD*N(%) vs FREQ(Hz) 
8.1: 


R= 10k2 


THD +N-% 


R= 100k 


SUPPLY VOLTAGE -V 


Figure 1. THD+N vs. Frequency (Vs = +12 V, Figure 4. THD+N vs. Supply Voltage (V, = 2 V rms, 
V, = 2V rms, with 80 kHz Filter) f = 1 kHz, R, = 100 kQ, with 80 kHz Filter) 
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SSM2404 


ruD1O PRECISION SSHZA@AE AMPL(4BU) ve + FRENH) 


OUTPUT VOLTAGE SWING — Vag 


i 
i 

i 

| 

i 
iu i aL i 
108k ‘28k 


LOAD RESISTANCE - 2 


Figure 5. Frequency Response (Vs = +12 V, Figure 8. Output Voltage Swing vs. Load Resistance 
V, = 1V rms, R, = 100 kQ) 


CH A: 8.001.V FS | 1.00:.V/DIV 


| » MKR:0.1tuVivHz | 
i 


Rit = 100kQ 
f = 20kHz 
0.1% THD +N 


OHz 
MKR: 20 000Hz 


OUTPUT VOLTAGE SWING - Vans 


Figure 6. SSM-2404 Spectral Noise Density E,, 
[5 Devices (20 Switches) Chained Together] | SUPPLY VOLTAGE - Volts 


Figure 9. Output Voltage Swing vs. Supply Voltage 


INPUT 


OUTPUT 


OFF ISOLATION — dB 
4 
=] 


Figure 7. Square Wave Response (T, = +25°C, 
Vs = +12 V, R, = 100 kQ, f = 20 kHz) | ~110 
ae 


canaueney: Hz 


Figure 10. OFF-Isolation vs. Frequency | 
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SSM2404 


ae Ve 50m ‘ 
V, = 50mV c 
zea ia al : Vou = 08 
C Viny = 0.8V 
4 : jae 
Re) ir L= 
v 3 40°C TO +85°C 
2 et tL THI : 
rE oO 
eile : 
oe ie 
na, E 
can co a : 
> 
Seat P 
k 
FREQUENCY - Hz ANALOG INPUT VOLTAGE - Voits 
Figure 11. Channel-to-Channel Crosstalk vs. Frequency Figure 14. Leakage Current vs. Analog Voltage 
(Worst-Case Conditions, as Measured Between 3 
Switches 1 and 4, or 2 and 3) 
: aad 
: i ae Pele 
1 I 
: w 
: cal 
—— 
” z 
z ea 
x E 
Z : aad 
° ° Ea 
ANALOG INPUT VOLTAGE - Volts TEMPERATURE ~ °C 
Figure 12. ON Resistance vs. Analog Voltage : Figure 15. Switching Time vs. Temperature 


4 
E 
! 
an < 
a E 
c ha 
v4 
; : 
we vd 
So > 
o 7) 
a 7; 
4 a 
5 5 
Ee ” 
> 
” 
ANALOG INPUT VOLTAGE - Volts TEMPERATURE — °C 
Figure 13. Overvoltage Characteristics | Figure 16. Supply Current vs. Temperature 
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-§SM2404 


ANALOG 
OUTPUT 


Va (ouT) 


CLOSED 
(SWITCH ON) 


CLOSED 
(SWITCH ON) 


OPEN 
(SWITCH OFF) 


Figure 19. Switch ON-to-OFF Transition (R, = 5 kQ) 


APPLICATIONS INFORMATION 

The SSM-2404 integrates four analog CMOS switches with guar- 
anteed “‘break-before-make” operation to provide high quality 
audio switching. Each switch has complementary N-channel and 
P-channel MOSFETs to allow the analog input voltage range to 
include the positive and negative rails and improve linearity. In 
addition, the topology permits fully bilateral switching. When - 
using the SSM-2404 there is full flexibility in configuring the 
switches. For example, they can be used individually as shown 
in Figure 20, or as a double-pole, double-throw (DPDT) switch, 
which is explained later. The SSM-2404 can also be configured 
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as a 4:1 multiplexer, or by using additional packages, as 8:1 or 
16:1 and up. The break-before-make feature is guaranteed from 
part to part allowing such multiple-package applications. 


As Figure 20 shows, the SSM-2404 is easy to use, and no addi- 
tional devices are needed. The load resistors are recommended 
for improved OFF-isolation and charge injection. The ON resis- 
tance of the switch is only 28 ( typically, which causes very 
little signal attenuation even with a load resistor. 


R, IS OPTIONAL 


Figure 20. Basic Circuit Configuration | 


OPTIMIZING PERFORMANCE 

As the performance curves show, the switch is optimized for 
high impedance loads. The distortion performance is at its best 
when the switch has a load impedance of 100 kQ or greater as 
shown in Figure 1. However, even at lower values of load 
resistances, the 1 kHz distortion performance is still excellent, 
0.006% for a 10 kQ load. The main trade-off with THD is 
OFF- isolation and crosstalk. This is shown in Figures 10 and 
11, again with two different load conditions. As these graphs 
show, the 10 kQ load yields approximately a 16 dB improve- 
ment in both characteristics. 


‘Thus, the optimum operating point depends on the most critical 


parameters. When THD is critical then high load impedances 
should be used; however, when crosstalk and OFF-isolation are 
critical, lower impedances on the order of 10 kQ should be used. 
An additional benefit of using the smaller load resistor is‘ that 
any charge injected onto the output will be shunted to ground 
through the resistor. If improved OFF-isolation is needed, the 
SSM-2402 dual audio switch should be considered with its excel- 
lent 120 dB OFF- isolation at 20 kHz. 


It is important that all of the AGND pins be connected to the 
system analog ground. These pins isolate the input and output 
of each switch. Without connecting these pins, the OFF- 
isolation will degrade significantly. : 


REV. B 


DETAILED SWITCH OPERATION 

A simplified circuit schematic with the functional sections is 
shown in Figure 21. The TTL interface has an internally regu- 
lated 5 V to ensure TTL logic levels regardless of the supply 
voltage. The logic threshold is with respect to the DGND pin, 
which can be offset. For example, if DGND is connected to the 
negative supply, then the SSM-2404 will operate with negative 
rail logic. The interface shifts the control logic down to the neg- 
ative supply and inverts it to drive N1. 


BREAK-BEFORE-MAKE 


RAMP GENERATOR 


Figure 21. Simplified Schematic 


N1 in combination with Cl and the 100 nA current source pro- 
vides the break-before-make operation of the switch. When the 
switch is on, N1 is off and Cl is charged up to the positive rail. 
However, when the SW CONTROL is turned off, then the gate 
of N1 is pulled high. This turns N1 on, providing a low imped- 
ance path to quickly discharge Cl to the negative rail, which 
quickly “breaks” the switch. On the other hand, when the SW 
CONTROL goes high again, the gate of N1 is pulled low, turn- 
ing it off. This leaves Cl to be slowly charged up to the positive 
rail by the 100 nA current source. The difference in the dis- 
charge and charging times ensures break-before-make operation, 
even from device to device. 


The voltage on Cl is inverted by P1 to drive the ramp generator 
differential pair, consisting of P2, P3 and N2, N3. This differ- 
ential pair steers the 100 nA of tail current to either charge or 
discharge C2. As discussed above, when the switch is on, Cl is 
charged up to the positive rail. Pl inverts this, putting a low 
voltage equivalent to the negative supply on the gate of P2. The 
BIAS voltage is approximately equal to the midpoint of the two 
supply voltages. Thus, when P2 is pulled down, it is turned on 
and P3 is off. All of the 100 nA flows through N2 and is mir- 
_rored by N3. Thus, the 100 nA discharges C2 through N3. 
When C2 is pulled low, the inverter turns N4 on by pulling its 
gate high, and the second inverter turns P4 on. To turn the 
switch off the gate of P2 is pulled above the BIAS so that all 
100 nA charges C2 through P3. This is then inverted to turn off 
N4 and P4. 


The internal ramp has rise arid fall times on the order of a few 
milliseconds which is sped-up by the inverters. As the gate 
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voltages of N4 and P4 are changing, the ON resistance of each 
switch is ramping from its OFF state to 28 (2 and vice versa. 
The actual rise and fall times are shown in Figures 18 and 19 
for a 5 kO load. These times are significantly slower than typical 
switches, minimizing the SSM-2404’s charge injection and giv- 
ing it “‘clickless” performance. 


DOUBLE-POLE DOUBLE-THROW SWITCH 

The SSM-2404 is ideal as a one-chip solution for a stereo switch. 
The schematic in Figure 22 shows the typical configuration. 
This circuit will select one of two stereo sources, channel A or 
B. The switch controls for the left and right input of each chan- 
nel are tied together so that both will be turned on or off simul- 
taneously. An inverter is inserted between the channel A and B 
controls so that only one logic signal is needed. The outputs can 
be configured many different ways, such as an inverting or non- 
inverting amplifier stage, and the 10 k© load resistors are added 
to improve the OFF-isolation. The performance of this stereo 
switch is equivalent to each individual switch, yielding a high 
quality audio switch that is virtually transparent to the signal. 


4! 142 


DGND 
b 5! 19 


SW1 CONTROL CHANNEL 


Lj I 
SW4 CONTROL u 

! 
11! ' 
i] 
i] 


20! 


= Rina 


= I 
=“ Rinp , 


Figure 22. Double-Pole, Double-Throw Stereo Switch 


VIRTUAL GROUND SWITCHING 
The SSM-2404 was built on a CMOS process with a 24 V oper- 
ating limit for the total supply voltage across the part. This 
leads to a corresponding limit on the analog voltage range. How- 
ever, to achieve larger signal swings, the SSM-2404 should be 
configured in the virtual ground mode. As shown in Figure 23, 
the output of the SSM-2404 is connected to the inverting input 
of an amplifier. Since the noninverting input is grounded, the 
SSM-2404 will also-be biased at ground, and large voltage 
swings on the circuit’s input will not significantly change the 
voltage on the switch. The only limitation is that the current 
through the switch needs to be less than +10 mA, and the volt- 
age range is limited only by the op amp and its supply voltages. 


AUDIO COMPONENTS = 14-43 


SSM2404 


The circuit was tested with an SSM-2131 high slew rate audio 
amplifier and the results are shown in Figures 24 and 25. This 
configuration yields excellent THD performance that is prima- 
rily determined by the amplifier. Also, the headroom is now 
+24 dBu (0 dBu = 0.775 V rms), which is due to.the amplifi- 
er’s output voltage swing. Thus, even though the SSM-2404 has 
a +12 V limitation on its supplies, it can be used in systems 
with much higher voltage ranges. For example, the double-pole 
double-throw switch from Figure 22 can be reconfigured in the 
virtual ground mode to allow higher voltage swings, as shown 
in Figure 26. This application realizes the excellent performance 
of Figures 24 and 25 while providing a low cost switching 
solution. 


#12V 
R2 
5kQ 
Pess<t=4 
1 SSM-2404 
‘ ! i i] 
Rt 'swia, ! 


1 


AUDIO 

IN 
AUDIO 
1N914 


= -12V -18V 


Figure 23. Virtual Ground Switching 


Figure 24. Virtual Ground Switch THD+N vs. Frequency 
(Vs = +12 V, Va = 2 Vrms, with 80 kHz Filter) 


AUDIO PRECISION SSM2484A THD*N(x) ve AMPL(4Bu) 


) 6068 8.688 18. 8 18.00 28.00 22.08 24.08) | 
Figure 25. Virtual Ground Switch Headroom (Vs = +12 V 
for SSM-2404; Vs = +18 V for Op Amp, f = 1 kHz, with 
80 kHz Filter) 
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Figure 26. Double-Pole, Double-Throw Stereo Switch 
Using Virtual Ground Operation 
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Selection Trees — Interface Products 
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| _ | RS-232/422/423 : | | 
Clann COMBINATION : Roe 


| | ADM485 (5 MBPS) 
External Caps (0.1 LF) | External Caps = 0.1 1 F ADM1485_ (30 MBPS) 
Drivers/Receivers | ee sespiet ees | 
(Voc = +5 V, 200 kBPS) SONET | 


External Caps (1.0 LF) 
(Low Power) 


Drivers (Vcc = +5 V) 


1D, RS-422 . 
ADM230L (5D) QR, RS-232 & RS-422 
ADM234L (4D) pea , = ae 1 (Selectable) Clock Recovery & 
ADM208 4D 4R) 1R, RS-232 or 1R, RS-422 Data Recovery | 
Dri /Receivers d cel 
1 Wen = 48 V, 100 KBPS) ADM232A (2D, 2R) ADM5170 | eeewets) 
, ADM222 (w/Shutdown) Octal Line Driver | | 
ADM232L (2D, 2R) ADM242  (w/Shutdown - RS-232/RS-423 eae Ree 
ADM236L (4D, 4R) | and Enable) | (Selectable) 
ADM237L (5D, 3R) ADMS180 AD800 (45 MHz, T-3) _ 
ADM238L (4D, 4R) Low Power | Octal Diff. Receiver | DS-3 
ADM241L (4D, 5R) (Voc = +5 V; 120 kBPS) RS-232/RS-422A /RS-423A AD800 (-52 MHz, OC-1) 
Drivers/Receivers ODN as gatas 7 AD802 (-155 MHz, Type-A) 
V | | 
(Vee = 45 V & 12V) See ce ADM203. (2 DR, 2R, 120 kBS) a STM-1 


: : -|ADM205 (5 DR, 5R, 120 kBS) 
ADM231L (2D, 2R) Drivers/Receivers | 


ADM209 (3D, 4R) - 


ADM233L (2 DR, 2R, 200 kBS) 


) ADM235L (5 DR, 5R, 200 kBS) 
* Receivers Active in Shutdown . 
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WITH 
ON-CHIP 
BATTERY SWITCH 


Limited Function 
* Vcc Monitor 

¢ Vaart Monitor 

- Watchdog Detector 


Veco =t5 Vit 5% 


ADM690 (Reset Pulse Width = 50 ns) 
~ ADM694 (Reset Pulse Width = 100 ns) 


ADM692 (Reset Pulse Width = 50 ns) 


Function Table 
ADM690—ADM699 Functions 


uPROCESSOR 
SUPERVISORY CIRCUITS 


WITHOUT 
ON-CHIP 
BATTERY SWITCH 


Full Function 


°V.- Monit 
CON ns Full Function 


* Vcc Monitor 
- Watchdog Timer 
- RAM Write Protection 


= Vaart Monitor 


¢ Watchdog Timer 
- RAM Write Protection. 


ADM691 (Reset Pulse Width = 70 ns) ADM697 
ADM695 (Reset Pulse Width = 280 ns) 
MONITOR 
ADM698 


ADM693 (Reset Pulse Width = 70 ns) 


ADM696 


Vcc POWER SUPPLY 


MONITOR WITH 
WATCHDOG DETECTOR 


ADM699 


ADM690 | ADM691 | ADM692 | ADM693 | ADM694 | ADM695 | ADM696 | ADM697 | ADM698 | ADM699 


Fixed Power Up/Down Reset 


v Jv v v v J v / 


Variable Power Up/Down Reset J J 

Battery Backup Switching J J J J 

Watchdog Timer J v v J J J 
Power Failing Warning v 


Write Protect — 
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Selection Guides—Interface Products 


Line Drivers/Recelvers — 


Model | 


Power — 


J Supply . 


+5V 
+5 V 


+50 


+5V.- . 
+5V_ 
+5V 

+5 V, +12 V 
+5V 
+5 V 

+5 V 

+5V 

+5 V 

+5 V, +12 V 
+5V 

+5V 

+5 V 

+5 V 

+5 V 
+5V_ 

+5 V- 


+5 V 


+5V,+12V 
+5 V 


+5V 
+10 V, -10V 


No. of 


- Drivers 


2 (232) 
2 (232) 
5 (232) - 
4 (232) 
5 (232) 
4 (232) 
3 (232) 
4 (232) 
4 (232) 
2 (232) 
4 (232) 
5 (232) 
2 (232) 
2 (232) 
2 (232) 
2 (232) 
4 (232) 
5 (232) 


- 4 (232) 


5 (232) » 
4 (232) 
3 (232) 
4 (232) 
2 (232) 


- 8 (232/423) 
0 


1 (485) © 


1 (485) 
2 (232) 


1 (422) 


No. of 
Receivers 
2 (232) 
2 (232) 


~5 (232) © 


3 (232) 
3 (232) 
4 (232) 
5 (232) 
5 (232) 
5 (232) 


2.232) 


5 (232) 
0 
2 (232) 


2.232) 


2 (232) 
2 (232) 
0 

5 (232) 
3 (232) 
3 (232) 
4 (232) 
5 (232) 
5 (232) 
2 (232) 


fom) 


8 (232/423) 
1 (485) 
1 (485) 
1 (232) 
1 (232/422) 


Data Rate 
kB/S 


120 
120 


~ 120 


5000 


External 
Capacitors 
4-0.1 pF 
None 


Low Power 
Shutdown SD 


Yes 


Yes 


TTL Three- 
State EN 


ZZZZ2ZZ 


PR 
B~RaPP 


=] 


eo 


RAW 


wv we ew ie ee ee 
+) vy wv 


PRL LLH LOHFLL 


AWD PD WP WR 


AFPAZAZLZALZAZLZAZZZZA 


CO VUAE 
WwW 


~ 


RLAZLZALZZ 


Anan 


Mokekelelelakekekekekekeketelelalelclainlalainiaininialels 


Temperature 
Ranges” 


vow 
oe Ml | 


w 


Se ee ee ee 


w we w w ~) ww w we 


i ee 


vw 


1Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; J = J-Leaded Ceramic Package; 

M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline “SOIC” Package; RS = SSOP—Shrink Small Outline Package; $ = Plastic 
Quad Flatpack; ST = Thin Quad Flatpack; T = TO-92; U = TSOP—Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In-Line “SIP” Package; Z, = Ceramic Leaded Chip Carrier. 
?Temperature Ranges: C = Commercial, 0°C to +70°C; I = Industrial, —40°C to +85°C (Some older products. —25°C to +85°C); M = Military, —55°C to +125°C. If a device has military grade offerings, the M 


temperature designator will be followed by: / to indicate 883B, ; for JAN; p for SMD, and , for space level. 


Boldface Type: Data sheet information in this volume. 
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Clock Recovery Circuits 


Model Description 


AD800-45 Clock Recovery and Data Retiming Phase Locked Loop 
AD800-52 Clock Recovery and Data Retiming Phase Locked Loop 
AD800-155 Clock Recovery and Data Retiming Phase Locked Loop 


Frequency 


44.736 MHz DS-3 
51.84 MHz STS-1 
155.52 MHz STS-3 or STM-1 


Package 
Options 
Q 


R 
R 


Temp 
Ranges” 


I 


I 
C 


Page 
15-7 


15-7 
15-7 


Comments 


5 V Supply, 10K ECL Compatible 
5 V Supply, 10K ECL Compatible 
5 V Supply, 10K ECL Compatible 


‘Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; J = J-Leaded Ceramic Package; 

M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline “SOIC” Package; RS = SSOP—Shrink Small Outline Package; S = Plastic 
Quad Flatpack; ST = Thin Quad Flatpack; T = TO-92; U = TSOP—Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In-Line “SIP” Package; Z = Ceramic Leaded Chip Carrier. 
Temperature Ranges: C = Commercial, 0°C to +70°C; I = Industrial, —40°C to +85°C (Some older products —25°C to +85°C); M = Military, —55°C to +125°C. If a device has military grade offerings, the M 
temperature designator will be followed by: / to indicate 883B, , for JAN, » for SMD, and , for space level. 


Boldface Type: Data sheet information in this volume. 
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ANALOG 
DEVICES 


Clock Recovery and Data Retiming 


Phase-Locked Loop 
AD800/AD802* 


FEATURES 
Standard Products 
44.736 Mbps—DS-3 
51.84 Mbps— STS-1 
155.52 Mbps— STS-3 or STM-1 
Accepts NRZ Data, No Preamble Required 
Recovered Clock and Retimed Data Outputs 
Phase-Locked Loop Type Clock Recovery — No Crystal 
Required 
Random Jitter: 20° Peak-to-Peak 
Pattern Jitter: Virtually Eliminated 
10KH ECL Compatible 
Single Supply Operation: —5.2 V or +5 V 
Wide Operating Temperature Range: —40°C to +85°C 


PRODUCT DESCRIPTION 

The AD800 and AD802 employ a second order phase-locked 
loop architecture to perform clock recovery and data retiming 
on Non-Return to Zero, NRZ, data. This architecture is capable 
of supporting data rates between 20 Mbps and 160 Mbps. 

The products described here have been defined to work with 
standard telecommunications bit rates. 45 Mbps DS-3 and 52 
Mbps STS-1 are supported by the AD800-45 and AD800-52 
respectively. 155 Mbps STS-3 or STM-1 are supported by the 
AD802-155. | 


Unlike other PLL-based clock recovery circuits, these devices 
do not require a preamble or an external VCXO to lock onto 
input data. The circuit acquires frequency and phase lock using 
two control loops. The frequency acquisition control loop ini- 
tially acquires the clock frequency of the input data. The phase- 
lock loop then acquires the phase of the input data, and ensures 
that the phase of the output signals track changes in the phase 
of the input data. The loop damping of the circuit is dependent 
on the value of a user selected capacitor; this defines jitter peak- 
ing performance and impacts acquisition time. The devices 
exhibit 0.08 dB jitter peaking, and acquire lock on random or 
scrambled data within 4 x 10° bit periods when using a damp- 
ing factor of 5. 


During the process of acquisition the frequency detector pro- 
vides a Frequency Acquisition (FRAC) signal which indicates 
that the device has not yet locked onto the input data. This sig- 
nal is a series of pulses which occur at the points of cycle slip 
between the input data and the synthesized clock signal. Once 
the circuit has acquired frequency lock no pulses occur at the 
FRAC output. 


*Protected by U.S. Patent No. 5,027,085. 
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FUNCTIONAL BLOCK DIAGRAM 
Cy 


COMPENSATING é> LOOP 


i ZERO ; FILTER 
it 


RECOVERED 
CLOCK 
OUTPUT 


RETIMED 
A 
OUTPUT 


DEVICE 
AD800/AD802 


FRAC 
OUTPUT 


The inclusion of a precisely trimmed VCO in the device elimi- 
nates the need for external components for setting center fre- 
quency, and the need for trimming of those components. The 
VCO provides a clock output within +20% of the device center 
frequency in the absence of input data. 


The AD800 and AD802 exhibit virtually no pattern jitter, due 
to the performance of the patented phase detector. Total loop 
jitter is 20° peak-to-peak. Jitter bandwidth is dictated by mask 
programmable fractional loop bandwidth. The AD800, used for 
data rates < 90 Mbps, has been designed with a nominal loop 
bandwidth of 0.1% of the center frequency. The AD802, used 
for data rates in excess of 90 Mbps, has a loop bandwidth of 
0.08% of center frequency. 


All of the devices operate with a single +5 V or —5.2 V supply. 


INTERFACE PRODUCTS = 15-7 


AD800/AD802 


Parameter! 


ae racer = ae we 


AD802- 155KR/BR 
Min Typ Max 


eae 
Typ Max 


AD800-52BR 


Min Typ Max Units 


NOMINAL CENTER FREQUENCY a 44,736 51.84 155.52 MHz 


OPERATING TEMPERATURE 
RANGE (Ty to Tyax) 


TRACKING RANGE > 
CAPTURE RANGE 
STATIC PHASE ERROR 


RECOVERED CLOCK SKEW 
SETUP TIME 
TRANSITIONLESS DATA RUN 
OUTPUT JITTER 


JITTER TOLERANCE 


JITTER TRANSFER 
Damping Factor 
Capacitor, C, 
¢ = 1, Nominal 
¢ = 5, Nominal 
_ ¢ = 10, Nominal 
Peaking 
¢ = 1, Nominal 
¢ =-5, Nominal 
¢ = 10, Nominal 
Bandwidth 


ACQUISITION TIME 


POWER SUPPLY 
Voltage (Varn to Vax) 
Current 


INPUT VOLTAGE LEVELS 
Input Logic High, Vy; 
Input Logic Low, Vij 


OUTPUT VOLTAGE LEVELS 
Output Logic High, Voj; 
Output Logic Low, Vor 


INPUT CURRENT LEVELS 
Input Logic High, I), 
Input Logic Low, I, 


OUTPUT SLEW TIMES 
Rise Time (tg) 
Fall Time (t,) 
SYMMETRY 
Recovered Clock Output 


NOTES 


273—1 PRN Sequence 


Degrees rms 
Degrees rms 
Degrees rms 


7 1 PRN Sequence 


Unit Intervals 
Unit Intervals 
Unit Intervals 
Unit Intervals 
Unit Intervals 
Unit Intervals 
_ | Unit Intervals 
Unit Intervals 
Unit Intervals 


f = 65 kHz Unit Intervals 


Tx = +25°C, Ver =-52V\: 
T, = +25°C; Veg = 
T, = +25°C, Veg = 


Bit Periods 
8 x 10°| Bit Periods 
Bit Periods 


1.5 x 104 
4x 10° 
1.4 x 10° 


1 x 10* 
3x 10° 8x 10° 
8 x 10° 


3x 10° 8x10° 
8 x 10° 


T, = +25°C Volts 


Ta = +25°C, Ver = -5.2V 


—0.72 | Volts 
— 1.594) Volts 


—0.72 | Volts 
—1.60 | Volts 


T, = +25°C 
20%-80% 
80%-20% 


p = 1/2,T, = +25°C 
Vez = —5.2V 45 55 [45 55 [45 55 1% 


1Refer to Glossary for parameter definition. 
Specifications subject to change without notice. 


15-8 INTERFACE PRODUCTS 


REV. B 


ABSOLUTE MAXIMUM RATINGS* 


Supply Vomage...c% @% 2:4-2-4. 3 Awad bbe eed ee Bes -6V 
Input Voltage (Pin 16 or Pin 17 to Vcc) . . . . Veg to +300 mV 
Maximum Junction Temperature 
SOIC Packaee 1-25 2 44 ese nd eee eNO 3 + 150°C 
Ceramic DIP Package: + ca %h.uctei-e bide Boe es +175°C 


Storage Temperature Range 


Lead Temperature Range (Soldering 60 sec) ....... + 300°C 
ESD Rating 
PNDBOO! ~Siuctiery Oia i er a hance: itt ele Paton le etek hs 1500 V 
PD SOZ: lial 2 ert eceoe ce ee Boe eo Bile eee eee ie 1000 V 


*Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only; functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to an 
absolute maximum rating condition for an extended period may adversely 
affect device reliability. 


DATAOUT 50% oi te J. 
(PIN 2) 


CLKOUT 50% 
(PIN 5) 


RECOVERED CLOCK 
SKEW, tacs 


Figure 1. Recovered Clock Skew and Setup 
(See Previous Page) 


PIN DESCRIPTIONS 
Description 
1 DATAOUT | Differential Retimed Data Output 
2 DATAOUT | Differential Retimed Data Output 
3 Vec2 Digital Ground 
4 CLKOUT Differential Recovered Clock Output 
5 CLKOUT Differential Recovered Clock Output 
6 VEE Digital Vez 
7 Ver Digital Vez 
8 Veci Digital Ground 
9 - AVer Analog Vrr 
10 ASUBST Analog Substrate 
11 CF, Loop Damping Capacitor Input 
12 CF, Loop Damping Capacitor Input 
13 AVcc Analog Ground 
14 Veci Digital Ground 
15 VEE Digital Ver 
16 DATAIN Differential Data Input 
17 DATAIN Differential Data Input 
18 SUBST Digital Substrate 
19 FRAC Differential Frequency Acquisition 
Indicator Output | | 
20 FRAC Differential Frequency Acquisition 


Indicator Output 


AD800/AD802 


THERMAL CHARACTERISTICS 


SOIC Package 
Cerdip Package 


Use of a heatsink may be required depending on operating environment. 


GLOSSARY 

Maximum and Minimum Specifications 

Maximum and minimum specifications result from statistical 
analyses of measurements on multiple devices and multiple test 
systems. Typical specifications indicate mean measurements. 
Maximum and minimum specifications are calculated by adding 
or subtracting an appropriate guardband from the typical speci- 
fication. Device-to-device performance variation and test system- 
to-test system variation contribute to each guardband. 


Nominal Center Frequency 
This is the frequency that the VCO will operate at with no input 
signal present and the loop damping capacitor, C,, shorted. 


Tracking Range 
This is the range of input data rates over which the PLL will 
remain in lock. 


Capture Range 
This is the range of input data rates over which the PLL can 
acquire lock. 


Static Phase Error 

This is the steady-state phase difference, in degrees, between the 
recovered clock sampling edge and the optimum sampling 
instant, which is assumed to be halfway between the rising and 
falling edges of a data bit. Gate delays between the signals that 
define static phase error, and IC input and output signals pro- 
hibit direct measurement of static phase error. 


Data Transition Density, p 

This is a measure of the number of data transitions, from “0” to 
“1” and from “1” to “0,” over many clock periods. p is the ratio 
(0 = p = 1) of data transitions to clock periods. 


Jitter 

This is the dynamic displacement of digital signal edges from 
their long term average positions, measured in degrees rms, or 
Unit Intervals (UI). Jitter on the input data can cause dynamic 
phase errors on the recovered clock sampling edge. Jitter on the 
recovered clock causes jitter on the retimed data. 


Output Jitter 

This is the jitter on the retimed data, in degrees rms, due to a 
specific pattern or some psuedo-random input data sequence 
(PRN Sequence). . 


Jitter Tolerance aa 
Jitter tolerance is a measure of the PLL’s ability to track a jit- 
tery input data signal. Jitter on the input data is best thought of 
as phase modulation, and is usually specified in unit intervals. 
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Device 


Center Frequency Fractional Loop Bandwidth Operating Temperature | Package Option* 


AD800-45BQ 44.736 MHz 20-Pin Cerdip —40°C to +85°C Q-20 
AD800-52BR 51.84 MHz 20-Pin Plastic SOIC —40°C to +85°C R-20 
AD802-155BR 155.52 MHz 20-Pin Plastic SOIC —40°C to +85°C 


AD802-155KR 155.52 MHz 20-Pin Plastic SOIC 0°C to +70°C 


*For outline information see Package Information section. 
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The PLL must provide a clock signal which tracks this phase 
modulation in order to accurately retime jittered data. In order 
for the VCO output to have a phase modulation which tracks 
the input jitter, some modulation signal must be generated at 
the output of the phase detector (see Figure 21). The modula- 
tion output from the phase detector can only be produced by a 
phase error between the data input and the clock input. Hence, 
the PLL can never perfectly track jittered data. However, the 
magnitude of the phase error depends on the gain around the . 
loop. At low frequencies the integrator provides very high gain, 
and thus very large jitter can be tracked with small phase errors 
between input data and recovered clock. At frequencies closer to 
the loop bandwidth, the gain of the integrator is much smaller, 
and thus less input jitter can be tolerated. The PLL data output 
will have a bit error rate less than 1 x 107 !° when in lock and 
retiming input data that has the specified jitter applied to it. 


Jitter Transfer 
The PLL exhibits a low-pass filter response to jitter applied to 
its input data. 


Bandwidth 
This describes the frequency at which the PLL attenuates sinu- 
soidal input jitter by 3 dB. 


Peaking 
This describes the maximum jitter gain of the PLL in dB. 


Damping Factor, ¢ 

¢ describes how the PLL will track an input signal with a phase 
step. A greater value of ¢ corresponds to less overshoot in the 
PLL response to a phase step. ¢ is a standard constant in second 
order feedback systems. 


Acquisition Time 
This is the transient time, measured in bit periods, required for 
the PLL to lock on input data from its free-running state. 


USING THE AD800 AND THE AD802 SERIES 
Ground Planes 

Use of one ground plane for connections to both analog and dig- 
ital grounds is recommended. Output signal sensitivity to power 
supply noise (PECL configuration, Figure 22) is less using one 
ground plane than when using separate analog and digital 
ground planes. 


Power Supply Connections 
Use of a 10 uF tantalum capacitor between Ver and ground i is 
recommended. : 


Use of 0.1 F ceramic capacitors between IC power supply or. 
substrate pins and ground is recommended. Power supply 
decoupling should take place as close to the IC as possible. 
Refer to schematics, Figure 22 and Figure 26, for advised 
connections. 


Sensitivity of IC output signals (PECL configuration, Figure 22) 
to high frequency power supply noise (at 2x the nominal data 
rate) can be reduced through the connection of signals AVcc 
and Vc, and the addition of a bypass network. The type of 
bypass network to consider depends on the noise tolerance 
required. The more complex bypass network schemes tolerate 
greater power supply noise levels. Refer to Figures 23 and 24 
for bypassing schemes and power supply sensitivity curves. 
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Symmetry 
Symmetry is calculated as (100 x on time)/period, where on 
time equals the time that the clock signal is greater than the 


midpoint between its ‘0” level and its “1” level. 


Bit Error Rate vs. Signal-to-Noise Ratio 

The AD800 and AD802 were designed to operate with standard 
ECL signal levels at the data input. Although not recommended, 
smaller input signals are tolerable. Figure 8, 14, and 20 show 
the bit error rate performance versus input signal-to-noise ratio 
for input signal amplitudes of full 900 mV ECL, and decreased 
amplitudes of 80 mV and 20 mV. Wideband amplitude noise is 
summed with the data signals as shown in Figure 2. The full 
ECL and 80 mV signals give virtually indistinguishable results. 
The 20 mV signals also provide adequate performance when in 
lock, but signal acquisition may be impaired. 


POWER 
COMBINER 
+ 


DATA IN 


DIFFERENTIAL 
SIGNAL 
SOURCE 


D.U.T. 
AD800/AD802 


POWER 
SPLITTER 


FILTER 


1OOMHz ~ AD802-155 
33MHz — AD800-52 


Figure 2. Bit Error Rate vs. Signal-to-Noise Ratio Test: 
Block Diagram 


Transmission Lines 
Use of 50 © transmission lines are recommended for DATAIN, 
CLKOUT, DATAOUT, and FRAC signals. 


Terminations 

Termination resistors should be used for DATAIN, CLKOUT, 
DATAOUT, and FRAC signals. Metal, thick film, 1% tolerance 
resistors are recommended. Termination resistors for the 
DATAIN signals should be placed as close as possible to the 
DATAIN pins. 


Connections form Vg, to lead resistors for DATAIN, 
DATAOUT, FRAC, and CLKOUT signals should be individ- 
ual, not daisy chained. This will avoid crosstalk on these signals. 
Loop Damping Capacitor, C, 

A ceramic capacitor may be used for the loop damping capacitor. 
Input Buffer 

Use of an input buffer, such as a 10H116 Line Receiver IC, is 
suggested for an application where the DATAIN signals do not 
come directly from an ECL gate, or where noise immunity on 
the DATAIN signals is an issue. 


REV. B 


AD800/AD802 
Typical Characteristics 


9 
. i 
N 8 
z ne 
3 48 n 
t e 7 
z E Lal 
® 6 
G46 @ 
3 2 
e i a es 
ire 44 ao 4 
« wi 
3 fee a 
= 42 5 3 
a) pe ee 
40 oe a ae 
a el 
38 0 y 
40 —40 


TEMPERATURE - °C TEMPERATURE - °C 


Figure 3. AD800-45 Center Frequency vs. Temperature Figure 4. AD800-45 Jitter vs. Temperature 
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Figure 7. AD800-45 Acquisition Range vs. Input Jitter Figure 8. AD800-45 Bit Error Rate vs. Input Jitter 
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Figure 9. AD800-52 Center Frequency vs. Temperature Figure 10. AD800-52 Jitter vs. Temperature 
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THEORY OF OPERATION . 

The AD800 and AD802 are phase: locked loop circuits for recov- 
ery of clock from NRZ data. The architecture uses a frequency 
detector to-aid initial frequency acquisition, refer to Figure 21 
for a block diagram. Note the frequency detector is always in | 
the circuit. When the PLL is locked, the frequency error is zero 
and the frequency detector has no further effect. Since the fre- 
quency detector is always in circuit, no control functions are 
needed to initiate acquisition or change mode after acquisition. 
The frequency detector also supplies a frequency acquisition 
(FRAC) output to indicate when the loop is acquiring lock. 
During the frequency acquisition process the FRAC output is a 
series of pulses of width equal to the period of the VCO. These 
pulses occur on the cycle slips between the data frequency and 
the VCO frequency. With a maximum density (1010 . : .) data 
pattern, every cycle slip will produce a pulse at FRAC. How- 
ever, with random data, not every cycle slip produces a pulse. 
The density of pulses at FRAC increases with the density of 
data transitions. The probability that a cycle slip will produce a 
pulse increases as the frequency error approaches zero. After the 
frequency error has been reduced to zero, the FRAC output will 
have no further pulses. At this point the PLL begins the process 
of phase acquisition, with a settling time of roughly 2000 bit 
periods. Valid retimed data can be guaranteed by waiting 2000 
bit periods after the last FRAC pulse has occurred. 


Jitter caused by variations of density of data transitions (pattern 
jitter) is virtually eliminated by use of a new phase detector (pat- 
ented). Briefly, the measurement of zero phase error does not 
cause the VCO phase to increase to above the average run rate 
set by the data frequency. The jitter created by a 2’ — 1 
pseudo-random code is 1/2 ceatEe and this is small compared to 
random jitter. ; 


The jitter bandwidth for the AD802- 155 is 0.08% of the center 
frequency. This figure is chosen so that sinusoidal input jitter at 
130 kHz will be attenuated by 3 dB. The jitter bandwidths of 
‘the AD800-45 and AD800-52 are 0.1% of the respective center 
frequencies. The jitter bandwidth of the AlD800 or the AD802 is 
mask programmable from 0.01% to 1% of the center frequency. 
A device with a very low loop bandwidth (0.01% of the center 
frequency) could effectively filter (clean up) a jittery timing ref- 
erence. Consult the factory if your application requires a special 
loop bandwidth. 
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The damping ratio of the phase-locked loop is user program- 
mable with a single external capacitor. At 155 MHz a damping 
ratio of 10 is obtained with a 0.22 F capacitor. More generally, 
the damping ratio scales as 17x V fpata X Cp. At 155 MHz 
a damping ratio of 1 is obtained with a 2.2 nF capacitor. A’ 
lower damping ratio allows. a faster frequency. acquisition; gener- 
ally the acquisition time scales directly with the capacitor value. 
However, at damping ratios approaching one, the acquisition 
time no longer scales directly with the capacitor value. The 
acquisition time has two components: frequency acquisition and 
phase acquisition. The frequency acquisition always scales with 
capacitance, but the phase acquisition is set by the loop band- 
width of the PLL and is independent of the damping ratio. 
Thus, the 0.08% fractional loop bandwidth sets a minimum 
acquisition time of 15,000 bit periods. Note the acquisition time 
for a damping factor of 1 is specified as 15,000 bit periods. This 
comprises 13,000 bit periods for frequency acquisition and 2,000 
periods for phase acquisition. Compare this to the 400,000 bit 
periods acquisition time specified for a damping ratio of 5; this 
consists entirely of frequency acquisition, and the 2,000 bit 
periods of phase acquisition is negligible. | 


While lower damping ratio affords faster acquisition, it also 
allows more peaking in the jitter transfer response (jitter peak- 
ing). For example, with a damping ratio of 10 the jitter peaking 
is 0.02 dB, but with a damping factor of 1, the peaking is 2 dB. 
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Figure 21. AD800 and AD802 Block Diagram 
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Figure 22. Evaluation Board Schematic, Positive Supply 


Table I. Evaluation Board, Positive Supply: Components List 


Reference 
Designator 


R1-8, R15-18 Resistor, 100 0, 1% 12 
R9-14 | Resistor, 154 0, 1% 6 
R19, 20, 23, 24 | Resistor, 130 0, 1% 4 
R21, 22, 25, 26 | Resistor, 80.6 O, 1% 4 
Cp Capacitor, Loop Damping (See Specifications Page) | 
C2 Capacitor, 10 wF, Tantalum l 
C3-C21 Capacitor, 0.1 wF, Ceramic Chip 17 
Z1 AD800/AD802 1 
10H116, ECL Line Receiver l 
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Figure 23. Bypass Network Schemes Figure 24. AD802-155 Output Jitter vs. Supply Noise 


(PECL Configuration) 
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Figure 26. Evaluation Board Schematic, Negative Supply 


Table II. Evaluation Board, Negative Supply: Components List 


Reference Designator | Description 


Quantity 


R1-8 Resistor, 100 0, 1% 8 
R9-12 Resistor, 154 0, 1% 4 
R13, 14, 17, 18 Resistor, 80.6 0, 1% 4 
R15, 16, 19, 20 Resistor, 130 0, 1% 4 
R21, 22 Resistor, 274 0, 1% 2 
~~ Cp Capacitor, Loop Damping (See Specifications Page) | 1 
C2 Capacitor, 10 wF, Tantalum : 1 
€3-Cl12 Capacitor, 0.1 wF, Ceramic Chip 10 
Z1 AD800/AD802 ] 
10H116, ECL Line Receiver | 


15-16 INTERFACE PRODUCTS 


oF 
“IE 
z 
dé 


DATAIN 
DATAIN 


REV. B 


@ “Aad 


LL-SL 


SLONdOUd ADVAYFALNI 


apls 


Japjog :uonjesinBiuog Ajddng adijisog ‘og ainbig 


aplS s4apjosg :uoljesnBiyuog Ajddng aaijeBban ‘gz ainbi4g 


CLOCK 
OJTPUT 


. DATA 
o aut [en 
B 8 


DATA 
OUT 


GND eeu 
ADS@2SOIC NFGATIVUF SUPPLY 


; Cu® 
¢ Bee | 
a 
GND ISU 
AD8@2SO01C POSITIVE SUPPLY 


(4aAe7 dol) apis 


juauodwog :uonesnBiyuog Ajddng aaneBan ‘Zz ainBiy 


(49Ae7 dol) apis 


Juauodwiog :uoneinBiyuog Ajddng aanisog ‘6z ainbi4 


MC 1@H116¢ 
| eleler: 
i 

a }2 


GND “6320 
ADBB2SIIC_NEGPTIUE SUPPLY 


eal a al. ty a aoa FRAC 
Say A Otete) alate H 

=! 4 cx 

~ Mie | Oa 


CLOCK aa) Le | 
OUTPUT BR: = 


6 
& 8 


GND +5U 
ADBB2SO0IC POSITIVE SUPPLY 


CO80v/0080V 


ANALOG 
DEVICES 


+5 V Powered 
RS- 232/RS-422 Transceiver 


AD7306 


FEATURES 

RS-232 and RS-422 on One Chip. 

Single +5 V Supply | 

0.1 F Capacitors _ 

Short Circuit Protection 

Excellent Noise Immunity — 

Low Power BiCMOS Technology 7 
High Speed, Low Skew RS-422 Operation 
—40°C to +85°C Operation _ 


APPLICATIONS | 

DTE-DCE Interface 

Packet Switching 

Local Area Networks 

Data Concentration 

Data Multiplexers | 

Integrated Services Digital Network (ISDN) 


GENERAL DESCRIPTION 

The AD7306 line driver/receiver is a 5 V ionolithie product 
which provides an interface between TTL signal levels and dual 
standard EIA RS-232/RS-422 signal levels. The part contains 
two RS-232 drivers, one RS-422 driver, one RS-232 receiver, 
and one receiver path which can be configured either as RS-232 
or as RS-422. 


An internal charge pump voltage converter facilitates operation 
from a single +5 V power supply. The internal charge pump 
generates +10 V levels allowing RS-232 output levels to be 
developed without the need for external bipolar power supplies. 


A highly efficient charge pump design allows operation using 


non polarized, miniature 0.1 wF capacitors. This gives a consid-_ 


erable saving in printed circuit board:space over conventional 
products which can use up to 10 wF capacitors. The charge 
pump output voltages may also be used to power external cir- 
cuitry which requires dual supplies. 
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FUNCTIONAL BLOCK DIAGRAM 


+10V> 


POWER SUPPLY 
GENERATOR 
Ti Tlout 
' /RS-232 
TP 
TTL/ICMOS | ,, o Pee 
INPUTS IN out 
T3 oyy (A) ) OUTPUT 
) RS-232 
R2 our roi INPUT. 
TTL/CMOS PG ed 
OUTPUTS Re-292/ 
Rl our Rty (Rtn 1) RS-422 


PUT 


RS-422 


see R1 ® ) 
232/422 SEL O " INPUT 


The RS-232 channels are suitable for communications rates up 
to 100 kHz and the RS-422 channels are suitable for high speed 
communications up to 5 MHz. The RS-422 transmitter comple- 
mentary outputs are closely matched and feature low timing 
skew between the complementary outputs. This is often an 
essential requirement to meet tight system timing specifications. 


All inputs feature ESD protection, all driver outputs feature 
high source and sink current capability and are internally pro- 


tected against short circuits on the outputs. An epitaxial yess iS 


used to guard against latch-up. 


The part is available in a 24- lead SOIC and 24-pin ae DIP 
packages. 
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Parameter Min ~~ Typ Max Test Conditions/Comments 


RS-232 DRIVER 
TTL Input Logic Low, Vint 
TTL Input Logic High, Ving 
Input Logic Current 
RS-232 High Level Output Voltage 
RS-232 Low Level Output Voltage 
Output Short Circuit Current 
Slew Rate 


Vin = 0 V to Voc 

R, = 3k0 

R, = 3kO 

Vour = 0 V, Ta = 0°C to +70°C 
C, = 50 pF, R, =3k0 

C, = 2500 pF, R, = 3kO 


Output Resistance (Powered Down) Vec = 0V; Vour = +3 V 


RS-232 RECEIVER 
Input Voltage Range 
RS-232 Input Threshold Low 
RS-232 Input Threshold High 
RS-232 Input Hysteresis 
RS-232 Input Resistance 
TTL Output Voltage Low, Vo; 
TTL Output Voltage High, Voz; 


RS-422 DRIVER 
TTL Input Logic Low, Vint 
TTL Input Logic High, Ving 


V 
V 
V 
V 
kQ, 
V 
V 
V 
V 


Logic Input Current wA Vin = 0 V to Vec 

Differential Output Voltage V Vec = 5 V, R,, Diff = ©; Figure 3 
| V R, Diff = 100 0; Figure 3 

Common-Mode Output Voltage V | : 

AlVour| for Complementary O/P States V R,, Diff = 100 0 

Output Short Circuit Current mA 0V = Vowr = +7V 


RS-422 RECEIVER 
Common-Mode Voltage Range 
Differential Input Threshold Voltage 
Input Voltage Hysteresis 
Input Resistance 
TTL Output Voltage Low, Vo; 
TTL.Output Voltage High, Vor; 
232/422 SEL Input 
Input Logic Low, Viyz. 
Input Logic High, Vingy 
Logic Input Current 
POWER SUPPLY CURRENT 
Tec 
CHARGE PUMP VOLTAGE GENERATOR 
V+ Output Voltage 


Typical RS-422 Input Voltage <5V 


Vin — 0 V to Voc 
Outputs Unloaded 


RS-232 Output Unloaded; 

See Typical Performance Curves 
RS-232 Outputs Unloaded; 

See Typical Performance Curves 


V— Output Voltage 


Generator Rise Time 


= << BR a ee 


Specifications subject to change without notice. 
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(Vog = +5 V + 5%, C1 = C2-= C3 = C4 = 01 pF. All specifications ii to Tx ‘ 


TIMING SPECIFICATIONS uniess cthervise noted 


Parameter 


RS-422 Driver 
_ Propagation Delay Input to Output Tpy 33, Tra 
RS-422 O/P to O/P Tsxew 
Driver Rise/Fall Time Tp, Tp 
RS-422 Receiver 
Propagation Delay Input to Output Toe: Trea 
RS-232/RS-422 Enable 
RS-232 Disable to RS-422 Enable Tpy; 
RS-422 Disable to RS-232 Enable TEx 
Transmission Rate (RS-422) 
RS-232 Receiver 
Propagation Delay Input to Output 
Transmission Rate (RS-232) 


ABSOLUTE MAXIMUM RATINGS* 
(T, = 25°C unless otherwise noted) 


Nas fy oie CAA GB e oe eae ae Ie +7V 
NGR fat rend ek a ee (Vcc —0.3 V) to +13.2 V 
NEP Sg Bin eth hate et Doe eae wh wR EE +0.3 V to —13.2 V 
Inputs 
Digs: Pie ec ter be Sa ek ok Bo ea ee ae V-— to V+ 
Sai eee aw ee ea SE tol GN a ra ee —0.3 V to V+ 
Rig AB, R2ig 22S es PS ae de oR are es ..-25 V to +25 V 
237/422 SED trode seas ese wae ee oe ~0.3 Vto V+ | 
Outputs | 
Sts 260 ee eee eee eee -15 Vto +15 V 
T30ur(A); (B) ....-... ee een ee ee ae -0.3Vto+7V 
Rlour, RJZour .---- eee ee —0.3 V to (Vcc + 0.3 V) 
CAUTION 


ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
- accumulate on the human body and test equipment and can discharge without detection. 
Although the AD7306 features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 


Units Test Conditions/Comments 


R,_ Diff = 100 0, C,, = C,, = 100 pR, Figures 2 & 4 
R, Diff = 100 0, C,, = C,, = 100°pF, Figures 2 & 4 
R, Diff = 100 0, C,,, = C,, = 100 pF, Figures 2 & 4 
C, = 15 pF. Figure 5 


Figure 6 
Figure 6 


C, = 2.5 nF 


Short Circuit Duration 


Cia PA OARS GR Se Oe eas Continuous 
Power Dissipation car | ee 
Small Outline ..............0200202-2-. 650 mW 
sR setae f/ Gh ote te a atin a fasts occa ae ete . 650 mW 
Operating Temperature Range 
Commercial (J Version).............0.4. 0°C to +70°C 
Industrial (A Version)..:............ —40°C to +85°C 
Storage Temperature Range ........ .. . —65°C to +150°C 
Lead Temperature (Soldering, 10 secs) ...... ee ee £300°C 


*Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum ratings for extended periods of time may affect device reliability. 


WARNING! 


A a 


ESD SENSITIVE DEVICE 


ORDERING GUIDE 


AD7306JR 
AD7306JN 

AD7306AR | 
AD7306AN 


0°C to +70°C 
0°C to +70°C 
—40°C to +85°C 
—40°C to +85°C © 


Temperature Range Package Description 


24-Pin DIP 


Package Option* 


24-Lead SOIC R-24 
24-Pin DIP N-24 
24-Lead SOIC 


*For outline information see Package Information section. 
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SOIC DIP 
Pin Pin Mnemonic Function 
1 19 V+ Internally Generated Positive Supply (+9 V nominal). A 0.1 wF capacitor must be connected 

between this pin and GND. 
2,3 20,22 Cl+,Cl- External Capacitor 1 Terminals. A 0.1 wF capacitor must be connected between these pins. 
4 23 R2m RS-232 Receiver R2 Input. This input accepts RS-232 input voltages. 
5 24 Tloutr RS-232 Transmitter (Driver) T1 Output (Typically +7.5 V). 
6 ] T2out RS-232 Transmitter (Driver) T2 Output (Typically +7.5 V). 
7 2 Voc Power Supply Input (5 V + 5%). 
8 3 Rl yw (B) RS-422 Receiver R1, Differential Input B. 
9 4 R]lix/Rlyy (A) Receiver R1 Input. May be configured to accept either single ended RS-232 levels or 

differential RS-422 levels. It is configured using the 232/422 SEL pin. 
10 5 T3our (B) RS-422 Transmitter (Driver) T3, Differential Output B. 
11 6 T3otrr (A) RS-232 Transmitter (Driver) T3, Differential Output A. 
12,13 16,21 NC No Connect Pins. 
14,18 7,11 GND Ground Pin. Must be connected to 0 V. 
15 8 232/422 SEL Select Input. This input configures Receiver R1 to accept either RS-232 or RS-422 signal levels. 

A Logic 1 on this input selects 232 operation while a Logic 0 selects 422 operation. 

16 9 T3imn TTL/CMOS Input to the RS-422 Transmitter T3. | 
17 10 Rlour’ TTL/CMOS Output from Receiver R1. 
19 12 T2m TTL/CMOS Input to RS-232 Transmitter T2. 
20 13 Tlyp TTL/CMOS Input to RS-232 Transmitter T1. 
21 14 R2outr TTL/CMOS Output from Receiver R2. 
22:23 ASAP “2+, C2= External Capacitor 2 Terminals. A 0.1 wF capacitor must be connected between these pins. 
24 18 V- Internally Generated Negative Supply (—9 V nominal). A 0.1 wF capacitor must be connected 

between this pin and GND 

AD7306 AD7306 
SOIC DIP 
TOP VIEW TOP VIEW 
(Not to Scale) (Not to Scale) 
NC = NO CONNECT NC = NO CONNECT 
SOIC Pin Configuration DIP Pin Configuration 
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AD7306 


+5V INPUT 
@ 


+10V - 


O.4uF 
' Ci- POWER = 
7 ca, SUPPLY | 0.1F 
O.4uF 9 GENERATOR as 
TIN Tout 
RS-232 
TTL/CMOS OUTPUTS 
inputs | [2 IN T2 out 
RS-422 
13 n T3 our (8) ) output 
ee T3 oy (A) 
RS-232 
R2 our F2w) INPUT 
TTL/CMOS | : 
OUTPUTS 2 RS-232/ 
Rt our Riyy /RA pny 9) RS-422 


INPUT 


RS-422 
232/422 SELO 


Figure 1. AD7306 Application Circuit (SOIC Package) 


T3 out (B) 


Ci fe 100pF 


Cig =100pF — 


T3 our (A) 


Figure 2. RS-422 Driver. Propagation Delay Test Circuit 


T3 out (8) 


RLoiFF 


T3 out (A) 


Figure 3. RS-422 Driver. Voltage Measurement 
Test Circuit 
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"+ T3 our (A) — 


| Rt @)) INPUT 


3V 


ov 


T3 pyr (B) 


vo 


Figure 4. RS-422 Driver. Propagation Delay, 
Rise/Fall. Timing: : 


_ DIFFERENTIAL 
INPUT 
R1 yy (B) - Rtn (A), 


232/422 SEL 


Rtout 


RS-232 RS-422 RS-232 


Figure 6. RS-232/RS-422 Receiver Enable Timing 
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GENERAL DESCRIPTION 

The AD7306 drivers/receivers provide an interface which is 
compatible with RS-232/RS-422 standard interfaces. As both 
standards are widely accepted it is often necessary to provide an 
interface which is compatible with both. The AD7306 is ideally 
suited to this type of application as both standards may be met 
using a single package. This part contains two RS-232 drivers, 
one RS-422 driver, one RS-232 receiver, and one receiver path 
which can be configured as either RS-232 or RS-422. This 
receiver is configured using the 232/422 SEL pin. 


This part also contains an internal charge pump voltage con- 
verter which facilitates operation using a single +5 V power 
supply. 

Charge Pump DC-DC Voltage Generator 

The charge pump voltage generator uses a switched capacitor 
technique to develop +10 V levels from an input +5 V supply. 
A highly efficient charge pump design coupled with a high fre- 
quency internal oscillator permit operation using four 0.1 pF 
capacitors. 


+10V 
ae OUTPUT 
+5V vy. POWER SUPPLY TL 0.tuF 
INPUT © CC GENERATOR — 
SUPPLY -10V 
OUTPUT 


C2+ 


Ci+ Ct- 


C1 C2 
0.1 pF 0.1nF 


Figure 7. Charge Pump Voltage Generator 


Capacitors Cl and C2 act as charge storage capacitors while C3 
and C4 provide output smoothing. For correct operation all four 
capacitors must be included. Either polarized or nonpolarized 
capacitors may be used for Cl—C4. If a polarized type is used, 
then the correct polarity should be observed. This may be 
ignored with nonpolarized type capacitors. 


The charge pump output voltages, V+ and V—, are used inter- 
nally to power the RS-232 transmitters. This permits RS-232 
output levels to be developed on the RS-232 transmitter out- 
puts. The charge pump output voltages may also be used to 
power external circuitry if the current requirements are small. 
Please refer to the Typical Performance Characteristics. 


The generator rise time after power up is 200 ys typical. This 
time is necessary to completely charge the storage capacitors in 
the charge pump. Therefore, RS-232 data transmission should 
not be initiated ‘until this time has elapsed after switch on. This 
will ensure that valid data is always transmitted. | 


REV. B 


AD7306 


RS-232 Drivers 

The RS-232 drivers in the AD7306 meet the EIA RS-232 speci- 
fications. The drivers are inverting level shifters which convert 
TTL/CMOS levels into RS-232 output levels. The input switch- 
ing threshold is typically 1.3 V. With a typical RS-232 load, the 
output levels are +7.5 V. Under worst case load conditions, the 
drivers are guaranteed to provide +5 V which meets the mini- 
mum RS-232 requirement. The output slew rate is internally 
limited to <30 V/s without the need for an external slew- 
limiting capacitor. Short circuit protection is also provided 
which prevents damage in the event of output fault conditions. 
Active current limiting is used which limits the output short 
circuit current to less than 12 mA in the event of an output 
fault. This type of current limiting does not degrade the output 
voltage swing under normal loading conditions as would be the 
case with conventional passive limiting. 


The powered-down output impedance is typically 10 MQ. This 
is considerably larger than the 300 (. minimum value required 
by the RS-232 specification. It provides additional protection 
under fault conditions where another powered-up transmitter 
output is inadvertently shorted to the powered-down device. 


RS-232 Receivers 

The receivers are inverting level shifters which accept RS-232 
input levels (+3 V to +15 V) and translates them into 5 V 
TTL/CMOS levels. The input switching thresholds are 0.8 V 
minimum and 2.4 V maximum which are well within the 
RS-232 requirement of +3 V. Internal 5 kQ, pull-down resistors 
to GND are provided on the receiver inputs. This ensures that 
an unconnected input will be interpreted as a low level giving a 
Logic “1” on the TTL/CMOS output. Excellent noise immunity 
is achieved by the use of hysteresis and internal filtering cir- 
cuitry. The filter rejects noise glitches of up to 0.5 ws in 
duration. 


RS-422 Driver 

The RS-422 driver on the AD7306 accepts a TTL/CMOS input 
and translates it into a differential RS-422 level signal. The 
input switching threshold is typically 1.3 V. The unloaded out- 
put differential voltage is typically +5 V (see Typical Perfor- 
mance Characteristics). Short circuit protection is provided on 
the output which limits the current to less than 150 mA. 


RS-422 Receiver 

The RS-422 receiver on the AD7306 accepts a differential input 
signal and translates it into a TTL/CMOS output level. The 
input resistance on both differential inputs is 5 kO, typical. With 
the receiver inputs unconnected (floating), internal biasing 
ensures that the receiver output is a Logic “1.” 


Excellent noise immunity and high transmission speed is 
achieved using the differential configuration. 
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‘AD7306 


VOLTAGE OUTPUT + -V 
RS-232 TRANSMITTER OUTPUT VOLTAGE - +V 


0 2 4 6 8 10 
OUTPUTCURRENT+-mA = RS-232 TRANSMITTER OUTPUT CURRENT - mA 


Figure 8. V+ and V— Voltage vs. Current Figure 11. RS-232 Driver Output Voltage vs. Current 


Ee a 
Leese esa 4G. 
Se ee eee 
deen | 


SLEW RATE -V/us 
DIFFERENTIAL O/P VOLTAGE -—V 


EOAD CARRCTIANCE SOR | 3.4 7 | | DIFFERENTIAL O/P CURRENT — mA 


Figure 9. RS-232 Driver Slew Rate vs. Load Capacitance Figure 12. RS-422 Driver Output Current vs. Output Voltage 


Figure 10. RS-232 Driver; R, = 5 kQ, C, = 50 pF Figure 13. RS-422 Driver; Ry pice = 100 2, C., = Cro 
= 100 pF 
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Single-Ended Data Transmission 

Single-ended interfaces are used for low speed, short distance 
communications such as from a computer terminal to a printer. 
A single line is used to carry the signal. Various standards have 
been developed to standardize the communication link, the most 
popular of these being the RS-232. The RS-232 standard was 
introduced in 1962 by the EJA and has been widely used 
throughout the industry. The standard has been revised several 
times, and the current revision is known as EJA-232E. The 
RS-232 standard is suitable for single-ended data transmission at 
relatively slow data rates over short distances. A typical RS-232 
interface is shown in Figure 14. 


DATA 


iN 
RS-232 CHANNEL 


Figure 14. Single-Ended RS-232 Interface 


AD7306 


Differential Data Transmission 

When transmitting at high data rates, over long distances and 
through noisy environments, single-ended data transmission is 
often inadequate. In this type of application, differential data 
transmission offers superior performance. Differential transmis- 
sion uses two signal lines to transmit data. It rejects ground 
shifts and is insensitive to noise signals which appear as common 
mode voltages on the transmission lines. To accommodate faster 
data communication, the differential RS-422 standard was devel- 
oped. Therefore, it can be used to reliably transmit data at 
higher speeds and over longer distances than single-ended trans- 
mission. A typical RS-422 interface is shown in Figure 15. 


DATA DATA 
‘ RS-422 CHANNEL => “pag 
e 


Figure 15. Differential RS-422 Interface 


Table I. Comparison of RS-232 and RS-422 
Interface Standards 


Specification 


Transmission Type 
Maximum Data Rate 
Maximum Cable Length 


Minimum Driver Output Voltage 


Slew Rate 

Receiver Input Resistance 
Receiver Input Sensitivity 
Receiver Input Voltage Range 
No. of Drivers per Line 
No. of Receivers per Line 
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EIA-232E 


Single-Ended Differential 


20 kB/s 10 MB/s 
Load Dependent | 4000 ft 
+5 V +1.5V 
30 V/s max - 

3 kO to7 kO 4kQ min 
+3V +200 mV 
a15-V. +7V 

1 l 


l 10 
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1 ANALOG | 
DEVICES _ 


FEATURES | 2 

120 kB Transmission Rate = 
~ ADM202: Small (0.1 .F) Charge Pump Capacitors 

ADM203: No External Capacitors Required 

Single 5V Power Supply > | 

Meets EIA-232-E and V.28 Specifications 

Two Drivers and Two Receivers 

On-board DC-DC Converters 

+9 V Output Swing with +5 V Supply 

Low Power BiCMOS: 2.0 mA lIcc 

+30 V Receiver Input Levels 


APPLICATIONS 
Computers 
Peripherals 
Modems 
Printers 
Instruments 


GENERAL DESCRIPTION 

The ADM202/ADM203 is a two-channel RS-232 line driver/ 
receiver pair designed to operate from a single +5 V power sup- 
ply. A highly efficient on-chip charge pump design permits . 
RS-232 levels to be developed using charge pump capacitors as 
small as 0.1 .F. The capacitors are internal to the package on. 
the ADM203 so no external capacitors are required. These con- 
verters generate +10 V RS-232 output levels. 


The ADM202/ADM203 meets or exceeds the EIA-232-E and 
V.28 specifications. Fast driver slew rates permit operation up 
to 120 kB while high drive currents allows for extended cable — 
lengths. 


An epitaxial BiCMOS construction minimizes power consump- 
tion to 10 mW and also guards against latch-up. Overvoltage 
protection is provided allowing the receiver inputs to withstand 
continuous voltages in excess of +30 V. In addition, all pins 
contain ESD protection to levels greater than 2 kV. 


The ADM202 is available in 16-lead DIP and both narrow and 
wide SOIC packages. The ADM203 is available in a 20-pin DIP 
package. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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High Speed, +5 V, 0.1 wwF 


CMOS RS-232 Drivers/Receivers 


_ADM202/ADM203 


" FUNCTIONAL BLOCK DIAGRAMS 


+5V INPUT 


+5VTO+10V Voc (16) 
VOLTAGE 
(3) Ci- DOUBLER Ve (2) 


(4) C2+ .10v TO-10V 
VOLTAGE v- ©) 
(5)C2- INVERTER 


T1yy T1 
TTL/CMOS OUT RS-232 
INPUTS* OUTPUTS 
T2in T2out 
Rl out : <a (3) ty 
TTL/CMOS RS-232 
OUTPUTS INPUTS* 
Rout ~#H(9) . <a (8 at R2yy 
GND ADM202 
—f Ty T1 
TTL/CMOS OUT RS-232 
INPUTS* OUTPUTS 
T2y T2out 
TTL/CMOS | oe ite RS-232 
OUTPUTS INPUTS™* 
R2our R2y, 
DO NOT MAKE 
CONNECTIONS TO 
THESE PINS 
INTERNAL 
-~10V POWER 
SUPPLY ADM203 
INTERNAL 
+10V POWER 
SUPPLY 


*INTERNAL 400kQ PULL-UP RESISTOR ON EACH TTL/CMOS INPUT 
“INTERNAL 5kQ PULL-DOWN RESISTOR ON EACH RS-232 INPUT 


REV. 0 


SPECIFICATIONS in: iawn" "8 
Test Conditions/Comments 


Parameter 


Output Voltage Swing 
Output Voltage Swing 
Voc Power Supply Current 


Input Logic Threshold Low, Vix 
Input Logic Threshold High, Vyy33; 
Logic Pull-Up Current 

RS-232 Input Voltage Range 

RS-232 Input Threshold Low 

RS-232 Input Threshold High 

RS-232 Input Hysteresis 

RS-232 Input Resistance 

TTL/CMOS Output Voltage Low, VoL 
TTL/CMOS Output Voltage High, Voj;. 
Propagation Delay 

Instantaneous Slew Rate? 

Transition Region Slew Rate 


Baud Rate 
Output Resistance 
RS-232 Output Short Circuit Current 


NOTE | 
1Sample tested to ensure compliance. 


Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS* 
(T, = +25°C unless otherwise noted) 


Nee ase ier) beg ene tancerincay aad Hie Not se iota tel ented Oe Ata ek +6V 
VE Sie GG pk We aicaana nal te Batons X (Veg - 0.3 V) to +14 V 
NS Beas a eh ae tew eee Se +0.3 V to -14V 
Input Voltages : 

UL tRG. cetchods ABC aMe nes SRN a tae SB ve —0.3.V to (Voc + 0.3 V) 

Ree cae aha ee OL ee ee eae .. +30 V 
Output Voltages | | 

Lt neh dee aera Rane (V+, +0.3 V) to (V-, — 0.3 V) 

Rous ES ee —0.3 V to (Vec + 0.3 V) 
Short Circuit Duration | 

A eyes | Hens nwa e, eae BER ew Bek Salat ate ', . Continuous 
Power Dissipation 

Nel DIP s.5 i: o/s-a2eate whi ea a a eae ae ek 470 mW 

R-l1GN SOIC 2 5 Wee ee eles Oe eee ee BAS 600 mW 

Re16W SOG” x28 ih ae aoe ee ee eee 500 mW 

Ne 20 ULE tecture: eecctlada aia era rane Bee See ates 890 mW 
Thermal Impedance 

NGIGIDIP: fc B¥ bus bod eink Rae ae EES 135°C/W. 

IRelGN SOG. sold wilson ten ee AOE A ee ee 105°C/W 
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V 
mA 
mA 
V 
V 
pA 
V 
Vv 
V 
V 
kO, 
Vv 
V 


ADM202/ADM203 


Veco = 5 V + 5%, Tloyts T2our Loaded with 3 kO to 
GND 


Veco = 5 V + 10%, Ta= +25°C, Tloyr, T2oy7 Loaded 
with 3 kQ to GND 

No Load, Tlix; T2in = Vec 

No Load, Tl, T2;4 = GND 

Tw | 

Tin 

Tin = 0V 

Iour = 1.6 mA 

Iour = —1.0 mA 


RS-232 to TTL 

C, = 10 pF, Ry, = 3-7 kO, T, = 
R, = 3 kO, C= 2500 pF 
Measured from +3 V to —3 V or —3 Vto +3 V 
R, = 3 kO, C, = 1 nF 

Vec =V+=V-=0V, Vour = #2V 


+25°C 


R-16W SOIC ..... heats Oe apd sea: ee ee Bo date LOS°C/W 

IN=ZO SIDI bok ede a ie deg & Bee ake Ge Ben te eos deed 125°C/W 
Operating Temperature Range 

Commercial (J Version).......... ee ee 0°C to +70°C 
Storage Temperature Range ....... .... ~65°C to +150°C 


Lead Temperature Soldering 
Vapor Phase (60 sec) 
Infrared CES: Se) 2-2-3 wna sew 4A BN ee SS 

BSL) RAN Oa oe anim % a: SY BaP ode See! bene we 

*This is a stress rating only and functional operation of the device at these or any 

other conditions above those indicated in the operation sections of this 


specification is not implied. Exposure to absolute maximum rating conditions 
for extended periods of time may affect reliability. 


ORDERING GUIDE 


Temperature Range 


Package Option* 


ADM202JN 0°C to +70°C N-16 
ADM202JRN 0°C to +70°C R-16N 
| ADM202JRW 0°C to +70°C R-16W 


0°C to +70°C 


ADM203JN 


*For outline information see Package Information section. 
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-ADM202/ADM203 


PIN CONFIGURATIONS 
DIP/SOIC 


_ Top View 
5 | (Not to Scale) 


DIP 
T2y [1] @ 120 | R2our 
TI 2 | 19 | R2y, 
Rl out EJ 18 | T2out 
Rip | 4 | v- 


Treur [5] ADM203 [ig] co 
op View 
GND | 6| (NottoScale) [15] C2+ 


PIN FUNCTION DESCRIPTION | 


+5V INPUT 


(3)c1- DOUBLER (2) oav > 


(4) C2+ .10V TO-10v | 
— “vorrage 32 © 
(5)C2- INVERTER 


OG aD Oi 
OUTPUTS 
i. aan 
R1 OUT (2) ~ <r (13) : R1 N 
TTL/CMOS . RS-232 
OUTPUTS INPUTS**: 
R2our (9) <fe (8) R2y, 
6 ~ ADM202 
= +5V INPUT 
T1y T1 ) . 
TTLICMOS OUT | Rs-232 
INPUTS* : OUTPUTS 
Tay, T2our 
R1 oyt Rin 
TTL/CMOS RS-232 
OUTPUTS . INPUTS* 
R2our R2y, 
DO NOT MAKE 
CONNECTIONS TO 
THESE PINS 
INTERNAL 
-10V POWER i 
SUPPLY 
INTERNAL _ 
+10V POWER > 
SUPPLY 


*INTERNAL 400kQ PULL-UP RESISTOR ON EACH TTL/CMOS INPUT 
“INTERNAL 5kQ PULL-DOWN RESISTOR ON EACH RS-232 INPUT 


Figure 1. Typical Operating Circuits 


Mnemonic Function | 
Voc ~ Power Supply Input 5 V + 10%. 7 
V+ | Internally Generated Positive Supply (+10 V nominal). 
V- Internally Generated Negative Supply (—10 V nominal). 
GND Ground Pin. Must be connected to 0 V. 
Cl+ ADM202 External Capacitor, (+ terminal) is connected to this pin. | 
ADM203: The capacitor is connected internally and no external capacitor is required. 
Cl-— ADM202 External Capacitor, (— terminal) is connected to this pin. | 
ADM203: The capacitor is connected internally and no external capacitor is required. 
C2+ ADM202 External Capacitor, (+ terminal) is connected to this pin. 
ADM203: The capacitor is connected internally and no external capacitor is required. 
C2—- ADM202 External Capacitor, (— terminal) is connected to this pin. 
ADM203: The capacitor is connected internally and no external capacitor is required. a 
Tw Transmitter (Driver) Inputs. These inputs accept TTL/CMOS levels. An internal 400 kOQ pull-up resistor to Vcc is 


connected on each input. 


Tour Transmitter (Driver) Outputs. These are RS-232 levels (typically +10 V). 
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ADM202/ADM203 


Rw Receiver Inputs. These inputs accept RS-232 signal levels. An internal 5 kQ) pull-down resistor to GND is connected 


on each of these inputs. 
Rout 


GENERAL INFORMATION 

The ADM202/ADM203 is an RS-232 drivers/receivers designed 
to solve interface problems by meeting the EIA-232E specifica- 
tions while using a single digital +5 V supply. The EIA stan- 
dard requires transmitters that will deliver +5 V minimum on 
the transmission channel and receivers that can accept signal 
levels down to +3 V. The parts achieve this by integrating step 
up voltage converters and level shifting transmitters and receiv- 
ers onto the same chip. CMOS technology is used to keep the 
power dissipation to an absolute minimum. 


The ADM203 uses internal capacitors and, therefore, no exter- 
nal capacitors are required. 


The ADM202 contains an internal voltage doubler and a voltage 
inverter which generates +10 V from the +5 V input. External 
0.1 wF capacitors are required for the internal voltage converter. 


The ADM202/ADM203 is a modification, enhancement and 
improvement to the AD230-AD241 family and derivatives 
thereof. It is essentially plug-in compatible and does not have 
materially different applications. 


CIRCUIT DESCRIPTION 
The internal circuitry consists of three main sections. These are 


(a) A Charge Pump Voltage Converter 
(b) RS-232 to TTL/CMOS Receivers 
(c) TTL/CMOS to RS-232 Transmitters 


Charge Pump DC-DC Voltage Converter 

The charge pump voltage converter consists of an oscillator and 
a switching matrix. The converter generates a +10 V supply 
from the input 5 V level. This is done in two stages using a 
switched capacitor technique as illustrated below. First, the 5 V 
input supply is doubled to 10 V using capacitor Cl as the charge 
storage element. The 10 V level is then inverted to generate 

—10 V using C2 as the storage element. 


Capacitors C3 and C4 are used to reduce the output ripple. 
Their values are not critical and can be reduced if higher levels 
of ripple are acceptable. The charge pump capacitors Cl and C2 
may also be reduced at the expense of higher output impedance 
on the V+ and V— supplies. On the ADM203, all capacitors Cl 
to C4 are molded into the package. 


The V+ and V— supplies may also be used to power external 
circuitry if the current requirements are small. 


5 le gw ad 
GND 
INTERNAL | 
OSCILLATOR 


Figure 2. Charge Pump Voltage Doubler 
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Receiver Outputs. These are TTL/CMOS levels. 


GND 
FROM eee 
VOLTAGE | 
DOUBLER 3s si re 
ak V- = - (V4) 


INTERNAL | : | 
OSCILLATOR 


Figure 3. Charge Pump Voltage Inverter 


Transmitter (Driver) Section 

The drivers convert TTL/CMOS input levels into EIA-232-E 
output levels. With Voc = +5 V and driving a typical EIA- 
232-E load, the output voltage swing is +9 V. Even under worst 
case conditions the drivers are guaranteed to meet the +5 V 
EIA-232-E minimum requirement. 


The input threshold levels are both TTL and CMOS compatible 
with the switching threshold set at V.,/4. With a nominal Vo. 
= 5 V the switching threshold is 1.25 V typical. Unused inputs 
may be left unconnected, as an internal 400 kQ) pull-up resistor 
pulls them high forcing the outputs into a low state. 


As required by the EIA-232-E standard the slew rate is limited 
to less than 30 V/s without the need for an external slew limit- 
ing capacitor and the output impedance in the power-off state is 
greater than 300 2. 


Receiver Section _ | 

The receivers are inverting level shifters that accept EIA-232-E 
input levels (+5 V to +15 V) and translate them into 5 V TTL/ 
CMOS levels. The inputs have internal 5 kO, pull-down resistors 
to ground and are also protected against overvoltages of up to 
+30 V. The guaranteed switching thresholds are 0.8 V mini- 
mum and 2.4 V maximum which are well within the +3 V 
EIA-232 requirement. The low level threshold is deliberately 
positive as it ensures that an unconnected input will be inter- 
preted as a low level. 


The receivers have Schmitt trigger input with a hysteresis level 
of 0.5 V. This ensures error free reception both for noisy inputs 
and for inputs with slow transition times. 
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ANALOG (0.1 pF, +9 V Powered 
DEVICES CMOS RS-232 Drivers/Receivers 


ss ADM205-ADM211/ADM213 


FEATURES | | ‘TYPICAL OPERATING CIRCUIT 
0.1 wF to 10 pF Capacitors 
120 kB/s Data Rate 


2 Receivers Active in Shutdown (ADM213) ome t (crs ssvTostov Veo OF —14 g 
On-Board DC-DC Converters Cry. DOROLen: ° - + 6.3v a6 , 


+5V INPUT 


+9 V Output Swing with +5 V Supply ote TE) stovTo-t0vv. CL our 

Low Power (15 mW) 16V “C_(6)c2- _—sINVERTER + 16V 

Low Power Shutdown <5 pW , 

+30 V Receiver Input Levels Mm Mout 

Latch-Up FREE tycmos | "Pout | sone 

Plug-In Upgrade for MAX205-211/213 INPUTS" | T3y T3qyr_ | OUTPUTS: 

APPLICATIONS a “our 

Computers Ft our fn 

Peripherals Pout a a P2y 
-Modems THYSMOS | Four . GI Fay | INPUTS 

Printers | P49, 


P4 our 

Instruments sy PS our 
EN 

(10) 


*INTERNAL 400k2 PULL-UP RESISTOR ON EACH TTL/CMOS INPUT 
“INTERNAL 5kQ PULL-DOWN RESISTOR ON EACH RS-232 INPUT 


GENERAL DESCRIPTION - All members of the ADM2xx family, except the ADM209, 


The ADM2xx family of line drivers/receivers is intended for all include two internal charge pump voltage converters which _ 
EJA-232-E and V.28 communications interfaces, especially in allow operation from a single +5 V supply. These converters 
applications where +12 V is not available. The ADM205, convert the +5 V input power to the +10 V required for 
ADM206, ADM211 and ADM213 feature a low power shut- RS-232 output levels. The ADM209 is designed to operate from 
down mode which reduces power dissipation to less than 5 pW +5 V and +12 V supplies. An internal +12 V to —12 V charge 
making them ideally suited for battery powered equipment. The pump voltage converter generates the —12 V supply. 


ADM205 does not require any external components and is par- 
ticularly useful in applications where printed circuit board space 
is critical. The ADM213 has an active-low shutdown and an 
active-high receiver enable control. Two receivers of the 
ADM213 remain active during shutdown. This feature is useful 
for ring indicator monitoring. | 


Table I. Selection Table 


No. of Low Power | TTL | No. of Receivers 
Power RS-232 External Shutdown Three-State Active in 
Supply Voltage | Receivers. | Capacitors | (SD) EN Shutdown 


ADM205 +5 V Yes Yes 0 
ADM206 | +5 V Yes _ Yes 0 
ADM207 +5 V No No 0 
ADM208 +5 V No No 0 
ADM209 +5V& +9 Vto +13.2V No Yes 0 
ADM211 +5 V Yes Yes 0 
ADM213 +5 V Yes (SD) Yes (EN) 2. 
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SPECIFICATIONS “acs. 208 207 2 ADM205—ADM211/ADM213 
209, 211, 213); Veg = +5 V + 5% 

(ADM205); V+ = +9 V to +13.2 V (ADM209); C1-C4 = 0.1 yvF Ceramic. All Specifications Tyiy tO Ty,x unless otherwise noted.) 

Parameter Min Typ § Max Test Conditions/Comments 


Output Voltage Swing All Transmitter Outputs Loaded with 3 kQ. to Ground 


Vec Power Supply Current mA No Load, ADM206, ADM211, ADM213 
mA No Load, ADM205, ADM207, ADM208 
mA No Load, ADM209 

V+ Power Supply Current mA No Load, V+ = 12 V ADM209 Only 

Shutdown Supply Current pA 

Input Logic Threshold Low, Vyy7. Vv Tin» EN, SD, EN, SD 

Input Logic Threshold High, Vyy3; Vv Tin» EN, SD, EN, SD 

Logic Pull-Up Current pA Tiny = OV 

RS-232 Input Voltage Range V 

RS-232 Input Threshold Low Vv 

RS-232 Input Threshold High V 

RS-232 Input Hysteresis V 

RS-232 Input Resistance kQ 

TTL/CMOS Output Voltage Low, Vo; Vv Iour = 1.6 mA 
Vv 


TTL/CMOS Output Voltage High, Vo;; 
TTL/CMOS Output Leakage Current 
Output Enable Time (Tp) 


Iour = ~1.0 mA 

EN = Vcc; EN = 0 V,0 V = Rour = Vec 
ADM205, ADM206, ADM209, ADM211 
(Figure 25. C,, = 150 pF) 

ADM205, ADM206, ADM209, ADM211 
(Figure 25. R, = 1 kQ) 

RS-232 to TTL 

C, = 10 pF, Ry, = 3-7 kO, Ta = +25°C 
R,, = 3 kO, C, = 2500 pF 

Measured from +3 V to —3 Vor —3 Vto +3 V 
Vec = V+ = V- = OV, Vour = +2 V 


Output Disable Time (Tp;s) 


Propagation Delay 
Instantaneous Slew Rate’ 
Transition Region Slew Rate 


Output Resistance | 

RS-232 Output Short Circuit Current 
NOTE 

1Sample tested to ensure compliance. 
Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS* Thermal Impedance, 0,4 
(T, = +25°C unless otherwise noted) INGZ4° DIP tats aoe sie Sa ele Buk Se GE 120°C/W 
Vos ocak aE Att ita Po acs Aeshna San eh ask —0.3Vto +6V_ N224A DIP 3.8 5b stad i oe ai at ee 110°C/W 
Vie cite ped aye Tk ee: Se a eee (Vcc — 0.3 V) to +14 V R24 SOIC. 13656) sil a ian ave tcue ween We GP ea ee 85°C/W 
WS oh Shas een tes hed sO ser ae ee +0.3 Vto -14V R28 SOIC cee ttevedat ata eel bbe aieeo eae cs 80°C/W 
Input Voltages _ RS 28 SCOOP eee ais ee Scheele Snes 100°C/W 
DG. Wace Skala eied ap ae ae —0.3 V to (Vcc + 0.3 V) O24 Cardi sgh es re She Re So ae SRR OS A 105°C/W 
Rin Eee EA Ree PERO ERE OOO e Om EO ee +30 V O-16 Cerdip®.< acs eiace neta Be he eee 100°C/W 
Output Voltages O20 Cerdip: scree Ri eee eS ew Le Oe Os 100°C/W 
A ers ae ee ee ee ar ere (V+, + 0.3 V) to (V-, — 0.3 V) O74 Ceri p31 eee Satara ree hee ae, Suds 55°C/W 
Rogr.ot eet e ee aes ees —0.3 V to (Vcc + 0.3 V) De 24 Ceramic 4 orden Gin oat ead g Baas ee es 50°C/W 
Short Circuit Duration Operating Temperature Range 
LOW: 6S Baw eee Oe hid oS Bee ate Ss Continuous Industrial (A Version)............... —40°C to +85°C 
Power Dissipation Storage Temperature Range ........... —65°C to +150°C 
N-24 DIP (Derate 13.5 mW/°C above +70°C) ... . 1000 mW Lead Temperature, Soldering ..............00-. + 300°C 
N-24A DIP (Derate 13.5 mW/°C above +70°C) ... 500 mW Vapour Phase (60 sec) ........ 0.20 uee +215°C 
R-24 SOIC (Derate 12 mW/°C above +70°C) ..... 850 mW Infrared CES: S€C)! a s4 684 de ee ace ae ee ee +220°C 
R-28 SOIC (Derate 12.5 mW/°C above +70°C) ... . 900 mW HS RAUNG: "5 we 4 eso Aree oriednn ates 4 acces aoa ae nen > 2000 V 
RS-28 SSOP (Derate 10 mW/°C above +70°C) ....900mW __ «This is a stress rating only and functional operation of the device at these or 
Q-24 Cerdip (Derate 12.5 mW/°C above +70°C) .. 1000 mW any other conditions above those indicated in the operation sections of this 
D-24 Ceramic (Derate 20 mW/°C above +70°C) .. 1000 mW specification is not implied. Exposure to absolute maximum rating conditions 


for extended periods of time may affect reliability. 
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ADM205-ADM211/ADM213 


- 4 - ORDERINGGUIDE ©— | = 
| Temperature | Package Temperature | Package Temperature _ | Package 
Model Range Option* ‘Range Option* Range —_s| Option* 


ADM205 See ike ADM206 ADM207 | 

ADM205AN_ | —40°C to +85°C | N-24A’° | ADM206AN_ | —40°C to +85°C | N-24 ADM207AN_ | —40°C to +85°C | N-24 
ae : ADM206AR_ j; —40°C to +85°C | R-24 ADM207AR_ | —40°C to +85°C | R-24 

ADM206ARS | —40°C to +85°C | RS-24 | ADM207ARS | —40°C to +85°C | RS-24 

ADM208 ADM209 ADM211 

ADM208AN | —40°C to +85°C | N-24 ADM209AN _ | —40°C to +85°C | N-24 ADM211AR | —40°C to +85°C } R-28 

ADM208AR_ | —40°C to +85°C | R-24 ADM209AR_ | —40°C to +85°C | R-24 ADM211ARS ; —40°C to +85°C | RS-28 

ADM208ARS | —40°C to +85°C | RS-24 | ADM209ARS | —40°C to +85°C | RS-24 | 7 

ADM213 | oa 

ADM213AR_ | —40°C to +85°C | R-28 

ADM213ARS | —40°C to +85°C | RS-28 2 oh 4 


*N = Plastic DIP; R = Small Outline IC (SOIC); RS = Small Shrink Outline Package (SSOP). For outline information see Package Information section. 


+5V INPUT 


(2) 
Vec 
TTLICMOS} 13. Ge) > (2) Taoyr | RS-232 
Top Vi | 
“— —. 
oh OR AES hea: 
R1 our 7 Rwy 
R2out a= (5) R2in 
TTL/CMOS | | ane a { 
| outputs | Four gus ; Ran | Npurst* 
Figure 1. ADM205 DIP Pin Configuration Réour : <q G8) Ra, 


: 


R5wn 


SD 


*INTERNAL 400kQ PULL-UP RESISTOR ON EACH TTL/CMOS INPUT 
*INTERNAL 5kQ PULL-DOWN RESISTOR ON EACH RS-232 INPUT 


Figure 2. ADM205 Typical Operating Circuit — 
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ADM205-ADM211/ADM213 


ADM206 ADM207 


Top View 


Top View 
(Not to Scale) 


(Not to Scale) 


Figure 3. ADM206 DIP/SOIC/SSOP Pin Configuration Figure 5. ADM207 DIP/SOIC/SSOP Pin Configuration 
+5V INPUT 
+5V INPUT 
+ 
VOLTAGE 0.1yF 
6.3V VOLTAGE aa 0.14 = 
cre @y) = +10V TO -10V 
VOLTAGE 
+ +10V TO -10V INVERTER 
ed VOLTAGE V- O1uF 
INVERTER Fw 
TIN Tlout 
T2in T2out TTL/CMOS 
RS-232 
TTLICMOS RS-232 INPUTS* OUTPUTS 
INPUTS OUTPUTS 
T3iNn T3o0uT 
T4in T4ouT 
Riout Rin 
TTL/CMOS Re RS-232 
outputs | 70ur Nl iNpUTS* TTL/CMOS RS-232 
OUTPUTS INPUTS* 
R3out R3in 
EN SD 
*INTERNAL 400kQ PULL-UP RESISTOR ON EACH TTL/CMOS INPUT *INTERNAL 400kQ PULL-UP RESISTOR ON EACH TTL/CMOS INPUT . 
*INTERNAL 5kQ PULL-DOWN RESISTOR ON EACH RS-232 INPUT **INTERNAL 5kQ PULL-DOWN RESISTOR ON EACH RS-232 INPUT 
Figure 4, ADM206 Typical Operating Circuit Figure 6. ADM207 Typical Operating Circuit 
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ADM205-—ADM211/ADM213 


ADM209. 
ADM208 


Top View 
Top View (Not to Scate) 


(Not to Scale) 


NC = NO CONNECT 


Figure 7. ADM208 DIP/SOIC/SSOP Pin Configuration Figure 9. ADM209 DIP/SOIC/SSOP Pin Configuration 


+5V INPUT | +5V INPUT | 
0.1yF 
+5VTO+10V Voc (9) + 
. 0.1yF . , = 
DOUBLER wv 7°" " H12V TO -12V = 
= O.1uF - VOLTAGE +9V TO +13.2V 
— iv Le 4. INVERTER INPUT 
+10V TO -10V 
VOLTAGE 
INVERTER 
Ttin 
INPUTS* OUTPUTS 
TTL/CMOS RS-232 
INPUTS* OUTPUTS T3in 
Riout 
R2our 
TTL/CMOS | 1, RS-232 
OUTPUTS OUT INPUTS* 
TTL/CMOS RS-232 
OUTPUTS INPUTS** R4our 


“*INTERNAL 400kQ PULL-UP RESISTOR ON EACH TTL/CMOS INPUT 


**INTERNAL 5kQ PULL-DOWN RESISTOR ON EACH RS-232 INPUT *INTERNAL 400kQ PULL-UP RESISTOR ON EACH TTL/CMOS INPUT 


“INTERNAL 5kQ PULL-DOWN RESISTOR ON EACH RS-232 INPUT 
Figure 8. ADM208 Typical Operating Circuit Figure 10. ADM209 Typical Operating Circuit 
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ADM205—ADM211/ADM213 


ADM211 ADM213 


Top View Top View 
(Not to Scale) (Not to Scale) 


* ACTIVE IN SHUTDOWN 


Fi 11. ADM211 SOIC/SSOP Pin Confi tion 
aan ; peearecigeegorage ns Figure 13. ADM213 SOIC/SSOP Pin Configuration 


+5V INPUT 
+5V INPUT 
otur + +5VTO+10V Vo (11) + 
‘tu VOLTAGE 0.1uF et +5VTO+10V Vee (11) + 
16V DOUBLER V+ +63v _L O.4p VOLTAGE O4yF > O.1uF 
= 16V DOUBLER v+(13)}—+e3v _L 
oe . VOLTAGE o.ur + +10V TO -10V_—y_ G7) 
16V INVERTER ea VOLTAGE 0.1uF 
INVERTER aE 16V 
+ 
Tin = | 
TIN Tlout 
T2 
TTL/CMOS RS-232 T2iN T2ouT 
INPUTS*| OUTPUTS TTL/CMOS RS-232 
3N INPUTS* OUTPUTS 
3iN T3outT 
T4y, 
T4in T4ourt 
. R1our R1in 
R2our 
R2out R2in 
R3 our 
R3o0uT R3in 
TTL/CMOS | py RS-232 
ouTPuTS | OUT INPUTS* TTL/CMOS | R4our Ray | RS-232 
OUTPUTS INPUTS** 
R5 
OUT R5ouT R5in*™* 
EN = 
EN SD 
*INTERNAL 400k2 PULL-UP RESISTOR ON EACH TTL/CMOS INPUT = 
*INTERNAL 5kQ PULL-DOWN RESISTOR ON EACH RS-232 INPUT * INTERNAL 400k PULL-UP RESISTOR ON EACH TTL/CMOS INPUT 
** INTERNAL 5kQ PULL-DOWN RESISTOR ON EACH RS-232 INPUT 
Figure 12. ADM211 Typical Operating Circuit oer VEIN SHUTeowh 


Figure 14. ADM213 Typical Operating Circuit 
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ADM205-ADM211/ADM213 


PIN FUNCTION DESCRIPTION 


Mnemonic Function 
Vee ~ Power Supply Input 5 V + 10% (+5 V + 5% ADM205). 
V+ Internally generated positive supply (+10 V nominal) on all parts except ADM209. 


ADM209 requires external 9 V to 13.2 V supply. 


V- Internally generated negative supply (— 10 V nominal). 
GND | Ground pin. Must be connected to 0 V. 
C+ (ADM209 only) External capacitor (+ terminal) is connected to this pin. 
C= ' (ADM209 only) External capacitor (— terminal) is connected to this pin. 
Cl+ (ADM206, ADM207, ADM208, ADM211, ADM213) External capacitor (+ terminal) is connected to this pin. 
Cl-— (ADM206, ADM207, ADM208, ADM211, ADM213) External capacitor (— terminal) is spans’ to this pin. 
C2+ (ADM206, ADM207, ADM208, ADM211, ADM213) External capacitor (+ terminal) is connected to this pin. 
C2- (ADM206, ADM207, ADM208, ADM211, ADM213) External capacitor (— terminal) is connected to this pin. 
Tin Transmitter (Driver) Inputs. These inputs accept TTL/CMOS levels. An internal 400 kO pull- up resistor to Vcc is 
| | connected on each input. 
oo | rrariett ited (Driver) Outputs. These are RS-232 levels (typically +10 V). 
Rin Receiver Inputs. These inputs accept RS-232 signal levels. An internal 5 kO, pus ‘down r resistor to GND is connected 
on each input. 
Rout | Receiver Outputs. These are TTL/CMOS levels. | 
EN/EN | Enable Input. Active low on ADM205, ADM206, ADM209, ADM211. Active high on ADM213. This input is used 


to enable/disable the receiver outputs. With EN = Low (EN = High ADM213), the receiver outputs are enabled. 
With EN =High (EN = low ADM213), the outputs are placed in a high impedance state. This ee is useful for 
connecting to microprocessor systems. 


SD/SD Shutdown Input. Active high on ADM205, ADM206, ADM211. Active low on ADM213. With sD = high on the 
ADM205, ADM206, ADM211, the charge pump is disabled, the receiver outputs are placed in a high impedance 
state and the driver outputs are turned off. With SD low on the ADM213, the charge pump is disabled, the driver 
outputs are turned off and all receivers except R4 and RS are placed in a high impedance state. In shutdown, the 
power consumption reduces to 5 pW. 


NC No Connect. No connections are required to this pin. 


Table IT. ADM205, ADM206, ADM211 Truth Table 


SD re ed Transmitters TI1-T5 | Receivers RI-R5, 


Normal Operation Enabled Enabled 
; Normal Operation Enabled Disabled 
Shutdown Disabled 


Disabled 


Table II. ADM213 Truth Table 


Disabled 
Enabled 

Disabled 
Enabled 


Disabled 
Disabled 
Enabled 
Enabled 


Disabled 
Disabled 
Disabled 
Enabled 


Shutdown 
Shutdown 

Normal Operation 
Normal Operation 
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ADM205—ADM211/ADM213 


Typical Performance Characteristics 
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Figure 17. Transmitter Output Voltage vs. Voc 


Figure 15. Charge Pump V+, V-— vs. Current 
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Figure 18. Transmitter Output Voltage vs. Current 


Figure 16. Transmitter Slew Rate vs. Load Capacitance 
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Figure 19. Charge Pump Impedance vs. Voc 
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ADM205-ADM211/ADM213 


Figure 22, Transmitter Output Unloaded Slew Rate 
GENERAL INFORMATION 


The ADM205-ADM211 and ADM213 family of RS-232 drivers/ — 


receivers are designed to solve interface problems by meeting 
the EIA-232-E specifications while using a single digital +5 V 
supply. The EJA-232-E standard requires transmitters which 
will deliver +5 V minimum on the transmission channel and 
receivers which can accept signal levels down to +3 V. The 
ADM205-ADM211 and ADM213 meet these requirements by 
integrating step up voltage converters and level shifting trans- 
mitters and receivers onto the same chip. CMOS technology is 
used to keep the power dissipation to an absolute minimum. A 
comprehensive range of transmitter/receiver combinations is 
available to cover most communications needs. The ADM205- 
ADM211 and ADM213 are modifications, enhancements and 
improvements to the AD230-AD241 family and derivatives 
thereof. They are essentially plug-in compatible and do not have 
materially different applications. 


The ADM205, ADM206, ADM211, and ADM213 are particu- 
larly useful in battery powered systems as they feature a low 
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power shutdown mode which reduces power dissipation to less 
than 5 pW. 


The ADM205 is designed for applications where space saving is 
important as the charge pump capacitors are molded into the 
package. 


The ADM209 includes only a negative charge pump converter 
and are intended for applications where a positive 12 V is 
available. 


To facilitate sharing a common line or for connection to a 
microprocessor data bus the ADM205, ADM206, ADM209, 
ADM211 and ADM213 feature an enable (EN) function. When 
disabled, the receiver outputs are placed in a high impedance 
state. 


CIRCUIT DESCRIPTION 
The internal circuitry in the ADM205—-ADM211 and ADM213 
consists of three main sections. These are: 


(a) A charge pump voltage converter 
(b) RS-232 to TTL/CMOS receivers 
(c) TTL/CMOS to RS-232 transmitters 


Charge Pump DC-DC Voltage Converter 

The charge pump voltage converter consists of an oscillator and 
a switching matrix. The converter generates a +10 V supply 
from the input 5 V level. This is done in two stages using a 
switched capacitor technique as illustrated in Figures 23 and 24. 
First, the 5 V input supply is doubled to 10 V using capacitor 
Cl as the charge storage element. The 10 V level is then | 
inverted to generate —10 V using C2 as the storage element. 


INTERNAL | & - 
OSCILLATOR 


Figure 23. Charge-Pump Voltage Doubler 


GND 
FROM ae 
VOLTAGE | 


DOUBLER 


INTERNAL | - | 
OSCILLATOR 


Figure 24. Charge-Pump Voltage Inverter 


Capacitors C3 and C4 are used to reduce the output ripple. 
Their values are not critical and can be reduced if higher levels 
of ripple are acceptable. The charge pump capacitors Cl and C2 
may also be reduced at the expense of higher output impedance 


on the V+ and V-— supplies. 


The V+ and V— supplies may also be used to power external 
circuitry if the current requirements are small. 
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Transmitter (Driver) Section 

The drivers convert TTL/CMOS input levels into EIA-232-E 
output levels. With V.c = +5 V and driving a typical EIA- 
232-E load, the output voltage swing is +9 V. Even under worst 
case conditions the drivers are guaranteed to meet the +5 V 
EIA-232-E minimum requirement. 


The input threshold levels are both TTL and CMOS compatible 
with the switching threshold set at V.,/4. With a nominal 

Vec = 5 V the switching threshold is 1.25 V typical. Unused 
inputs may be left unconnected, as an internal 400 k© pull-up 
resistor pulls them high forcing the outputs into a low state. 


As required by the EIA-232-E standard, the slew rate is limited 
to less than 30 V/s without the need for an external slew limit- 
ing capacitor and the output impedance in the power-off state is 
greater than 300 Q. 


Receiver Section 

The receivers are inverting level shifters which accept EIA- 
232-E input levels (+5 V to +15 V) and translate them into 5 V 
TTL/CMOS levels. The inputs have internal 5 kOQ, pull-down 
resistors to ground and are also protected against overvoltages of 
up to +30 V. The guaranteed switcliing thresholds are 0.8 V 
minimum and 2.4 V maximum which are well within the +3 V 
EJA-232-E requirement. The low level threshold is deliberately 
positive as it ensures that an unconnected input will be inter- 
preted as a low level. 


The receivers have Schmitt trigger inputs with a hysteresis level 
of 0.5 V. This ensures error-free reception for both noisy inputs 
and for inputs with slow transition times. 


Shutdown (SD) 

The ADM205, ADM206, ADM211 and ADM213 feature a con- 
trol input which may be used to disable the part and reduce the 
power consumption to less than 5 ~W. This is very useful in 
battery operated systems. During shutdown the charge pump is 
turned off, the transmitters are disabled and all receivers except 
R4 and R5 on the ADM213 are put into a high-impedance dis- 
abled state. Receivers R4 and R5 on the ADM213 remain 
enabled during shutdown. This feature allows monitoring exter- 
nal activity such as ring indicator monitoring while the device is 
in a low power shutdown mode. The shutdown control input is 
active high on all parts except the ADM213 where it is active 
low. Refer to Tables II and III. 
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ADM205-ADM211/ADM213 


Enable Input 

The ADM205, ADM209, ADM211, and ADM213 feature an 
enable input used to enable or disable the receiver outputs. The 
enable input is active low on the ADM205, ADM209, ADM211 
and active-high on the ADM213. Refer to Tables II and III. 
When disabled, all receiver outputs are placed in a high imped- 
ance state. This function allows the outputs to be connected 
directly to a microprocessor data bus. It can also be used to 
allow receivers from different devices to share a common data 
line. The timing diagram for the enable function is shown in 
Figure 25. 


3V 
EN* 
| | 
ov ————— | | 


| 
| 


| 
Ten ~<_— Tos ~~ 
| | 
3.5V Von — 0.1V 
Rout 
l 0.8V Vvo. + 0.1V 


* POLARITY OF EN IS REVERSED FOR ADM213 


Figure 25. Enable Timing 


APPLICATION HINTS 


Driving Long Cables | 

In accordance with the EIA-232-E standard, long cables are per- 
missible provided that the total load capacitance does not exceed 
2500 pF. For longer cables which do exceed this, then it is pos- 
sible to trade off baud rate vs. cable length. Large load capaci- 
tances cause a reduction in slew rate, and hence the maximum 
transmission baud rate is decreased. The ADM205-ADM211 | 
and ADM213 are designed so that the slew rate reduction with 
increasing load capacitance is minimized. 


For the receivers, it is important that a high level of noise 
immunity be inbuilt so that slow rise and fall times do not cause 
multiple output transitions as the signal passes slowly through 
the transition region. The ADMZ05-ADM211 and ADM213 
have 0.5 V of hysteresis to guard against this. This ensures that, 
even in noisy environments, error-free reception can be 
achieved. 


High Baud Rate Operation 

The ADM205-ADM211 and ADM213 feature high slew rates 
permitting data transmission at rates well in excess of the EIA- 
232-E specification. The drivers maintain +5 V signal levels at 
data rates up to 120-kB/s under worst-case loading conditions. 
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§ ANALOG 
DEVICES 


FEATURES 

200 kB/s Transmission Rate 

Small (0.1 uF) Charge Pump Capacitors 

Single 5 V Power Supply | 

Meets All EIA-232-E and V.28 Specifications 

Two Drivers and Two Receivers 

On-Board DC-DC Converters 

+9 V Output Swing with +5 V Supply 

+30 V Receiver Input Levels 

Pin Compatible with MAX222/MAX232A/MAX242 


APPLICATIONS 
Computers 
Peripherals 
Modems 
Printers 
Instruments 


GENERAL DESCRIPTION 

The ADM222, ADM232A, ADM242 are a family of high speed 
RS-232 line drivers/receivers offering transmission rates up to 
200 kB/s. Operating from a single +5 V power supply, a highly 
efficient on-chip charge pump using small (0.1 WF) external 
capacitors allows RS-232 bipolar levels to be developed. Two 
RS-232 drivers and two RS-232 receivers are provided on each 
device. . . eat 


The devices are fabricated on BiCMOS, an advanced mixed 
technology process which combines low power CMOS with high 
speed bipolar circuitry. This allows for transmission rates up to 
200 kB/s yet minimizes the quiescent power supply current to 
under 5 mA. a | . 


The ADM232A is a pin-compatible, high speed upgrade for the 
AD232 and for the ADM232L. It is available in.16-pin DIP and 
in both narrow and wide surface mount (SOIC) packages. 


The ADM222 contains an additional shutdown (SHDN) func- 
tion which may be used to disable the device thereby reducing 
the supply current to 0.1 uA. During shutdown, all transmit/ 
receive functions are disabled. The ADM222 is available in 
18-pin DIP and ina wide surface mount (SOIC) package. 


The ADM242 combines both shutdown (SHDN) and enable 
(EN) functions. The shutdown function reduces the supply 
curent to 0.1 mA. During shutdown, the transmitters are 
disabled but the receivers continue to operate normally. The 
enable function allows the receiver outputs to be disabled 
thereby facilitating sharing a common bus. The ADM242 is 
available in 18-pin DIP and in a wide surface mount (SOIC) 
package. 


*Protected by U.S. Patent No. 5,237,209. 
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High Speed, +9 V, 0.1 uF 


CMOS RS-232 Drivers/Receivers 


ADM222/ADM232A/ADM242* - 


FUNCTIONAL BLOCK DIAGRAM 


" +5V INPUT 
O.1pF 45V TO +10V | 
¢1_VOLTAGE DOUBLER 
C2+ = 45V TO -10V | 
0.1pF VOLTAGE INVERTER V- 
C2- 0.1pF 
Ttin ped 11 
TTLICMOS UT | Rs.292 
INPUTS* OUTPUTS 
R1out 0 <i Rtn 
TTL/CMOS 20s RS-232 
OUTPUTS INPUTS** 
‘{ R2ouT 0 R2in 
~ ADM2xx EN}— (ADM242) 
GND SHDN (ADM222, ADM242) 


= * INTERNAL 400kQ PULL-UP RESISTOR 
ON EACH TTL/MOS INPUT 
** INTERNAL 5kQ PULL-DOWN RESISTOR 
ON EACH RS-232 INPUT 


ORDERING GUIDE | 


—40°C to +85°C 


ADM222AN 


ADM222AR -40°C to +85°C R-18W 
ADM232AAN _ | -40°C to +85°C N-16 
ADM232AARN_ | -40°C to +85°C R-16N 
ADM232AARW | -40°C to +85°C R-16W 
ADM242AN -40°C to +85°C 


ADM242AR ~40°C to +85°C 


*For outline information see Package Information section. 
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(Veo= +5 V+ 10%, C1-C4 = 0.1 pF; all spec- 
ifications Ty tO Ty,, unless otherwise noted.) 


SPECIFICATIONS 


Parameter Min 


Typ Max 


RS-232 TRANSMITTERS 
Output Voltage Swing 


Input Logic Threshold Low, Vin; 

Input Logic Threshold High, Vixi; 

Logic Pullup Current 

Data Rate 

Output Resistance 

Output Short Circuit Current (Instantaneous) 


RS-232 RECEIVERS 

- RS-232 Input Voltage Range 
RS-232 Input Threshold Low 
RS-232 Input Threshold High 
RS-232 Input Hysteresis 
RS-232 Input Resistance 
TTL/CMOS Output Voltage Low, Vy, 
TTL/CMOS Output Voltage High, V,,, 
TTL/CMOS Output Short-Circuit Current 
TTL/CMOS Output Short-Circuit Current 
TTL/CMOS Output Leakage Current 


EN Input Threshold Low, Vix 
EN Input Threshold High, Vinu 


POWER SUPPLY 
Power Supply Current 


Shutdown Power Supply Current 
SHDN Input Leakage Current 
SHDN Input Threshold Low, V,,, 
SHDN Input Threshold High, Ving 


AC CHARACTERISTICS 
Transition Region Slew Rate 


Transmitter Propagation Delay TTL to RS-232 
Receiver Propagation Delay RS-232 to TTL 


Receiver Output Enable Time 

Receiver Output Disable Time 

Transmitter Output Enable Time 

Transmitter Output Disable Time 

Transmitter + to — Propagation Delay Difference 
Receiver + to — Propagation Delay Difference 


Specifications subject to change without notice. 
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ADM222/ADM232A/ADM242 


Test Conditions/Comments 


All Transmitter Outputs Loaded with 
3 kQ to Ground 

Ty 

Tw 

Tw=0V 


Veo = Vt = V-=0V, Vour = 42 V 


Vec=5V 


Iour = 3.2 mA 

Iour = -1.0 mA 

Source Current (Voy; = GND) 
Sink Current (Vour = Vec) 
SHDN = GND/EN = Voc 

OV SV ears Vee 


No Load 
3 kQ Load on Both Outputs 


C, = 50 pF to 2500 pF, R, = 3 kQto 7k Q 
Measured from +3 V to —3 V or —3 Vto +3 V 


SHDN Goes high 
SHDN Goes low 
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ADM222/ADM232A/ADM242 


ABSOLUTE MAXIMUM RATINGS® 


(T, = +25°C unless otherwise noted) 


NGG) MG ae kee eee Oe eee eee ee +6 V 
NAP 4. neous heen eek eeewe aan ee ius (Vee - 0.3 V) to +13 V 
IVS Acai Be hehe trata op id DAG eR Sed eels nat +0.3 Vto-13 V 
Input Voltages 
Mise. tie DS date eceeeha a depend ies ae ese —0.3 V to (Vcc + 0.3 V) 
Rig: wotenceaeeetdestet eae deere tenia +30 V 
Output Voltages | 
LAG’ ctaakan ee pe aa eee Bek (V+, +0.3 V) to (V-, -0.3 V) 
Rak Seon Oe eae —0.3 V to (Vcc + 0.3 V) 
Short Circuit Duration . 
ee Sees ea Bes sek BAER eee wee mas Continuous 
Power Dissipation N-16........... 000 cece ee eee 400 mW 
(Derate 7.5 mW/°C above +70°C) 
Gix5 Lhermal- Impedance 21.0 s.but ag tie oe peg 80°C/W 
Power Dissipation R-ION ....... 0.2... ee eee eee 400 mW 
(Derate 7 mW/°C above +70°C) 
O45 Lhermal Impedance: cos sensors vauaads 80°C/W 
Test Circuits 
+3V 
VIN | | . 
teLyt . tpHLT 
V+ 
Vout ov 
V- 


Figure 1. Transmitter Propagation Delay Timing 


RECEIVER 
OUTPUT 


Figure 2. Receiver Enable Timing 
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Power Dissipation R-l6W .................-00 400 mW 

(Derate 7 mW/°C above +70°C) 3 

O43 Uhermal Impedance <2 4 ius ake eise cee 4 80°C/W 
Power Dissipation N-18 .............0000-222. 400 mW 

(Derate 7 mW/°C above +70°C) 

0,4, Thermal Impedance ................ ee ales 80°C/W 
Power Dissipation R-lI8W ......... 0... ce eee eee 400 mW 

(Derate 7 mW/°C above +70°C) 

Gas 1 hermal Impedance: «45 vad ek pace k ess aes +. 80°C/(W 
Operating Temperature Range 

Industrial (A Version) ............000. —40°C to +85°C 
Storage Temperature Range ............ —65°C to +150°C 
Lead Temperature (Soldering, 10 sec) ............. +300°C 

Vapor Phase’ (60 S60): wn ontaeantau as thee wales s +215°C 

Infrared (15 Sec) 2... 0. cece cece eee eects eees +220°C 


*This is a stress rating only and functional operation of the device at these or any 
other conditions above those indicated in the operation sections of this specifica- ! 
tion is not implied. Exposure to absolute maximum rating conditions for extended/ 
periods of time may affect reliability. . 


RECEIVER 
OUTPUT 


Voi + 0.5V 


VoL 


Figure 4. Receiver Disable Timing 


~REV. 0 


ADM222/ADM232A/ADM242 


PIN FUNCTION DESCRIPTION 


Mnemonic | Function 


Vec Power Supply Input, +5 V+ 10%. 
V+ Internally generated positive supply (+10 V 
nominal). 
V- Internally generated negative supply (-10 V 
nominal). 
Figure 5. Shutdown Test Circuit GND Ground Pin. Must be connected to 0 V. 
Cl+ External capacitor 1, (+ terminal) is connected 
to this pin. 
3V Cl- External capacitor 1, (— terminal) is connected 
SHON to this pin. 
INPUT C2+ External capacitor 2, (+ terminal) is connected 
aaa to this pin. 
C2- External capacitor 2, (— terminal) is connected 
x tor to this pin. 
Ty Transmitter (Driver) Inputs. These inputs accept 
r TTL/CMOS levels. An internal 400 kQ pull-up 
eg resistor to Vcc is connected on each input. 
| as Transmitter (Driver) Outputs. These are RS-232 
TRANSMITTER levels (typically +9 V). . . 
pee Rix Receiver Inputs. These inputs accept RS-232 
-5V signal levels. An internal 5 kQ pull-down 
oo resistor to GND is connected on each of these 
inputs. 
Rour Receiver Outputs. These are TTL/CMOS levels. 
Figure 6. Transmitter Shutdown Disable Timing NC No Connect. No connections are required to this 
pin. 
EN (ADM242 Only) Active Low Digital Input. May 


be used to enable or disable (three-state) both 
receiver outputs. 
SHDN (ADM222 & ADM242) Active Low Digital 


Input. May be used to disable the device so that 
the power consumption is minimized. On the 
C3 ADM222 all drivers and receivers are disabled. 
~ 0.1pF On the ADM242 the drivers are disabled but the 
| receivers remain enabled. 


+5V INPUT 


Ci+ Vec 
+5V TO +10V 


OMUE ,_ VOLTAGE DOUBLER 


Cc 


C2+ = 45V TO-10V 
VOLTAGE INVERTER V- 


0.1pF C4 
C2- T our 
Tin 0 Tiout 
INPUTS 
- pe T2oyr | OUTPUTS 
UT 0 <i Rin 
TTLICMOS RS-232 
OUTPUTS INPUTS** 
20UT O R2in 
ADM222 a 
GND SHDN 
16 * INTERNAL 400kQ PULL-UP RESISTOR 
= ONEACHTTL/MOS INPUT 
** INTERNAL 5kQ PULL-DOWN RESISTOR 
ON EACH RS-232 INPUT NC = NO CONNECT 
Figure 7. ADM222 Typical Operating Circuit Figure 8. ADM222 DIP & SOIC Pin Configurations 
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ADM222/ADM232A/ADM242 


Figure 9. ADM232A DIP/SOIC Pin Configuration 


+5V INPUT 


Cl+ _ Vee |. TT o1pe 
+5V TO +10V Ve 
c1-VOLTAGE DOUBLER 


+5V TO ~10V 


VOLTAGE INVERTER 
C2- T 0-1nF 
TTL/ICMOS RS-232 
INPUTS* OUTPUTS 
TTL/CMOS RS-232 
OUTPUTS INPUTS** 


* INTERNAL 400k0 PULL-UP RESISTOR 
= ON EACH TTL/MOS INPUT 


** INTERNAL 5kQ PULL-DOWN RESISTOR 
ON EACH RS-232 INPUT 


Figure 10. ADM232A Typical Operating Circuit 
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SHDN 
Vec ” 
GND 


T1ouT 
R1in 


Rlout 
T1in 
T2iN 


R2outT 


Figure 11. ADM242.DIP/SOIC Pin Configuration 


+5V INPUT 


Vv 
C1+ cc 0.1pF 
C1 +5V TO +10V 
Oy ¢1-VOLTAGE DOUBLER 
C2 
c2 *  45VTO-10V sy 
0.1pF VOLTAGE INVERTER | C4 
ie 0.1pF 
'N Tout 
TTL/CMOS nese 
INPUTS* OUTPUTS 
T2in T2ouT 
Rtou TIN 
TTL/CMOS RS-232 
OUTPUTS* INPUTS** 
R2o0ut. R2in 
EN SHDN 


* INTERNAL 400kQ PULL-UP RESISTOR 
ae ON EACH TTL/MOS INPUT 


* INTERNAL 5kQ PULL-DOWN RESISTOR 
ON EACH RS-232 INPUT _ 


Figure 12. ADM242 Typical Operating Circuit 
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Typical Performance Characteristics—ADM222/ADM232A/ADM242 


Voc = £5V 
Ta = +25°C 


V+,({V-|)-V 
Tout - V 


I+, (|1-1)-—mA 


Figure 13. Charge Pump V+, V— vs. Current Figure 16. Transmitter Output Voltage vs. Current 


TRANSMITTER OUTPUT VOLTAGE - V 


TX1 = +5V; TX2 = OV -—5V SQUARE WAVE — 
BOTH TX OUTPUTS LOADED WITH 3k//CL 


0 1000 2000 3000 "4000 
LOAD CAPACITANCE - pF > 


Figure 14. Transmitter Baud Rate vs. Load Capacitance Figure 17. Charge Pump V+, V- Exiting Shutdown 


Figure 15. Transmitter Unloaded Slew Rate Figure 18. Transmitter Fully Loaded Slew Rate 
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ADM222/ADM232A/ADM242 


GENERAL INFORMATION 

The ADM222/ADM232A/ADM242 are high speed RS-232 
drivers/receivers requiring a single digital +5 V supply. The RS- 
232 standard requires transmitters that will deliver +5 V 
minimum on the transmission channel and receivers that can 
accept signal levels down to +3 V. The parts achieve this by 
integrating step up voltage converters and level shifting trans- 
mitters and receivers onto the same chip. CMOS technology is 
used to keep the power dissipation to an absolute minimum. 
All devices contains an internal charge pump voltage doubler 
and a voltage inverter that generates +10 V from the +5 V 
input. Four external 0.1 uF capacitors are required for the 
internal charge pump voltage converter. ~ 


The ADM222/ADM232A/ADM242 is a modification,, enhance- 
ment and improvement to the AD230-AD241 family and 
derivatives thereof. It is essentially plug-in compatible and does 
not have materially different applications. 


CIRCUIT DESCRIPTION | 
The internal circuitry consists of four main sections. These are: 


A Charge Pump Voltage Converter 

TTL/CMOS to RS-232 Transmitters 
RS-232 to TTL/CMOS Receivers ~~ 
Enable and Shutdown Functions. a 


Charge Pump DC- DC Voltage Goaverter a 

The Charge Pump Voltage converter consists. of an oscillator 
and a switching matrix. The converter generates a+10 V supply 
from the input 5.-V level. This is done in two stages using a 


switched capacitor technique. ‘The 5 V input supply i is doubled — 


to 10 V using capacitor Cl as the charge storage element. The 
—10 V level is also generated from the input > V. apes using Cl 
and C2 as the’ storage elements. : 


Capacitors C3 and C4 are used to reduce the output an 
Their values are not critical and can be reduced if higher levels 
of ripple are acceptable. The charge pump capacitors C1 and 
C2 may also be reduced at the expense of higher output 
impedance on the V+ and V- supplies. 


The V+ and V- supplies may also be used to power eneriil 
circuitry if the current requirements are small. Please refer to 
the typical performance characteristics which shows the V+, V— 
output voltage vs. current. 


In the shutdown mode the charge pump is disabled and V+ 
decays to Ve, while V- decays to 0 Vv. | 


Transmitter (Driver) Section’ 48 ye 

The Drivers convert’ TTL/CMOS. input levels into RS- 232 
output levels. With Voc = +5 V and driving a typical RS-232 
load, the output voltage swing is +9 V. Even under. worst case 
conditions the drivers are bacco to meet the 5 V RS-232 
minimum requirement. : Le he 


The input threshold-levels are “bcth TTL ma CMOS compat- 
ible with the switching threshold set at Vecl4. With a nominal 
Vec = 5 V the switching threshold is 1.25 V typical. Unused 
inputs may be left unconnected, as an internal 400 kQ pull- up 
resistor pulls them high forcing the outputs into a low state. 
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As required by the RS-232 standard, the slew rate is limited to 
less than 30 V/us without-the need for an external slew limiting 
capacitor, and the output. impedance in the power-off state is 
greater than 300 Q. 


Receiver Section 

‘The receivers are inverting level shines which accept RS-232 
input levels (43 V to +15 V) and translate them into 5 V TTL/ 
CMOS levels. The inputs have internal 5 kQ pull-down resistors 
to ground and are also protected against overvoltages of up to 
+30 V. The guaranteed switching thresholds are 0.8 V mini- 
mum and 2.4 V maximum which are well within the +3 V RS- 
232 requirement. The low level threshold is deliberately positive 
as it ensures that an unconnected input will be interpreted as a 
low level. 


The receivers have Schmitt trigger input with a hysteresis level 
of 0.5 V. This ensures error free-reception for both noisy inputs 
and for i inputs with slow transition times 


Enable and Shutdown Functions 
On the ADM222, both receivers are fully disabled during 
shutdown. 


On the ADM242, both receivers continue to operate normally. 
This function is useful for monitoring activity so that when it 
occurs, the device can be taken out of the shutdown mode. 


The ADM242 also contains a receiver enable function (EN) 


which can n be used to fully disable the receivers, independent of 
SHDN. : . 


APPLICATIONS INFORMATION 
A selection of typical epennne circuits is shown in Figures 13 
to 19. 


Figure 19. Transmitter Output Disable Timing 
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ANALOG es +5 V Powered 
DEVICES CMOS RS-232 Drivers/Receivers 


~_ADM223/ADM230L-ADM241L 


FEATURES ADM232L TYPICAL OPERATING CIRCUIT 
Single 5 V Power Supply 

Meets All EIA-232-E and V.28 Specifications 
120 kB/s Data Rate : 
On-Board DC-DC Converters ae 
+9 V Output Swing with +5 V Supply 
Small 1 pF Capacitors wet 
Low Power Shutdown <1 pA 

Receivers Active in Shutdown (ADM223) 

ESD > 2kV ercaios 


+5V INPUT 


RS-232 


a, 
Ss 3 
z 2 


+30 V Receiver Input Levels ala BO a 

Latch-Up FREE a ae 

Plug-In Upgrade for MAX223/230-241 ike — a rtw les 

Plug-In Upgrade for AD230—AD241 all |e ; A ee eee 

APPLICATIONS 

Computers | w) 

Peripherals *INTERNAL 400kQ PULL-UP RESISTOR ON EACH TTL/CMOS INPUT 

Mo dems *INTERNAL 5kQ PULL-DOWN RESISTOR ON EACH RS-232 INPUT 

Printers 

Instruments All members of the ADM230L family, except the ADM231L 

and the ADM239L, include two internal charge pump voltage 

GENERAL DESCRIPTION converters which allow operation from a single +5 V supply. 
The ADM2xx family of line drivers/receivers is intended for all These converters convert the +5 V input power to the +10 V 
EJA-232-E and V.28 communications interfaces, especially in required for RS-232 output levels. The ADM231L and 
applications where +12 V is not available. The ADM223, ADM239L are designed to operate from +5 V and +12 V sup- 
ADM230L, ADM235L, ADM236L and ADM24I1L feature a plies. An internal +12 V to —12 V charge pump voltage con- 
low power shutdown mode which reduces power dissipation to verter generates the —12 V supply. 


less than 5 4W making them ideally suited for battery powered 
equipment. Two receivers remain enabled during shutdown on 
the ADM223. The ADM233L and ADM235L do not require 
any external components and are particularly useful in applica- 
tions where printed circuit board space is critical. 


The ADM2xxL is an enhanced upgrade for the AD2xx family 
featuring lower power consumption, faster slew rate and opera- )15 
tion with smaller (1 jF) capacitors. 


Table I. Selection Table 


TTL 
Three-State 
EN 


Low Power 
Shutdown 
(SD) 


No. of 
RS-232 
Drivers 


No. of 
RS-232 
Receivers 


External 
Capacitors 


Power 
Supply Voltage 


Part 
Number 


ADM223 +5V 4 5 Yes (EN) 

ADM230L | +5V 5 0 20 
ADM231L | +5V&+7.5Vto +13.2V | 2 2 14 
ADM232L | +5V 2 2 16 
ADM233L | +5 V 2 2 20 
ADM234L | +5V 4 0 16 
ADM235L | +5V 5 5 24 
ADM236L | +5V 4 3 24 
ADM237L +5V 5 3 24 
ADM238L | +5V 4 4 24 
ADM239L | +5V&+7.5Vto +13.2V | 3 5 24 
ADM241L | +5V 4 5 28 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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ADM223/ADM230L-ADM241 L—SPECIFICA 


G& Voc = +5V + 10% (ADM223, 311, 
32L, 34L, 36L, 38L, 391, 411); Veg = 


+5 V + 5% (ADM230L, 33L, 35L, 37L); V+ = 7.5 V to 13.2 V ae & ADM238L); C1-C4 = 1, 0 pF Ceramic. All eal fa to 


Tax Unless otherwise noted.) 
Parameter | 


Output Voltage Swing 
Voc Power Supply Current — 


V+ Power Supply Current 

_ Shutdown Supply Current 

Input Logic Threshold Low, Vijxyz 
Input Logic Threshold High, Vinu 
Logic Pull-Up Current _ 

RS-232 Input Voltage Range 

RS-232 Input Threshold Low 

RS-232 Input Threshold High 

- RS-232 Input Hysteresis | 

RS-232 Input Resistance 

TTL/CMOS Output Voltage Low, Vo; 
TTL/CMOS Output Voltage High, Vo;; 
TTL/CMOS Output Leakage Current 
Output Enable Time (Ty) 


Output Disable Time (Tpys) 


Propagation Delay 
Instantaneous Slew Rate! 
Transition Region Slew Rate 


Output Resistance 

RS-232 Output Short Circuit Current 
NOTE 

1Sample tested to ensure compliance. 
Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS* 
(T, = 25°C unless otherwise noted) 


N Gi ee HAR es ee ae ea ois Wee yes —0.3 Vto +6 V 
Ve sd as echt ia, Me ial aa tclas ecab ea oe (Vcc — 0.3 V) to +14 V 
NYS 5 eset ceetan a art chin es igo Wine ee 9 +0.3 V to -14V 
Input Voltages | 

TS. ako 428% Rett. Gide ve Seay evs —0.3 V to (Vee + 0.3 V) 

Rw ccc +30 V 
Output Voltages 

Tour oe ee wwe “ea GnGecuts (V+, a 0.3 V) to v-, >| 0.3 V) 

Wh aes Aah Sal Nees as pet tae Sc 2 —0.3 V to (Vec + 0.3 V) 

Short Circuit Duration 

DaGe s BAe aS 8 rs BOERS Eile aia Seed age Continuous 
Power Dissipation 

N-14 DIP (Derate 10 mW/C above +70°C)...... 800 mW 

N-16 DIP (Derate 10.5 mW/°C above +70°C) . . 840 mW 

N-20 DIP (Derate 11 mW/°C above +70°C) ...... 890 mW 

N-24 DIP (Derate 13.5 mW/°C above +70°C) ... . 1000 mW 

N-24A DIP (Derate 13.5 mW/°C above +70°C) ...500 mW 


R-16 SOIC (Derate 9 mW/°C above +70°C) ...... 760 mW 
R-20 SOIC (Derate 9.5 mW/°C above +70°C) ... 
R-24 SOIC (Derate 12 mW/°C above +70°C) ..... 850 mW 
R-28 SOIC (Derate 12.5 mW/°C above +70°C) .... 
RS-28 SSOP (Derate 10 mW/°C above +70°C) .... 
Q-14 Cerdip (Derate 10 mW/°C above +70°C) .... 


Q-16 Cerdip (Derate 10 mW/°C above +70°C) .... 800 mW 
Q-20 Cerdip (Derate 11.2 mW/°C above +70°C) .. . 890 mW 
Q-24 Cerdip (Derate 12.5 mW/°C above +70°C) .. 1000 mW 

1000 mW 


D-24 Ceramic (Derate 20 mW/°C above +70°C) 
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mA 
mA 
mA 
mA 
pA 
V 
V 
pA 
V 
V 
V 
Vv 
kQ, 
Vv 
V 


‘Test Conditions/Comments 


All Transmitter Outputs Loaded with 3 kO to Ground 
No Load, All Tins = Vcc (except ADM223) 

No Load, All T3735 = GND 
~ADM231L, ADM239L 

No Load, V+ = 12 V aM & ADM239L Gals 


Tyy, EN, SD, EN, SD 
Tix» EN, SD, EN, SD 
Tw =0V 


Iopur = —10mA_. 

EN = Voc; 0 V = Rour = Vec | 

ADM223, “ADM235L, ADM236L, ADM239L, ADM241L 
(Figure 25. C, = 150 pF) 

ADM223, ADM235L, ADM236L, ADM239L, eat: 
(Figure 25. Ry, = 1 kQ) 

RS-232 to TTL 

C, = 10 pF, Ry = 3-7 KO, Ty = +25°C 

R, = 3 kQ, Cy = 2500 pF 

Measured from +3 V to —-3 V or -3 Vto +3 V 

| Veg = Vt = V—- = OV, Vour = +2 V 


ING EA DER 8g sicie. 5, Wacoal oS eS wea i Gy ate .. +» 40°C/W 
NI1GDIP 22 6..06s er ewe bas ee eee 135°C/W 
IN=20 DIP? 66S 6 Ba ee DS d Sessa RSS 125°C/W 
N24 DI! e856 Sa Ce es 120°C/W 
NE24A DIP’ 5.3 encircle Gare WA ae Oe as 110°C/W 
Rel6 SOG 6 i oi a ORAS ae ewe ee 105°C/W 
R20 SOIC bcs oY eels Ua Seat eo eae 105°C/W 
Re24 SOIC © 4-2-6 Gras Aaa een Saree wees 85°C/W 
R78 SOG iis is io weava arate te, 6 Roel a Bann te A aero aa 80°C/W 
RS=28 SSOP 60's atk se Rae A Se ee BS 100°C/W 
Onl4 Condip® oes erin. e oe S Oa ne bie Race we 105°C/W 
O-16 Cp 5. oh oe oe SSS SER GEES 100°C/W 
Q-20 Cerdip ........ ba er erocees SR vbcstens deme ee -100°C/W 
O94 Cendip: 42-3540 GE EAS Oe RS ORY 55°C/W 
D224 Cea, Sac is a ele Se EGS are 50°C/W 
Operating Temperature Range | | 
Commercial (J Version) ............00005 0 to +70°C 
Industrial (A Version). ...........006- —40°C to +85°C 
Storage Temperature Range ........... 65°C to +150°C 
Lead Temperature, Soldering .......... ee dieses +300°C 
Vapour Phase (60 sec) ........ cc eee wees +215°C 
Infrared (15 sec) See ee ee ee eee ee +220°C 
ESD Rating ........ clk ah acide b iran Cama ecb RL A erie >2000 V 


*This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operation sections of this 
specification is not implied. Exposure to absolute maximum rating conditions 
for extended periods of time may affect reliability. 
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ADM223/ADM230L—ADM241L 


ORDERING GUIDE 


Temperature Package Temperature Package ‘Temperature 
Range Option* Range Option* Range 


ADM223 ADM230L ADM231L 
ADM223AR | —40°C to +85°C ADM230LJN | 0°C to +70°C ADM231LJN_ | 0°C to +70°C 
ADM223ARS | —40°C to +85°C 0°C to +70°C ADM231LJR_ | 0°C to +70°C 
—40°C to +85°C ADM231LAN | —40°C to +85°C 
—40°C to +85°C ADM231LAR_ | —40°C to +85°C 
ADM230LAQ | —40°C to +85°C ADM231LAQ | —40°C to +85°C 
ADM232L ADM233L ADM234L 
ADM232LJN | 0°C to +70°C ADM233LJN | 0°C to +70°C ADM234LJN_ | 0°C to +70°C 
ADM232LJR | 0°C to +70°C ADM233LAN | —40°C to +85°C ADM234LJR_ | 0°C to +70°C 
ADM232LAN | —40°C to +85°C ADM234LAN | —40°C to +85°C 
ADM232LAR | —40°C to +85°C ADM234LAR | —40°C to +85°C 
ADM232LAQ | —40°C to +85°C ADM234LAQ | —40°C to +85°C 
ADM235L ADM236L ADM237L 
ADM235LJN | 0°C to +70°C ADM236LJN | 0°C to +70°C ADM237LJN_ | 0°C to +70°C 
ADM235LAN | —40°C to +85°C ADM236LJR | 0°C to +70°C ADM237LJR_ | 0°C to +70°C 
ADM235LAQ | —40°C to +85°C ADM236LAN | —40°C to +85°C ADM237LAN | —40°C to +85°C 
ADM236LAR | —40°C to +85°C ADM237LAR_ | —40°C to +85°C 
ADM236LAQ | —40°C to +85°C ADM237LAQ | —40°C to +85°C 
ADM238L ADM239L ADM241L 
ADM238LJN | 0°C to +70°C ADM239LJN | 0°C to +70°C ADM241LJR_ | 0°C to +70°C 
ADM238LJR | 0°C to +70°C ADM239LJR | 0°C to +70°C ADM241LAR | —40°C to. +85°C 
ADM238LAN | —40°C to +85°C ADM239LAN | —40°C to +85°C ADM24I1LJRS | 0°C to +70°C 
ADM238LAR | —40°C to +85°C ADM239LAR | —40°C to +85°C ADM241LARS | —40°C to +85°C 


ADM238LAQ | —40°C to +85°C ADM239LAQ | —40°C to +85°C 


*D = Ceramic DIP; N = Plastic DIP; Q = Cerdip; R = Small Outline IC (SOIC); RS = Small Shrink Outline Package (SSOP). 
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Package 
Option* 
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ADM223/ADM230L-ADM241L_ 


T3gyr [1] @ | |20| T4our 
Tout | T5in 
T2our | 3}. NC 
T2y | 4 | 17 | Sb . 

tty [5]| ADM230L re 
and | 6| fats Seo) 415 | Tay, 
Vec . 14] T3iy 
C1+ 13} v- 
v+ [9 }12| c2- 
c1- 41] C2+ 


| NC = NO CONNECT 
Figure 1. ADM230L DIP/SOIC Pin Configuration 


DIP 


ADM231L 


TOP VIEW 
(Not to Scale) 


SOIC 
c1+ [1] /@ 6] ve 
id 15} Voc 
We 114] GND 
T2our \ 1431 Tour 
Rin 5 | (Not to Seal) 12 Rin 
Rout 6 11] tour 
Tn 10] Ttyy 


NC = NO CONNECT 


Figure 3. ADM231L DIP & SOIC Pin Configurations 
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+5V INPUT 
+5V TO +10V ) + 
VOLTAGE 1uF 
DOUBLER J+63v T 
+10V TO -10V 
VOLTAGE 1uF 
INVERTER’ Te tev 
Tout 
T2our 
TTL/CMOS RS-232 
INPUTS* 


T3our | ouTPUTS 


*INTERNAL 400kQ PULL-UP RESISTOR ON EACH TTL/CMOS INPUT 
Figure 2. ADM230L Typical Operating Circuit _ 


+5V INPUT 


+7.5V TO 13.2V 


pF *. +12V TO -12V 
16V vottage §=V-@ yg 
CONVERTER 


TTL/CMOS OUT RS-232 
INPUTS* OUTPUTS 
| T2n Tour 
Rlour Fi (10) Rw 
TTL/CMOS RS-232 
OUTPUTS INPUTS** 
R2oyr ~#(6) Ran 


—<<|—# 
03) 


*INTERNAL 400kQ PULL-UP RESISTOR ON EACH TTL/CMOS INPUT 
“INTERNAL 5k2 PULL-DOWN RESISTOR ON EACH RS-232 INPUT 


Figure 4. ADM231L Typical Operating Circuit 
(DIP Pinout) 
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Figure 5. ADM232L DIP/SOIC Pin Configuration 


REV. 0- 


TOP VIEW 
5 | (Not to Scale) 


"i - ADM233L ae 
css ea TOP VIEW ae 


GND | 6| (Notto Scale) [15] C2+ 


Figure 7. ADM233L DIP Pin Configuration 


ADM223/ADM230L—ADM241L 


' +5V INPUT 


+ 
+5VTO+10V Voce (16) tyr 


+ 
ad VOLTAGE Say 
6.3V (3) C1- DOUBLER V+ (2) + 6.3V 
sur tL (82+ stovto-10v 6s) 
sey VOLTAGE 1uF 
(5)c2- INVERTER Fr 16V 
Thin ® D v (4) Tout 
INPUTS OUTPUTS 
i. er ™ 
Rioyy +12) 0 << (3) Rtn 
TTL/CMOS RS-232 
OUTPUTS INPUTS* 
R2out (9) O <4 (8) R2i 
6. ADM232L 
*INTERNAL 400kQ PULL-UP RESISTOR ON EACH TTL/CMOS INPUT 
*INTERNAL 5kQ PULL-DOWN RESISTOR ON EACH RS-232 INPUT 
Figure 6. ADM232L Typical Operating Circuit 
+5V INPUT 
Thi T1 
TTL/CMOS OUT | RS-232 
INPUTS* OUTPUTS 
T2in T2out 
Rl our Rin 
TTL/CMOS RS-232 
OUTPUTS INPUTS* 
R2out R2iny 
DO NOT MAKE 
CONNECTIONS TO 
THESE PINS 
INTERNAL 
-10V POWER 
SUPPLY 
INTERNAL 
+10V POWER 
SUPPLY 


*INTERNAL 400kQ PULL-UP RESISTOR ON EACH TTL/CMOS INPUT 
*INTERNAL 5kQ PULL-DOWN RESISTOR ON EACH RS-232 INPUT 


Figure 8. ADM233L Typical Operating Circuit 
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ADM223/ADM230L-ADM241 L 


+5V INPUT 
Tour [1 | © 16} T3our | 
T2our [2 | [18] Tour tur % ae uF 
6.3V VOLTAGE L 
Tay [3 | | 14] Tay, | BOUBEER a 
Ty [4 | Lastly 13 | T3yy wet 2+  440V TO -10V 
GND | 5, 12] v- 416V VOLTAGE 
(Not to Scale) INVERTER 
Veo [6_ 11} c2- | 
C1+ 10 | C2+ Tn 
ve [8 19 | c1- ca T2iny 
SS | RS-232 
Figure 9. ADM234L DIP/SOIC Pin Configuration INPUTS* | ““IN 


T4y 


*INTERNAL 400kQ PULL-UP RESISTOR ON EACH TTL/CMOS INPUT 


Figure 10. ADM234L Typical Operating Circuit 


+5V INPUT 


Tour 


; T2our 
ADM235L 
TOP VIEW TTL/CMOS T3gy_ | RS-232 
(Not to Scale) _ INPUTS* OUTPUTS 
T4out 
T5out 
Ry 
i ; . : Py : TTL/CMOS RS-232 
Figure 11. ADM235L DIP Pin Configuration | SuTBUrS Foy | RS-292 


R5, N 


SD 


*INTERNAL 400kQ PULL-UP RESISTOR ON EACH TTL/CMOS INPUT 
“INTERNAL 5kQ2 PULL-DOWN RESISTOR ON EACH RS-232 INPUT 


Figure 12. ADM235L Typical Operating Circuit 
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ADM223/ADM230L—ADM241L 


+5V INPUT 


VOLTAGE 


DOUBLER _—+ (11) 


ee: +10V TO -10V 
fey VOLTAGE V- 1uF 
. INVERTER Ty 
ADM236L 
TOP VIEW 
(Not to Scale) Tw Tlout 
T2in T2our 
TTL/CMOS RS-232 
INPUTS* OUTPUTS 
T3in T3our 
T4y T4our 
Rtouy Rin 
Figure 13. ADM236L. DIP/SOIC Pin Configuration TCC? | R2ju¢ R2,, | RS-232 
OUTPUTS INPUTS* 


*INTERNAL 400kQ PULL-UP RESISTOR ON EACH TTL/CMOS INPUT 
*INTERNAL 5kQ PULL-DOWN RESISTOR ON EACH RS-232 INPUT 


Figure 14. ADM236L Typical Operating Circuit 


+5V INPUT 


VOLTAGE 
DOUBLER 


4ur t +10V TO -10V 
s8V VOLTAGE 1uF 
INVERTER Tt 16V 
ADM237L. 
TOP VIEW Thy Tlout 
(Not to Scale) 
T2in T2out 
TTL/CMOS RS-232 
inpuTs* | "IN T3out_| ouTPUTS 
T4in T4out 
T5iy TSour 
Figure 15. ADM237L DIP/SOIC Pin Configuration Rl our Rin 
; TTL/CMOS 


R2 
OUTPUTS OUT INPUTS** 


ae mae 
@ <fs}-——(6 
GND) ADM237L 

© 


*INTERNAL 400kQ PULL-UP RESISTOR ON EACH TTL/CMOS INPUT 
*INTERNAL 5kQ2 PULL-DOWN RESISTOR ON EACH RS-232 INPUT 


Figure 16. ADM237L Typical Operating Circuit 
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ADM223/ADM230L-ADM241L 


ADM238L 
TOP VIEW 
(Not to Scale) 


ADM239L 


TOP VIEW 
(Not to Scale) 


NC = NO CONNECT 


Figure 19. ADM239L DIP/SOIC Pin Configuration 
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+5V INPUT 


+5VTO+10V Voc (9) + 
VOLTAGE 1pF 
- DOUBLER v4(47 av TT 


+10V TO -10V 
VOLTAGE 
INVERTER 


TTL/CMOS 


RS-232 

INPUTS* OUTPUTS 
TTL/CMOS RS-232 
OUTPUTS INPUTS*™* 


GND 


> 


DM238L 


*INTERNAL 400k PULL-UP RESISTOR ON EACH TTL/CMOS INPUT 
*INTERNAL 5kQ2 PULL-DOWN RESISTOR ON EACH RS-232 INPUT 


Figure 18. ADM238L Typical Operating Circuit 


45V INPUT 


1pF 
1pF + VOLTAGE +7.5V TO +13.2V 
16V . INVERTER INPUT 
Tiny Tour 
TTL/CMOS 12, | RS-232 
INPUTS* T2n OUT | OUTPUTS 
T3yy T3out 
R2our R2in 
TTL/CMOS RS-232 
outputs | Four R3in 


INPUTS** 


*INTERNAL 400kQ PULL-UP RESISTOR ON EACH TTL/CMOS INPUT 
*INTERNAL 5k2 PULL-DOWN RESISTOR ON EACH RS-232 INPUT 


Figure 20. ADM239L Typical Operating Circuit 
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ADM241L 


TOP VIEW 
(Not to Scale) 


Figure 21. ADM241L SOIC/SSOP Pin Configuration 


ADM223 


TOP VIEW 
(Not to Scale) 


Figure 23. ADM223 SOIC/SSOP Pin Configuration 
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ADM223/ADM230L—ADM241L 


+5V INPUT 


+5VTO+10V Voc + 
VOLTAGE 1uF 
DOUBLER y, av 


+10V TO -10V 
VOLTAGE 
INVERTER 


TTL/CMOS RS-232 
INPUTS* OUTPUTS 


TTL/CMOS 


RS-232 
OUTPUTS 


INPUTS** 


*INTERNAL 400kQ PULL-UP RESISTOR ON EACH TTL/CMOS INPUT 
*INTERNAL 5kQ PULL-DOWN RESISTOR ON EACH RS-232 INPUT 


Figure 22. ADM241L Typical Operating Circuit 
| | +5V INPUT 


45VTO+10V Voc (11) + 
VOLTAGE 1yF 
DOUBLER v+ (3) nN ale 


+10VTO-10V) y_ 
VOLTAGE 
INVERTER 


TTL/CMOS RS-232 
INPUTS* OUTPUTS 


TTL/CMOS 


RS-232 
OUTPUTS 


iINPUTS* 


*INTERNAL 400kQ PULL-UP RESISTOR ON EACH TTL/CMOS INPUT 
*INTERNAL 5kQ PULL-DOWN RESISTOR ON EACH RS-232 INPUT 
NOTE: RECEIVERS R4 AND R5 REMAIN ACTIVE IN SHUTDOWN. 


Figure 24. ADM223 Typical Operating Circuit 


INTERFACE PRODUCTS 15-55 


ADM223/ADM230L—ADM241 


Mnemonic 


Voc 
V+ 


Cl- 


C2+ 


Cz= 


Tin 


Tour 


Rin 


Rour 
EN/EN 


SD/SD 


NC 


Table I. ADM235L, ADM236L, ADM241L Truth Table 
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PIN FUNCTION DESCRIPTION 


Function 


Power Supply Input 5 V + 10% (+5 V + 5% ADM233L, ADM235L). _ 

Internally generated positive supply (+10 V nominal) on all parts except ADM231L and ADM239L. 
ADM231L, ADM239L requires external 7.5 V to 13.2 V supply. | 

Internally generated negative supply (— 10 V nominal). 

Ground pin. Must be connected to 0 V. | 

(ADM231L and ADM239L only). External capacitor (+ terminal) is asnnecied to this pin. 
(ADM231L and ADM239L only). External capacitor (— terminal) is connected. to this pin. . 


(ADM230L, ADM232L, ADM234L, ADM236L, ADM237L, ADM238L, ADM241L) External capacitor (+ terminal) 
is connected to this pin. 


(ADM233L) The capacitor is esnneciel internally and no external connection to this pin is required. 


(ADM230L, ADM232L, ADM234L, ADM236L, ADM237L, ADM238L, aM) External EEADACAOE e& ae 
is connected to this pin. 


(ADM233L) The capacitor is connected internally and no external connection to this pin is required. 


(ADM230L, ADM232L, ADM234L, ADM236L, ADM237L, ADM238L, ADM241L) External. capacitor (+ terminal) 
is connected to this pin. 


(ADM233L) Internal capacitor connections, Pins 11 and 15 must be connected together. 


(ADM230L, ADM232L, ADM234L, ADM236L, ADM237L, ADM238L, ADM241L) External capacitor (— terminal) 


is connected to this pin. 


(ADM233L) Internal capacitor decree Pins 10 and 16 must be connected together. 


Transmitter (Driver) Inputs. These inputs accept TTL/CMOS levels. An internal 400 kQ, pull-up resistor to Vgc is 
connected on each input. 


Transmitter (Driver) Outputs. These are RS-232 levels (typically +10 V). 


Receiver Inputs. These inputs accept RS-232 signal levels. An internal 5 kQ pull-down resistor to GND i is connected on 
each input. 


Receiver Outputs. These are TTL/CMOS levels. 


Enable Input. Active low on ADM235L, ADM236L, ADM239L, ADM241L. Active high ADM223. This input is used 
to enable/disable the receiver outputs. With EN = low (EN = high ADM223), the receiver outputs are enabled. With 
EN = high (EN = low ADM223), the outputs are pice in a high impedance state. This oe is useful for 


connecting to microprocessor systems. 


Shutdown Input. Active high on ADM235L, ADM236L, ADM241L. Active low on ADM223. With sD = high on the 
ADM235L, ADM236L, ADM241L, the charge pump is disabled, the receiver outputs are placed in a high impedance 
state and the driver outputs are turned off. With SD low on the ADM223, the charge pump is disabled, the driver 


outputs are turned off and all receivers except R4 and RS5 are placed in a high impedance state. In shutdown, the power 


consumption reduces to 5 pW. | 


| No Connect. No connections are required to this pin. 


Table Il. ADM223 Truth Table 


a : Transmitters | Receivers Transmitters Receivers 
Status T1-T5 R1-R5- T1-T4 R1I-R3_ | R4, R5 
Normal Operation | Enabled ‘Enabled | Shutdown i Disabled | Disabled 
Normal Operation | Enabled ~ Disabled Shutdown Disabled | Enabled 


Disabled Disabled | Disabled 


Enabled Enabled 


Normal Operation | Enabled 
Normal Operation | Enabled 


Shutdown 


Disabled 
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+5 V Low Power 
EIA RS-485 Transceiver 
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FEATURES 

WMieets EIA RS-485 Standard 

5 Mb/s Data Rate 

Single +5 V Supply 

~7 V to +12 V Bus Common-Mode Range 
High Speed, Low Power BiCMOS 
Thermal Shutdown Protection 
Short Circuit Protection 

Zero Skew Driver 

Driver Propagation Delay: 10 ns 
Receiver Propagation Delay: 25 ns 
High Z Outputs with Power Off 
Superior Upgrade for LTC485 


APPLICATIONS 

Low Power RS-485 Systems 

DTE-DCE Interface 

Packet Switching 

Local Area Networks 

Data Concentration 

Data Multiplexers 

integrated Services Digital Network (ISDN) 


DESCRIPTION | 

The ADM485 is a differential line transceiver suitable for high 
speed bidirectional data communication on multipoint bus trans- 
mission lines. It is designed for balanced data transmission and 
complies with both EIA Standards RS-485 and RS-422. The 
part contains a differential line driver and a differential line 
receiver. Both the driver and the receiver may be enabled inde- 
pendently. When disabled, the outputs are tristated. 


The ADM485 operates from a single +5 V power supply. 
Excessive power dissipation caused by bus contention or by 
output shorting is prevented by a thermal shutdown circuit. 
This feature forces the driver output into a high impedance state 
if during fault conditions a significant temperature increase is 
detected in the internal driver circuitry. 


Up to 32 transceivers may be connected simultaneously on a 
bus, but only one driver should be enabled at any time. It is 
important therefore that the remaining disabled drivers do not 
load the bus. To ensure this, the ADM485 driver features high 
output impedance when disabled and also when powered down. 


REV. 0 


FUNCTIONAL BLOCK DIAGRAM 


This minimizes the loading effect when the transceiver is not 
being utilized. The high impedance driver output is maintained 
over the entire common-mode voltage range from —7 V to 

+12 V. 


The receiver contains a fail safe feature which results in a logic 


high output state if the inputs are unconnected (floating). 


The ADM485 is fabricated on BiCMOS, an advanced mixed 
technology process combining low power CMOS with fast 
switching bipolar technology. All inputs and outputs contain 
protection against ESD; all driver outputs feature high source 
and sink current capability. An epitaxial layer is used to guard 
against latch-up. 


The ADM485 features extremely fast switching speeds. Minimal 
driver propagation delays permit transmission at data rates up. to 
5 Mbits/s while low skew minimizes EMI interference. 


The part is fully specified over the commercial and industrial 
temperature range and is available in an 8-pin DIL/ SOIC 
package. 
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ADM485— bil (Vog = +5 V + 5%. All specifications Tan tO Tyax unless otherwise noted.) 
Parameter — ; 7 a Test Conditions/Coniments 


DRIVER | 

Anierental aes Voltage, Vor R = ©, Figure 1 

| Voc = 5 V, R = 50 2 (RS422), Figure 1 

R = 27 © (RS485), Figure 1 
Vest = —7 V to +12 V, Figure 2 
R = 27 0 or 50 O, Figure 1 
R = 27 0 or 50 Q, Figure 1 
R = 270 or 50 © 
-7VSVo84+12V 
—-7V<SVo = +12V 


~Vops3 

A|Vop| for ésnciaae Output States 
Common-Mode Output Voltage Voc 

A|Voc| for Complementary Output States 
Output Short Circuit Current (Voy7 = High) 
Output Short Circuit Current (Voy; = Low) 
CMOS Input Logic Threshold Low, Vinyy 
CMOS Input Logic Threshold High, Viz 
Logic Input Current (DE, DI) 


RECEIVER | | 
Differential Input Threshold Voltage, V-ry 
Input Voltage Hysteresis, AV-+4; 


V 
V 
V 
V 
Vv 
V 
V 


Vom =0V ; 


Input Resistance a] NV cee < +12:V 
Input Current (A, B) | Vin = 12 V 
Vin _ —7 V 


Logic Enable Input Current (RE) 
CMOS Output Voltage Low, Vo; 
CMOS Output Voltage High, Voy 
Short Circuit Output Current 
Tristate Output Leakage Current 


POWER SUPPLY CURRENT 
Ic¢c (Outputs Enabled) 
Icgc (Outputs Disabled) . 


Iour = +4.0 mA 

Iour = —4.0 mA 

Vour = GND or Vcc 
0.4V <= Vour = +2.4V 


Outputs Unloaded, Digital Inputs = GND or Vec 
Outputs Unloaded, Digital Inputs = GND or Vgc 


Specifications bien to Siang without notice. 


TIMING SPECI FICATIONS (Voc = +5 V + 5%. All specifications = to Trax unless otherwise noted.) 
Parameter | | oo | _ Test Conditions/ Contents 


DRIVER 
Propagation Delay Input to Output True Tra R, Diff = 549C,, =C,, = 100 pF, Figure 3 
Driver O/P to O/P Tsxzw | R, Diff = 540 C,, = C,, = 100 pF, Figure 3 


Driver Rise/Fall Time Tp, Ty: 
Driver Enable to Output Valid 
Driver ae A unInS. 


RECEIVER |. 
Propagation Delay Input to Output Tors’ Tpu 
Skew |Tppy-T eux 
Receiver Enable Ten, 
Receiver Disable Tex 


R,, Diff = 54 0 C,, = C,, = 100 pF, Figure 3 


C, = 15 pF, Figure 5 


Figure 6 
Figure 6 


Specifications subject to change without notice. 
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ADM485 


ABSOLUTE MAXIMUM RATINGS* PIN FUNCTION DESCRIPTION 

(T, = 25°C unless otherwise noted) 

Vice «5s Te ee te tee ne eee eee +7V Function 

Inputs Receiver Output. When enabled if A > B by 
Driver Input (DI) ........... -. 0.3 V to Veg + 0.3 V 200 mV, then RO = High. If A < B by 
Control Inputs (DE, RE)........ —0.3 V to Veg + 0.3: V 200 mV. then RO = L 
Receiver Inputs (A, B) .............. -14Vt0+14V = aire Wiens 

Outputs Receiver Output Enable. A low level enables 
Driver Outputs .................. -14Vto+14V the receiver output, RO. A high level places 
Receiver Output ............. -—0.5 V to Veg + 0.5 V it in a high impedance state. 

Power Dissipation 8-Pin DIP................. 500 mW Driver Output Enable. A high level enables 
8;4, Thermal Impedance ...... ie peg eas +130°C/W the driver differential outputs, A and B. A 
Power Dissipation 8-Pin SOIC ................ 450 mW low level places it in a high impedance state. 
®;,, Thermal Impedance ....... ee re +170°C/W Driver Input. When the driver is enabled a 

Power Dissipation 8-Pin Cerdip ............... 500 mW logic Low on DI forces A low and B high 
8;4, Thermal Impedance ................ +125°C/W while a logic High on DI forces A high and B 
Operating Temperature Range low. | 
Commercial J Version) iter Secs tedg ms Gott Te eugckias 0°C to +70°C Ground Connection, 0 V. 
Industrial (A Version)............... —40°C to +85°C Noninverting Receiver Input A/Driver 
Storage Temperature Range .......... —65°C to + 150°C Output A 
Lead Temperature (Soldering, 10 sec) ........... +300°C meeroer : 
Vapour Phase (60 sec) ........... 0002 eee sn be © Inverting Receiver Input B/Driver Output B. 
Infrared (15 sec)... eee eee cece eee eee +220°C Power Supply, 5 V + 5%. 


*Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in PIN CONFIGURATION 
the operational sections of this specification is not implied. Exposure to 
absolute maximum ratings for extended periods of time may affect device 
reliability. 


Table I. Transmitting TOP VIEW 
(Not to Scale) 


INPUTS OUTPUTS 


ORDERING GUIDE 


Package Option* 


Temperature Range 


Table II. Receiving 


? ADM485JN 0°C to +70°C N-8 
_ INPUTS ria ADM485JR 0°C to +70°C R-8 
RE _DE R ADM485AN —40°C to +85°C N-8 
0 >+02V 1 ADM485AR —40°C to + 85°C R-8 
0 <-02V 0 ADM485AQ —40°C to +85°C 
7 = puts Open ; *For outline information see Package Information section. 
CAUTION on i eh 
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily W AR NI NG! 
accumulate on the human body and test equipment and can discharge without detection. oa ay 
Although the ADM485 features proprietary ESD protection circuitry, permanent damage may As 


occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 


ESD SENSITIVE DEVICE 
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~ ADM485_ 
Test Circuits | 


Figure 1. Driver Voltage Measurement Test Circuit | - Figure 4. Driver Enable/Disable Test Circuit 


Figure 3. Driver Propagation Delay Test Circuit : Figure 6. Receiver Enable/Disable Test Circuit 


Switching Characteristics 


SKEW SKEW 
90% POINT 


10% POINT — 


ov 


Figure 8. Driver Enable/Disable Timing ie Figure 10. Receiver Enable/Disable Timing 
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Typical Performance Characteristics— ADM485 


0 5.0 
-2 
< < 4 2 4.9 
I l -6 . 
- = 
rt = -8 Ww 48 
a « < 
o x -10 4 
3) es) 4 
FE b -12 > a7 
~ > - 
a a = 
E FE -14 = 
3 3 5 
-16 © 46 
~18 
0 -20 45 
0.0 05 1.0 1.5 2.0 3.5 -50 -25 0 25 50 75 100 125 
OUTPUT VOLTAGE - Volts OUTPUT VOLTAGE - Volts TEMPERATURE - °C 
Figure 11. Receiver Output Low Figure 12. Receiver Output High Figure 13. Receiver Output High 
Voltage vs. Output Current Voltage vs. Output Current Voltage vs. Temperature 


OUTPUT CURRENT - mA 


OUTPUT VOLTAGE - Volts 
DIFFERENTIAL VOLTAGE - Volts 


0.1 2.0 : 

-50 -25 0 25 50 75 100 125 50 -25 0 25 50 75 100 125 
TEMPERATURE - °C OUTPUT VOLTAGE - Volts TEMPERATURE - °C . 

Figure 14. Receiver Output Low Figure 15. Driver Differential Out- Figure 16. Driver Differential Output 

Voltage vs. Temperature put Voltage vs. Output Current Voltage vs. Temperature, R, = 542 


ool i 
cael 
: oe ee : 
pce 
fe © 50 
3 eee 3 
Eoiaiea 
7 Sa : 
eee 
3 eas 0 1 2 3 4 5 -50 ~-25 0 25 50 75 100 125 
OUTPUT VOLTAGE - Volts: OUTPUT VOLTAGE - Volts TEMPERATURE - °C 
Figure 17. Driver Output Low Figure 18. Driver Output High Figure 19. Supply Current vs. 
Voltage vs. Output Current Voltage vs. Output Current Temperature 
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ADM485—Typical Performance Characteristics 


TIME -—ns 


0 25 50 75 100 125 


0 25 50 75 100 125 “50 -25 
TEMPERATURE - °C 


TEMPERATURE - °C 
Figure 22. Unloaded Driver 


Figure 21. Driver Skew vs. 
Differential Outputs 


Figure 20. Receiver tp, 4—-tey, VS. 
Temperature 


Temperature 


Figure 25. Driver/Receiver Propaga- 


Figure 24. Driver/Receiver Propaga- 
tion Delays High to Low 


Figure 23. Loaded Driver 
tion Delays Low to High 


Differential Outputs 


Figure 26. Typical RS-485 Network 
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APPLICATIONS INFORMATION 


Differential Data Transmission 
Differential data transmission is used to reliably transmit data at 


high rates over long distances and through noisy environments. 
Differential transmission nullifies the effects of ground shifts 
and noise signals which appear as common-mode voltages on the 
line. There are two main standards approved by the Electronics 
Industries Association (EIA) which specify the electrical charac- 
teristics of transceivers used in differential data transmission. 


The RS-422 standard specifies data rates up to 10 MBaud and 
line lengths up to 4000 ft. A single driver can drive a transmis- 
sion line with up to 10 receivers. 


In order to cater for true multipoint communications, the 
RS-485 standard was defined. This standard meets or exceeds all 
the requirements of RS-422 but also allows for up to 32 drivers 
and 32 receivers to be connected to a single bus. An extended 
common-mode range of —7 V to +12 V is defined. The most 
significant difference between RS-422 and RS-485 is the fact 
that the drivers may be disabled thereby allowing more than one 
(32 in fact) to be connected to a single line. Only one driver 
should be enabled at time, but the RS-485 standard contains 
additional specifications to guarantee device safety in the event 
of line contention. 


Cable and Data Rate 

The transmission line of choice for RS-485 communications is a 
twisted pair. Twisted pair cable tends to cancel common-mode 
noise and also causes cancellation of the magnetic fields gener- 
ated by the current flowing through each wire, thereby, reduc- 
ing the effective inductance of the pair. 


The ADM485 is designed for bidirectional data communications 
on multipoint transmission lines. A typical application showing a 


ADM485 


multipoint transmission network is illustrated in Figure 26. An 
RS-485 transmission line can have as many as 32 transceivers on 
the bus. Only one driver can transmit at a particular time but 
multiple receivers may be enabled simultaneously. 


As with any transmission line, it is important that reflections are 
minimized. This may be achieved by terminating the extreme 
ends of the line using resistors equal to the characteristic imped- 
ance of the line. Stub lengths of the main line should also be 
kept as short as possible. A properly terminated transmission 
line appears purely resistive to the driver. 


Thermal Shutdown 

The ADM485 contains thermal shutdown circuitry which pro- 
tects the part from excessive power dissipation during fault con- 
ditions. Shorting the driver outputs to a low impedance source 
can result in high driver currents. The thermal sensing circuitry 
detects the increase in die temperature and disables the driver 
outputs. The thermal sensing circuitry is designed to disable the 
driver outputs when a die temperature of 150°C is reached. As 
the device cools, the drivers are re-enabled at 140°C. 


Propagation Delay 

The ADM485 features very low propagation delay ensuring 
maximum baud rate operation. The driver is well balanced 
ensuring distortion free transmission. . 


Another important specification is a measure of the skew 
between the complementary outputs. Excessive skew impairs the 
noise immunity of the system and increases the amount of elec- 
tromagnetic interference (EMI). 


Receiver Open-Circuit Fail Safe | 

The receiver input includes a fail-safe feature which guarantees a 
logic high on the receiver when the inputs are open circuit or 
floating. 


Table III. Comparison of RS-422 and RS-485 Interface Standards 


Specification | 


Transmission Type. 

Maximum Cable Length 
Minimum Driver Output Voltage 
Driver Load Impedance 

Receiver Input Resistance 
Receiver Input Sensitivity 
Receiver Input Voltage Range 
No of Drivers/Receivers Per Line 
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Differential Differential 
4000 ft. 4000 ft. 

+2V +1.5V 

100 0 540 

4kQ) min 12 kQ min 
+200 mV +200 mV 
—-7Vto+7V} -7Vto+l2V 
1/10 32/32 
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ANALOG | 
DEVICES _ 


> 


FEATURES 7 a ie 

Superior Upgrade for MAX690—MAX695 — 

Specified Over Temperature | 

Low Power Consumption (5 mW) | 

Precision Voltage Monitor : 

Reset Assertion Down to 1 V Voc 

Low Switch On-Resistance 1.5 Q Normal, 
200 in Backup. | 

High Current Drive (100 mA 

Watchdog Timer—100 ms, 1.6 s, or Adjustable 

600 nA Standby Current | ms | 

Automatic Battery Backup Power Switching 

Extremely Fast Gating of Chip Enable Signals (5 ns) 

Voltage Monitor for Power Fail . 


APPLICATIONS 

Microprocessor Systems 
- Computers 

Controllers 

Intelligent Instruments 

Automotive Systems. 


GENERAL DESCRIPTION | : | 

The ADM690-ADM695 family of supervisory circuits offers 
complete single chip solutions for power supply monitoring and 
battery control functions in microprocessor systems. These func- 
tions include P reset, backup battery switchover, watchdog 
timer, CMOS RAM write protection, and power failure warn- 
ing. The complete family provides a variety of configurations to 
satisfy most microprocessor system requirements. 


The ADM690, ADM692 and ADM694 are available in 8-pin 
DIP packages and provide: 


1. Power-on reset output during power-up, power-down and 
brownout conditions. The RESET output remains opera- | 
tional with Vgc as low as 1 V. 


2. Battery backup switching for CMOS RAM, CMOS micropro- . 


cessor or other low power logic. 

3. A reset pulse if the optional watchdog timer has not been 
toggled within a specified time. 

4. A 1.3 V threshold detector for power fail warning, low 
battery detection, or to monitor a power supply other than 
+5 V. 


The ADM691, ADM693 and ADM695 are available in 16-pin 
DIP and small outline packages and provide three additional 
functions: | 


1. Write protection of CMOS RAM or EEPROM. 
2. Adjustable reset and watchdog timeout periods. 


3. Separate watchdog timeout, backup battery switchover, and 
low Vgc status outputs. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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Microprocessor 
Supervisory Circuits 
ADM690—ADMG695 


FUNCTIONAL BLOCK DIAGRAMS 


WATCHDOG ADM690 


WATCHDOG | 
TRANSITION DETECTOR. 
INPUT (WDI) (1.6s) ADM692 
ADM694 


POWER FAIL 
INPUT (PFI POWER FAIL 
oi O) OUTPUT (PFO) 
1VOLTAGE DETECTOR = 4.65V (ADM690, ADM694) 
4.40V (ADM692) : 
2RESET PULSE WIDTH = 50ms (ADM690, ADM692) _ 
200ms (ADM694) : 
Veatr C) 
Vout 
ADM691 
Vee C) ,  ADM693 
= ADM695 | __ 
" CEour 
( ) LOW LINE 
( ) RESET 
OSC IN RESET & eSEy 
WATCHDOG RESET 


GENERATOR 


OSC SEL ( =} TIMEBASE _ 
WATCHDOG j WATCHDOG WATCHDOG, WATCHDOG 
ye TRANSITION DETECTOR TIMER C) OUTPUT (WDO) 


~ POWER FAIL C) 


INPUT (PFI) 


POWER FAIL_ 
OUTPUT (PFO) 


1VOLTAGE DETECTOR = 4.65V (ADM691, ADM695) 
4.40V (ADM693) 


The ADM690-ADM695 family is fabricated using an advanced 
epitaxial CMOS process combining low power consumption 

(5 mW), extremely fast Chip Enable gating (5 ns) and high reli- 
ability. RESET assertion is guaranteed with V¢< as low as 1 V. 
In addition, the power switching circuitry is designed for mini- 
mal voltage drop thereby permitting increased output current 
drive of up to 100 mA without the need for an external pass 
transistor. 
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SPECIFICATIONS 5. sness otrewise rote "Ts hws ADM690—ADM695 


Parameter Min Typ Max | Units | Test Conditions/Comments 


BATTERY BACKUP SWITCHING 
Vcc Operating Voltage Range 
ADM690, ADM691, ADM694, ADM695 
ADM692, ADM693 
Vgatrr Operating Voltage Range 
ADM690, ADM691, ADM694, ADM695 
ADM692, ADM693 


Vour Output Voltage : Vec — 0.025 Iour = 1 mA 

Vec — 0.25 Iour = 100 mA 
Vour in Battery Backup Mode 05 Vparr — 0.02 Iour = 250 vA, Veco < Vgarr — 0.2 V 
Supply Current (Excludes Ipy7) 1 Iour = 100 mA 


Vec =F 0V, VBATT =2.8V 
5.5.V > Vcc > Veatrr + 0.2 V 
T, = +25°C 


Supply Current in Battery Backup Mode 
Battery Standby Current 
(+ = Discharge, — = Charge) 


Power Up 
Power Down 


Battery Switchover Threshold 

Vec — Vaatrr 

Battery Switchover Hysteresis 

BATT ON Output Voltage 

BATT ON Output Short Circuit Current 


lon = 3-2 mA ~ 
BATT ON = 0 V Source Current . 


RESET AND WATCHDOG TIMER 

Reset Voltage Threshold 
ADM690, ADM691, ADM694, ADM695 
ADM692, ADM693 

Reset Threshold Hysteresis 

Reset Timeout Delay 
ADM690, ADM691, ADM692, ADM693 
ADM694, ADM695 

Watchdog Timeout Period, Internal Oscillator 


OSC SEL = HIGH, Vec = 5 V, Ta = +25°C 
OSC SEL = HIGH, Vcc = 5 V, Ty = +25°C 
Long Period, Veg = 5 V, Ta = +25°C 

Short Period, Veg = 5 V, Ta = +25°C 

Long Period 

Short Period 

Viz = 0.4, Vig = 3.5 V 

lon = 10 pA, Veg = 1 V 

Ion = 1.6 mA, Veco = 4.25 V 

source = 1 HA; Vec = 5 V 

Ion = 1.6 mA, Voc = 5 V 

Isource = 1 HA; Vec = 4.25 V 


Watchdog Timeout Period, External Clock 


Minimum WDI Input Pulse Width 
RESET Output Voltage @ Veg = +1 V 
RESET, LOW LINE Output Voltage 


RESET, WDO Output Voltage 


Output Short Circuit Source Current 
Output Short Circuit Sink Current 
WDI Input Threshold 

Logic Low 

Logic High 
WDI Input Current 


Vec == 5 Vv} 


WDI = VouT> Ta = +25°C 
WDI = 0 V, Ty = +25°C_ 


POWER FAIL DETECTOR 
PFI Input Threshold 

_ PFI Input Current 
PFO Output Voltage 


Voc ao +5 V 


lonwK = 3.2 mA 


Isourcr = 1 pA 
PFI = Low, PFO = 0 V 


PFO Short Circuit Source Current 
PFO Short Circuit Sink Current 


CHIP ENABLE GATING 
CE; Threshold Vin 

= Vins 

CE; Pull-Up Current 

CEoyr Output Voltage Ion = 3.2 mA 

| Tsource = 3.0 mA 


Isource = 1 HA; Vec = OV 


V 
V 
pA 
V 
V 
V 
ns 


CE Propagation Delay 
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side 


Min 


Parameter 


OSCILLATOR 
OSC IN Input Current 
OSC SEL Input Pull-Up Current 
OSC IN Frequency Range 
OSC IN Frequency with External Capacitor 


NOTE — 


Units 


OSC SEL = 0 V 


1WDI is a three level input which is internally biased to 38% of Vcc and has an input impedance of approximately 125 kQ. 


Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS* 


(T, = +25°C unless otherwise noted) 


ORDERING GUIDE | 


Test Conditions/Comments 


OSC SEL = 0 V, Cose = 47 pE- 


a eee tone wre ee -0.3 V to +6 V _Package Option* 
NV pag aes wi ls Oh ele ed Se Re Ea -0.3 Vto +6 V ADM690AN ~40°C to +85°C N-8 
All Other Inputs « <95 sa ees —0.3 V to Vour + 0.5 V ADM690AQ ~40°C to +85°C Q-8 
Input Current ADM690SQ —55°C to +125°C Q-8 
ellbgacrenasamncsnieeseoee oor mt wononan | -weweese | x 
GND ak scat acon ara etme oe 20mA ADMO9IAR | —40°C to +85°C R-16 
Digital Output Current ............ 0.00. ee eae 20 mA ADM691AQ Ake to +85 As Q-16 
Power Dissipation, N-8 DIP ................. 400 mw SDM69IISQ 55°C to + 125°C Q:16 
8;, Thermal Impedance ..............000. 120°C/W ADM692AN —40°C to +85°C N-8 
Power Dissipation, Q-8 DIP ..............04. 500 mW ADM692AQ —40°C to +85°C Q-8 
8;4 Thermal Impedance ..............-0.4-. 125°C/W ADM692SQ —55°C to +125°C Q-8 
Power Dissipation, NeIG.DIP 22.5 26 ae ae oe 600 mW ADM693AN —40°C to +85°C N-16 
8;4 Thermal Impedance ..............-04-. 135°C/W ADM693AR ~40°C to +85°C R-16 
Power Dissipation, Q-16 DEP? fas. Sede kok ace Ske ee 600 mW ADM693AQ —40°C to + 85°C Q-16 
Oya Thermal Impedance a ee a ee re ee ee ee ae 100°C/W ADM693SQ —5§°C to +125°C Q-16 
Power Dissipation, R-16 SOIC ................ 600 mW ; ; : 
O;, Thermal Impedance ...........0....00. liocww ADM694AN —40°C to +85°C N-8 
Operating Temperature Range | ADM694AQ —40°C to +85°C Q3- 
Industrial (A Version)............... —~40°C to +85°C = ADM694SQ —55°C to + 125°C Q:8 
Extended (S Version) ...........6.. ~—55°C to +125°C ADM695AN —40°C to +85°C N-16 
Lead Temperature (Soldering, 10 secs) ........... +300°C ADM695AR —40°C to +85°C R-16 
Vapor Phase (60 secs) ..........02000- vee ee FZISEC ADM695AQ —40°C to +85°C Q-16 
Tnivared:(iS:SeCs):! 2.5) seen ack oh walk eR +220°C ADM695SQ —55°C to + 125°C Q-16 


Storage Temperature Range 


*Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in 
the operational sections of this specification is not implied. Exposure to 
absolute maximum ratings for extended periods of time may affect device 
reliability. 


CAUTION 


*For outline information see Package Information section. 


ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 


accumulate on the human body and test equipment and can discharge without detection. 
Although the ADM690-ADM695 features proprietary ESD protection circuitry, permanent 
damage may occur on devices subjected to high energy electrostatic discharges. Therefore, 


WARRING! 


ST 


ESD SENSITIVE DEVICE 


proper ESD precautions are recommended to avoid performance degradation or loss of 
functionality. 
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Mnemonic 
Vec 


VeatT 
Vout 


GND 
RESET 


WDI 


PFI 
PFO 


CE 
CEour 


BATT ON 


LOW LINE 


RESET 
OSC SEL 


OSC IN 


WDO 
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ADM690—ADM695 


PIN FUNCTION DESCRIPTION 


Function 


Power Supply Input: +5 V Nominal. 

Backup Battery Input. Connect to Ground if a backup battery is not used. 

Output Voltage, Vcc or Vgarr is internally switched to Voy7 depending on which is at the highest potential. Voy+ 
can supply up to 100 mA to power CMOS RAM. Connect Voyrt to Vcc if Vour and Vgarr are not used. 

0 V. Ground reference for all signals. 

Logic Output. RESET goes low if 

1. Vec falls below the Reset Threshold 

2. Vcc falls below Vgarr 

3. The watchdog timer is not serviced within its timeout period. 

The reset threshold is typically 4.65 V for the ADM690/ADM691/ADM694/ADM695 and 4.4 V for the ADM692 and 
ADM693. RESET remains low for 50 ms (ADM690/ADM691/ADM692/ADM693) or 200 ms (ADM694/ADM695) 
after Vcc returns above the threshold. RESET also goes low for 50 (200) ms if the watchdog timer is enabled but not 
serviced within its timeout period. The RESET pulse width can be adjusted on the ADM691/ADM693/ADM695 as 
shown in Table I. The RESET output has an internal 3 »A pull up, and can either connect to an open collector 
Reset bus or directly drive a CMOS gate without an external pull-up resistor. 

Watchdog Input. WDI is a three level input. If WDI remains either high or low for longer than the watchdog timeout 
period, RESET pulses low and WDO goes low. The timer resets with each transition on the WDI line. The watchdog 
timer may be disabled if WDI is left floating or is driven to midsupply. 


Power Fail Input. PFI is the noninverting input to the Power Fail Comparator When PFI is less than 1.3 V, PFO 
goes low. Connect PFI to GND or Voyr when not used. 

Power Fail Output. PFO is the 1e output of the Power Fail Comparator. It goes low when PFI is = than 1.3 V. The 
comparator is turned off and PFO goes low when V¢c is below Vgarr- 


Logic Input. The input to the CE gating circuit. Connect to GND or Vopr if not used. 

Logic Output. CEoy +r is a gated version of the CE signal. CEoyr tracks CE;,, when V¢¢ is above the reset 
threshold. If Vcc is below the reset threshold, CEoyrz is forced high. See Figures 5 and 6. 

Logic Output. BATT ON goes high when Voyrz is internally switched to the Vga77 input. It goes low when Vopr 
is internally switched to Vcc. The output typically sinks 35 mA and can directly drive the base of an external 

PNP transistor to increase the output current above the 100 mA rating of Vout. 

Logic Output. LOW LINE goes low when V¢< falls below the reset threshold. It returns high as soon as Ve rises 
above the reset threshold. | 
Logic Output. RESET is an active high output. It is the inverse of RESET. 

Logic Oscillator Select Input. When OSC SEL is unconnected (floating) or driven high, the internal oscillator sets 


the reset active time and watchdog timeout period. When OSC SEL is low, the external oscillator input, OSC IN, 
is enabled. OSC SEL has a 3 yA internal pull up, (see Table I). 


Oscillator Logic Input. With OSC SEL low, OSC IN can be driven by an external clock signal or an external 
capacitor can be connected between OSC IN and GND. This sets both the reset active pulse timing and 

the watchdog timeout period (see Table I and Figure 4). With OSC SEL high or floating, the internal oscillator is 
enabled and the reset active time is fixed at 50 ms typ. (ADM691/93) or 200 ms typ (ADM695). In this mode the 
OSC IN pin selects between fast (100 ms) and slow (1.6 s) watchdog timeout periods. In both modes, the timeout 
period immediately after a reset is 1.6 s typical. 

Logic Output. The Watchdog Output, WDO, goes low if WDI remains either high or low for longer than the 
watchdog timeout period. WDO is set high by the next transition at WDI. If WDI is unconnected or at midsupply, 
the watchdog timer is disabled and WDO remains high. WDO also goes high when LOW LINE goes low. 
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ADM690-ADM695 


PIN CONFIGURATIONS. 


Your Lt] * apmego 
7 ADM692 RESET 

co La] ADMe694 
GND | 3 | TOP VIEW 
PFI 4 | (Not to Scale) 5 | PFO 


oe ADM691 oes 

ADM693 [14] woo 

ADM695 [4 — 
13 | CE, 


TOP VIEW oo 
BATT ON 5 | (Not to Scale) 42 | CE ayy 


PRODUCT SELECTION GUIDE 


Part Nominal Reset Nominal Voc Nominal Watchdog Battery Backup Base Drive | Chip Enable 
Number Time Reset Threshold Timeout Period Switching Ext PNP Signals 
ADM690 | 50ms — 1.6s No 
ADM691 50 ms or ADJ 100 ms, 1.6 s, U}: Yes 
ADM692 50 ms 16s No 
ADM693 50 ms or ADJ 100 ms, 1.6 s, ADJ Yes 
ADM694 200 ms 1.6s 


ADM695 200 ms or ADJ 


CIRCUIT INFORMATION 

Battery Switchover Section 

The battery switchover circuit compares Vcc to the Vgarr 
input, and connects Voy, to whichever is higher. Switchover — 
occurs when Vgc is 50 mV higher than Vgarrz aS Vec falls, and 
when Vgc is 70 mV greater than Vgarr aS Voc rises. This 

20 mV of hysteresis prevents repeated rapid switching if Voc 


falls. very slowly or remains nearly equal to the battery voltage. 


© Vout 


| (ADM691, ADM693, 
INTERNAL ADM695) 


SHUT DOWN SIGNAL 


Figure 1. Battery Switchover Schematic 


During normal operation with Vg, higher than Vgarr; Vcc is 
internally switched to Voyr via an internal PMOS transistor 
switch. This switch has a typical on-resistance of 1.5 © and can 
supply up to 100 mA at the Voyur terminal. Voyurz is normally 
used to drive a RAM memory bank which may require instanta- 
neous currents of greater than 100 mA. If this is the case then a 
bypass capacitor should be connected to Voy7. The capacitor 
will provide the peak current transients to the RAM. A capaci- 
tance value of 0.1 wF or greater may be used. 
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100 ms, 1.6 s, ADJ. 


_If the continuous output current requirement at Voy exceeds 


100 mA or if a lower Vec-Vour voltage differential is desired, 
an external PNP pass transistor may be connected in parallel 


’ with the internal transistor. The BATT ON output (ADM691/ 


ADM693/ADM695) can directly drive the base of the external 
transistor. 


A 20 2 MOSFET switch connects the Vgarr input to Vour- 
during battery backup. This MOSFET has very low input-to- 
output differential (dropout voltage) at the low current levels 
required for battery back up of CMOS RAM or other low power 
CMOS circuitry. The aER? current in oe back up is typi- 
cally 0.6 pA. 


The ADM690/ADM691/ADM694/ADM695 operates with bat- 
tery voltages from 2.0 V-to 4.25 V and the ADM692/ADM693 
operates with battery voltages from 2.0 V to 4.0 V. High value 
capacitors, either standard electrolytic or the farad size double 
layer capacitors, can also be used for short-term memory back 
up. A small charging current of typically 10 nA (0.1 wA max) 
flows out of the V,,77 terminal. This current is useful for 
maintaining rechargeable batteries in a fully charged condition. 
This extends the life of the back up battery by compensating for 
its self discharge current. Also note that this current poses no 
problem when lithium batteries are used for back up since the 
maximum charging current (0.1 wA) is safe for even the smallest 
lithium cells. 


If the battery-switchover section is not used, Vgay7 should be 
connected to GND and Voy-z should be connected to V¢c. 
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POWER FAIL RESET OUTPUT 

RESET is an active low output which provides a RESET signal 
to the Microprocessor whenever V¢c is at an invalid level. 
When V¢¢ falls below the reset threshold the RESET output is 
forced low. The nominal reset voltage threshold is 4.65 V 
(ADM690/ADM691/ADM694/ADM695) or 4.4 V (ADM692/ 
ADM693). 


RESET |< ——t, —> |~a——t, 


LOW LINE | | | | 


| 
t, = RESET TIME. 


V1 = RESET VOLTAGE THRESHOLD LOW 
V2 = RESET VOLTAGE THRESHOLD HIGH 
HYSTERESIS = V2-V1 


Figure 2. Power Fail Reset Timing 


On power-up RESET will remain low for 50 ms (200 ms for 
ADM694 and ADM695) after Vcc rises above the appropriate 
reset threshold. This allows time for the power supply and 
microprocessor to stabilize. On power-down, the RESET output 
remains low with Vc¢ as low as 1 V. This ensures that the 
microprocessor is held in a stable shutdown condition. 


This RESET active time is adjustable on the ADM691/ 
ADM693/ADM695 by using an external oscillator or by 
connecting an external capacitor to the OSC IN pin. Refer to 
Table I and Figure 4. 


The guaranteed minimum and maximum thresholds of the 
ADM690/ADM691/ADM694/ADM695 are 4.5 V and 4.73 V, 
while the guaranteed thresholds of the ADM692/ADM693 are 
4.25 V and 4.48 V. The ADM690/ADM691/ADM694/ADM695 
is, therefore, compatible with 5 V supplies with a +10%, —5% 
tolerance while the ADM692/ADM693 is compatible with 5 V + 
10% supplies. The reset threshold comparator has approximately 
50 mV of hysteresis. The response time of the reset voltage 
comparator is less than 1 ps. If glitches are present on the Vgc 
line which could cause spurious reset pulses, then Vcc should 
be decoupled close to the device. 


In addition to RESET the ADM691/ADM693/ADM695 contain 
an active high RESET output. This is the complement of 
RESET and is intended for processors requiring an active high 
RESET signal. 
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ADM690-ADM695 


Watchdog Timer RESET 

The watchdog timer circuit monitors the activity of the micro- 
processor in order to check that it is not stalled in an indefinite 
loop. An output line on the processor is used to toggle the 
Watchdog Input (WDI) line. If this line is not toggled within 
the selected timeout period, a RESET pulse is generated. The 
nominal watchdog timeout period is preset at 1.6 seconds on the 
ADM690/ADM692/ADM694. The ADM691/ADM693/ADM695 
may be configured for either a fixed “short” 100 ms or a “long” 
1.6 second timeout period or for an adjustable timeout period. If 
the “short” period is selected, some systems may be unable to 
service the watchdog timer immediately after a reset, so the 
ADM691/ADM693/ADM695 automatically selects the “long”’ 
timeout period directly after a reset is issued. The watchdog 
timer is restarted at the end of reset, whether the reset was 
caused by lack of activity on WDI or by V¢< falling below the 
reset threshold. 


The normal (short) timeout period becomes effective following 
the first transition of WDI after RESET has gone inactive. The 
watchdog timeout period restarts with each transition on the 
WDI pin. To ensure that the watchdog timer does not time out, 
either a high-to-low or low-to-high transition on the WDI pin 
must occur at or less than the minimum timeout period. If WDI 
remains permanently either high or low, reset pulses will be 
issued after each ‘“‘long”’ timeout period (1.6 s). The watchdog 
monitor can be deactivated by floating the Watchdog Input 
(WDI) or by connecting it to midsupply. | 


RESET | 


t, = RESET TIME. 
t, = NORMAL (SHORT) WATCHDOG TIMEOUT PERIOD. 
t, = WATCHDOG TIMEOUT PERIOD IMMEDIATELY FOLLOWING A RESET. 


Figure 3. Watchdog Timeout Period and Reset Active 
Time 
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Table I. ADM691, ADM693, ADM695 Reset Pulse Width and Watchdog Timeout Selections 


OSC SEL 
Low External Clock Input 1024 CLKS 
Low External Capacitor 400 ms x C/47 pF 


Low 100 ms 
Floating or High 1.6s 


Floating or High 
Floating or High 


NOTE 


Watchdog Timeout Period 


| Immediately — | a 
Normal After Reset ~ ADM691/ADM693 ADM695 


Reset Active Period 


4096 CLKS 512 CLKS 2048 CLKS 
1.6s X C/47 pF 200 ms X C/47 pF 

1.6s 50 ms 200 ms 
1.65 50 ms 200 ms 


800 ms x C/47 pF 


With the OSC SEL pin low, OSC IN can be driven by an external clock signal, or an external capacitor can be connected between OSC IN and GND. The 
nominal internal oscillator frequency is 10.24 kHz. The nominal oscillator frequency with external capacitor is: Fos. (Hz) = 184,000/C (pF). 


The watchdog timeout period is fixed at 1.6 seconds, and the 
reset pulse width is fixed at 50 ms on the ADM690/ADM692. 
On the ADM694 the watchdog timeout period is also 1.6 sec- 
onds but the reset pulse width is fixed at 200 ms. The 
ADM691/ADM693/ADM695 allow these times to be adjusted as 
shown in Table I. Figure 4 shows the various oscillator configu- 
rations which can be used to adjust the reset pulse width and 
watchdog timeout period. 


The internal oscillator is enabled when OSC SEL is high or 
floating. In this mode, OSC IN selects between the 1.6 second 
and 100 ms watchdog timeout periods. With OSC IN connected 
high or floating, the 1.6 second timeout period is selected; while 
with it connected low, the 100 ms timeout period is selected. In 
"either case, immediately after a reset, the timeout period is 1.6 
seconds. This gives the microprocessor time to reinitialize the 
system. If OSC IN is low, then the 100 ms watchdog period 
becomes effective after the first transition of WDI. The software 
should be written such that the I/0 port driving WDI is left in 
its power-up reset state until the initialization routines are com- 
pleted and the microprocessor is able to toggle WDI at the mini- 
mum watchdog timeout period of 70 ms. 


Watchdog Output (WDO) 

The Watchdog Output WDO (ADM691/ADM693/ADM695) 
provides a status output which goes low if the watchdog timer 
“times out” and remains low until set high by the next transi- 
tion on the Watchdog Input. WDO is also set high when Veco 
goes below the reset threshold. 


OSC SEL 


ADM691 
ADM693 
CLOCK ADM695 
0 TO 250kHz 


Figure 4a. External Clock Source 
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OSC SEL 


ADM691 
ADM693 
ADM695 __ 


a Cosc 


Figure 4b. External Capacitor 


NC OSC SEL 


_ADM691 | 
ADM693 
ADM695 


NC 


NC OSC SEL 


ADM691 
ADM693 
ADM695 


Figure 4d. Internal Oscillator (100 ms Watchdog) 
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CE Gating and RAM Write Protection (ADM691/ADM693/ 
ADM695) 

The ADM691/ADM693/ADM695 products include memory 
protection circuitry which ensures the integrity of data in mem- 
ory by preventing write operations when V¢c is at an invalid 
level. There are two additional pins, CE, and CEoy;, which 
may be used to control the Chip Enable or Write inputs of 
CMOS RAM. When V¢¢ is present, CEgy;y is a buffered rep- 
lica of CE;x, with a 5 ns propagation delay. When Vcc falls 
below the reset voltage threshold or Vga77, an internal gate 
forces CEoyy high, independent of CE;y. 


CEour typically drives the CE, CS, or write input of battery 
backed up CMOS RAM. This ensures the integrity of the data 
in memory by preventing write operations when V¢¢ is at an 
invalid level. Similar protection of EEPROMs can be achieved 
by using the CEoyz to drive the store or write inputs. 


If the 5 ns typical propagation delay of CEour iS excessive, con- 
nect CE,,, to GND and use the resulting CE,,,7 to control a 
high speed external logic gate. 


ADM69x 


CE 


Vcc LOW = 0 
Vec OK =1 


Figure 5. Chip Enable Gating 


Vec v2 V1 v2 v1 


RESET 


| 1 | 7 


t, = RESET TIME. 

V1 = RESET VOLTAGE THRESHOLD LOW 
V2 = RESET VOLTAGE THRESHOLD HIGH 
HYSTERESIS = V2--V1 


Figure 6. Chip Enable Timing 
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ADM690-ADM695 


Power Fail Warning Comparator 

An additional comparator is provided for early warning of fail- 
ure in the microprocessor’s power supply. The Power Fail Input 
(PFI) is compared to an internal + 1.3 V reference. The Power 
Fail Output (PFO) goes low when the voltage at PFI is less than 
1.3 V. Typically PFI is driven by an external voltage divider 
which senses either the unregulated dc input to the system’s 5 V 
regulator or the regulated 5 V output. The voltage divider ratio 
can be chosen such that the voltage at PFI falls below 1.3 V sev- 
eral milliseconds before the +5 V power supply falls below the 
reset threshold. PFO is normally used to interrupt the micropro- 
cessor so that data can be stored in RAM and the shut down 
procedure executed before power is lost. 


FAIL 
OUTPUT 


Figure 7. Power Fail Comparator 


Table II. Input and Output Status In Battery Backup Mode 


Signal Status 

Vout Vour is connected to Vgarr Via an internal 
PMOS switch. 

RESET Logic low. 

RESET Logic high. The open circuit output voltage is 
equal to Vout. | 

LOW LINE | Logic low. 

BATT ON Logic high. The open circuit voltage is equal to 

Vout: 

WDI WDI is ignored. It is internally disconnected 
from the internal pull-up resistor and does not 
source or sink current as long as its input voltage 
is between GND and Voyr The input voltage 
does not affect supply current. 

WDO Logic high. The open circuit voltage is equal 
to Vour- 

PFI The Power Fail Comparator is turned off and 

has no effect on the Power Fail Output. 

PFO Logic low. 

CEm CEw is ignored. It is internally disconnected 
from its internal pull-up and does not source or 
sink current as long as its input voltage is 
between GND and Voy. The input voltage 
does not affect supply current. 

CEaur Logic high. The open circuit voltage is equal to 
Vout: 

OSC IN OSC IN is ignored. 

OSC SEL OSC SEL is ignored. 
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| ANALOG 
i DEVICES 


FEATURES 
Superior Upgrade for MAX696/MAX697 
Specified Over Temperature 
Adjustable Low Line Voltage Monitor 

. Power OK/Reset Time Delay : 
Reset Assertion Down to 1 V Voc , 
Watchdog Timer— 100 ms, 1.6 s, or Adjustable 
Low Switch On Resistance 
1.5 O Normal, 20 © in Backup ‘ 
600 nA Standby Current | | 
Automatic Battery Backup Switching (ADM696) 
Fast On-Board Gating of Chip Enable Signals (ADM697) 
Voltage Monitor for Power Fail or Low Battery 

Warning | 


APPLICATIONS . 
Microprocessor Systems 
Computers | 

Controllers 

Intelligent Instruments 
Automotive Systems 

Critical ~.P Power Monitoring 


GENERAL DESCRIPTION 

The ADM696/ADM697 supervisory circuits offer complete sin- 
gle chip solutions for power supply monitoring and battery con- 
trol functions in microprocessor systems. These functions 
include pP reset, backup-battery. switchover, watchdog timer, 
CMOS RAM write protection, and power failure warning. 


The ADM696/ADM697 are available in 16-pin DIP and small 

outline packages and provide the following functions: 

1. Power-On Reset output during power-up, power-down and 
brownout conditions. The RESET voltage threshold is 
adjustable using an external voltage divider. The RESET 
output remains operational with Vcc as low as 1 V. 


2. A Reset pulse if the optional watchdog timer has not been 
toggled within a specified time. , 


3. Separate watchdog timeout and low line status outputs. 
4. Adjustable reset and watchdog timeout periods. 


5. A 1.3 V threshold detector for power fail warning, low bat- | 
tery detection, or to monitor a power supply other than Vcc. 


6. Battery backup switching for CMOS RAM, CMOS micro- | 
processor or other low power logic (ADM696). 


7. Write protection of CMOS RAM or EEPROM (ADM697). 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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____ Microprocessor 
Supervisory Circuits 
~ ADM696/ADM697 


FUNCTIONAL BLOCK DIAGRAMS 


WATCHDOG 
OUTPUT (WDO) 


WATCHDOG 
INPUT (WDI) 


WATCHDOG 
TRANSITION DETECTOR 


POWER FAIL 7 ADM696 
INPUT (PFI) O) POWER FAIL_ 
OUTPUT (PFO) 


CE 
wO) | CEour 

Lh 
(_ ) LOW LINE 
(_ ) RESET 
(_ ) RESET 

OSC IN (_ ) 
OSC SEL (_) WATCHDOG WATCHDOG 


TIMER 


[ WATCHDOG 

TRANSITION DETECTOR 

[ | ADM697 
aH 


The ADM696/ADM697 is fabricated using an advanced epitaxial 
CMOS process combining low power consumption (5 mW), 
extremely fast Chip Enable gating (5 ns) and high reliability. | 
RESET assertion is guaranteed with Vgc as low as 1 V. In addi- 
tion, the power switching circuitry is designed for minimal volt- 
age drop thereby permitting increased output current drive of 
up to 100 mA without the need for an external pass transistor. 


OUTPUT (WDO) 


WATCHDOG 
INPUT (WD)I) 


POWER FAIL 
INPUT (PFI) POWER FAIL_ 


OUTPUT (PFO) 
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SPECIFICATIONS si sness terse noted) ADM696/ADM697 
Parameter Test Conditions/Comments 
3.0 5.5 


Vcc Operating Voltage Range ; V 
Vsatr Operating Voltage Range 2.0 Vec — 0.3}/V 
BATTERY BACKUP SWITCHING (ADM696) | 


Vour Output Voltage Vec — 9.05 Vee — 0.025 Iour = 1 mA 

Vcc — 0.5 Vec — 0.25 Iour < 100 mA 
Vour in Battery Backup Mode Vaatr ~ 0.05 Vgarr — 0.02 Iour = 250 pA, Voc < Vgarr — 0.2 V 
Supply Current (excludes Ipyy) ] Iour = 100 mA 


Supply Current in Battery Backup Mode 
Battery Standby Current 
(+ = Discharge, — = Charge) 


Vec = 0 V, Vaatr = 2.8 V 
5 5V Vic = Vea e002 V 
Ta = +25°C 


Battery Switchover Threshold 

Vec ~ Vaatr 

Battery Switchover Hysteresis 

BATT ON Output Voltage 

BATT ON Output Short Circuit Current 


Power-Up 
Power-Down 


Ion = 1.6 mA 

BATT ON = Voyr = 2.4 V Sink Current 
BATT ON = Vout; Vcc = 0 V; 

Source Current 


RESET AND WATCHDOG TIMER 
Low Line Threshold (LL;) 
Reset Timeout Delay 
Watchdog Timeout Period, Internal Oscillator 


Vec = +5 V, +3 V 

OSC SEL = HIGH, Vcc = 5 V, Ta = +25°C 
Long Period, Voc = 5 V, Tay = +25°C 
Short Period, Veg = 5 V, Ta = +25°C 
Long Period 

Short Period 

Vir = 0.4, Vig = 3.5.V, Veg = 5 V 

Isink = 10 pA, Voc = 1 V | 
Isivx = 400 pA, Voc = 2 V; Vgearr = OV 
IgInx = 1.6mA, 3 V < Vee < 5.5 V 
Isource = | HA; Veg = 5 V 

Igon_wx = 1.6mA, 

Isource = 1 pA, Veco = 5 V 


Watchdog Timeout Period, External Clock 


Minimum WDI Input Pulse Width 
RESET Output Voltage @ Vcc = +1 V 
RESET, RESET Output Voltage 


LOW LINE, WDO Output Voltage 


Output Short Circuit Source Current 
WDI Input Threshold 

Logic Low 

Logic High 

WDI Input Current 


Voc = 5 v! 


WD! = Voutr> (Vcc) Ta = +25°C 
WD! = 0V, T, = +25°C 


POWER FAIL DETECTOR 
PFI Input Threshold 
PFI-LL,,, Threshold Difference 
PFI Input Current 
LLyy Input Current _ 
PFO Output Voltage 


Veo = +3 V, $5V 
Voo = +3 V, +5V 


lowx => 1.6 mA 
Isource = 1A, Veco = 5 V 
PFI = Low, PFO = 0 V 


PFO Short Circuit Saunte Current 
CHIP ENABLE GATING (ADM697) 


CE;x Threshold Vir 

Se eae Vir» Veo = 5 V 
CE; Pullup Current 

CEoyr Output Voltage Iowx = 1.6mA 


= source = 800 pA 
CE Propagation Delay 


OSCILLATOR 

OSC IN Input Current +2 pA 

OSC SEL Input Pullup Current 5 pA 

OSC IN Frequency Range 0 250 kHz |OSC SEL =0V 

OSC IN Frequency with Ext. Capacitor 4 kHz {OSC SEL = 0 V, Cosc = 47 pF 
NOTE 


1WDI is a three-level input which is internally biased to 38% of Vcc and has an input impedance of approximately 125 kQ. 
Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS* _ 


(T, = +25°C unless otherwise noted) 


N BG en ok Botaal pie ee wee tee eo ae Se -0.3Vto +6V 


Nine 406 BN SRS Oe Sede wakes -0.3 Vto +6 V 
All Other Inputs.............. —0.3 V to Voyr + 0.5 V 
Input Current a 
VEE EOL eee Bala Bieta ete ees eee Ss -, 200 mA 
PAPE Gn GA ve eG ew Aneel SSO ee aad erage 50 mA 
GND. oie igo eed eta tees ee ee re ee 20 mA 
Digital Output Current.......... See eee 20 mA 
Power Dissipation, N-16 DIP ................ 600 mW 
0;, Thermal Impedance .......... a aca ees 135°C/W 
Power Dissipation, Q-16 DIP ..........0..... 600 mW 
6;4 Thermal Impedance ......... fae ee ae 100°C/W 
CAUTION 


ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. Although 
the AD696/ADM697 features proprietary ESD protection circuitry, permanent damage may occur 
on devices subjected to high energy electrostatic discharges. Therefore, proper ESD precautions 
are recommended to avoid performance degradation or loss of functionality. 


ORDERING GUIDE 


Temperature Range _ 


_ Package Option* 


ADM696AN —40°C to +85°C N-16 
ADM696AR —40°C to +85°C R-16 
ADM696AQ_ |. —40°C to +85°C — -.Q-16 
ADM696SQ —55°C to +125°C Q-16 
ADM697AN —40°C to +85°C  N-16 © 
ADM697AR —40°C to +85°C R-16 
ADM697AQ —40°C to +85°C Q-16 
ADM697SQ —55°C to +125°C Q-16 | 


*For outline information see Package Information section. 


15-74 INTERFACE PRODUCTS 


Power Dissipation, R-16 SOIC............0005 600 mW 


@;, Thermal Impedance .............. oe © L1O°C/W 
Operating Temperature Range 
Industrial (A Version)...............—40°C to +85°C 
Extended (S Version) .............. —55°C to +125°C 
Lead Temperature (Soldering, 10s) ............. + 300°C 
Vapor Phase (60'S) 4.0.2 ns 4 oaks oe ee ees ee a se © 
Pnrared: (15:8) in 4's ahi BS oa Ae hak ele ae +220°C 


Storage Temperature Range 


*Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum ratings for extended periods of time may affect device reliability. 


WARNING! 


— 


ESD SENSITIVE DEVICE 


ADM696 


TOP VIEW 
BATT ON 5 | (Not to Scale) 


ADM697 


TOP VIEW ed 
GND 5 (Not to Scale) . 12 | CE our 
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PIN FUNCTION DESCRIPTION 


Pin No. 
Mnemonic ADM696 | ADM697 | Function 


Vec 


VeaTT 


Power Supply Input +3 V to +5 V. 
Backup Battery Input. Connect to Ground if a backup battery is not used. 


Vout Output Voltage, Vcc or Vgarr is internally switched to Voy depending on which is at the 


highest potential. Voyy can supply up to 100 mA to power CMOS RAM. Connect Voy to 
Vec if Vour and Vgarr are not used. 


GND 
RESET 


0 V. Ground reference for all signals. 


Logic Output. RESET goes low whenever LLyy falls below 1.3 V or when V¢¢ falls below 
the Vgarr input voltage. RESET remains low for 50 ms after LL, goes above 1.3 V, 
RESET also goes low for 50 ms if the watchdog timer is enabled but not serviced within its 
timeout period. The RESET pulse width can be adjusted as shown in Table I. 


Watchdog Input, WDI is a three level input. If WDI remains either high or low for longer 
than the watchdog timeout period, RESET pulses low and WDO goes low. The timer resets 
with each transition at the WDI input. The watchdog timer is disabled when WDI is left 
floating or is driven to midsupply. 


WDI 


PFI Power Fail Input. PFI is the noninverting input to the Power Fail Comparator when PFI is 


less than 1.3 V, PFO goes low. Connect PFI to GND or Voy7 when not used. See Figure 1. 


Power Fail Output. PFO is the output of the Power Fail Comparator. It goes low when PFI 
is less than 1.3 V. The comparator is turned off and PFO goes low when V¢c is below 


PFO 


VpatT : 


CEm Logic Input. The input to the CE gating circuit. Connect to GND or Vopr if not used. 


CEath Logic Output. CEoyrz is a gated version of the CE, signal. CEgyz tracks CE;, when LL 


is above 1.3 V. If LLy, is below 1.3 V, CEour is forced high. 

Logic Output. BATT ON goes high when Voy is internally switched to the Vgay7 input. 
It goes low when Voyz is internally switched to Vcc. The output typically sinks 7 mA and 
can directly drive the base of an external PNP transistor to increase the output current above 
the 100 mA rating of Voyr. 


Logic Output. LOW LINE goes low when LLyy falls below 1.3 V. It returns high : as soon as 


BATT ON 


LOW LINE 


RESET 
OSC SEL 


LL, rises above 1.3 V 

Logic Output. RESET is an active high output. It is the inverse of RESET. us 
Logic Oscillator Select Input. When OSC SEL is unconnected or driven high, the internal 

oscillator sets the reset time delay and watchdog timeout period. When OSC SEL is low, the 


external oscillator input, OSC IN, is enabled. OSC SEL has a 3 pA internal pullup. See 
Table I and Figure 4. 


Logic Oscillator Input. When OSC SEL is low, OSC IN can be driven by an external clock 
to adjust both the reset delay and the watchdog timeout period. The timing can also be 
adjusted by connecting an external capacitor to this pin. See Table I and Figure 4. When 
OSC SEL is high or ee OSC IN selects between fast and slow watchdog timeout 
periods. 


Logic Output. The Watchdog Output, WDO, goes low if WDI remains either high or low 
for longer than the watchdog timeout period. WDO is set high by the next transition at 
WDI. If WDI is unconnected or at midsupply, WDO remains high. WDO also goes high ~ 
when LOW LINE goes low. 


No Connect. It should be left open. 


Voltage Sensing Input. The voltage on the low line input, LLIN, is compared with a 1.3 V 
reference voltage. This input is normally used to monitor the power supply voltage. The 
output of the comparator generates a LOW LINE output signal. It also generates a 
RESET/RESET output. 


This is a special test pin using during device manufacture. It should be connected to GND. 


OSC IN 


WDO 


NC 
LLy 


TEST 
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CIRCUIT INFORMATION 

Battery-Switchover Section (ADM696) 

The battery switchover circuit compares Vcc to the Vgarr 
input, and connects Voy to whichever is higher. Switchover 
occurs when V¢¢ is 50 mV higher than Vga+7 as Voc falls, and 
when V¢c< is 70 mV greater than Vgary as Vcc rises. This 

20 mV of hysteresis prevents repeated rapid switching if Voc 
falls very slowly or remains nearly equal to the battery voltage. 


During normal operation with Vcc higher than Vgarrs Vcc is 
internally switched to Voyr via an internal PMOS transistor 
switch. This switch has a typical on resistance of 1.5 © and can 
supply up to 100 mA at the Voyrz terminal. Voyz is normally 
used. to drive a RAM memory bank which may require instanta- 
neous currents of greater than 100 mA. If this is the case, then a 
bypass capacitor should be connected to Voy. The capacitor 
will provide the peak current transients to the RAM. A capaci- 
tance value of 0.1 F or greater may be used. 


If the continuous output current requirement at Voy;7 exceeds 
100 mA or if a lower Voc-Vour Voltage differential is desired, 
an external PNP pass transistor may be connected in parallel 
with the internal transistor. The BATT ON eueen can directly 
drive the base of the external transistor. 


A 20 Q MOSFET switch connects the Vgarr input to Voyr 
during battery backup. This MOSFET has very low input-to- . 
output differential (dropout voltage) at the low current levels 


required for battery backup of CMOS RAM or other low power | 


CMOS circuitry. The supply current in parety backup i is typi- 
cally 0.6 pA. . 


The ADM696 operates with battery voltages from 2. 0 V to Vee | - 


—0.3 V). High value capacitors, either standard electrolytic or 


the farad-size double layer capacitors, can also be used for short-_ 


term memory backup. A small charging current of typically 

10. nA (0.1 pA max) flows out of the Vgay7 terminal. This cur- 
rent is useful-for maintaining rechargeable batteries in a fully 
charged condition. This extends the life of the backup battery 
by compensating for its self discharge current. Also note that 
this current poses no problem when lithium batteries are used 
for backup since the maximum charging current. (0.1 jA) is safe 
for even the smallest lithium cells. 


If the battery-switchover Section is not used, Vgarr should be 
connected to GND and Voy-r should be connected to Vcc. . 


INTERNAL, 
SHUT DOWN SIGNAL 


> ec + 0.7V) 


ADM695, ADM696) 


Figure 1. Battery Switchover Schematic 


15-76 INTERFACE PRODUCTS 


(ADM691, ADM693, 


Low Line RESET OUTPUT 


_ RESET is an active low output which provides a RESET signal 


to the microprocessor whenever the Low Line Input (LL,,)) is 
below 1.3 V. The LL), input is normally used to monitor the 
power supply voltage. An internal timer holds RESET low for 


_50ms after the voltage on LL, rises above 1.3 V. This is 


intended as a power-on RESET signal for the processor. It 


allows time for the power supply and microprocessor to stabi- 


lize. On power-down, the RESET output remains low with Vcc 
as low as 1 V. This ensures that the microprocessor is held in a 
stable shutdown condition. 


The LL, comparator has approximately 12 mV of hysteresis 
for enhanced noise immunity. 


In addition to RESET, an active high RESET output is also 
available. This is the complement of RESET and is useful for 


processors requiring an active high RESET. 


RESET |<¢—t, —»> 


LOW LINE | ; | | | . 


t, = RESET TIME 


V1 = RESET VOLTAGE THRESHOLD LOW 
- V2s RESET VOLTAGE THRESHOLD HIGH 
HYSTERESIS = Vv2-V1 


Figure 2. Power-Fail Reset Timing 


Watchdog Timer RESET 
The watchdog timer circuit monitors the activity of the micro- 
processor in order to check that it is not stalled in an indefinite 


~ loop. An output line on the processor is used to toggle the 


Watchdog Input (WDD) line. If this line is not toggled within 
the selected timeout period, a RESET pulse is generated. The 
ADM696/ADM697 may be configured for either a fixed “short” 
100 ms or a “long” 1.6 second timeout period or for an adjust- 
able timeout period. If the “short” period is selected some sys- 
tems may be unable to service the watchdog timer immediately 
after a reset, so a “long” timeout is automatically initiated 
directly after a reset is issued. The watchdog timer is restarted 
at the end of Reset,-whether the Reset was caused by lack of 
activity on WDI or by LL yy falling below the reset threshold. _ 


The normal (short) timeout period becomes effective following 
_ the first transition of WDI after RESET has gone inactive. The 


watchdog timeout period restarts with each transition on the 
WDI pin. To ensure that the watchdog timer does not time out, 
either a high-to-low or low-to high transition on the WDI pin — 
must occur at or less than the minimum timeout period. If WDI 


remains permanently either high or low, reset pulses will be 


issued after each timeout period (1.6 s). The watchdog monitor 
can be deactivated by floating the Watchdog apo (WDD or by 
connecting it to midsupply. 
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Table I. ADM696, ADM697 Reset Pulse Width and Watchdog Timeout Selections 


Watchdog Timeout Period 


Reset Active Period 


OSC SEL OSC IN Immediately After Reset 

Low External Clock Input 1024 CLKS 4096 CLKS 512 CLKS 

Low External Capacitor 400 ms x C/47 pF 1.6 s X C/47 pF 200 ms X C/47 pF 
Floating or High Low 100 ms 1.6 s 50 ms 

Floating or High Floating or High 1.6s 1.6s 50 ms 

NOTE 


With the OSC SEL pin low, OSC IN can be driven by an external clock signal, or an external capacitor can be connected between OSC IN and GND. The 
nominal internal oscillator frequency is 10.24 kHz. The nominal oscillator frequency with external capacitor is: Fog. (Hz) = 184,000/C (pF). 


woo 
| 

j<—t, —r>| i} —— b, po 
| 

RESET | 
| 

t t t, 
Leap! eg! Lege! 
t, = RESET TIME 


t, = NORMAL (SHORT) WATCHDOG TIMEOUT PERIOD 
t, = WATCHDOG TIMEOUT PERIOD IMMEDIATELY FOLLOWING A RESET 


Figure 3. Watchdog Timeout Period and Reset Active Time 


The watchdog timeout period defaults to 1.6 s and the reset 
pulse width defaults to S50 ms but these times to be adjusted as 
shown in Table I. Figure 4 shows the various oscillator configu- 
rations which can be used to adjust the reset pulse width and 
watchdog timeout period. 


The internal oscillator is enabled when OSC SEL is high or 
floating. In this mode, OSC IN selects between the 1.6 second 
and 100 ms watchdog timeout periods. In either case, immedi- 
ately after a reset the timeout period is 1.6 s. This gives the 
microprocessor time to reinitialize the system. If OSC IN is low, 
then the 100 ms watchdog period becomes effective after the 
first transition of WDI. The software should be written such 
that the I/O port driving WDI is left in its power-up reset state 
until the initialization routines are completed and the micropro- 
cessor is able to toggle WDI at the minimum watchdog timeout 
period of 70 ms. | 


OSC SEL 


CLOCK 
0 TO 250kHz 


Figure 4a. External Clock Source 
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ADM69x 


Figure 4b. External Capacitor 


NC OSC SEL 


ADM69x 


NC 


Figure 4c. Internal Oscillator (1.6 s Watchdog) 


NC OSC SEL 


ADM69x 


Figure 4d. Internal Oscillator (100 ms Watchdog) 


Watchdog Output (WDO) 

The Watchdog Output WDO provides a status output which 
goes low if the watchdog timer ‘“‘times out’”’ and remains low 
until set high by the next transition on the watchdog input. 
WDO is also set high when LL; goes below the reset 


threshold. 
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CE Gating and RAM Write Protection (ADM697) . 

The ADM697 contains memory protection circuitry which 
ensures the integrity of data in memory by preventing write 
operations when LL,, is below the threshold voltage. When 
LLyy is greater than 1.3 V, CEoyrz is a buffered replica of 
CE,» with a 5 ns propagation delay. When LL), falls below 
the 1.3 V threshold, an internal gate forces CEourt high, inde- 
pendent of CE,,... 


CEour typically drives the CE, CS, or Write input of battery 
backed up CMOS RAM. This ensures the integrity of the data 
in memory by preventing write pens when V¢¢ is at an 
invalid level. : a 


If the 5 ns typical propagation delay of CEour is excessive, con- 


nect CE,,; to GND and use the resulting CEour to control a 
high speed external logic gate. 


ADM697_ 


Lhin - 


RESET 


LOW LINE 


CE 


CEour 


t, = RESET TIME 

V1 = RESET VOLTAGE THRESHOLD LOW 

V2 = RESET VOLTAGE THRESHOLD HIGH 
_ HYSTERESIS = V2-v1 


Figure 6. Chip Enable Timing 


Power Fail Warning Comparator 
An additional comparator is provided for early warning of fail- 


ure in the microprocessor’s power supply. The Power Fail Input 


(PFI) is compared to an internal +1.3 V reference. The Power 


15-78 INTERFACE PRODUCTS 


Fail. Output (PFO) goes low when the voltage at PFI is less than 
1.3 V. Typically PFI is driven by an external voltage divider 
which senses either the unregulated dc input to the system’s 5 V 
regulator or the regulated 5 V output. The voltage divider ratio 
can be chosen such that the voltage at PFI falls below 1.3 V sev- 
eral milliseconds before the +5 V power supply falls below the 


~ reset threshold. PFO is normally used.to interrupt the micro- 


processor so that data can be stored in RAM and the shut-down 


procedure executed before power is lost. 


OUTPUT 
R2 


Figure 7. Power Fail Comparator 


Table II. Input and Output Status In Battery Backup Mode 


Signal Status 

Vout (ADM696) Vout 1s connected to Vs ATT via an 
internal PMOS switch. 

RESET Logic low. 

RESET - Logic high. The open circuit output voltage is — 


equal to Vour- 
LOW LINE | Logic low. 


BATT ON (ADM696) Logic high. ‘The open circuit voltage - 
ck is equal to Vopr 


WDI WDI is ignored. It is sSieendaly disconnected 
3 | from the internal pullup resistor and does not 
source or sink current as long as its input voltage 
is between GND and Voyr..The input ae 
does not affect: supply current.. 


WDO || Logic high. The open circuit voltage i 1S ual to - 
Vout: 
PFI | The Power Fail fides is turned off and | 
| ; has no effect on the Power Fail Output. — 
PFO Logic low. | a 
CEw CE, is ignored. It is internally dace: 


from its internal pullup and does not source or 
sink current as long as its input voltage is 
between GND and Voy. The input voltage 
does not affect supply current. 

CEour Logic high. The open circuit voltage is equal to 

: Vout: 
OSC IN OSC IN is ignored. 
OSC SEL ~ | OSC SEL is ignored. 
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Typical Performance Curves— ADM696/ADM697 


Vour — V 
RESET ACTIVE TIME -— ms 


TEMPERATURE - °C 


Figure 11. RESET Active Time vs. Temperature 


Veatt = +2.8V 
Ta = +25°C 


Vout —V 


Figure 12. RESET Output Voltage vs. Supply Voltage 15 
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i 1.301 
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= 
bt 
a 
= 
=z 1.300 
a 
1.299 
TEMPERATURE - °C TIME DELAY ~ ms 
Figure 10. PFI Input Threshold vs. Temperature Figure 13. RESET Timeout Delay vs. Vec 
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ANALOG 
DEVICES 


FEATURES 

Superior Upgrade for MAX698/MAX699 
Guaranteed RESET Assertion with Vec = =1V 
Low 0.6 mA Supply Current 

Precision 4.65 V Voltage Monitor 

Power OK/Reset Time Delay 

Watchdog Timer 

Minimum Component Count 

Performance Specified over Temperature 


APPLICATIONS 
Microprocessor Systems 
Computers 

Controllers 

Intelligent Instruments 
Automotive Systems 

Critical ~.P Power ia el 


GENERAL DESCRIPT ION cE 

The ADM698/ADM699 supervisory. circuits provide power 
supply monitoring and aa: timing for microprocessor 
systems. : 


The ADM698 monitors the 5 V I Veg power ee and gener- 
ates a RESET pulse during power up, power down and during 
low voltage “Brown Out” conditions. The RESET output is 

. guaranteed to be functional logic low) with Vgc as low as 1 V. 


The ADM699 features an identical monitoring circuit as in the 
ADM698 plus an additional watchdog timer input to monitor 
microprocessor activity. The RESET output is forced low if the 
watchdog input is not toggled within the 1 second watchdog 
timeout period. | 


Both parts are available in 8-pin plastic DIP and 16-lead SOIC 
packages. The 16-lead SOIC contains additional outputs RESET 
(without inversion) and Watchdog Output WDO (ADM699 
only). 
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ADM698/ 
ADM6S99 


RESET* 
Vee 0 
O-O RESET 
WATCHDOG 
Peep WATCHDOG 
wort OUTPUT WDO* 


WATCHDOG 
e TRANSITION DETECTOR O 
& (1sec) aa 
*WDI (ADM699 ONLY) 


RESET (SOIC ONLY) 
wDo (ADM699 SOIC ONLY) 


TYPICAL APPLICATION CIRCUIT 


+5V © 


“Veo uP POWER 


RESET | p>] uP RESET 


ADM698/ 
ADM699 


uP SYSTEM 


— *ADM699 ONLY 
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SPECIFICATIONS Sizg: *57 1% 1+= Tm Tox ates ote 


Parameter Min Typ 


Vcc Operating Voltage Range 3.0 
Supply Current : 


Power-Down Reset Assertion 
Power-Up Reset Deassertion 
Reset Threshold Hysteresis 
Reset Active Time 


Watchdog Timeout Period (ADM699) 1.0 1.6 
Minimum WDI Input Pulse Width 


RESET Output Voltage 
RESET Output Voltage (Vcc = 1 V) 


RESET and WDO Output Voltage 


RESET Output Short Circuit Current 


WDI Input Threshold (ADM699) 
Logic Low 
Logic High 

WDI Input Current 


Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS* 


(T, = +25°C unless otherwise noted) 


ee eer ee Oe ee ee eee are ee -0.3 Vto +6 V 
All Other Inputs ............... —0.3 V to Veg + 0.3 V 
Power Dissipation 8-Pin DIP................. 500 mW 

8;4, Thermal Impedance ................ + 120°C/W 
Power Dissipation 16-Pin SOIC ............... 375 mW 

8;4, Thermal Impedance ................ +110°C/W 
Power Dissipation 8-Pin Cerdip ............... 500 mW 

8;4, Thermal Impedance ................ +125°C/W 
Operating Temperature Range 

Industrial (A Version).............6. —40°C to + 85°C 

Extended (S Version) .............. —55°C to +125°C 
Storage Temperature Range ........... —65°C to +150°C 
Lead Temperature (Soldering, 10 secs) ........... + 300°C 

Vapor Phase (60 Secs)’. 1. sea e Goer eed) a bw oat a +215°C 

THETareGClS SECS) 2gs-s5. ei asa Sho oie, 8g aes a +220°C 


*Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum ratings for extended periods of time may affect device reliability. 


CAUTION 


ADM698/ADM699 


Max Test Conditions/Comments 
5.5 V 
mA 
V 
V 
mV 
ms Ta = ak OF Vec = +5 V 
2.25 S Ta = +25°C, Vee = +5 V 
ns Viz, = 0.4, Vin = 3.5 V 
V lowk = 1.6 mA, Vec = 4.4 V 
mV Ion = 10 pA, Vee = 1.0 V 
V IsouRCE a 1 wA, Voc = 5 V 
V Ion = 1.6 mA, Voc == 5 V 
V Isource = 1 pA; Voc = 4.4 V 
mA Output Sink Current 
V 
V 
pA WDI = Vec; Ta = +25°C 
pA WDI = 0V, Ty = +25°C 
ORDERING GUIDE 


Package 
Option* 


Temperature 
Range _ 


ADM698AN —40°C to +85°C N-8 
ADM698AR —40°C to +85°C R-16 
ADM698AQ —40°C to +85°C 

ADM698SQ —55°C to + 125°C 


ADM699AN —40°C to +85°C 

ADM699AR —40°C to +85°C R-16 
ADM699AQ —40°C to +85°C. Q-8 

ADM699SQ | —55°C to +125°C © Q-8 


*For outline information see Package Information section. 


ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 


accumulate on the human body and test equipment and can discharge without detection. 
Although the ADM698/ADM699 features proprietary ESD protection circuitry, permanent 
damage may occur on devices subjected to high energy electrostatic discharges. Therefore, 
proper ESD precautions are recommended to avoid performance degradation or loss of 


functionality. 
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WARNING! 
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ESD SENSITIVE DEVICE 
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ADM698/ADM699 


Mnemonic 


Nee 
GND 
RESET 


WDI 


RESET 


WDO 


’ PIN FUNCTION DESCRIPTION | 


Function 


+5 V Power Supply Input. 
0 V. Ground reference for all signals. 


Logic Output. RESET goes low whenever Vcc 
falls below the reset voltage threshold (4.65 V 
typ). RESET remains low for a minimum of 


140 ms after Vcc returns to 5 V. RESET also goes 


low for a minimum of 140 ms if the watchdog . 
timer is enabled but not serviced within its 
timeout period. 


Watchdog Input. WDI is a three level input. If 
WDI remains either high or low for longer than 
the watchdog timeout period, RESET pulses low 


‘| and WDO goes low. The timer resets with each 


transition on the WDI line. The watchdog timer 
may be disabled if WDI is left floating or is driven 
to midsupply. 


(SOIC packages only) Logic Output. RESET is an 
active high output. It is the inverse of RESET. 


(SOIC ADM699 only) Logic Output. The 
Watchdog Output, WDO, goes low if WDI 
remains either high or low for longer than the 
watchdog timeout period. WDO is set high by the 
next transition at WDI. If WDI is unconnected or 
at midsupply, the watchdog timer is disabled and 
WDO remains high.. 


TYPICAL PERFORMANCE CURVES 


Figure 1. RESET Output Voltage vs. Voc 


“1 + aE 
" _ 
4.64 


RESET VOLTAGE THRESHOLD = Vv 


TEMPERATURE - °C 


RESET ACTIVE TIME — ms 


4.70 
Tt 
4.68 POWER UP 


PIN CONFIGURATION (DIP) 


*( ) ADM699 ONLY 
PIN CONFIGURATION (SOIC) 


ADM698/ 
ADM699 


TOP VIEW 


*() ADM699 ONLY 


60 : 80 . ‘ 
TEMPERATURE - °C - 


Figure 2. RESET Active Time vs. Temperature 


|| 


Figure 3. RESET Voltage Threshold vs. Temperature 
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CIRCUIT INFORMATION 


Power Fail RESET 

A precision voltage detector monitors Vc, and generates a 
RESET output to hold the microprocessor’s Reset line low when 
Vcc falls below the reset threshold (4.65 V) (see Figure 4). The 
reset voltage threshold is set to accommodate a 5% variation on 
Voc: The voltage detector has 40 mV hysteresis to ensure that 
glitches on V¢¢ do not activate the RESET output. 


On power up, an internal monostable holds RESET low for 

140 ms after Vcc rises above the reset threshold. This allows the 
power supply to stabilize on power up and also prevents 
repeated toggling of RESET even if the 5 V power drops out 
and recovers with each power line cycle. In order to prevent 
mistriggering due to transient voltage spikes, it is recommended 
that a 0.1 wF capacitor be connected at the Vgc pin. 


The RESET output is guaranteed to remain low with Vcc as 
low as 1 V. This holds the microprocessor in a stable shutdown 
condition as the power supply comes up. 


On the 16-lead SOIC package, an active high RESET output is 
also provided. This is the complement of RESET and is 
intended for microprocessors requiring an active high signal. 


Vec 


RESET 


V, = RESET VOLTAGE THRESHOLD 

Vz = RESET VOLTAGE THRESHOLD + 
THRESHOLD HYSTERESIS 

t, = RESET TIME 


Figure 4. Watchdog Timeout Period vs. Temperature 
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ADM698/ADM699 


Watchdog Timer (ADM699 Only) . 

The watchdog timer input (WDI) monitors an I/O line from the | 
wP system. The wP must toggle this input once every 1.6 sec- 
onds to verify correct software execution. Failure to toggle the 
line indicates that the ~P system is not correctly executing its 
program and may be tied up in an endless loop. If this happens, 
a reset pulse is generated to initialize the processor. 


The WDI input is a three level input and will recognize a low- 
to- high or a high-to-low transition on its input. The watchdog 
timer is reset by each WDI transition and then begins its time- 
out period. If the WDI pin remains either high or low, reset 
pulses will be issued every 1.6 seconds typically. If the watch- 
dog timer is not needed, the WDI input should be left floating. 


The Watchdog Output (WDO) (SOIC package Only) provides 
watchdog status information. It is driven low if WDI is not tog- 
gled within the watchdog timeout period. It goes high at the 
next WDI transition. It is also set high when V¢<¢ falls below 
the reset threshold. . 


RESET 


ty = RESET TIME 
tp = WATCHDOG TIME OUT PERIOD 


Figure 5. Watchdog Timeout Period and Reset Active Time 
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+5 V Low Power 
EIA RS-485 Transceiver 


FEATURES — 

Meets EIA RS-485 Standard 

30 Mb/s Data Rate 

Single +5 V Supply 

-—7V to +12 V Bus Common- Mode Range 
High Speed, Low Power BiCMOS 
‘Thermal Shutdown Protection | 
Short Circuit Protection. 

Zero Skew Driver | 

Driver Propagation Delay: 10 ns | 
Receiver Propagation Delay: 25 ns | 
High Z Outputs with Power Off | 
Superior Upgrade for LTC1485 


APPLICATIONS | 

Low Power RS-485 Systems 

DTE-DCE Interface 

Packet Switching 

Local Area Networks 

Data Concentration 

Data Multiplexers - 

Integrated Services Digital Network (ISDN) 


DESCRIPTION 

The ADM1485 is a differential line transceiver suitable for high 
speed bidirectional data communication on multipoint bus trans- 
mission lines. It is designed for balanced data transmission and 
complies with both EIA Standards RS-485 and RS-422. The — 
part contains a differential line driver and a differential line 
receiver. Both the driver and the receiver may be enabled inde- 
pendently. When disabled, the outputs are tristated. 


The ADM1485 operates from a single +5 V power supply. 
Excessive power dissipation caused by bus contention or by 
output shorting is prevented by a thermal shutdown circuit. 


This feature forces the driver output into a high impedance state _ 


if during fault conditions a significant temperature increase is 
detected in the internal driver circuitry. 


Up to 32 transceivers may be connected simultaneously on a 
bus, but only one driver should be enabled at any time. It is 
important therefore that the remaining disabled drivers do not 
load the bus. To ensure this, the ADM1485 driver features high 
output impedance when disabled and also when powered down. 
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This minimizes the loading effect when the transceiver is not 
being utilized. The high impedance driver output is maintained 
over the entire common-mode voltage range from —7 V to 

+12 V. 


The receiver contains a fail safe feature which results in a logic 
high output state if the inputs are unconnected (floating). 


The ADM 1485 is fabricated on BiCMOS, an advanced mixed 
technology process combining low power CMOS with fast — 
switching bipolar technology. All inputs and outputs contain 
protection against ESD; all driver outputs feature high source 
and sink current capability. An epitaxial layer is used to guard 
against latch-up. 


The ADM1485 features extremely fast switching speeds. Mini- 
mal driver propagation delays permit transmission at data rates | 
up to 30 Mbits/s while low skew minimizes EMI interference. 


The part is fully specified over the commercial and industrial 
temperature range and is available in an 8-pin DIL/ SOIC 


package. 
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SP ECIFICATIONS (Veg = +5 V + 5%. All specifications Ty, to Ty, unless otherwise noted.) ADM1485 
Parameter Units | Test Conditions/Comments 


DRIVER 
Differential Output Voltage, Von R = ©, Figure | 
Vec = 5 V, R = 50 © (RS-422),. Figure 1 
R = 27 Q (RS-485), Figure 1 
Verst = —7 V to +12 V, Figure 2 
R = 27 0 or 50 QO, Figure 1 
R = 27 0 or 50 O, Figure 1 
R = 270 or 500 
-7VSVoS4+12V 
~7VEVo24+12V 


Vops 

A|Vop| for Complementary Output States 
Common-Mode Output Voltage Voc 

A|Voc| for Complementary Output States 
Output Short Circuit Current (Voy7r = High) 
Output Short Circuit Current (Voy; = Low) 
CMOS Input Logic Threshold Low, Viz 
CMOS Input Logic Threshold High, Vinyyzy 
Logic Input Current (DE, DI) 


RECEIVER 
Differential Input Threshold Voltage, V+, 


V 
V 
V 
V 
V 
V 
V 


~7V <Vom < +12V 


Input Voltage Hysteresis, AV-+1; Vem = 0V 
Input Resistance —7V S Vom = +12 V 
Input Current (A, B) Vin = 12 V 

Vin = -7V 


Logic Enable Input Current (RE) 
CMOS Output Voltage Low, Vo; 
CMOS Output Voltage High, Vor 
Short Circuit Output Current 
Tristate Output Leakage Current 


Iour = +4.0 mA 

Iour = —4.0mA 

Vour = GND or Vec 
0.4V <= Vour = +2.4V 


POWER SUPPLY CURRENT | | _ 
I¢c (Outputs Enabled) 1.35 2.2 mA Outputs Unloaded, Digital Inputs = GND or Vec 
I¢c (Outputs Disabled) | 0.7 l mA Outputs Unloaded, Digital Inputs = GND or Vcc 


Specifications subject to change without notice. 


TIMING SPECIFICATIONS (Vee = +5 V + 5%. All specifications Tyiy to Tyax unless otherwise noted.) 
Parameter Test Conditions/ Comments 


DRIVER 
Propagation Delay Input to Output Tp; 3;, Tpi. R, Diff = 540 C,, = C,, = 100 pF, Figure 3 
Driver O/P to O/P Tsxew R, Diff = 54.0 C,, = C,2 = 100 pF, Figure 3 
Driver Rise/Fall Time Tp, Tp 


R, Diff = 540 C,, = C,, = 100 pF, Figure 3 
Driver Enable to Output Valid : 
Driver Disable Timing 


RECEIVER 
Propagation Delay Input to Output Tp; 3, Tp. 
Skew |Tpuy-T pun! 
Receiver Enable Tpnx, 
Receiver Disable Tpy> 


C, = 15 pF, Figure 5 


Figure 6 
Figure 6 


Specifications subject to change without notice. 
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ADM1485 


ABSOLUTE MAXIMUM RATINGS* | 


(T, = 25°C unless otherwise noted) 


Inputs _ oS -_ 
Driver Input (DI fae wees 0.3 V to Vee + 0.3 V 
Control Inputs (DE, RE) .... .°.. . —0.3 V to Veg ¢ 0.3. V 
Receiver Inputs (A, B) . vee e cece ee ee  ~14V to +14 V 
Outputs Se | 
Driver Outputs .......... vee ee ees ~14Vt04+14V 
Receiver Output ........... ook = 5. V to Vec + 0.5. V 
Power Dissipation 8-Pin DIP . be a ane AS I ON et 500 mW 
8;4, Thermal Impedance ........... he Bthtiak +130°C/W 
Power Dissipation 8-Pin SOIC ................ 450 mW 
8;4, Thermal Impedance ................ +170°C/W 
Power Dissipation 8-Pin Cerdip ............ ... 300 mW 
8;4, Thermal Impedance ................ + 125°C/W 
Operating Temperature Range .3 
Commercial (J Version)...........05408- 0°C to +70°C 
Industrial (A Version).............08. —40°C to +85°C 
Storage Temperature Range ..... enh eet —65°C to +150°C 
Lead Temperature (Soldering, 10 sec) ........... +300°C 
Vapour Phase (60 sec) ........ 0.2.02 ee ee eees ~+215°C 
Infrared:(15: st) 6044 wares Bena ee 4 wie yank ey eee Ce 


*Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in 
the operational sections of this specification is not implied. Exposure to 
absolute maximum asOnes for extended periods of time may affect device 
reliability. . 


/ Table I. Resuming 


INPUTS 


OUTPUTS 


Table II. Receiving - 


~ INPUTS 
DE 


RO 


> +0.2V 
= -0.2V 
‘Inputs Open 
xX 


NRO; 


CATON a ir 
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily | 
accumulate on the human body and test equipment and can discharge without detection. Although ~ 
the ADM14835 features proprietary ESD protection circuitry, permanent damage may occur on 
devices subjected to high energy electrostatic discharges. Therefore, proper ESD preuuons are 
recommended to avoid performance degradation or loss of functionality. 
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OUTPUT 


PIN FUNCTION DESCRIPTION 


Function 


Receiver Output. When enabled if A > B by 
200 mV, then RO = High. If A< B my 

200 mV, then RO = Low. 

Receiver Output Enable. ‘A low level enables 
the receiver output, RO. A high level places 
it in'a high impedance state. © 

Driver Output Enable. A high level enables 
the driver differential outputs, A and B. A 
low level places it in a high impedance state. 
Driver Input. When.the driver is enabled a 
logic Low on DI forces A low and B high © 
while a logic High on DI forces A high and B 
low. a ae. LES a 
Ground Connection, 0 V. 

Noninverting Receiver Input A/Driver 
Output A. 

Inverting Receiver Input B/Driver Output B. 
Power Supply, 5 V + 5%. 


PIN CONFIGURATION | 


TOP VIEW 
A 
BE 3 | (Not to:Scale) . 6 | 


ORDERING GUIDE 


_ Temperature Range |. Package Option* 


ADM1485JN 0°C to +70°C N-8 
ADM1485JR 0°C to +70°C R-8 
ADM1485AN —40°C to +85°C N-8 
ADM1485AR —40°C to +85°C R-8. 


ADM1485AQ —40°C to +85°C 


*For outline information see Package Information section. 


WARNING! 


ESD SENSITIVE DEVICE 


rt 4 
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ADM1485 
Test Circuits 


Figure 3. Driver Propagation Delay Test Circuit _ Figure 6. Receiver Enable/Disable Test Circuit 


Switching Characteristics 


| O/P HIGH ‘ axe 
| a R 1.5V OH” ”° 
A, B 2.3V Yous O8¥ 
OV 
OV 


Figure 8. Driver Enable/Disable Timing Figure 10. Receiver Enable/Disable Timing 
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-ADM1485—Typical Performance Characteristics 


OUTPUT CURRENT - mA 


0 
0.0 0.5 1.0 15 2.0 
OUTPUT VOLTAGE - Voits 


Figure 11. Receiver Output Low 
Voltage vs. Output Current 


OUTPUT VOLTAGE — Voits 


 ~50 -25 0 25 50 
TEMPERATURE - °C 


75 100 125 


Figure 14. Receiver Output Low 
Voltage vs. Temperature 
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_ OUTPUT VOLTAGE - Volts 


Figure 17. Driver Output Low 
Voltage vs.. Output Current 
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OUTPUT CURRENT - mA 


3.5 4.0 45 5.0 - 


OUTPUT VOLTAGE - Volts 


Figure 12. Receiver Output High 


Voltage vs. Output Current 


OUTPUT CURRENT - mA 


OUTPUT VOLTAGE - Volts 


Figure 15. Driver Differential Out- 


put Voltage vs. Output Current . 


0 41 2 3 4 5 
OUTPUT VOLTAGE - Volts 


Figure 18. Driver Output High 
Voltage vs. Output Current 


OUTPUT VOLTAGE - Voits 


DIFFERENTIAL VOLTAGE -— Volts 


4.5 
-50 -25 0O 25 50 


75 100 125 
TEMPERATURE - °C 


Figure 13. Receiver Output High 
Voltage vs. Temperature © 


2.0 
-50 -25 0 25 50 75 100 125 
TEMPERATURE - °C 


Figure 16. Driver Differential Output 
Voltage vs. Temperature, R, =.54 0 


_ SUPPLY CURRENT —- mA 


-50 -25 0 25 50 
TEMPERATURE-°C 


75 100 125 


-' Figure 19. Supply Current vs. 
_ Temperature | 
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Typical Performance Characteristics —ADM1485 


TIME — ns 
TIME —ns 


0 


~50 -25 0 25 50 75 100 125 -50 -25 0 25 50 75 100 125 

TEMPERATURE - °C TEMPERATURE - °C 
Figure 20. Receiver tp, ter, VS. Figure 21. Driver Skew vs. Figure 22. Unloaded Driver 
Temperature Temperature Differential Outputs 


Figure 23. Loaded Driver Figure 24. Driver/Receiver Propaga- Figure 25. Driver/Receiver Propaga- 
Differential Outputs tion Delays Low to High tion Delays High to Low 


Figure 26. Typical RS-485 Network 
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ADM1485 


APPLICATIONS INFORMATION 


Differential Data Transmission .. 
Differential data transmission is used to reliably transmit dats at. 


high rates over long. distances and through noisy environments. 
Differential transmission nullifies the effects of ground shifts 
and noise signals which appear as common-mode voltages on the 
line. There are two main standards approved by the Electronics 
Industries Association (EIA) which specify the electrical charac- 
teristics of transceivers used i in differential data transmission. 


The RS-422 standard specifies data rates up to 10 MBaud and 
line lengths up. to’ 4000 ft. A single driver can drive a transmis- 
sion line with up to 10 receivers. 


In order to cater for true multipoint communications, the | 
RS-485 standard was defined. This standard meets or exceeds all 
the requirements of RS-422 but also allows for up to 32 drivers 
and 32 receivers to be connected to a single bus. An extended 
common-mode range of —7 V to +12 V is defined. The most 
significant difference between RS-422 and RS-485 is the fact 
that the drivers may be disabled thereby allowing more than one 
(32 in fact) to be connected to a single line. Only one driver 
should be enabled at time, but the RS-485 standard contains _ 
additional specifications to guarantee device eatety in the event 
of line contention. 


Cable and Data Rate | ; 

The transmission line of choice for. RS-485 communications isa 
twisted pair. Twisted pair cable tends to cancel common-mode 
noise and also causes cancellation of the magnetic fields gener- — 


ated by the current flowing through each wire, thereby, reduc- 7 


ing the effective inductance of the pair.. 


The ADM1485 i 1S designed for bidirectional data communications _ 


on muitpont transmission lines. A typical application owe a 


multipoint transmission network is illustrated in Figure 26. An 


_ RS-485. transmission line can have as many as 32 transceivers on 


the bus. Only one driver can transmit at a particular time but 
multiple receivers may be enabled simultaneously. 


As with any transmission line, it is important that reflections are 
minimized. This may be achieved by terminating the extreme 


ends of the line using resistors equal to the characteristic imped- 


ance of the line. Stub lengths of the main line should also be 
kept as short as possible. A properly terminated transmission 
line appears purely resistive to the driver. 


- Thermal Shutdown 


The ADM1485 contains thermal shutdown circuitry which pro- 
tects the part from excessive power dissipation during fault con- 
ditions. Shorting the driver outputs to a low impedance source 
can result in high driver currents. The thermal sensing circuitry 
detects the increase in die temperature and disables the driver 
outputs. The thermal sensing circuitry is designed to disable the 
driver outputs when a die temperature of 150°C is reached. As 
the device cools, the drivers are re-enabled at 140°C. 


Propagation Delay 


The ADM1485 features very low propagation delay ensuring 


‘maximum baud rate operation. The driver 1 is well balanced 


". - ensuring distortion free transmission. 


Another important specification is a measure of the dite 
_. between the complementary outputs. Excessive skew i impairs, the 
- noise immunity of the system and increases the amount ro elec- 


tromagnetic: interference (EMI). 


Receiver Open-Circuit Fail Safe © 


The receiver input includes a fail-safe feature which guarantees a a 


logic high on the receiver when the inputs are open. circuit. or. 
floating. 


Table IIL. Comparison of RS-422 and RS-485 Interface Standards 


Specification 


Transmission Type 
Maximum Cable Length 
Minimum Driver Output Voltage 
Driver Load Impedance 

Receiver Input Resistance 
Receiver Input Sensitivity 
Receiver Input Voltage Range 
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RS-422 


No of Drivers/Receivers Per Line 


RS-485 


Differential Differential 
4000 ft. 4000 ft. 

+2V +E V 

100 © 540 — 

4 kQ min 12 kQO min 
+200 mV +200 mV 
—-7Vto+7V | —-7Vto+12V 


1/10 32/32 
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Octal, RS-232/RS-423 Line Driver 


| ADM95170 


FEATURES 

Eight Single Ended Line Drivers in One Package 

Meets EIA Standard RS-232E, RS-423A and 
CCITT V.10/X.26 

Resistor Programmable Slew Rate 

Wide Supply Voltage Range 

Low Power CMOS 

3-State Outputs 

TTL/CMOS Compatible Inputs 

Output Short Circuit Protection 

Available in 28-Pin DIP/PLCC 

Low Power Replacement for UC5170C 


APPLICATIONS 

High Speed Communication 
Computer I-O Ports Peripherals 
High Speed Modems 

Printers 

Logic Level Translation 


GENERAL DESCRIPTION a 

The ADM5170 is an octal line driver suitable for digital communi- 
cation systems with data rates up to 116 kB/s. Input TTL or 
CMOS signal levels are inverted and translated into either EIA __ 
RS-232E or RS-423A signal levels depending on the status of the 
Mode Select inputs MS+ and MS-—. With both Mode Select inputs 
at GND, RS-423 operation is selected while with MS+ connected 
to Vpp and MS- connected to V,;, RS-232 operation is selected. 


The output slew rates may be controlled using an external resistor 
connected between the SRA (Slew Rate Adjust) pin and GND. 
Resistor values between 2 kQ and 10 kQ may be selected giving a 
slew rate which can be adjusted from 10 V/ps to 2.2 V/s. This 
adjustment of the slew rate allows tailoring of the output character- 
istics to suit the interface cable being used. 


The outputs may be disabled using the EN (Enable Input). This 
feature permits sharing of a common output line. 


The ADM5170 is fabricated on an advanced CMOS process 
featuring low power consumption. In the disabled state the power 
consumption reduces from 500 mW to 40 mW. The ADM5170 is 
available in both 28-pin DIP and 28-lead PLCC packages. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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FUNCTIONAL BLOCK DIAGRAM 


Ao 


Bo 


Fo 
Go 
ss 


RS-232/RS-423 
MODE SELECT 


RS-423A 


5Vto6V 
-5>Vto-6V 
High Z 


‘Minimum Output Level 
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ADM5170-SPECIFICATIONS 


Parameter 


POWER REQUIREMENTS 
Vopp Range 
Vss Range 
Ipp (Disabled) 
Ipp (Enabled) 
I, (Disabled) 
I,, (Enabled) 


DIGITAL INPUTS 
Input Logic Threshold High, Viny . 
Input Logic Threshold Low, Vy, 
Input Clamp Voltage, Vinx 
Input High Level Current, I, 
Input Low Level Current, I; 


OUTPUTS 
RS-423A Outputs 
High Level Output Voltage 5.0 
. 5.0 
Low Level Output Voltage 3 —5.0 
| 5.0 
—4,5 
Output Balance, Vga, 
RS-232 Outputs 
High Level Output Voltage aa 7.0 
7.0 
Low Level Output Voltage 7.0 
Off-State Output Current, Io, 100 
Short Circuit Current, Ip. : 15 
15 


Specifications subject to change without notice. 


5.3 
5.3 
5.2 
-5.3 
-5.6 
—5.4 
0.05 


7.6 
7.6 
Sieh 
—7.7 


50 
40 


BE<<< 


HBE<<<< <<<<<<< 
> 5 


(Vpp= +10 V+ 10%, Vec=—-10 V+ 10% V, MS+ = MS— = 0V, Roa, = 
10 kQ. All Specifications T,,, to Tua, unless otherwise noted.) 


Test Conditions/Comments 


EN = High, | 


RL =, EN=0V 


EN = High 
R, =~, EN=0V 


Ly = -15 mA 
Van = 24V 
Vin = 0.4 V 


EN = 0.8 V, MS+ = MS- =0V 

R, =», Vin = 0.8 V 

R, = 3. kQ, Vy = 0.8V 

R, = 450 Q, Vix =0.8 V 

R, =, Vin =2.0V 

R, = 3 kQ, Vy = 2.0 V 

R, = 450 Q, Vix = 2.0 V 

Ry = 450 Q, Vea = Vou- Vor | 

EN = 0.8 V, MS+ = Vpp, MS- = Vig 
R, = &, Viy = 0.8 V 

R, = 3 kQ, Vin = 0.8V 

R, =, Vy =2.0V 

R, = 3 kQ, Vy = 2.0 V 

EN = 2.0 V, Vo = £6 V, Vpp= 15 V, Ves = -15 V 
Vin=0V,EN=0V 

Vin =5V,EN=0V 


(Vip= +10 V+ 10%, V.,= —-10 V+ 10%, MS+ = MS- =0 v. All Specifications T,,, to Te 


TIMING CHARACTERISTICS unless otherwise noted.) 


Parameter | Min 


Output Slew Rate 


Output Slew Rate 
1.33 
Output to Hi-Z Propagation Delay (Disable) | 


Hi-Z to Valid Output Propagation Delay (Enable) 


Specifications subject to change without notice. 
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Typ 


Max 


Test Conditions/Comments 


Fig 1, Fig 2. Rog, = 2 kQ, R, = 450 Q, C, = 50 pF 
Rising/Falling Edge, tp, te 

Fig 1, Fig 2. Regg = 10 kQ, R, = 450 Q, C, = 50 pF 
Rising/Falling Edge, t, , t; 

Fig 1, Fig 3. Rega = 10 kKQ, R, = 450 Q, C, = 50 pF 
tuz 
tz 

Fig 1, Fig 3. Rena = = 10 kQ, R, = = 450Q, C, = 50 pF 
tou 

ter 
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ABSOLUTE MAXIMUM RATINGS* 


(T,= 25°C unless otherwise noted) 


Ven Mead per See ees os Oe Woe ae aha saben nee pou FIS-V 
RG saree cnet he a ew FA ead) A acae ah ara ey at Men ree ein ae -15V 
Input Voltages 

Nite Coes e ewes owe nh ead teases om eee —0.3 to (Vpp + 0.3 V) 
Ouput Voltages 

Nicene rita are Be Rey ered aah es ease at -12Vto +12 V 
Output Short Circuit Duration .................. Continuous 
Power Dissipation Plastic DIP ................005. 1250 mW 

(Derate at 12.5 mW/°C above +50°C) 

Bigs Uhermal Impedance sss hited ww eae avers ahoar’ 75°C/W 


Power Dissipation PLCC 
(Derate at 10 mW/°C above +50°C) 
Ga, Thermal Impedance:.:cd05 sdvawnkiawos oe easaaine 80°C/W 
Operating Temperature Range 
Commercial (J Version) 


Industrial (A Version): «icc seaee eee ea ees ~40°C to +85°C 
Lead Temperature (Soldering 10 sec) ................ +300°C 
Vapour Phase (60 sec) ........ GbR eo thte Ae ae +215°C 
TPaPAT ER. CES SEC i of se. Sop aie GR Sod oe Beets ee doe Sah eS +220°C 


*This is a stress rating only and functional operation of the device at these or any 
other conditions above those indicated in the operation sections of this specifica- 
tion is not implied. Exposure to absolute maximum rating conditions for extended 
periods of time may affect reliability. 


CAUTION 


ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. Although 
the ADM5170 features proprietary ESD protection circuitry, permanent damage may occur on 
devices subjected to high energy electrostatic discharges. Therefore, proper ESD precautions are 
recommended to avoid performance degradation or loss of functionality. 


RS-232/RS-423 
MODE SELECT 
O 
SLEW RATE 
CONTROL 


Figure 1. Timing Test Circuit 


Vin — 


Vout 


Figure 2. Rise/Fall Timing Waveforms 
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ADM5170 


ORDERING GUIDE 


Temperature Range 


Package Option* 


ADM5170JN 0°C to +70°C N-28 
ADM5170AN -40°C to +85°C N-28 
ADM5170JP 0°C to +70°C P-28A 


ADM5170AP —40°C to +85°C 


*For outline information see Package Information section. 


WARNING! 


was AS 


ESD SENSITIVE DEVICE 


INPUT 


OUTPUT 


OUTPUT 
Vin = 5V 


Voi 


Figure 3. Enable/Disable Timing Waveforms 
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ADM5170 


PIN CONFIGURATIONS 
DIP — 

Nc [1]e | 28] Ho 
Ao | 2| H, 
A, |26| G, 
B, 25] Go 
Bo [5] 24] Fo 
Co [6] [23] F; 
cE] ADMSY7O Fa 
D 8 (Not to Scale) 21 Eo 
Do [9] 20] Vop 
EN [10] 19] MS+ 
Vsg [11 118] GND 

SRA | 12| Ms- 
NC | 13] 16| NC 
Nc | 14) 115] NC 


NC = NO CONNECT 


PLCC 


-ADM5170 
TOP VIEW 


(Not to Scale) 


NC = NO CONNECT 


Mnemonic 


SRA 


PIN FUNCTION DESCRIPTION 
Function 


Power Supply Input, +10 V + 10%. 

Power Supply Input, -10 V + 10%. 

Ground Pin. Must be connected to 0 V. 

Digital Input to Drivers A to H. 
RS-232/RS-423 Output from Drivers A to H. 
Enable Pin. When high, all outputs are 3-stated. 
Mode Select Inputs. Used to control the output 


level swing. With MS+ & MS- connected to GND, 


RS-423A output levels are selected. With MS+ 


- connected to Vpp and MS-— connected to Vg, 


RS-232 output levels are developed. 

Slew Rate Adjust Input. An external resistor (2 kQ 
to 10 kQ) connected between this pin and GND is 
used to control the Output Slew Rate (10 V/us to 
2.2 V/us). 


15-94 INTERFACE PRODUCTS 


Slew Rate Programming 
The slew rate for the ADM5170 is ssiechiea by a single resistor 


connected between the SRA pin and GND. The slew rate is 
approximately. 


Slew Rate (Vis) = 20/Rsp4, (RQ) 


Resistors between 2 kQ and 10 kQ may be used providing a slew 
rate which may be varied from 10 V/s to 2.2 V/us. Figure 5 in the 
Typical Performance Characteristics section shows how the slew 
rate varies with R,,, while Figure 8 shows how the transition time 
(10% to 90%) varies with Rgg,. Waveshaping of the output allows 
the user to control the level of interference (near-end crosstalk) 
which may be coupled to adjacent circuits in an interconnection. 
The recommended output characteristics for cable length and data 
rate are given in the EIA RS-423A specifications. 


Maximum Data Rate (kB/s) = 300/t (for rates from 1 kB/s to 
100 kB/s). 


Cable Length (feet) = 100 X t (Max Length = 4000 ft.) 
where ¢ is the transition time (in us) for the output to swing from 


10% to 90% of its steady state values. The absolute maximum data 
rate is 100 kB/s and the maximum cable length is limited to 4000 ft. 


Output Mode Programming _ 

The ADM5170 has two programmable output modes which 
provide different output voltage levels. The low output mode meets 
the specifications of EIA standards RS-423A while the high output 
mode meets the RS-232 specifications. The high output mode 
provides greater output swings and is suitable for driving lines 
where higher attenuation levels must be tolerated. This mode is 
selected by connecting the mode select pins to the supplies, MS+ to 
Vpp and MS- to V.s. The low output mode is selected by connect- 
ing both mode select pins MS+ and MS-— to GND. This mode 
provides a controlled output swing with lower output levels. 


5 V to 6 V (RS-423) 
—5 V to -6 V (RS-423) 
(Vp — 3 V) (RS-232)! 
(Ves + 3 V) (RS-232)! 
High Z 
1Minimum Output Level. | 
Typical Application Circuit 
A typical application circuit using a single driver in the ADM5170 
is shown in Figure 4. This circuit is suitable for either RS-232 or . 
RS-423 communication. An ADM5180 octal receiver is used to 
translate the signal back to CMOS logic level at the receiving end. 


TIE TO GND 
FOR RS-232 


Figure 4. RS-232/RS-423A Typical Application Circuit 
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ANALOG 
DEVICES 


Octal, RS-232/RS-423 Line Receiver 


ADM5180 


FUNCTIONAL BLOCK DIAGRAM 


FEATURES 

Eight Differential Line Receivers in One Package 

Meets EIA Standard EIA-232E, 423A, 422A and 
CCITT V.10, V.11, V.28 

Single +5 V Supply 

Differential Inputs Withstand +25 V 

internal Hysteresis 

Low Power CMOS -3.5 mA Supply Current 

TTL/CMOS Compatible Outputs 

Available in 28-Pin DIP and PLCC Packages 

Low Power Replacement for UC5180C/NE5180 


APPLICATIONS 

High Speed Communication 
Computer I-O Ports 
Peripherals 

High Speed Modems 
Printers 

Logic Level Translation 


GENERAL DESCRIPTION 

The ADM5180 is an octal differential line receiver suitable for a 
wide range of digital communication systems with data rates up to 
200 kB/s. Input signals conforming to EIA Standards 232-E, 422A 
and CCITT V.10, V.11, V.28, X.26, and X.27 are accepted and 
translated into TTL /CMOS output signal levels. 


The ADM5180 is a superior upgrade for the UC5180C and the 
NE5180. It is fabricated on an advanced BiCMOS process, 
allowing high speed bipolar circuitry to be combined with low 
power CMOS. This minimizes the power consumption to less than 
25 mW. 


A failsafe function ensures a known output state under a variety of 
input fault conditions as defined in RS-422A and RS-423A. The 
failsafe function is controlled by FS1 and FS2. Each controls four 
receivers. With FS = Low and a fault condition the output is forced 
low while if FS = High, the output is forced high. 


The device is available in both 28-pin DIP and 28-lead PLCC 
packages. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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Receiver 
Logic Output 


Differential Input 
(+) - ©) 


>200 mV 
<-200 mV 
O/C 
S/C 
O/C 
S/C 


Failsafe Input 
FS1, FS2 


nreee es 
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ADMS1 B0-SPECIFICATIONS ‘ sa = 1. tn 
Parameter eee ee Test Conditions/Comments 


POWER REQUIREMENTS 
Vop ae 
Inp 

INPUTS 


Input Resistance, Ry 
Differential Input High Threshold, V+, 


3V<|VylS25V _ . 

Rs = 0 Q, Vour = 2.7 V; Iour = —440 A, See Figure 1 
Rg = 500 Q, Vour = 2.7 Vs Ionut = —440-pA, See Figure 1 
Ry = 0 Q, Vour = 0.45 V; Iour = 8 mA, See Figure 1 | 
Rs = 500 Q, Vour = 0.45 V, Igur = 8 mA, See Figure 1 
FS1, FS2 = 0 V or Vpp, See Figure 1 


Differential Input Low Threshold, Vx, 


Hysteresis, Viz ' 

Open Circuit Input Voltage, Vioc 
Input Capacitance 

Input Current, I, Vin =.+10V 


Vin = -10 V 


OUTPUTS 
High Level Output Voltage, Voy 
Low Level Output Voltage ,Vo, 


Vo = 1.0 V, Tour = —440 WA 
Vo = —l. 0 V, Lour = 4 mA 
Vip = a —l. 0 V, Tour = 8 mA, cas 0°C to a: 


Short Circuit O/P Current, Io, Note 1 


FAILSAFE FUNCTION . 
Failsafe Output Voltage, Voss Inputs Open or Shorted Together or One Input Open ~ 

and One Grounded 

0 <Iour S$ 4 mA; FS1, FS2=0V_ 

0 <Igur $ 8 mA, T, = 0°C to +70°C; FS1, FS2 = 0 Vv | 


0 2 lour 2 —400 LA; FS1, FS2 = Vas 


FS1, FS2 Input Current 


NOTE 
‘Only one output may be shorted at any time. 


Specifications subicce to change without notice. 


TIMING GHARALTERISH CS (Vip = +9 V+ 5%. All Specifications Twn to Ty, unless otherwise noted) 
Parameter Test Conditions/Comments 


Propagation Delay=Low to High 550 C, = 50 pF, Vix = £500 mV 
Propagation Delay—High to Low 550 | C, = 50 pF, Vix = £500 mV 


Acceptable Input Frequency 0. 1 Unused Input Grounded, V,, = +200 mV © 
Rejectable Input Frequency 5s nr ae Unused Input Grounded, Vin = = +500 mW 


Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS! 


(T, = 25°C unless otherwise noted) 


V oils eZ ee ROMA ree O4 Ge Me im ae aes SS ade are rd ee +7 V 
Common-Mode Input Voltage ............. 0.000 e eee +15 V 
Differential Input Voltage ............ 0. eee +25 V 
Patlsate- Vy Oa Ge = hota ee eee a ey owe aad: -0.3 V to Vec 
Output Short Circuit Duration ................. Continuous? 
Power Dissipation Plastic DIP ................2005 1250 mW 

(Derate at 12.5 mW/°C Above +50°C) 

Qj. Vhermal Impedance .............. 00000 e eee 75°C/W 
Power Dissipation PLCC .......... 0.0.2 eee ee eee 1000 mW 

(Derate at 12.5 mW/°C Above +50°C) 

Oa, Chermal Impedance: o..060 eae esa vo erates +80°C/W 
CAUTION 


ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. Although 
the ADM5180 features proprietary ESD protection circuitry, permanent damage may occur on 
devices subjected to high energy electrostatic discharges. Therefore, proper ESD precautions are 
recommended to avoid performance degradation or loss of functionality. 


Vout Von 0 Vri2  Vrne2 Vin 
Figure 1. V,,, V,,, V,, Definition 


+2.1V 


Figure 2. Timing Test Load 
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ADM5180 


Operating Temperature Range 


Commercial (J Version) ..............0.0000- 0°C to +70°C 

Industrial (A Version) ................00. ~40°C to +80°C 
Lead Temperature (Soldering 10 sec) ................ +300°C 

Vapour Phase: (60'S@¢)- as: cies daredn Oe ee wes +215°C 

intrared:Cl5 S66) ad ss Adeadioien eee ke wea Lak +220°C 
NOTES 


'This is a stress rating only and functional operation of the device at these or any 
other conditions above those indicated in the operation sections of this speci- 
fication is not implied. Exposure to absolute maximum rating conditions for 
extended periods of time may affect reliability. 

Only one output should be shorted at any time. 


WARNING! 


a 


ESD SENSITIVE DEVICE 


ee a ee ee 


(Vint) —Vin-) = 


OUTPUT 


Figure 3. Timing Waveform 
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Temperature Range 


Package Option* 


ADM5180JN 0°C to +70°C N-28 
ADM5180AN —40°C to +85°C N-28 
ADM5180JP 0°C to +70°C . P-28A 


ADM5180AP ~40°C to +85°C 


*For outline information see Package Information section. 
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ADM5180 


PIN CONFIGURATIONS 
DIP | 

A-[i/e 28] Vop 
A+ | 2| Ho 
Ay [ 3, 126] H+ 
B- /25| H- 
B+ 5 | | 24] G 
Bo 23] G+ 
ro] ADMSIED Fao 
c- (Not to Scale) [21] FS2 
C+ }20| Fo 
Co 19] F+ 
D- 18] F- 
D+ Eo 
Do 16] E+ 
GND 115] E- 


ADM5180 


TOP VIEW 
(Not to Scale) 


PIN DESCRIPTION 


Mnemonic Function 


Power Supply Input, 5 V + 5%. 


GND Ground Pin. Must be connected to 0 V. 
At .. Ft Noninverting Input to Differential Receivers - 
Ato H. 
A-...H- . | Inverting Input to Differential Receivers A to H. 
Ag ««.Hy Receiver Outputs A to H. 
A through D and FS2 controls receivers 
E through H. 
FS1, FS2 - Failsafe Control Inputs. FS1 controls receivers 


A through D and FS2 control Receiver —. 
E through H. 
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APPLICATIONS INFORMATION | 


FAILSAFE OPERATION 

The ADM5180 provides a failsafe operating Ate to guard against 
input fault conditions as defined in RS-422A and RS-423A 
standards. The fault conditions are (1) Driver in power-off 
condition, (2) Receiver not interconnected with Driver, (3) Open- 
circuited interconnecting cable, and (4) Short-circuited intercon- ~ 
necting cable. If any of these four fault conditions occurs at the 
inputs of a receiver, then the output of that receiver is driven to a 
known logic level. The failsafe level is programmed using the 
failsafe (FS) input. There are two failsafe inputs, FS1 and FS2 
which each control four receivers. FSI controls receivers A... D 
and FS2 controls receivers E... H. A connection to Vpp on the 
failsafe input sets the output high under fault conditions while a 
connection to GND sets the output low. 


FS1, FS2 


Output During Fault Condition 


Input Filtering 
The ADM5180 contains internal low pass filtering for additional 


. noise rejection. Frequencies above the passband will be rejected. 


For the specified input (5.5 MHz at +500 mV) the input stage 


attenuates the signal such that the threshold levels are not reached 


and therefore no change of state occurs on the output. The filtering 
is a function of both amplitude and and frequency. As the signal 
amplitude decreases then the rejected frequency will decrease. 
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Selection Tree — Motion Control 


MOTION CONTROL* 
CONTROL | 


RESOLVER TO 
DIGITAL CONVERTERS 
| VARIABLE RESOLUTION 


AD2S100 (Vector Transformation) AD2593 (14-Bit Serial I/O) : ae 


10, 12, 14, 16-Bit , Transducer & 
: Signal Conditioner 


AD2S80A (40-Pin DIP) 


AD2S82A (44-Pin PLCC) | 


AD2S83 (With High Accuracy Velocity 
Output) : ADXL05_ (45 g) 


AD2S90 (20-Pin PLCC Serial) ADXL50_ (50 g) 
3 | ADXL181 (-125 to +250 g, 
Fixed Resolution -150 to +880 g) 
12-Bit | | ‘ 


AD2S81A (28-Pin DIP) 


Reference Oscillator | — 


AD2S99 (2 kHz to 20 kHz) 


| LVD1Ts | 
Signal Conditioners | 


AD598 (4 Wire) 
AD698 (3, 4, 5 Wire) 


*All Products are Monolithic 


Selection Guides— Motion Control Products 


Digital-to-Synchro and Resolver Converters 


Reference Reference Signal 
Load Frequency Input Volt Output Volt Transformer 
Res Output Accuracy Driving Options Options Options Output Package Temp 
Model Bits Format’ arc mins Capability Hz V rms V rms Isolations Options? Ranges? Page? Comments 
DRC1745 14 R° +1,+2,+3 2.0VA° dc—>2600 03.4 06.8 Use Ext. STM M M CI 3-107 _Digital-to-Resolver Converter 
1680 and STM with Int. 2 VA Power Amplifier. 
1683 Transformer Optional Int. TransZorbt Pro- 
tection. 2 Byte Latched Inputs 
AD2S65 14 R +2, +4’ - dc—>2600 0—3.4 06.8 - C,M CI 3-35 Digital-to-Resolver Converter. 
Autonulling (AN) Option 
DRC1746 —s 16 R? +1, +2, +3 2.0VA° dc—2600 0—3.4 0—6.8 Use Ext. STM M M CI 3-107 = 16-Bit Version of DRC1745 
1680 and STM 
1683 Transformer 
AD2S66 16 R +1,+42,+447 - dc—2600 0—3.4 0—6.8 - M C,M CI 3-35 Digital-to-Resolver Converter. 
Autonulling (AN) Option 
Motor Control 
Model Description Package Options” Temp Range? Page Comments 
AD2S100 AC Vector Controller P I 16-51 Vector Coordinate Transformation, 15 arc min, 2 ws Settling Time 
Synchro/Resolver Support Components 
Package Temp 
Model Description Options Ranges Page* Comments 
AD2S99 Programmable Sine Wave Oscillator P J 16-48 2 kHz-20 kHz Freq., Transducer Output Phase Locking 
AD2875 Signal and Reference Isolation for AD2S80/81/82 M C,M CI 3-43 56-20,000 Hz Freq, 11.8-115 V rms Ref, 11.8/26/90 V rms Input 
OSC1758  —_- Hybrid Sine/Cosine Power Oscillator M C,M CI 3-117 0.0-10 kHz Frequency Range®, In-phase and Quadrature Outputs, | 
1.5 W Output Power 
LVDT Signal Conditioners 
Model Description Package Options” Temp Ranges* Page* Comments 
AD598 Single Chip LVDT Driver/Amplifier D,R C,I 16-63 20 Hz—20 kHz, Phase Insensitive, High Accuracy 
AD698 Single Chip 4-Wire LVDT Driver/Amplifier P,Q I,M 16-67 Improved Performance, Multiple Configurations 


1§ = Synchro; R = Resolver. 


€-9L SLINGOYd TOYLNOD NOILOW 


?Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; J = J-Leaded Ceramic Package; 
M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline “SOIC” Package; RS = SSOP—Shrink Small Outline Package; S = Plastic Quad Flatpack; 
ST = Thin Quad Flatpack; T = TO-92; U = TSOP—Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In-Line “SIP” Package; Z = Ceramic Leaded Chip Carrier. 

3Temperature Ranges: C = Commercial, 0°C to +70°C; I = Industrial, —40°C to +85°C (Some older products —25°C to +85°C); M = Military, —55°C to +125°C. If a device has military grade offerings, the M temperature des- 
ignator will be followed by: / to indicate 883B, ; for JAN, » for SMD, and g for space level. 

4CI = Data Converter Reference Manual, Volume I. All other entries refer to this volume. 

>Synchro format output with external output transformer STM1683: 

®Can be used with pulsating power supply for reduced dissipation. 

7Depends on option. 

Boldface Type: Data sheet information in this volume. 

f{TransZorb is a trademark of General Semiconductor Industries, Inc. 


SLOINGOUd TOHLNOD NOILOW ¥-91 


Selection Guides— Motion Control Products 


Synchro, Resolver, Inductosynt and LVDT-to-Digital Converters 


‘Tracking Rate Reference os ) 
Res Input Accuracy Options Frequency = Input Package Temp 


Model Bits Format! arc mins revs/sec” Options Hz Isol Options* Ranges* Page> § Comments 
SDC/RDC1741 12 | S,R. ~+15.3 18 400, 2.6k Yes M C,M CI 3-119 Tristate, Latched Output | 
. | | | Internal Transformer Isolation 
SDC/RDC1742 12 S,R +8.5 18 400, 2.6k - Yes M C,M CI 3-119 Tristate, Latched Output 
Internal Transformer Isolation 
AD2S81A° 12 I,R +30’ 260 400—20 k No D C 16-11 Monolithic, User Selectable Dynamic 
| a Characteristics, High Tracking Rate, 
| : | Quality Velocity Output, Class 2 ESD 
SDC/RDC1740 14 S,R $5.3 27 400, 2.6k Yes M C,M CI 3-119 Tristate, Latched Output 
oe . | : . Internal Transformer Isolation - | 
AD2S80A° 16,14, I,R +2, +4, +8 1040? 50-20 k No D,E C,1,M/, 16-7 Monolithic, User Selectable Dynamic 
12, 10° Characteristics and Resolution. High 
Tracking Rate and Quality Velocity 
HA : Output . 
AD2S82A° 16,14, IR +2,4+4,+8  1040° | 50-20 k No P Cc 16-11 Monolithic, User Selectable Dynamic 
~ 12, 108 Characteristics and Resolution. High 
Tracking Rate and Quality Velocity 
7 . 3 Output 
AD2S83 16,14, I,R +8 1040° 50-20 k No P I 16-15 Monolithic, User Selectable - 
| | 12, 10° 7 Dynamic Characteristics and 
Resolution. High Tracking Rate and 
+0.15% Linearity Velocity Output 
AD2S34 14 R +2.6, +4.0 20, 48 0.4, 2.6, 4.0k No Z M CI 3-7 Dual Channel Resolver-to-Digital 
| . Converter with On-Board Oscillator 
AD2S46 16 S,R #13, 22.6 12 0.42.6 k No D M CI 3-23 —=16-Bit Resolver/Synchro-to- 


Digital Converter, 1.3 arc min 


G-9L SLINGOYd TOYULNOID NOILOW 


Tracking Rate Reference 


Res Input Accuracy Options Frequency Input Package Temp 
Model | Bits Format! arc mins revs/sec? Options Hz Isol | Options* Ranges* Page? Comments 
AD2S44 14 S,R +2.6,'° +4.0, 20 0.42.6 k No M M CI 3-15 Dual Channel Resolver/ 
5:2 Synchro-to-Digital Converter 

with Loss of Track Detection 

AD2S90 12 I,R +8 375 2.0—10.0 k No P C,I 16—27 Low Cost RDC, Incremental 
Encoder and Absolute 
Position Output 

AD2S893 14 LVDT _ 0.1, 0.05% TBD 2.0-10.0 k No P I 16-37 14-Bit LVDT-to-Digital Converter 


1S = Synchro; R = Resolver; I = Inductosyn. 
In general, higher reference frequency options have higher tracking rates. 
3Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; J = J-Leaded Ceramic Package; 
M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline “SOIC” Package; RS = SSOP—Shrink Small Outline Package; S = Plastic 
Quad Flatpack; ST = Thin Quad Flatpack; T = TO-92; U = TSOP—Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In-Line “SIP” Package; Z = Ceramic Leaded Chip 
Carrier. 
“Temperature Ranges: C = Commercial, 0°C to +70°C; I = Industrial, ~40°C to +85°C (Some older products —25°C to +85°C); M = Military, —55°C to +125°C. If a device has military grade offerings, the M 
temperature designator will be followed by: / to indicate 883B, ; for JAN, » for SMD, and , for space level. 
SCI = Data Converter Reference Manual, Volume I. All other entries refer to this volume. 
*Die Revision. 
7Consult data sheet. 
’Resolution is user selectable. 
*Depends on resolution selected. 
10+2.6 arc min only available over 0°C to +70°C. 
Boldface Type: Data sheet information in this volume. 
tInductosyn is a registered trademark of Farrand Industries, Inc. 
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ANALOG 
DEVICES 


Variable Resolution, Monolithic 
Resolver-to-Digital Converter 


AD2S80A 


FEATURES 

Monolithic (BiMOS Il) Tracking R/D Converter 
40-Pin DIP Package 

44-Pin LCC Package 

10-, 12-, 14- and 16-Bit Resolution Set by User 
Ratiometric Conversion 

Low Power Consumption: 300 mW typ 
Dynamic Performance Set by User 

High Max Tracking Rate 1040 RPS (10 Bits) 
Velocity Output 

Industrial Temperature Range Versions 
Military Temperature Range Versions 

ESD Class 2 Protection (2,000 V min) 

/883 B Parts Available 


APPLICATIONS 

DC Brushless and AC Motor Control 
Process Control 

Numerical Control of Machine Tools 
Robotics 

Axis Control 

Military Servo Control 


GENERAL DESCRIPTION 

The AD2S80A is a monolithic 10-, 12-, 14- or 16-bit tracking 
resolver-to-digital converter contained in a 40-pin DIP or 44-pin 
LCC ceramic package. It is manufactured on a BiMOS II pro- 
cess that combines the advantages of CMOS logic and bipolar 
high accuracy linear circuits on the same chip. 


The converter allows users to select their own resolution and 
dynamic performance with external components. This allows the 
users great flexibility in defining the converter that best suits 
their system requirements. The converter allows users to select 
the resolution to be 10, 12, 14 or 16 bits and to track resolver 
signals rotating at up to 1040 revs per second (62,400 rpm) 
when set to 10-bit resolution. 


The AD2S80A converts resolver format input signals into a par- 
allel natural binary digital word using a ratiometric tracking con- 
version method. This ensures high-noise immunity and tolerance 
of lead length when the converter is remote from the resolver. 


The 10-, 12-, 14- or 16-bit output word is in a three-state digital 
logic available in 2 bytes on the 16 output data lines. BYTE 
SELECT, ENABLE and INHIBIT pins ensure easy data trans- 
fer to 8- and 16-bit data buses, and outputs are provided to 
allow for cycle or pitch counting in external counters. 


An analog signal proportional to velocity is also available and 
can be used to replace a tachogenerator. 


The AD2S80A operates over 50 Hz to 20,000 Hz reference 
frequency. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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FUNCTIONAL BLOCK DIAGRAM 


AC end DEMOD DEMOD INTEGRATOR 
VP orp 


PHASE SENSITIVE 
DETECTOR 
INTEGRATOR 
% o/P 
oe TRANSFER © VCO VP 
eee | O 


SEGMENT 


SWITCHING R-2R DAC 


DATA SC1 SC2 ENABLE BYTE '+5V DIG. BUSY DIR INHIBIT 
LOAD 16 DATA BITS SELECT GNO 
PRODUCT HIGHLIGHTS 


Monolithic. A one chip solution reduces the package size 
required and increases the reliability. 


Resolution Set by User. Two control pins are used to select 
the resolution of the AD2S80A to be 10, 12, 14 or 16 bits allow- 
ing the user to use the AD2S80A with the optimum resolution 
for each application. 


Ratiometric Tracking Conversion. Conversion technique pro- 


vides continuous output position data without conversion delay 
and is insensitive to absolute signal levels. It also provides good 
noise immunity and tolerance to harmonic distortion on the ref- 
erence and input signals. 


Dynamic Performance Set by the User. By selecting external 
resistor and capacitor values the user can determine bandwidth, 
maximum tracking rate and velocity scaling of the converter to 
match the system requirements. The external components 
required are all low cost preferred value resistors and capacitors, 
and the component values are easy to select using the simple 
instructions given. 

Velocity Output. An analog signal proportional to velocity is 
available and is linear to typically one percent. This can be used 
in place of a velocity transducer in many applications to provide 
loop stabilization in servo controls and velocity feedback data. 


Low Power Consumption. Typically only 300 mW. 


Military Product. The AD2S80A is available processed in 
accordance with MIL-STD-883B, Class B. 


MODELS AVAILABLE 
Information on the models available is given in the section 
“Ordering Guide.” 


MOTION CONTROL PRODUCTS 16-7 


AD2S80A—SPE 


Parameter | 


SIGNAL INPUTS 
Frequency 
Voltage Level 
Input Bias Current 
Input Impedance 
Maximum Voltage 


REFERENCE INPUT 
Frequency 
Voltage Level 
Input Bias Current 
Input Impedance 


CONTROL DYNAMICS 
Repeatability 
Allowable Phase Shift 
Tracking Rate 


Bandwidth! 


ACCURACY 
Angular Accuracy 


Monotonicity 


Missing Codes (16-Bit Resolution) 


VELOCITY SIGNAL 
Linearity 
Reversion Error 
DC Zero Offset” 
DC Zero Offset Tempco 
Gain Scaling Accuracy 
Output Voltage 
Dynamic Ripple 
Output Load 


INPUT/OUTPUT PROTECT 


Analog Inputs 
Analog Outputs 


DIGITAL POSITION 
Resolution 
Output Format 
Load 


INHIBIT? 
Sense 
Time to Stable Data 


ENABLE? 
ENABLE Time 


BYTE SELECT? 
Sense 
Logic HI 
Logic LO 
Time to Data Available 
SHORT CYCLE INPUTS 
SC1 SC2 
0 0 
0 l 
1 0 
4] 1 
DATA LOAD 
Sense 


BUSY? 
Sense 
Width 
Load 


Logic LO Enables Position Output. Logic HI Outputs . . 
in High Impedance State  —’ 35 110 _ 


CIFI CATIONS (typical at +25°C unless otherwise noted) 


— AD2S80A 
Min Typ | 


(Signals to Reference) 
10 Bits 
12 Bits 
14 Bits 
16 Bits 
User Selectable 


+8 +1 LSB 
+4 +1 LSB 
+2 +1 LSB 


A,J,S$ 
B, K, T 

L, U 

Guaranteed Monotonic 
A, B,J, K, 8, T 

L,U © 


Over Full Range 


1 mA Load 
Mean Value 


Overvoltage Protection 
Short Circuit O/P Protection 


10, 12, 14, and 16 
Bidirectional Natural Binary 


Logic LO to Inhibit 


MS Byte DB1-DB8, LS Byte DB9-DB16 
LS Byte DB1-DB8, LS Byte DB9-DB16 


‘Internally Pulled High (100 kQ to +Vs) 


10 Bit 
12 Bit 
14 Bit 
16 Bit 


Logic HI When Position O/P Changing 


Use Additional Pull-Up 1 
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Units 


Hz 


V rms 
nA 
MOQ 
V pk 


| Hz 


V pk 
nA 
MO 


LSB 
Degrees 
rps 

rps 

rps 

rps 


arc min 
arc min 
arc min 


Codes 
Code 


% FSD 


—% FSD 


mV 
pV/°C 
% FSD 
V 


% rms O/P 


kO 


o®. 


mA 


LSTTL. 


ns 


ns 


ns 


ns- 


ns 
LSTTL 
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AD2S80A 


AD2S80A 
Parameter Conditions Min Typ Max Units 


DIRECTION? 


Sense Logic HI Counting Up 
Logic LO Counting Down 
Max Load 3 LSTTL 
RIPPLE CLOCK? 
Sense Logic HI; All 1s to All 0s; All Os to all Is 
Width Dependent on Input Velocity 300 
Reset Before Next Busy 
Load 3 LSTTL 
2.0 
0.8 


DIGITAL INPUTS 
High Voltage, Vyz; INHIBIT, ENABLE 
DB1-DB16, Byte Select 
+tVo = 10.8 V, V, = 5.0 V 
Low Voltage, V,, INHIBIT, ENABLE 
DB1-DB16, Byte Select 
tVo = £13.2 V, Vy = 5.0 V 


DIGITAL INPUTS 


High Current, I), INHIBIT, ENABLE +100 pA 
DB1-DB16 
tVy = £13.2V,V, = 5.5 V 

Low Current, Ij; INHIBIT, ENABLE +100 wA 
DBI1-DB16, Byte Select 
+Vo = £13.2V,V, =5.5 V 

DIGITAL INPUTS 
Low Voltage, V,, ENABLE = HI 1.0 V 


SC1, SC2, Data Load 
+tVoz = +12.0 V, Vi =, 5.0 V 
Low Current, I,,, ENABLE = HI —400 pA 
SC1, SC2, Data Load 
£Vs = £12.0 V, Vy = 5.0 V 


DIGITAL OUTPUTS 
High Voltage, Voy DB1-—DB16 ; V 
RIPPLE CLK, DIR 
+tV, = +12.00V, Vy, =4.5V 
Ion = 100 pA 
Low Voltage, Vo; DB1- DB16 0.4 Vv 
RIPPLE CLK, DIR 
+tV, = £12.0 V, Vy = 
Io, = 1.2 mA 
DBI-DB16 Only 
#tVo = +12.0V, Vy 
tV, = +12.0 V, Vi. 


THREE STATE LEAKAGE 


Current I; 


dl 


POWER SUPPLIES 
Voltage Levels 
+V<5 


Current 
+I, 
+I, 
+I, 
NOTES 
Refers to small signal bandwidth. 


?Output offset dependent on value for R6. 
Refer to timing diagram. 


Specifications subject to change without notice. 


tV, @ +12 V 
+V; @ +13.2V 
+V, @ +5.0V 


All min and max specifications are guaranteed. Specifications in boldface are tested on all production units at final electrical test. 


ESD SENSITIVITY 
The AD2S80A features an input protection circuit consisting of large “distributed” diodes and 


polysilicon series resistors to dissipate both high energy discharges (Human Body Model) and fast, W ARNING! 
low energy pulses (Charges Device Model). ; S| 


The AD2S80A is ESD protection Class II (2000 V min). Proper ESD precautions are strongly — Sain 4 


recommended to avoid functional damage or performance degradation. For further information on ESD SENSITIVE DEVICE 
ESD precautions, refer to Analog Devices ESD Prevention Manual. 
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‘AD2S80A 


RECOMMENDED OPERATING CONDITIONS 
Power Supply Voltage (+ Vs; —Vs) 


Power Supply Voltage V; .......... wee. $5 V de +10% 
Analog Input Voltage (SIN and COS) ....... 2 Vrms +10% 
Analog Input Voltage (REF) ............ 1 V to 8 V peak 
Signal and Reference Harmonic Distortion ....... 10% (max) 


Phase Shift Between Signal and Reference 
Ambient Operating Temperature Range | 
Commercial (JD, KD, LD) ............. 0°C to +70°C 
Industrial (AD, BD) ............... —40°C to +85°C 
Extended (SD, SE, TD, TE, UD, UE). 


ie naa MAXIMUM RATINGS! (with respect to GND) 


. +10 Degrees (max) 


ee See eae ee ee a ee fe ee ee +14 V de 
PON hi a teceitat ate 2h Se Paste ie coh nee ee Nt a Sed —-14Vdc 
Be Np ah cilia cd Aone aed: Seyi ht eh eens Se ge eae +V¢5 
IRCIEFENCE ing cal ek hae ow eee ewe ea eed +14 V to -Vz 
SUN ys sos erce cs Mott Coase Gh arlene Sahel eile, ipa Aan +14 V to —Vz 
COS: chee Sate eee @ Oates oat ee Ba +14 V to -V, 
Any Logical Input: 53. sea-e dag Fas —0.4 V de to +V, de 
Demodulator Input ................... +14 V to -Vz 
Integrator Input .................0008 +14 V to -Vz 
VCO Input ......... Rei de ted ote te Ae ete anae ek +14Vto—-V 
Power Dissipation ..... ee ee Ae See eee oe ee 860 mW 
Operating Temperature 
Commercial (JD, KD, LD) .......... .. =. OC to +70°C 
Industrial (AD, BD) ............... —40°C to +85°C 
Extended (SD, SE, TD, TE, UD, UE). . . —55°C to +125°C 
8;c° (40-Pin DIP 883 Parts Only) .............. 11°C/W 
yc” (44-Pin LCC 883 Parts Only) .............. 10°C/W 
Storage Temperature (All Grades)........ —65°C to +150°C 
Lead Temperature (Soldering, 10 sec) ........... +300°C 
CAUTION: 


1. Absolute Maximum Ratings are those values beyond which damage to the 
device may occur. 

2. Correct polarity voltages must be aaaintaied on the +V, and —V,g pins. 

3. With reference to Appendix C of MIL-M-38510. 


ORDERING GUIDE 


Package 
Option* 


Operating 
Temperature Range Accuracy 


Model 


AD2S80AJD 0°C to +70°C 8 arc min | D-40 
AD2S80AKD 0°C to +70°C 4 arc min | D-40 
AD2S80ALD 0°C to +70°C 2 arc min | D-40 
AD2S80AAD —40°C to +85°C 8 arc min | D-40 
AD2S80ABD —40°C to +85°C 4 arc min | D-40 
AD2S80ASD —55°C to +125°C 8 arc min | D-40 
AD2S80ATD —55°C to +125°C 4 arc min | D-40 
AD2S80AUD —55°C to +125°C 2 arc min | D-40 
AD2S80ASE —55°C to +125°C 8 arc min | E-44A 
AD2S80ATE —55°C to +125°C 4 arc min | E-44A 
AD2S80AUE —55°C to.+125°C . | 2 arc min | E-44A 
AD2S80ASD/883B | —55°C to +125°C 8 arc min | D-40 
AD2S80ATD/883B | —55°C to +125°C 4arc min | D-40 
AD2S80ASE/883B | —55°C to +125°C | 8 arc min | E-44A 


95°C tor F125°C 4 arc min 


AD2S80ATE/883B- 


*D = Ceramic DIP Package: E = Leadless Ceramic Chip Carrier Package. 
For outline information see Package Information section. 
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Lenses £12 V de +10% 


. —55°C to +125°C - 


LCC (E) Package 


MSB DB1 10 


AD2S80A PIN CONFIGURATIONS 


DIP (D) Package 


REFERENCE VP [1] @ | 
DEMOD I/P [72 | 
AC ERROR O/P [3 | 


® SIGNAL GND 
o ANALOG GND 


SIN 7 
+V, 8 
NC 9 


‘18 19 20 21°22 23 24 25 26 27 28 

DMOTN MEH © 3 wR 

aor rfrerrerere > a © 
oaXoonana ao 

SCBaonaooo0tf BY 

aw 

o GH 

re. Y a 

‘NC = NO CONNECT ra 


| 40 | DEMOD o/P 

| 39 | INTEGRATOR O/P 
[38 |] INTEGRATOR WP 
Vvco VP 

-Vs 

| 35 | RIPPLE CLK 

| 34 | DIRECTION 

| 33 | BUSY 

| 32 | DATA LOAD 

| 31 | SC2 

| 30} SC1 

| 29 | DIGITAL GND 

| 28 | INHIBIT 

BYTE SELECT 


- AD2S80A 
TOP VIEW 
(Not to Scale) 


a 
oz 
56 
- 
<< 
ce 
O° 
ww 
a 
2< 
43 42 


a 
ro) 
fe} 
c 
« 
uu 
Oo Oo 
< 2 
3 41 


' AD2S80A 


~ REFERENCE WP 


™ DEMOD 1/P 
£ DEMOD o/P 


= 
io) 
ce) 
> 
40 


39 -Vs 


37 DIRECTION 


TOP VIEW 
(Not to Scale) 


31 DIGITAL GND 
30 INHIBIT 
29 NC 


PIN DESIGNATIONS 
Ca 


REFERENCE I/P 
DEMOD I/P 

AC ERROR O/P 
cos 

ANALOG GROUND 
SIGNAL GROUND 
SIN 

+Vs 

DB1-DB16 

Ve 

ENABLE 


BYTE SELECT 
INHIBIT 

DIGITAL GROUND 
SC1-SC2 

DATA LOAD 
BUSY 


DIRECTION 


RIPPLE CLOCK 


-Vs 

VCco I/P 
INTEGRATOR 1/P 
INTEGRATOR O/P 
DEMOD O/P 


REFERENCE SIGNAL INPUT 
DEMODULATOR INPUT 

RATIO MULTIPLIER OUTPUT 

COSINE INPUT 

POWER GROUND 

RESOLVER. SIGNAL GROUND 

SINE INPUT 

POSITIVE POWER SUPPLY 

PARALLEL OUTPUT DATA 

LOGIC POWER SUPPLY 

LOGIC HI-OUTPUT DATA IN HIGH IMPEDANCE 
STATE, LOGIC LO PRESENTS DATA TO THE 
OUTPUT LATCHES. ~ 

LOGIC HI-MOST SIGNIFICANT BYTE TO DB1-DB8 
LOGIC LO-LEAST SIGNIFICANT BYTE TO DB1-DB8. 


LOGIC LO iNHIBITS DATA TRANSFER TO 
OUTPUT LATCHES. 


DIGITAL GROUND 


SELECT CONVERTER RESOLUTION. 


‘LOGIC LO DB1-D16 INPUTS LOGIC HI peI-D1G: 


OUTPUTS 
CONVERTER BUSY, DATA NOT VALID WHILE 
BUSY 

LOGIC eg DEFINES DIRECTION 

OF INPUT SIGNAL ROTATION 

POSITIVE PULSE WHEN CONVERTER OUTPUT 
CHANGES FROM 1S TO ALL 0S OR VICE VERSA 
NEGATIVE POWER SUPPLY 

VCO INPUT. 

INTEGRATOR INPUT © 

INTEGRATOR OUTPUT 

DEMODULATOR OUTPUT 


38 RIPPLE CLOCK 


REV.A 


ANALOG 
DEVICES 


> 


~ Variable Resolution, Monolithic 


Resolver-to-Digital Converters 


AD2S81A/AD2S82A 


FEATURES 

Monolithic (BiMOS II) Tracking R/D Converter 
Ratiometric Conversion 

Low Power Consumption: 300 mW typ 
Dynamic Performance Set by User 

Velocity Output 

ESD Class 2 Protection (2,000 V min) 


AD2S82A FUNCTIONAL BLOCK DIAGRAM 


ta 
oO 
- 
< 
ia 
oO 
Ww 
z 


DEMOD I/P 


SIN VP 
AD2S81A seeuen INTEGRATOR 
28-Pin DIP Package SIG GND © SWITCHING : 
Low Cost cosiP 6 BETECION 
AD2S82A ANALOG 


44-Pin PLCC Package 

10-, 12-, 14- and 16-Bit Resolution Set by User 
High Max Tracking Rate 1040 RPS (10 Bits) 
VCO Output (inter LSB Output) 

Data Complement Facility 


_ APPLICATIONS 
DC Brushless and AC Motor Control 
Process Control 
Numerical Control of Machine Tools 
Robotics 
Axis Control 


GENERAL DESCRIPTION 

The AD2S82A is a monolithic 10-, 12-, 14- or 16-bit tracking 
resolver-to-digital converter contained in a 44-pin J leaded 
PLCC package. Two extra functions are provided in the new 
surface mount package - COMPLEMENT and VCO output. 


The AD2S81A is a monolithic 12-bit fixed resolution tracking 
resolver-to-digital converter packaged in a 28-pin DIP. 


The converters allow users to select their own dynamic performance 
with external components. This allows the users great flexibility in 
defining the converter that best suits their system requirements. 

The AD2S82A allows users to select the resolution to be 10, 12, 

14 or 16 bits and to track resolver signals rotating at up to 1040 

revs per second (62,400 rpm) when set to 10-bit resolution. 


The AD2S81A and AD2S882A convert resolver format input 
signals into a parallel natural binary digital word using a ratio- 
metric tracking conversion method. This ensures high-noise 
immunity and tolerance of lead length when the converter is 
remote from the resolver. 


The output word is in a three-state digital logic form available in 
2 bytes on the 16 output data lines for the AD2S82A and on 8 
output data lines for the AD2S81A. BYTE SELECT, ENABLE 
and INHIBIT pins ensure easy data transfer to 8- and 16-bit 
data buses, and outputs are provided to allow for cycle or pitch 
counting in external counters. 


An analog signal proportional to velocity is also available and 
can be used to replace a tachogenerator. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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CLK 


16-BIT UP /DOWN VCO DATA 
COUNTER 


ET 
65644454 


ee 


ES 

16 DATA BITS 5 uw 
uu 

”n 


ENABLE 
DIG GND Q 
BUSY 


PRODUCT HIGHLIGHTS 
Monolithic. A one-chip solution reduces the package size 
required and increases the reliability. 


Resolution Set by User. Two control pins are used to select 
the resolution of the AD2S82A to be 10, 12, 14 or 16 bits 
allowing the user to use the AD2S82A with the optimum resolu- 
tion for each application. 


Ratiometric Tracking Conversion. Conversion technique pro- 
vides continuous output position data without conversion delay 
and is insensitive to absolute signal levels. It also provides good 
noise immunity and tolerance to harmonic distortion on the ref- 
erence and input signals. 


Dynamic Performance Set by the User. By selecting external 
resistor and capacitor values the user can determine bandwidth, 
maximum tracking rate and velocity scaling of the converter to 
match the system requirements. The external components 
required are all low cost, preferred value resistors and capaci- 
tors, and the component values are easy to select using the sim- 
ple instructions given. 


Velocity Output. An analog signal proportional to velocity is 
available and is linear to typically one percent. This can be used 
in place of a velocity transducer in many applications to provide 
loop stabilization in servo controls and velocity feedback data. 


Low Power Consumption. Typically only 300 mW. 


MODELS AVAILABLE 
Information on the models available is given in the section 
“Ordering Information.” 
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AD2S81 A ad2s82A— Z- SPECIFICATIONS (typical at +25°C unless otherwise noted) | fl : 


Parameter, 


SIGNAL INPUTS 
Frequency 
Voltage Level 
Input Bias Current _— 
Input Impedance 
Maximum Voltage 
REFERENCE INPUT 
Frequency 
Voltage Level — 
Input Bias Current 
Input Impedance 


CONTROL DYNAMICS 
Repeatability ~ = 
Allowable Phase Shift 
Tracking Rate 


Bandwidth! 


ACCURACY 
Angular Accuracy 


Monotonicity 
Missing Codes (16-Bit Resolution) 


VELOCITY SIGNAL 
‘Linearity 
Reversion Error 
DC Zero Offset? 
DC Zero Offset Tempco 
Gain Scaling Accuracy 
Output Voltage 
Dynamic Ripple 
Output Load ; 
INPUT/OUTPUT PROTECTION 
Analog Inputs 
Analog Outputs 


DIGITAL POSITION 
Resolution 
Output Format 
Load 


INHIBIT? 
Sense 
Time to Stable Data 


ENABLE? | 


ENABLE/Disable Time 
BYTE SELECT? 


Sense 

Logic HI 

Logic LO 

Time to Data Available 
SHORT CYCLE INPUTS? : 


SCl1 SC2 
0 0 


0 1 
] 0 
] 1 


DATA LOAD* 
Sense 
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‘| Conditions 


AD2S81A 
Typ 


_ AD2S82A 
Min Typ . 


Max : 


Max 


eos LSB s 
eee to Reference) . Degrees 
10 Bits ; . rps 
12 Bits. - . ee 60 - | rps 


| 14 Bits | | | . rps | 


16 Bits . . rps 
User Selectable | . 


arc min 
arc min | 
arc min 
‘arc min» 


_ £22 + 1 LSB 
+8 + 1 LSB 
 +4+1LSB 
- +2 +1LSB 


+30 +1 LSB. 


Ciissanesed Monotonic B ete 
J,K , - 7 4 | Codes | 
L 7 1 me _| Code 


‘1% FSD 
% FSD 
mV , 
pV/PC 
% FSD 
V ‘ 
% rms O/P 
“| kO 


Over Full Range 


1 mA Load 
Mean Value 


+ + 4 £ € F He 


Overvoltage Protection | a iV 
Short Circuit O/P Protection tee mA — 


10, 12, 14, and 16 
Bidirectional Natural Binary . 
LSTTL 


Logic LO to Inhibit 


Logic LO Enables Position — 
Output. Logic HI Outputs in 
High Impedance State 


MS Byte DB1-DB8, 
(LS Byte DB9-DB16)* 
LS Byte DB1—DB8, « ~ 
(LS Byte DB9-DB16)* 


Internally Pulled High 
(100 kQ) to +Vz 


10 Bit 
12 Bit 


1.14 Bit 


16 Bit 


Internally Pulled High (100 kQ) 
to +V,; Logic LO Allows 


‘| Data to Be Loaded into the 


Counters from the Data Lines 


REV.A 


Parameter 


COMPLEMENT* 


BUSY 
Sense 
Width 
Load 


DIRECTION 
Sense 
Max Load 
RIPPLE CLOCK 


Sense 


Width 
Reset 
Load 


DIGITAL INPUTS 
High Voltage, Vy; 


Low Voltage, Vy, 


DIGITAL INPUTS 
High Current, [py 


Low Current, Ij 


DIGITAL INPUTS 
Low Voltage, Vy, 


Low Current, Ij; 


DIGITAL OUTPUTS 
High Voltage, Voy 


Low Voltage, Vo; 


THREE-STATE LEAKAGE 
Current I, 


POWER SUPPLIES 
Voltage Levels 
+V¢ 
-Vs ; 
+V_, 
Current 


NOTES 


Refers to small signal bandwidth. 


AD2S81A/AD2S82A 


AD2S81A AD2S82A 
Conditions Min Typ Max Min Typ Max Units 


Internally Pulled High (100 kQ) to 
+V>; Logic LO to Activate; No 
Connect for Normal Operation 


Logic HI When Position O/P Changing 


Use Additional Pull-Up 


Logic HI Counting Up 
Logic LO Counting Down 


Logic HI, All 1s to All 0s 
All 0s to All 1s 

Dependent On Input Velocity 
Before Next Busy 


INHIBIT, ENABLE 
DB1-DB16, Byte Select 

+V, = +10.8V, Vi = 5.0 V 
INHIBIT, ENABLE 
DB1-DB16, Byte Select 

+Vo = £13.2V, Vi = 5.0 V 


INHIBIT, ENABLE 
DBI-DBI16 . 

+tV, = +13.2V,V, =5.5V 
INHIBIT, ENABLE 
DB1-—DB16, Byte Select 

+Vo = £13.2V,V, =5.5V 


ENABLE = HI 
SC1, SC2, Data Load 

+V, = +12.0V, Vi = 5.0 V 
ENABLE = HI 

SC1, SC2, Data Load 

+£V, = +12.0V, V, = 5.0 V 


DBI-DB16; RIPPLE CLK, DIR 
+V5=+12.0V,V,=4.5V 

log = 100 pA 

DBI- DB16, RIPPLE CLK, DIR 
+V5= +12.0V, V = 5.5V 


DB1—DB16 Only 


+V, = 12.0 V, Vy, =5.5V +100 * pA 
Vo, = 0V 
+V5 = 12.0 V,V, =5.5V +100 * vA 


5.0 V 


Output offset dependent on value for. R6. 


>Refer to timing diagram. 
4AD2S82A only. 


*Specifications same as AD2S81A. 


Specifications subject to change without notice. 
All min and max specifications are guaranteed. Specifications in boldface are tested on all production units at final electrical test. 
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1 * LSTTL 
LSTTL 
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AD2S81A/AD2S82A 


RECOMMENDED OPERATING CONDITIONS | 


Power Supply Voltage (+ Vg to ~Vs) pit Het +12 Vdc +10% 
Power Supply Voltage V; .......... 1... +5 Vide +10% 
Analog Input Voltage (SIN and COS) ....... 2 Vrms +10% 
Analog Input Voltage (REF) ............ 1 V to 8 V peak 
Signal and Reference Harmonic Distortion....... 10% (max) 


Phase Shift Between Signal and Reference 
Ambient Operating Temperature Range 
Commercial (JD, HP, JP, KP, LP) ........ 0°C to +70°C 


. +10 Degrees (max) 


PIN DESIGNATIONS 


MNEMONIC DESCRIPTION 


REFERENCE I/P REFERENCE SIGNAL INPUT 
DEMOD I/P DEMODULATOR INPUT 

AC ERROR O/P RATIO MULTIPLIER OUTPUT 
COS I/P COSINE INPUT 


ANALOG GROUND | POWER GROUND 

SIGNAL GROUND RESOLVER SIGNAL GROUND 
SIN I/P SINE INPUT 

+Vs POSITIVE POWER SUPPLY 
DB1—-DB16 PARALLEL OUTPUT DATA 


A : LOGIC POWER SUPPLY 
ENABLE 


LOGIC HI-OUTPUT DATA IN HIGH IMPEDANCE 
STATE, LOGIC, LO PRESENTS DATA TO THE 
OUTPUT LATCHES. 


LOGIC HI-MOST SIGNIFICANT BYTE TO DB1-DB8 
LOGIC LO-LEAST SIGNIFICANT BYTE TO DB1—DB8. 


LOGIC LO INHIBITS DATA TRANSFER 19 OUTPUT 
LATCHES. 


DIGITAL GROUND 
SELECT CONVERTER RESOLUTION 


LOGIC LO DB1-D16 INPUTS 
LOGIC HI DB1-D16 OUTPUTS 


BUSY — CONVERTER BUSY, DATA NOT VALID WHILE BUSY HI 


_DIRECTION LOGIC STATE DEFINES DIRECTION OF INPUT SIGNAL 
ROTATION 


POSITIVE PULSE WHEN CONVERTER OUTPUT 
CHANGES FROM 15S TO ALL 0S OR VICA VERSA 


-Vs NEGATIVE POWER SUPPLY 
VCOVP VCO INPUT 

INTEGRATOR 1/P INTEGRATOR INPUT 
INTEGRATOR O/P | INTEGRATOR OUTPUT 
DEMOD O/P DEMODULATOR OUTPUT 
COMPLEMENT* ACTIVE LOGIC LO 

VCO O/P* VCO OUTPUT 


*AD2S82A ONLY. 


BYTE SELECT 
INHIBIT 


DIGITAL GROUND 
$C1-SC2* 
DATA LOAD* 


RIPPLE CLOCK: 


ORDERING GUIDE 


Operating 
Temperature 
Range . 


Package 
Option* 


Accuracy 


AD2S81AJD | 30 arc min | 0°C to +70°C 

AD2S82AHP | 22 arc min | 0°C to +70°C | P-44A 
AD2S82AJP | 8 arc min 0°C to +70°C | P-44A 
AD2S82AKP | 4 arc min | 0°C to +70°C_| P-44A 


AD2S882ALP 0°C to +70°C 


*D = Ceramic DIP Package; P = Plastic Leaded Chip Carrier 
(PLCC) Package. For outline information see Package 
Information section. 


2 arc min 


CAUTION 


ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 volts, which 
readily accumulate on the human body and on test equipment, can discharge without detection. 
Although devices feature proprietary ESD protection circuitry, permanent damage may still occur 
_ on these devices if they are subjected to high energy electrostatic discharges. Therefore, proper 
precautions are recommended to avoid any performance degradation or loss of functionality. 
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ABSOLUTE MAXIMUM RATINGS! (with respect to GND) 


EWA arlene by aes: dear Greeraad whe aahede ave usene ahs ates +14 V de 
PAY Bachan Rit asthe, Bk gSU in Gaede Eee ee as eae -14 Vdc 
CV es ss Stel eee Feil lat draducheatydy Se Gis aie tes Ba Advan ete ca orgy +V, 
REfELCNCE: 4-4 pk win og eae wp wl or ats +14 V to -V, 
SEN: ta daw’ 4 saite ast ane ews ee eh eae +14 V to -V,z 
COS cecil oy ae oie etia eS Sa hee os Shes +14 V to -V, 
Any Logical Input ............... —0.4 V dc to +V, de 
Demodulator Input ...... Pee ee ee oe +14 V to -V, 
Integrator Input ..............2000005 +14V to —V, 
VCO:INpUlt 2.2.8, S50 age eke goa Sears +14 V to —V, 
Power Dissipation ..... ght seeadelatt Coah xe te ces dard 860 mW 
Operating Temperature 

Commercial (JD, HP, JP, KP, LP) ........ 0°C to +70°C 
Storage Temperature (All Grades) ........ —65°C to +150°C 


Lead Temperature (Soldering, 10 sec) ........... +300°C 


CAUTION: 


1. Absolute Maximum Ratings are those values beyond which damage to the 
device may occur. 


2. Correct polarity voltages must be maintained on the +V, and —V,g pins. 


PIN CONFIGURATIONS 


REFERENCE V/P | 1 | © 
DEMOD IP | 2 | 


DEMOD O/P 
27] INTEGRATOR O/P 


AC ERROR OP [3 | 26] INTEGRATOR I/P 
cos vp [4 | 125] VCO VP 
ANALOG GND | 5 | Vs 
sINUP [6 | 123] RC 


AD2S81A 


Vs DIR 
TOP VIEW 

MSB DB1 [8 | (Not to Scale) [21] BUSY 
082 [9 | 120] DIGITAL GND 
DB3 | 10) 19] INHIBIT 
OB4 [11 18] BYTE SELECT 
DBS [12] ENABLE 
DBE ‘ 116] +V, 


NC = NO CONNECT 


1] DEMOD UP 


|| REFERENCE V/P 


| £) OEMOD O/P 


SIN O/P Vs 
+V5 | 8 | EJ RC 
MSB 081 | 9] DIR 
NC [10 36] BUSY 
pB2 [11] AD2S82A 35] DATA LOAD 
DB3 [12] TOP VIEW . 34) COMP 
ops a3 (Not to Scale) 33] Sc2 
DBS sci 
pee (15 131] DIGITAL GND 
p87 |16 130] INHIBIT 


[18] | 19] [20] {21 | [24 [25 

Be ee eee Ez ES 
Saoa oa eaeoa *ig FY 
ran = ee = ee ~e =  = =) <q on 


WARNING! 


er a 


ESD SENSITIVE DEVICE 


REV. A 


ANALOG 
DEVICES 


FEATURES 

Monolithic Tracking R/D Converter 

High Accuracy Velocity Output 

High Max Tracking Rate 1040 RPS (10 Bits) 
44-Pin PLCC Package 

10-, 12-, 14- or 16-Bit Resolution Set by User 
Ratiometric Conversion 

Stabilized Velocity Reference 

Dynamic Performance Set by User 

Industrial Temperature Range Versiaris 


APPLICATIONS 

DC and AC Servo Motor Control 
Process Control 

Numerical Control of Machine Tools 
Robotics 

Axis Control 


GENERAL DESCRIPTION 

The AD2S83 is a monolithic 10-, 12-, 14- or 16-bit tracking 
resolver-to-digital converter contained in a 44-pin PLCC pack- 
age. It is manufactured on Analog Devices’ BiMOS II process 
that combines the advantages of CMOS logic and bipolar high 
accuracy linear circuits on the same chip. 


The converter allows users to select their own resolution and 
dynamic performance with external components. This allows the 
users great flexibility in defining the converter that best suits 
their system requirements. The converter allows users to select 
the resolution to be 10, 12, 14 or 16 bits and to track resolver 
signals rotating at up to 1040 revs per second (62,400 rpm) 
when set to 10-bit resolution. 


The AD2S83 converts resolver format input signals into a paral- 
lel natural binary digital word using a ratiometric tracking con- 
version method. This ensures high noise immunity and tolerance 
of long leads allowing the converter to be located remote from 
the resolver. 


The position output from the converter is presented via 3-state 
output pins which can be configured for operations with 8- or 
16-bit bus. BYTE SELECT, ENABLE and INHIBIT pins 
ensure easy data transfer to 8- and 16-bit data bus, and outputs 
are provided to allow for cycle or pitch counting in external 
counters. 


A precise analog signal proportional to velocity is also available 
and will replace a tachogenerator. 


The AD2S83 operates over reference frequencies in the range 
0 Hz to 20,000 Hz. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


REV. B 


Variable Resolution, Monolithic 
Resolver-to-Digital Converter 


AD2S83 


FUNCTIONAL BLOCK DIAGRAM 


REFERENCE 
OUP OFFSET ADJUST 


HF FILTER 


BANDWIDTH 
SELECTION 


AC ERROR O/P 


SEGMENT 
Y SWITCHING F] a-2n pac | | Ran pac 2R DAC 


cos Sig : 


RIPPLE & 
CLOCK 


16-BIT UP/DOWN COUNTER 
i aaa bel 
e 


Wanatiiiiee DATA LATCH 


oe Sci S02 pe DIG Buey INHIBIT 
OAD 


ENABLE BYTE GND DIRECTION 390pF 
DATA ‘airs SELECT 


PRODUCT HIGHLIGHTS 

High Accuracy Velocity Output. A precision analog velocity 
signal with a typical linearity of +0.1% and reversion error less 
than +0.3% is generated by the AD2S83. The provision of this 
signal removes the need for mechanical tachogenerators used in 
servo systems to provide loop stabilization and speed control. 


Monolithic. A one-chip solution reduces the package size and 
increases the reliability. 


Resolution Set by User. Two control pins are used to select 


the resolution of the AD2S83 to be 10, 12, 14 or 16 bits 
allowing the user to use the AD2S83 with the optimum 
resolution for each application. 


Ratiometric Tracking Conversion. This technique provides 
continuous output position data without conversion delay and is 
insensitive to absolute signal levels. It also provides good noise 
immunity and tolerance to harmonic distortion on the reference 
and input signals. 


Dynamic Performance Set by the User. By selecting external 
resistor and capacitor values the user can determine bandwidth, 
maximum tracking rate and velocity scaling of the converter to 
match the system requirements. The external components re- 
quired are all low cost, preferred value resistors and capacitors, 
and the component values are easy to select using the free com- 
ponent selection software design aid. | | 


MODELS AVAILABLE 
Information on the models available is given in the section 
“Ordering Information.” 


MOTION CONTROL PRODUCTS 16-15 


AD2S83 — ‘SPECIFICATIONS (2Vg = #12 V de + 5%; V, = +5 V de + 10%, ts ales. to +850) 


Parameter 


SIGNAL INPUTS oN, COS) 
Frequency’ | 
Voltage Level 
Input Bias Current 
Input Impedance = 


REFERENCE INPUT (REF) 
Frequency 
Voltage Level 
Input Bias Current 
Input Impedance — 


PERFORMANCE 
Repeatability 
Allowable Phase Shift 
Max Tracking Rate 


Bandwidth 


ACCURACY 
Angular Accuracy 
Monotonicity 


Missing Codes (16-Bit ResinnsA | 


VELOCITY SIGNAL 
Linearity” >> * 


Reversion Error 

DC Zero Offset> 
Gain Scaling Accuracy 
Output Voltage _ 
Dynamic Ripple 


INPUT/OUTPUT PROTECTION - 
Analog Inputs 
Analog Outputs - 


DIGITAL POSITION 
Resolution 
Output Format 
Load 


INHIBIT® | 
Sense ; 
Time to Stable Data 


ENABLE® 


ENABLE*/Disable Time 


BYTE SELECT® 
Sense 
Logic HI 
Logic LO 
Time to Data Available 


SHORT CYCLE INPUTS 


SC1  SC2 
0 0 
0 1 
1 0 
1 1 


COMPLEMENT 


16-16 MOTION CONTROL PRODUCTS 


~ Conditions: —. 


_| LS Byte DB1-DB8 


AD2S83J _ 
Typ 


~ V pk 
nA 
MO 
LSB 
(Signals to Reference) Degrees 
10 Bits . Ips 
12 Bits rps 
14 Bits rps 
16 Bits rps 
User Selectable 
A . +8 +1 LSB arc min 
Guaranteed Monotonic 
A Codes 
VCO Rate 0-500 kHz % 
VCO Rate 500 kKHz-1000 kHz %' 
3 % Output 
mV 
% FSR . 
1 mA Load | Ne 
Mean Value 


% rms O/P 


Overvoltage Protection 
Short Circuit O/P Protection 


- 10, 12, 14, and 16 
Bidirectional Natural Binary 


Logic LO to INHIBIT 


Logic LO Enables Position Output 
Logic HI Outputs in High 
Impedance State 


MS Byte DB1-DB8 


ns 


Internally Pulled Hh via 100 KO 
100 kQ to +V; 


10-Bit Resolution 
12-Bit Resolution 
~ 14-Bit Resolution 
16-Bit Resolution 


Internally Pulled High via 100 kD 
to + Vx. Logic LO to Activate; 
No Connect for Normal Operation 


REV. B 


Parameter 


DATA LOAD 
Sense 


BUSY® ’ 
Sense 
Width 
Load 


DIRECTION® 
Sense 


Max Load 


RIPPLE CLOCK® 
Sense 


Width 
Reset 
Load © 


DIGITAL INPUTS 
Input High Voltage, Viz 


Input Low Voltage, Vy, 


DIGITAL INPUTS 
Input High Current, I, 


Input Low Current, I, 


DIGITAL INPUTS 
Low Voltage, Vi. 


Low Current, I, 


DIGITAL OUTPUTS 
High Voltage, Vor 


Low Voltage, Vor 


NOTES 


eo 
Conditions 


Internally Pulled High via 100 kO 150 300 
to +V.. Logic LO Allows 
Data to be Loaded into the Counters 
from the Data Lines 
Logic HI When Position O/P Changing 

200 350 
Use Additional Pull-Up (See Figure 2) ] 


Logic HI Counting Up 
Logic LO Counting Down 


Logic HI 
All 1s to All 0s 
All 0s to All 1s 
Dependent on Input Velocity 
Before Next Busy 


300 


INHIBIT, ENABLE 
DB1-—-DB16, Byte Select 

+V, = +11.4V, V, = 5.0 V 
INHIBIT, ENABLE 
DB1-—DB16, Byte Select 

tVo = £12.6V,V, =5.0V 


INHIBIT, ENABLE 
DB1-—-DB16 

+Vo= +12.6V,V, =5.5V 
INHIBIT, ENABLE 
DB1-DB16, Byte Select 

tV, = +12.6V,V, =5.5 V 


ENABLE = HI __ 
SCl, SC2, DATA LOAD 
+V, = +12.0V, V, =5.0V 
ENABLE = HI 

SCl, SC2, DATA LOAD 
+V, = +12.0V,V, =5.0V 


DB1-—DB16 
RIPPLE CLK, DIR 

tV, = +12.0V,V, =4.5V 
Ion = 100 pA 

DB1-DB16 

RIPPLE CLK, DIR 

£Vo = +12.0V, Vp =5.5V 
Ip, = 1.2 mA 


‘Angular accuracy is not guaranteed <50 Hz reference frequency. ’ 

?Linearity Derates from 500 kHz-1000 kHz @ 0.0017%/kHz. 

3Refer to Definition of Linearity, “The AD2S83 as a Silicon Tachogenerator.” 
“Worst case reversion error at temperature extremes. 

Velocity output offset dependent on value for R6. 


°Refer to timing diagram. 


7Busy pulse guaranteed up to a VCO rate of 900 kHz. 


All min and max specifications are guaranteed. 
Specifications subject to change without notice. 
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Specifications in boldface are tested on all production units at final electrical test. 


AD2S83 


Units 


ns 


ns 
LSTTL 


LSTTL 


LSTTL | 


pA 


pA 
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AD2S83—SPECIFICATIONS 1a, - s:evses sy = ssvee wn -aree oe 


AD2S83 


| ~ Conditions 


Parameter | Min. Typ 
THREE-STATE LEAKAGE DB1-DB16 Only 
Current I, a tV, = +12.00V,V, =5.5V 


VoL = 0 V 
+V, = +12.0V, V, =5.5V 
Vor = 5.0 V 2 


RATIO MULTIPLIER 
AC Error Output Scaling 


PHASE SENSITIVE DETECTOR 
Output Offset Voltage 
Gain | 
In Phase 
In Quadrature 
Input Bias Current 
Input Impedance 
Input Voltage 


INTEGRATOR 
Open-Loop Gain 
Dead Zone Current (Hysteresis) 
Input Offset Voltage 
Input Bias Current 
Output Voltage Range 


VCO 
Maximum Rate 
VCO Rate 


At 10 kHz 


VCO Power Supply Sensitivity 
Rate 


Input Offset Voltage 
Input Bias Current 
Input Bias Current Tempco 
Linearity of Absolute Rate 
0 kHz-500 kHz 
500 kHz-1000 kHz 
Reversion Error 


POWER SUPPLIES 
Voltage Levels 


I+ + 1+ 


+Vz. 
—Vs 
+V1 
Current — 
+I, ; tVs@+12V 
+Iq +V5 @ +12.6V 
th +V; @ +5.0V 


All min and max specifications are guaranteed. Specifications in boldface are tested on all production units at final electrical test. 
Specifications subject to change without notice. 


ORDERING GUIDE 


Temperature Package 
Range a Accuracy | Option* 
40°C to +85°C P-44A 


*P = Plastic Leaded Chip Carrier. For outline information see 
Package Information section. 


AD2S883AP 
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wA 


pA 


mV/Bit 
mV/Bit 
mV/Bit | 
mV/Bit 


mV 


V rms/V dc 
V rms/V dc 


_% Output 
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ABSOLUTE MAXIMUM RATINGS! (with respect to GND) 


AV: eG wR hmee leas des eee eee OG +13 V de 
SONG ods fetes Satie Sieke iste A a ae Co nds Beak Neb -—13 V de 
BEN oa canst A ea tess ic cl cade as oh assent eae caine Sopot +Vz 
|S) Co) got 1 a a Oe re a +13 V to —Vz, 
SEN piace @ sown 2 eee Goer eg oe elect ewe aed +13 V to —Vs 
COS. 2S winena ae aids Saree eae Oe ah ok +13 V to -Vs 
Any Logic Input ................ —0.4 V de to +V, de 
Demodulator Input ................... +13 Vto —Vzs 
Intesrator INPUl seks aces bos a eR ee +13:'V to -V¢ 
VCO INpUl. eae eae eee Oey ee +13 V to —-Vzs 
Power Dissipation ........ 0 cece eee ee eees 800 mW 


Operating Temperature 
Industrial (AP)? 4.5.6.4} dewe $a —40°C to +85°C 
Storage Temperature ................ —65°C to + 150°C 
Lead Temperature (Soldering, 10 sec) ........... + 300°C 
CAUTION: 
1. Absolute Maximum Ratings are those values beyond which damage to the 
device may occur. 
2. Correct polarity voltages must be maintained on the +V. and —V,g pins. 
RECOMMENDED OPERATING CONDITIONS 
Power Supply Voltage (+Vs, —Vs)........ +12 Vdc + 5% 
Power Supply Voltage V; .............. +5 Vdc + 10% 
Analog Input Voltage (SIN and COS) ...... 2 Vrms + 10% 
Analog Input Voltage (REF) ............ 1 V to 8 V peak 
Signal and Reference Harmonic Distortion....... 10% (max) 
Phase Shift Between Signal and Reference . +10 Degrees (max) 
Ambient Operating Temperature Range | 
Industrial (AP) ................ oe. ~40°C to +85°C 


PIN CONFIGURATION 


lw] AC ERROR OP 
.& | INTEGRATOR I/P 
|8 | INTEGRATOR O/P 
|=] vco o/p 


} | REF I/P 


| | SIGNAL GND 
| | ANALOG GND 
|=] cos yp 

|~ | DEMOD O/P 

|=] DEMOD IP 


SIN I/P Vs 
+V5 138] RIPPLE CLOCK 
nc (9 | DIRECTION 


(MSB) DB1 |10 | ra [36] BUSY 
pB2 [11 AD2S83 a5] COMP 
pB3 [12] TOP VIEW [34] DATA LOAD 
(Not to Scaie) 
DB4 |13| }33| Sct 
DBS | 32| SC2 
pB6 | 15 31 | DIGITAL GND 
DB7 INHIBIT 
DBS 29] NC 
fice es Se Se Se Se ee 
ant - ar -t- - -e -e- 
on 2 wi 
oF cvs 5 w ”n. 
NC = NO CONNECT = 


ESD SENSITIVITY 


The AD2S83 features an input protection circuit consisting of large “distributed”? diodes and 
polysilicon series resistors to dissipate both high energy discharges (Human Body Model) and fast, 


low energy pulses (Charges Device Model). 


Proper ESD precautions are strongly recommended to avoid functional dpa or performance 
degradation. For further information on ESD precautions, refer to Analog Devices ESD Prevention 


Manual. 
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28 


30 


31 


32, 33 


34 


35 
36 


37 


38 


39 
40 
4] 


42 


43 
44 


AD2S83 


PIN DESIGNATIONS 


DEMOD O/P Demodulator Output 
REFERENCE I/P 
AC ERROR O/P 
COS 

ANALOG GND 
SIGNAL GND 
SIN 


Reference Signal Input 
Ratio Multiplier Output 
Cosine Input 

Power Ground 

Resolver Signal Ground 


Sine Input 


+Vs Positive Power Supply 
DB 1-DB 16 Parallel Output Data 
+Vy Logic Power Supply 


ENABLE Logic HI—Output Data Pins in 
High Impedance State 
Logic LO—Presents Active Data 


to the Output Pins 

Logic HI-Most Significant Byte to 
DB1-DB8 

Logic LO-Least Significant Byte 
to DBI-DB8 


Logic LO Inhibits Data Transfer 
to Output Latches 


Digital Ground 


BYTE SELECT 


INHIBIT 


DIGITAL GND 
SC2-SC1 
DATA LOAD 


Select Converter Resolution 


Logic LO DB1—DB16 Inputs 
Logic HI DB1-DB16 Outputs 


Active Logic LO 

Converter Busy, Data not Valid 
While Busy HI 

Logic State Defines Direction of 
Input Signal Rotation 


COMPLEMENT 
BUSY 


DIRECTION 


RIPPLE CLOCK Positive Pulse When Converter Output 


Changes from Is to All Os or Vice Versa 


—Vs 
VCO I/P 
VCO O/P 
INTEGRATOR O/P 
INTEGRATOR I/P 
DEMOD I/P 


Negative Power Supply 
VCO Input 

VCO Output 
Integrator Output 
Integrator Input 
Demodulator Input 


WARNING! 


A 


ESD SENSITIVE DEVICE 


wa 
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Bit Weight Table . 
Binary Resolution Degrees Minutes Seconds 
Bits (N) | (NX) (Bit . | Bit | Bit. 


: 1296000.0 
10800.0 


1 648000.0 
2 5400.0 324000.0 
3 2700.0 - 162000.0 
4 1350.0 $1000.0 
5 40500.0 
6 20250.0 
7 10125.0 
8 5062.5 
9 0.703125 . 42.1875 2531.25 


~ -0.3515625 21.09375 1265.625 : 


0.1757813 |, 10.546875 — 632.8125 
12 0.0878906 5.273438 316.40625 
13 ~ 0.0439453 | 2.636719 158.20313 
14 0.0219727 1.318359 79.10156 


0.0109836 
0.0054932 
- 0.0027466 
0.0013733 


0.659180 
0.329590 
0.164795 
0.082397 


39.55078 
19.77539 
9.88770 
4.94385 


131072 
262144 


CONNECTING THE CONVERTER 

The power supply voltages connected to + Vs and —Vg pins 
should be +12 V de and —12 V de and must not be reversed. 
The voltage applied to V; can be +5 V de to + Vg. 


It is recommended that decoupling capacitors are connected ; in. 
parallel between the power lines +Vs, —Vs and ANALOG 
GROUND adjacent to the converter. Recommended values are 
100 nF (ceramic) and 10 »F (tantalum). Also capacitors of 

100 nF and 10 uF should be connected between +V, and 
DIGITAL GROUND adjacent to > the converter. 


SIN ¢ 
‘SIG GND 9 
SWITCHING 


GND ¢ 
RIPPLE J 
16-BIT | 46-BIT UP/DOWN COUNTER _| COUNTER 


. O cate a etna o. 
2 DATA SCI Sc2 
LOAD 


CLOCK J zn 
OUTPUT DATA | OUTPUT DATA LATCH | 
=] WUNNUUUNA NAS 


V DIG BUSY 


46 DATA BITS BYTE 


ENABLE 
SELECT 


HF FILTER 


AD2S83 


When more than one converter is used on a card, ‘Separate 
decoupling capacitors should be used for each converter. 


The resolver signal connections. should be made to the SIN and 
COS inputs, REFERENCE INPUT and SIGNAL GROUND as 
shown in Figure 10 and described in section “CONNECTING. 
THE RESOLVER.” | 


The two signal ground wires from the resolver should be joined. 
at the SIGNAL GROUND pin of the converter to minimize the 
coupling between the sine and cosine signals. For this reason it 
is also recommended that the resolver is connected using indi- 
vidually screened twisted pair cables with the sine, cosine and 
reference signals twisted separately. 


SIGNAL GROUND and ANALOG GROUND are rey 
internally. ANALOG GROUND and DIGITAL GROUND ~ 
must be connected externally and as ae to the converter as. 
possible. . 4 


The external components pequuees should OF connected as.. 


| snowaes in Figure 1. 


CONVERTER RESOLUTION | 
Two major areas.of the AD2S83 specification c can be ie by 
the user to optimize the total system performance. The resolu-: 
tion of the digital output is set: by. the logic state of the inputs — 
SC1 and SC2 to be 10, 12, 14 or 16 bits; and the dynamic char- 
acteristics of bandwidth and tracking rate are selected by the = 
choice of external components. 


The choice of the resolution: will affect the values of R4 and R6 
which scale the inputs to the integrator and the VCO respec- 
tively (see section COMPONENT SELECTION). If the 
resolution is changed, then new values of R4 and R6 must be 
switched into the circuit. 


Note: When changing resolution under dynamic ‘conditions: do 
so when BUSY is low, i.e., when data is not changing. 


REFERENCE 


0 VP OFFSET ADJUST 


R9 


BANDWIDTH 
SELECTION - 


PHASE 


SENSITIVE 
DETECTOR VELOCITY 
ata SIGNAL 
, TRACKING, 
VCO + DATA Roe a RATE 
pee ~vCo]. C7 pe 
oO/P 150pF 
(Ge ae 7 
. 3K3_ 
INHIBIT 
DIRECTION 


cé 
as 390pF 


Figure 1. Connection Diagram 
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CONVERTER OPERATION 

When connected in a circuit such as shown in Figure 10, the 
AD2S83 operates as a tracking resolver-to-digital converter. The 
output will automatically follow the input for speeds up to the 
selected maximum tracking rate. No convert command is neces- 
sary as the conversion is automatically initiated by each LSB 
increment, or decrement, of the input. Each LSB change of the 
converter initiates a BUSY pulse. 


The AD2S83 is remarkably tolerant of input amplitude and fre- 
quency variation because the conversion depends only on the 
ratio of the input signals. Consequently there is no need for 
accurate, stable oscillator to produce the reference signal. The 
inclusion of the phase sensitive detector in the conversion loop 
ensures high immunity to signals that are not phase or fre- 
quency coherent or are in quadrature with the reference signal. 


SIGNAL CONDITIONING 

The amplitude of the SINE and COSINE signal inputs should 
be maintained within 10% of the nominal values if full perfor- 
mance is required from the velocity signal. 


The digital position output is relatively insensitive to amplitude 
variation. Increasing the input signal levels by more than 10% 
will result in a loss in accuracy due to internal overload. Reduc- 
ing levels will result in a steady decline in accuracy. With the 
signal levels at 50% of the correct value, the angular error will 
increase to an amount equivalent to 1.3 LSB. At this level the 
repeatability will also degrade to 2 LSB and the dynamic re- 
sponse will also change, since the dynamic characteristics are 
proportional to the signal level. 


The AD2S83 will not be damaged if the signal inputs are 
applied to the converter without the power supplies and/or the 
reference. 


REFERENCE INPUT . 

The amplitude of the reference signal applied to the converter’s 
input is not critical, but care should be taken to ensure it is kept 
within the recommended operating limits. 


The AD2S83 will not be damaged if the reference is supplied 
to the converter without the power supplies and/or the signal 
inputs. 


HARMONIC DISTORTION 
The amount of harmonic distortion allowable on the signal and 
reference lines is 10%. 


Square waveforms can be used but the input levels should be 
adjusted so that the average value is 1.9 V rms. (For example, a 
square wave should be 1.9 V peak.) Triangular and Sawtooth 
waveforms should have a amplitude of 2 V rms. 


Note: The figure specified of 10% harmonic distortion is for 
calibration convenience only. 


POSITION OUTPUT 

The resolver shaft position is represented at the converter out- 
put by a natural binary parallel digital word. As the digital posi- 
tion output of the converter passes through the major carries, 
1.e., all “1s” to all “Os” or the inverse, a RIPPLE CLOCK (RC) 
logic output is initiated indicating that a revolution or a pitch of 
the input has been completed. 
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The direction of input rotation is indicated by the DIRECTION 
(DIR) logic output. This direction data is always valid in 
advance of a RIPPLE CLOCK pulse and, as it is internally 
latched, only changing state (1 LSB min change in input) with a 
corresponding change in direction. 


Both the RIPPLE CLOCK pulse and the DIRECTION data are 
unaffected by the application of the INHIBIT. The static posi- 
tional accuracy quoted is the worst case error that can occur 
over the full operating temperature excluding the effects of 
offset signals at the INTEGRATOR INPUT (which can be 
trimmed out — see Figure 1), and with the following conditions: 
input signal amplitudes are within 10% of the nominal; phase 
shift between signal and reference is less than 10 degrees. 


These operating conditions are selected primarily to establish a 
repeatable acceptance test procedure which can be traced to 
national standards. In practice, the AD2S83 can be used well 
outside these operating conditions providing the above points 
are observed. | 


VELOCITY SIGNAL 

The tracking converter technique generates an internal signal at 
the output of the integrator (INTEGRATOR OUTPUT) that is 
proportional to the rate of change of the input angle. This is a 
dc analog output referred to as the VELOCITY signal. 


It is recommended that the velocity output be buffered. 


The sense is positive for an increasing angular input and nega- 
tive for decreasing angular input. The full-scale velocity output 
is +8 V dc. The output velocity scaling and tracking rate are a 
function of the resolution of the converter; this is summarized 


below. 
Max Tracking | Nominal Scaling 
Rate (rps) 


(Velocity O/P = +8 V dc nominal) 


The output velocity can be suitably scaled and used to replace a 
conventional DC tachogenerator. For more detailed information 
see “AD2S83 as a Silicon Tachogenerator” section. 


DC ERROR SIGNAL 

The signal at the output of the phase sensitive detector 
(DEMODULATOR OUTPUT) is the signal to be nulled by 
the tracking loop and is, therefore, proportional to the error 
between the input angle and the output digital angle. As the 
converter is a Type 2 servo loop, the demodulator output signal 
will increase if the output fails to track the input for any reason. 
This is an indication that the input has exceeded the maximum 
tracking rate of the converter or, due to some internal or exter- 
nal malfunction, the converter is unable to reach a null. By con- 
necting two external comparators, this voltage can be used as a 
“built-in-test.” 
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COMPONENT SELECTION 7 

The following instructions describe how to select the scien 
components for the converter:in order to achieve the required 
bandwidth and tracking rate. In all cases the nearest “preferred 
value” component should be used, and a 5% tolerance will not 
degrade the overall performance of the converter. Care should 
be taken that the resistors and capacitors will function over the 
required operating temperature range. The components should 
be connected as shown in Figure 1. 


Free PC companble software is available to help users select the 
optimum component values for the AD2S83, and display the transfer 
gain, phase and small step response. 


For more detailed information and explanation, see sec- 

tion “CIRCUIT FUNCTIONS AND DYNAMIC 

PERFORMANCE.” 

1. HF Filter (R1, R2, Cl, C2) 
The function of the HF filter is to remove any de offset and 
to reduce the amount of noise present on the signal inputs to 
the AD2S83, reaching the Phase Sensitive Detector and 
affecting the outputs. Rl and C2 may be omitted - 
case R2 = R3 and Cl = C3, calculated below — but their use 
is particularly recommended if noise from switch mode 
power supplies and brushless motor drive is ; present. 
Values should be chosen so that 

ISkRQO = RI) ae = 56 kD 


1 


ei er Tw RI Fase 


and frre = Reterenve frequency | (Hz) 


This filter gives an attenuation of 3 times at the input to the 
phase sensitive detector. 


2. Gain Scaling Resistor (R4) (See Phase Seats Demodulator 
Section) 
If Ri, C2 are fitted ‘nee: 
Enc . 1 
100 x 10° 3 
where 100 x 10°? = current/LSB 
If Rl, C2 are not fitted then: 


R4 = 


Epc - 
100 « 10° ° 
where Enc = 160 x 10° for 10 bits resolution 
40 x 10° for 12 bits 
= 10 x 10° for 14 bits 
= 2.5 x 10° for 16 bits 
= Scaling of the DC ERROR in volts/LSB 


3. AC Coupling of Reference Input (R3, C3) ; 
Select R3 and C3 so that there is no significant phase shift at 
the reference frequency. That is, 


R4= 


R3 = 100 kQO 
5. ee 
R3 X frer 


with R3 in 2. 


4, Maximum Tracking Rate (R6) 
The VCO input resistor R6 sets the maximum tracking rate 
of the converter and hence the velocity scaling as at the max 
tracking rate, the velocity output will be 8 V. 
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Decide on your maximum tracking rate, “T,” in revolutions 
per second. When setting the value for R6, it should be 
remembered that the linearity of the velocity output is 
specified across 0 kHz-500 kHz and 500 kHz—1000 kHz. 
The following conversion can be used to determine the - 
corresponding rps: 
| VCO Rate (Hz) 

Qn 
Note that “T” must not exceed the maximum tracking rate or 
1/16 of the reference frequency. | 


_ 6.81 x 10° 
—  TxXn 


rps = 


R6 
where n = bits per revolution — 
1,024 for 10 bits resolution 
4,096 for 12 bits 


16,384 for 14 bits — 
| 65,536 for 16 bits 
5. Closed-Loop Bandwidth Selection (C4, C5, R5) 
a. Choose the closed-loop bandwidth (fgy,) required 
ensuring that the ratio of reference frequency to band- 
width does not exceed the following guidelines: 


Resolution Ratio of Reference pene pene 
10 & ool 
12 ee Se) 
14. | e sO. <A: 
16 ee eee ee 


Typical values may be 100 Hz for a 400 Hz reference fre- 
quency and 500 Hz to 1000 Hz for a 5 kHz reference — 
frequency. —~ 
b. Select C4 so that 

21 
R6 X few i 


with R6 in 2 and fe in Hz selected above. 


C4 = 


c. C5 is given by 
C5 =5 x C4 
d. RS is given by 
| 4 
2X 7X few X C5 
6. VCO Phase Compensation 


The following values of C6 and R7 should be connected as 
close as possible to the VCO output, Pin 41. 


C6 = 390 pF, R7 = 3.3kO 


7. VCO Optimization 
To optimize the performance of the VCO a capacitor, C7, 
should be placed across the VCO input and output, Pins a0: 
and 41. 


R5 = 


C7 = 150 pr 


8. Offset Adjust . 
Offsets and bias currents at the integrator input can cause an 
additional positional offset at the output of the converter of 1 
arc minute typical, 5:3 arc minutes maximum. If. this can be 
tolerated, then R8 and R9 can be omitted from the circuit. 
If fitted, the following values of R8 and R9 should be used: 
R8 = 4.7 MQ, RY = 1 MO. potentiometer 
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To adjust the zero offset, ensure the resolver is disconnected 
and all the external components are fitted. Connect the COS 
pin to the REFERENCE INPUT and the SIN pin to the 
SIGNAL GROUND and with the power and reference 
applied, adjust the potentiometer to give all “Os” on the digi- 
tal output bits. 


The potentiometer may be replaced with select on test resistors 
if preferred. 


DATA TRANSFER 

To transfer data the INHIBIT input should be used. The data 
will be valid 490 ns after the application of a logic ““LO” to the 
INHIBIT. This is regardless of the time when the INHIBIT is 
applied and allows time for an active BUSY to clear. By using 
the ENABLE input the two bytes of data can be transferred 
after which the INHIBIT should be returned to a logic “HI” 
state to enable the output latches to be updated. 


BUSY Output 

The validity of the output data is indicated by the state of the 
BUSY output. When the input to the converter is changing, the 
signal appearing on the BUSY output is a series of pulses at 
TTL levels. A BUSY pulse is initiated each time the input 
moves by the analog equivalent of one LSB and the internal 
counter is incremented or decremented. 


INHIBIT Input 

The INHIBIT logic input only inhibits the data transfer from 

the up-down counter to the output latches and, therefore, does 
not interrupt the operation of the tracking loop. Releasing the 

INHIBIT automatically generates a BUSY pulse to refresh the 
output data. 


ENABLE Input 7 

The ENABLE input determines the state of the output data. A 
logic “HI” maintains the output data pins in the high impedance 
condition, and the application of a logic ““LO”’ presents the data 
in the latches at the output pins. The operation of the 

ENABLE has no effect on the conversion process. 


BYTE SELECT Input 

The BYTE SELECT input selects the byte of the position data 
to be presented at the data output pins DB1 to DB8. The least 
significant byte will be presented on data output pins DB9 to 
DB16 (with the ENABLE input taken to a logic “LO”’) regard- 
less of the state of the BYTE SELECT pin. Note that when the 
AD2883 is used with a resolution less than 16 bits the unused 
data lines are pulled to a logic “LO.” A logic “HI” on the 
BYTE SELECT input will present the eight most significant 
data bits on data output pins DB1 through DB8. A logic “LO” 
will present the least significant byte on data outputs 1 to 8, 
i.e., data outputs 1 to 8 will duplicate data outputs 9 to 16. 


The operation of the BYTE SELECT has no effect on the con- 
version process of the converter. 
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RIPPLE CLOCK 

As the output of the converter passes through the major carry, 
i.e., all “1s” to all “Os” or the converse, a positive going edge on 
the RIPPLE CLOCK (RC) output is initiated indicating that a 
revolution, or a pitch, of the input has been completed. 


The minimum pulse width of the ripple clock is 300 ns. 
RIPPLE CLOCK is normally set high before a BUSY pulse and 
resets before the next positive going edge of the next busy pulse. 


The only exception to this is when DIR changes while the RIP- 
PLE CLOCK is high. Resetting of the RIPPLE clock will only 
occur if the DIR remains stable for two consecutive positive 
BUSY pulse edges. 


If the AD2S83 is being used in a pitch and revolution counting 
application, the ripple and busy will need to be gated to prevent 
false decrement or increment (see Figure 2). 


RIPPLE CLOCK is unaffected by INHIBIT. 


+5V 


TO COUNTER 


IN4148 (CLOCK) 


RIPPLE 


CLOCK 2N3904 


on IN4148 


BUSY 


NOTE: DO NOT USE ABOVE CCT WHEN INHIBIT IS LOW. 


Figure 2. Diode Transistor Logic Nand Gate 
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BUSY = (ss Wy VV 7 
RIPPLE = | 
t - | 


CLOCK 


DATA . aie. 


INHIBIT Vu 


DIR 


INHIBIT 


ENABLE = 


DATA 


BYTE 
SELECT 


DIRECTION Output 

The DIRECTION (DIR) output indicates the direction of the 
input rotation. Any change in the state of DIR precedes the cor- 
responding BUSY, DATA and RIPPLE CLOCK updates. DIR 
can be considered as an asynchronous output and can make 
multiple changes in state between two consecutive LSB update 
cycles. This occurs when the direction of rotation of the input 
changes but the magnitude of the rotation is less than 1 LSB. 


COMPLEMENT | 
The COMPLEMENT input is an active low input and is inter- 
nally pulled to +Vg, via 100 kQ. 


Strobing DATA LOAD and COMPLEMENT pins to logic LO 
will set the logic HI bits of the AD2S83 counter to a LO state. 
Those bits of the applied data which are logic LO will not 
change the corresponding bits in the AD2S83 counter. 
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BUSY WIDTH Vy-Vy | 
RIPPLE CLOCK V,; to BUSY Va : 
RIPPLE CLOCK V,_ to Next BUSY Vir 
BUSY V,, to DATAV,, 

BUSY V,; to DATA V; 


INHIBIT V,, to BUSY Vy, 

MIN DIR V,; to BUSY Vy; 

MIN DIR V,; to BUSY Vy; 

INHIBIT V, to DATA STABLE 
ENABLE V, to DATA Vy; 

ENABLE V, to DATA V,;, 

BYTE SELECT V, to DATA STABLE 
BYTE SELECT V,; to DATA STABLE 


For Example: 
Initial Counter State 


Applied Data Word 
Counter State after DATA LOAD 


1 0 

1 1 

. ili 

Initial Counter State ; 10 
11 

00 


Applied Data Word 
Counter State after DATA LOAD and Complement 


In order to read the counter following a DATA LOAD, the pro- 
cedure below should be followed: 
. Place Outputs in high impedance state (ENABLE = HD. 
. Present data to pins. 
. Pull DATA LOAD and COMPLEMENT pins to ground. 
. Wait 100 ns. 
. Remove data from pins. 
. Remove outputs from high impedance state (ENABLE 
= LO). 
7. Read outputs. 


Nn BP WN 
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VELOCITY ERRORS 

Some “ripple” or noise will always be present in the velocity 
signal. Velocity signal ripple is caused by, or related to, the fol- 
lowing parameters. The resulting effects are generally additive. 
This means diagnosis needs to be an iterative process in order to 
define the source of the error. 


1.0 Reference Frequency 
A ripple content at the reference frequency is superimposed 
on the velocity signal output. The amplitude depends on the 
loop bandwidth. This error is a function of a de offset at the 
input to Phase Sensitive Demodulator (PSD). 


2.0 Resolver Inaccuracies . 
Impedance mismatch occur in the sine and cosine windings 
of the resolver. These give rise to differential phase shift 
between the sine and cosine inputs to the RDC and varia- 
tions in the resolver output amplitudes. 


2.1 Sine and Cosine Amplitude Mismatch 
This is normally identified by the presence of asymmetrical 
ripple voltages. 


2.2 Differential Phase Shift between the Sine and Cosine Inputs 
The frequency of this ripple is usually twice the input veloc- 
ity, and the amplitude is proportional to the magnitude of 
the velocity signal. The phase shift is normally induced 
through the connections from the resolver to the converter. 
Maintaining equal lengths of screened twisted pair cable 
from the resolver to the AD2S83 will reduce the effects of 
resistive imbalance, and therefore, reduce differential phase 
shift. 


3.0 LSB Update Ripple : 
LSB update noise occurs as the resolver rotates and the dig- 
ital outputs of the RDC are updated. For a correctly scaled 
loop, this ripple component has a magnitude of approxi- 
mately 2 mV peak at 16-bit resolution. : 


3.1 Ripple due to the LSB rate given by: 
LSB rate = N X Reference Frequency 
The PSD generates sums and differences of all its compo- 
nent input frequencies, so when the LSB update rate is an 
multiple of the reference frequency, a beat frequency is gen- 
erated. The magnitude of this ripple is a function of the 
LSB weighting, i.e., ripple is less at 16 bits. 


4.0 Torque Ripple 
Torque ripple is a phenomenon associated with motors. An 
ac motor naturally exhibits a sinusoidal back emf. In an 
ideal system the current fed to the motor should, in order to 
cancel, also be sinusoidal. In practice the current is often _ 
trapezoidal. Consequently, the output torque from the 
motor will not be smooth and torque ripple is created. If 
the loading on a motor is constant, the velocity of the motor 
shaft will vary as a result of the cyclic variation of motor 
torque. The variation in velocity then appears on the veloc- 
ity output as ripple. This is not an error but a true velocity 
variation in the system. 
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Offset Errors 

The limiting factor in the measuring of low or “creep” speeds is 
the level of dc offset present at zero velocity. The zero velocity 
de offset at the output of the AD2S83 is a function of the input 
bias current to the VCO and the value for the input resistor R6. 
See “Circuit Functions and Dynamic Performance VCO.” 


The offset can be minimized by reducing the maximum tracking 
rate so reducing the value for R6. Offset is a function of track- 
ing rate and therefore resolution; the dc offset is lowest at 16 
bits. To increase the dynamic range of the velocity dynamic res- 
olution switching can be employed. (Contact MCG Applications 
for more information. ) 


CONNECTING THE RESOLVER | 
The recommended connection circuit is shown in Figure 10. 


In cases where the reference phase relative to the input sig- 

nals from the resolver requires adjustment, this can be easily 
achieved by varying the value of the resistor R2 of the HF filter 
(see Figure 1). 


Assume that Rl = R2 = R andCl = ro) = © 
l 
27 RC 


By altering the value of R2, the phase of the reference relative 
to the input signals will change in an approximately linear man- 
ner for phase shifts of up to 10 degrees. 


Increasing R2 by 10% introduces a phase lag of 2 degrees. 
Decreasing R2 by 10% introduces a phase lead of 2 degrees. 


PHASE LEAD = ARC: TAN a PHASE LAG = 
2nfRC ARC TAN 2xfRC 
R T 
: R Cc 


PHASE SHIFT CIRCUITS | 


Figure 9. Phase Shift Circuits 
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TYPICAL CIRCUIT CONFIGURATION 

Figure 10 shows a typical circuit configuration for the AD2S83 
with 12-bit resolution. Values of the external components have | 
been chosen for a reference frequency of 5 kHz and a maximum 
tracking rate of 260 rps with a bandwidth of 520 Hz. Placing 
the values for R4, R6, C4 and C5 in the equation for K, gives a 
value of 2.7 x 10°. The resistors. are 0.125 W, 5% tolerance pre- 
ferred values. The capacitors are 100 V ceramic, 10% tolerance 
components. 


For signal and reference voltages greater than 2 V rms-a simple 
voltage divider circuit of resistors can be used to generate the 
correct signal level at the converter. Care should be taken to 
ensure that the ratios of the resistors between the sine signal line 
and ground and the cosine signal line and ground are the same. 
Any difference will result in an additional position error. 


REFERENCE 
INPUT VELOCITY 
RESOLVER R5 C5 o/P . 
COS HIGH 
REF LOW C6 
COs LOW: 390pF 
SIN LOW 
7 1 44 43 42 41 40 
‘SIN HIGH -12V . 
+12V 38 ; RIPPLE CLOCK . 
i: DIRECTION 
MSB .) 10 BUSY 
11 . AD2S83 | 35 COMPLEMENT 
12 ‘TOP VIEW 34 G bara AD 
DATA 13 (Not to scale) 33 — 
OUTPUT 5 14 32 € Sc2 : : ov’ 
. 15 31 & 
16 30 C. INHIBIT 
17 29 
26 27 28 


18 19 20 21 22 23 24 25 


a 
”n 
ad 


\—— pata output ——/ 


CLOSE AS POSSIBLE TO THE CONVERTER PINS. 


wt oo 
co NOTE: R7, C6 AND C7 SHOULD BE CONNECTED AS — 
[oa ae ; 
va 
ss SIGNAL SCREENS SHOULD BE CONNECTED TO PIN5 


Figure 10. Typical Circuit Configuration 
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ANALOG Low Cost, Complete 12-Bit — 
DEVICES Resolver-to-Digital Converter 


AD2S90 


FEATURES 

Complete Monolithic Resolver-to-Digital Converter 
Incremental Encoder Emulation (1024-Line) 
Absolute Serial Data (12-Bit) 

Differential Inputs 

12-Bit Resolution 

industrial Temperature Range 

20-Pin PLCC 

Low Power (50 mW) 


APPLICATIONS 

industrial Motor Control 

Servo Motor Control 

Industrial Gauging 

Encoder Emulation 

Automotive Motion Sensing and Control 
Factory Automation 

Limit Switching 


GENERAL DESCRIPTION 

The AD2S90 is a complete 12-bit resolution tracking resolver-to- 
digital converter. No external components are required to oper- 
ate the device. 7 


The converter accepts 2 V rms + 10% input signals in the range 
3—20 kHz on the SIN, COS and REF inputs. A Type IT servo 
loop is employed to track the inputs and convert the input SIN 
and COS information into a digital representation of the input 
angle. The bandwidth of the converter is set internally at 1 kHz. 
The maximum tracking rate is 375 rps at 12-bit resolution. 


Angular position output information is available in two forms, 
absolute serial binary and incremental A quad B. 


The absolute serial binary output is 12-bit (1 in 4096). The data 
output pin is high impedance when Chip Select CS is logic HI. 
This allows the connection of multiple converters onto a com- 
mon bus. Absolute angular information in serial pure binary 
form is accessed by CS followed by the application of an exter- 
nal clock (SCLK) with a maximum rate of 2 MHz. 


The encoder emulation outputs A, B and NM continuously pro- 
duce signals equivalent to a 1024 line encoder. When decoded 
this corresponds to 12-bits resolution. Three common north 
marker pulse widths are selected via a single pin (NMC). 


An analog velocity output signal provides a representation of 
velocity from a rotating resolver shaft travelling in either a 
clockwise or counterclockwise direction. 


REV. B 


FUNCTIONAL BLOCK DIAGRAM 


REF 


SIN © SIN (6 - 6) 
SINLO © HIGH ACCURACY P.S.D.AND | ye. 
SIN COS ee: FREQUENCY 

Ss e 

co: MULTIPLIER ERROR L-SHAPING 

COSLO DIGITAL AMPLIFIER 

cae ANGLE 9! up —— CLKOUT 

A DYNAMIC 


RANGE V.C.O. 


DIR 


The AD2S90 operates on a +5 V dc + 5% power supplies and 
is fabricated on Analog Devices’ Linear Compatible CMOS pro- 
cess (LC?MOS). LC?MOS is a mixed technology process that 
combines precision bipolar circuits with low power CMOS logic 
circuits. 


PRODUCT HIGHLIGHTS | 

Complete Resolver—Digital Interface. The AD2S90 provides 
the complete solution for digitizing resolver signals (12-bit reso- 
lution) without the need for external components. 


Dual Format Position Data. Incremental encoder emulation in 
standard A QUAD B format with selectable North Marker 
width. Absolute serial 12-bit angular binary position data 
accessed via simple 3-wire interface. 


Single High Accuracy Grade in Low Cost Package. + 10.6 arc 
minutes of angular accuracy available in a 20-pin PLCC. 


Low Power. Typically 50 mW power consumption. 
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Parameter | ‘Typ Max 


SIGNAL INPUTS 
Voltage Amplitude 


Frequency 

Input Bias Current 
Input Impedance 
Common-Mode Volts! 
CMRR 


REFERENCE INPUT 
Voltage Amplitude 
Frequency 
Input Bias Current 
Input Impedance 
Permissible Phase Shift 


CONVERTER DYNAMICS 
Bandwidth 
Maximum Tracking Rate 
Maximum VCO Rate (CLKOUT) 
Settling Time 
1° Step 
179° Step 


ACCURACY 
Angular Accuracy” 
Repeatability” 


VELOCITY OUTPUT 
Scaling 127.5 
Output Voltage at max rps | +2.17 
Load Drive Capability | 


LOGIC INPUTS SCLK, CS 
Input High Voltage (Vin33) 
Input Low Voltage (Vinx) 
Input Current (I,,)) 

Input Capacitance 


LOGIC OUTPUTS DATA, A, B,* | 
NM, CLKOUT, DIR 
Output High Voltage 
Output Low Voltage 


SERIAL CLOCK (SCLK) 
SCLK Input Rate 


NORTH MARKER CONTROL (NMC) 
90° 
180° 
360° 


POWER SUPPLIES 


NOTES 


‘If the tolerance on signal inputs = +5%, then CMV = 200 mV. 


71 LSB = 5.3 arc minute. 

*Specified at constant temperature. 

‘Output load drive capability. 

Specifications subject to change without notice. 
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150 


Test Condition 


Differential SIN to SIN LO, 
COS to COS LO 


Vin = 2 + 10% Vrms 
Vin = 2 + 10% V rms 


_ CMV @ SINLO, COSLO w.r.t. 


AGND @ 10 kHz — 


Relative to SIN, COS Inputs 


Vop = +5 V de, Veg = —5 V de 


Vpp = +5 Vdc, Vss = —5 V de 
Ion = 1 mA 

Io, = 1 mA 

Io, = 400 pA 


1:1 Mark Space Ratio 


North Marker Width Relative to 
to “A” Cycle 


REV. B 


AD2S90 
TIMING CHARACTERISTICS" ? ness otewse wed} = SS 


CSB 


SCLK 


3 fe 
t7 


* THE MINIMUM ACCESS TIME: USER DEPENDENT 


Serial Interface 


Parameter AD2S90 Test Conditions/Notes 


t CS to DATA Enable 

ts CS to Ist SCLK Negative Edge 

ts SCLK Low Pulse 

ty SCLK High Pulse 

ts SCLK Negative Edge to DATA Valid 

t CS High Pulse Width 

ty CS High to DATA High Z (Bus Relinquish) 


COUNTER IS CLOCKED ON 
THIS EDGE 


/~ | | A,B, NM 
\ | S cetection DIR 
| 360° | | dss 

‘ DIR/CLKOUT/AB and NM Timing 


NUMBER OF DEGREES REFERS TO WIDTH RELATIVE TO "A " CYCLE 


Incremental Encoder 


AD2S90 
Parameter Min Max Units Test Conditions/Notes 


torr 200 DIR to CLKOUT Positive Edge 

tcLK 250 400 CLKOUT Pulse Width 

taBn 250 CLKOUT Negative Edge to A, B & NM Transition 
NOTES | 


1Timing data are not 100% production tested. Sample tested at +25°C only to ensure conformance to data sheet limits. Logic output timing tests carried out 
using 10 pF, 100 kQ load. 
*Capacitance of data pin in high impedance state = 15 pF. 


REV. B MOTION CONTROL PRODUCTS 16-29 


AD2S90 


RECOMMENDED OPERATING CONDITIONS . : 
Power Supply Voltage (Vpp—Vss) -..--.---- +5 V de + 5% 


Analog Input Voltage (SIN, COS & REF) ...2 Vrms + 10% 
. Signal and Reference Harmonic Distortion ........... 10% 

Phase Shift between Signal and Reference ........... +10° 
Ambient Operating Temperature Range 

Industrial (AP)......... ee ae —40°C to +85°C 
ABSOLUTE MAXIMUM RATINGS* . 
Vip tO AGND~ cis 4a5 4c. bag bE os —0.3 V dc to +7.0 V de 
Veg tO AGND». obo eae wean +0.3 V de to —7.0 V de 
AGND toDGND ......... -0.3 V dc to Vpp + 0.3 V de 
Analog Inputs to AGND | 

REP 634 eae 4 Vss — 0.3 V dc to Vpp + 0.3 V de 

SIN, SINLO ....... Vss — 0.3 V de to Vpp + 0.3 V de 

COS, COSLO ...... Vss — 0.3 V de to Vpp + 0.3 V de 
Analog Output to AGND 

N ELS Bip ah ard hinhon toa ind esa ora eee Vss to Vpp 
Digital Inputs to DGND, CSB, 

SCLEK, RES° s444 4098445 —0.3 V dc to Vpp + 0.3 V de 
Digital Outputs to DGND, NM, A, B, 

DIR, CLKOUT DATA ....-—0.3 V dc to Vpp + 0.3 V de 


Operating Temperature Range | 

Industrial (AP) ......... bs oad A ein —40°C to +85°C 
Storage Temperature Range ........... —65°C to + 150°C 
Lead Temperature (Soldering 10 secs)............. 300°C 
Power Dissipation to +75°C 2... .... 2. eee ee ee 300 mW 
Derates above +75°C by ..0....... 000000 ee 10 mW/°C 


*Stresses above those listed in ‘““Absolute Maximum Ratings” may cause per- 


manent damage to the device. This is a stress rating only and functional 


operation of the device at these or any other conditions above those indicated 
in the operational section is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 


ORDERING INFORMATION 


Model Temperature Range Package Option* 


AD2S90AP | —40°C to +85°C —s-| 8 arc min | P-20A 


*P = Plastic Leaded Chip Carrier. For outline information see 
Package Information section. 


°o 
_ 


a Cos Lo 


2 , 
5% 2 8 
3 |] 2 |f 1 | {20}. 


AD2S90 


TOP VIEW 


ESD SENSITIVITY 


The AD2S90 features an input protection circuit consisting of large “distributed” diodes and 
polysilicon series resistors to dissipate both high energy discharges (Human Body Model) and fast, 


low energy pulses (Charges Device Model). 


Proper ESD precautions are strongly recommended to avoid functional damage or performance 
degradation. For further information on ESD precautions, refer to Analog Devices ESD Prevention . ~ 


Manual. 
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Pin 


PIN DESCRIPTIONS 


No. | Mnemonic | Function 


1 
2 


10 


ll 


12 
13 
14 


15 


16 


17 


18 


19 


20° 


AGND 
SIN 


SIN LO 
DATA 


SCLK — 


DIR 


CLKOUT 


VEL 


REF — 


COS LO | 


COS 


Analog ground, reference ground. 


SIN channel noninverting input connect 
to resolver SIN HI output. SIN to SIN 
LO = 2 Vrms + 10%. 


SIN channel inverting input connect to 


{resolver SIN LO. 


Serial interface data output. High impedance 
with CS = HI. Enabled by CS = 0. 
Serial interface clock. Data is clocked out on 


| “first” negative edge of SCLK after a LO transi- 


tion on CS. 12 SCLK pulses to clock data out. 


Chip select. Active LO. Logic LO transi- 
tion enables DATA output. 


Encoder A output. A leads B for increasing 
angular rotation. 


Encoder B output. 


Encoder North Marker emulation output. 
Pulse triggered as code passes through zero. 
Three common pulse widths available. 


Indicates direction of rotation of input. 
Logic HI = increasing angular rotation. 
Logic LO = decreasing angular rotation. 


Digital power ground return. 
Negative power supply, —5 V dc + 5%. 
Positive power supply, +5 V dc + 5%. 


Positive power supply, +5 V de + 5%. 
Must be connected to Pin 13. 


_| North marker width control. Internally 


pulled HI via 50 kO nominal. 


Internal VCO clock output. Indicates 
angular velocity of input signals. Max 
nominal rate = 1.536 MHz. CLKOUT is a 
300 ns positive pulse. . 
Indicates angular velocity of input signals. 
Positive voltage w.r.t. AGND indicates 
increasing angle. FSD = 375 rps. 


-|Converter reference input. Normally _ 


derived from resolver primary 

excitation. REF = 2 Vrms nominal. | 
Phase shift w.r.t. COS and SIN = +10° max 
COS channel inverting input. Connect 

to resolver COS LO. 

COS channel noninverting input. 


Connect to resolver COS HI output. 
COS = 2 Vrms + 10%. 


WARNING! 


Pai 
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‘ESD SENSITIVE DEVICE 


AD2S90 


RESOLVER FORMAT SIGNALS A phase sensitive detector, integrator and voltage controlled 

A resolver is a rotating transformer which has two stator wind- oscillator (VCO) form a closed loop system which seeks to null 
ings and one rotor winding. The stator windings are displaced sin (6—). When this is accomplished the word state of the 
mechanically by 90° (see Figure 1). The rotor is excited with an up/down counter, , equals within the rated accuracy of the 
ac reference. The amplitude of subsequent coupling onto the converter, the resolver shaft angle 0. 


stator windings is a function of the position of the rotor (shaft) 
relative to the stator. The resolver, therefore, produces two out- 
put voltages (S3-S1, S2-S4) modulated by the SINE and 
COSINE of shaft angle. Resolver format signals refer to the sig- 
nals derived from the output of a resolver. Equation 1 illustrates 
the output form. 


S3-S1 = Eg SIN wt * SIN® 


For more information on the operation of the converter, see 
Circuit Dynamics section. 


$2 TO S4 
S2-S4 = Eg SIN ot * COSO (1) (COS) 
where: 0 = shaft angle 
SIN wt = rotor excitation frequency 537081 fc Af Af PAL, vi 
Eo = rotor excitation amplitude (SIN) vy it Me Hy iH 
Principle of Operation 
The AD2S90 operates on a Type 2 tracking closed-loop princi- R2 TO R4 
ple. The output continually tracks the position of the resolver (REF) 


without the need for external convert and wait states. As the 
transducer moves through a position equivalent to the least sig- 
nificant bit weighting, the output is updated by one LSB. 

On the AD2S90, CLKOUT updates corresponding to one LSB : 


increment. If we assume that the current word state of the Figure 1. Electrical and Physical Resolver Representation 
up-down counter is 6, $3-S1 is multiplied by COS and S2-S4 


is multiplied by SIN 6 to give: 


Eo SIN wt * SIN 6 COSé 
Eo SIN wt * COS 6 SIN (2) 


An error amplifier subtracts these signals giving: 


Eo SIN 0° (SIN 6 COS 6-COS 6 SIN 6) 


or 
Eo SIN wt * SIN (6-6) (3) j 
where (6—) = angular error | 


f+ OV 
10nF 
47. p (POWER GROUND) 


0 -5V 


TWISTED PAIR 
SCREENED 


ant mS a] 


RESOLVER 


POWER RETURN. 


Figure 2. Connecting the AD2S90 to a Resolver 
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Connecting The Converter : 

Refer to Figure 2. Positive power supply Vpp = +5 V dc + 
5% should be connected to Pin 13 & Pin 14 and negative power 
supply Vss = —5 V de + 5% to Pin 12. Reversal of these . 
power supplies will destroy the device. $3 (SIN) and S2 (COS) 
from the resolver should be connected to the SIN and COS pins 
of the converter. $1 (SIN) and $4 (COS) from the resolver 
should be connected to the SINLO and COSLO pins of the 
converter. The maximum signal level of either the SIN or COS 
resolver outputs should be 2 V rms + 10%. The AD2S90 
AGND pin is the point at which all analog signal grounds 
should be star connected. The SIN LO and COS LO pins on 
the AD2S90 should be connected to AGND. Separate screened 
twisted cable pairs are recommended for all analog inputs SIN, 
COS, and REF. The screens should terminate at the converter 
AGND pin. 


North marker width selection is controlled by Pin 15, NMC. 
Application of Vpp, 0 V,; or Vsg to NMC will select standard 
90°, 180° and 360° pulse widths. If unconnected, the NM pulse 
defaults to 90°. For a more detailed description of the output 
formats available see the Position Output section. 


ABSOLUTE POSITION OUTPUT 

SERIAL INTERFACE | 

Absolute angular position is represented by serial binary data 
and is extracted via a three wire interface, DATA, CS and 
SCLK. The DATA output is held in a high impedance state 
when CS is HI. 


Upon the application of a Logic LO to the CS pin, the DATA 
output is enabled and the current angular information is trans- 
ferred from the counters to the serial interface. Data is retrieved 
by applying an external clock to the SCLK pin. The maximum 
data rate of the SCLK is 2 MHz. To ensure secure data retrieval 
it is important to note that SCLK should not be applied until a 
minimum period of 600 ns after the application of a Logic LO 
to CS. Data is then clocked out, MSB first, on successive nega- 
tive edges of the SCLK; 12 clock edges are required to extract 
the full 12 bits of data. Subsequent negative edges greater than — 
the defined resolution of the converter will clock zeros from the 
data output if CS remains in a low state. 


If a resolution of less than 12 bits is required, the data access 
can be terminated by releasing CS after the required number of 
bits have been read. | 


ts 


Te “es 
Lo = le— ts 


_* THE MINIMUM ACCESS TIME: USER DEPENDENT 
Figure 3. Serial Read Cycle 


CS can be released a minimum of 100 ns after the last negative | 
edge. If the user is reading data continuously, CS can be reap- 
plied a minimum of 250 ns after it is released (see Figure 3). 
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The maximum read time is given by: (12-bits read @ 2 MHz) 
Max RD Time = [600 + (12 x 500) + 600 + 100] = 7.30 ys. 


INCREMENTAL ENCODER OUTPUTS 

The incremental encoder emulation outputs A, B and NM are 
free running and are always valid, providing that valid resolver 
format input signals are applied to the converter. 


INCREASING ANGLE 


icin kee 


NUMBER OF DEGREES REFERS TO WIDTH RELATIVE TO "A" CYCLE 


LEVEL | WIDTH| ~ 
+Vpp 90° 
1) 180 


—Vsg | 360 


*SELECTABLE WITH THREE - LEVEL 
CONTROL PIN " MARKER " DEFAULT 
TO 90° USING INTERNAL PULL - UP. 


te 
O 


Figure 4. A, B & NM Timing 


The AD2S90 emulates a 1024-line encoder. Relating this to con- 
verter resolution means one revolution produces 1024 A, B 
pulses. A leads B for increasing angular rotation. The addition 
of the DIR output negates the need for external A and B direc- 
tion decode logic. DIR is HI for increasing angular rotation. 


The north marker pulse is generated as the absolute angular 
position passes through zero. The AD2S90 supports the three 
industry standard widths controlled using the NMC pin. Figure 
4 details the relationship between A, B and NM. The width of 
NM is defined relative to the A cycle. 


Unlike incremental encoders, the AD2S90 encoder output is not 
subject to error specifications such as cycle error, eccentricity, 
pulse and state width errors, count density and phase 9. 


- The maximum speed rating, n, of an encoder is calculated from 


its maximum switching frequency, f,,,,, and its ppr (pulses per 
revolution). 


_ 60 X fax 
n  ~ PPR 


The AD2S90 A, B pulses are initiated from CLKOUT which 
has a maximum frequency of 1.536 MHz. The equivalent 
encoder switching frequency iS: 

1/4 x 1.536 MHz = 384 kHz (4 updates = 1 pulse) 
At 12 bits the ppr = 1024, therefore the maximum speed, n, of 
the AD2S90 is: | 


60 x 384000 
Li 1024. = 22500 rpm 


This compares favorably with encoder specifications where f,,.x 
is specified from 20 kHz (photo diodes) to 125 kHz (laser based) 


REV. B. 


depending on the light system used. A 1024 line laser-based 
encoder will have a maximum speed of 7300 rpm. 


The inclusion of A, B outputs allow the AD2S90 + resolver 
solution to replace optical encoders directly without the need to 
change or upgrade existing application software. 


VELOCITY OUTPUT 

The analog velocity output VEL is scaled to produce 150 rps/V 
dc + 15%. The sense is positive V dc for increasing angular 
rotation. VEL can drive a maximum load combination of 10 kQ 
and 30 pF. The internal velocity scaling is fixed. 


POSITION CONTROL 

The rotor movement of dc or ac motors used for servo control is 
monitored at all times. Feedback transducers used for this pur- 
pose detect either relative position in the case of an incremental 
encoder or absolute position and velocity using a resolver. An 
incremental encoder only measures change in position not actual 
position. 


Closed Loop Control Systems 

The primary demand for a change in position must take into 
account the magnitude of that change and the associated acceler- 
ation and velocity characteristics of the servo system. This is 
necessary to avoid “hunting” due to over- or underdamping of 
the control employed. | 


A position loop needs both actual and demand position informa- 
tion. Algorithms consisting of proportional, integral and deriva- 
tive control (PID) may be implemented to control the velocity 
profile. 


A simplified position loop is shown in Figure 5. 


POSITION CONTROLLER 
POSITION 
DEMAND 


ACTUAL 
POSITION - 


Figure 5. Position Loop 


MOTION CONTROL PROCESSES 

Advanced VLSI designs mean that silicon system blocks are 
now available to achieve high performance motion control in 
servo systems. 


HOST 1/0 


POSITION 
FEEDBACK 


OPTIONAL 
VELOCITY 
FEEDBACK 


ABSOLUTE 
POSITION 


Figure 6. Practical Implementation of the AD2S90 
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A digital position control system using the AD2S90 is shown in 
Figure 6. In this system the task of determining the acceleration 
and velocity characteristics is fulfilled by programming a trape- 

zoidal velocity profile via the I/O port. 


As can be seen from Figure 6 encoder position feedback infor- 
mation is used. This is a popular format and one which the 
AD2S90 emulates thereby facilitating the replacement of encod- 
ers with an AD2S90 and a resolver. However, major benefits 
can be realized by adopting the resolver principle as opposed to 
the incremental technique. 


Incremental feedback based systems normally carry out a peri- 
odic check between the position demanded by the controller and 
the increment position count. This requires software and hard- 
ware comparisons and battery backup in the case of power fail- 
ure. If there is a supply failure and the drive system moves, 
unless all parts of the system are backed up, a reset to a known 
datum point needs to take place. This can be extremely hazard- 
ous in many applications. The AD2S90 gets round this problem 
by supplying an absolute position serial data stream upon 
request, thus removing the need to reset to a known datum. 


DSP Interfacing . 

The AD2S90 serial output is ideally suited for interfacing to 
DSP configured microprocessors. Figures 7 to 10 illustrate how 
to configure the AD2S90 for serial interfacing to the DSP. In all 
cases the AD2890 is configured for 12-bit operation. 


ADSP-2105 Interfacing | 

Figure 7 shows the AD2S90 interfaced to an ADSP-2105. The 
on-chip serial port of the ADSP-2105 is used in alternate fram- 
ing receive mode with internal framing (internally inverted) and 
internal serial clock generation (externally inverted) options 
selected. In this mode the ADSP-2105 provides a CS and a 
serial clock to the AD2S90. The serial clock is inverted to pre- 
vent timing errors as a result of both the AD2S90 and ADSP- 
2105 clock data on the negative edge of SCLK. The first data 
bit is void; 12-bits of significant data then follow on each con- 
secutive negative edge of the clock. Data is clocked from the 
AD2S90 into the data receive register of the ADSP-2105. This is 
internally set to 13 bit (12 bits and one “dummy” bit) when 13 
bits are received. The serial port automatically generates an 
internal processor interrupt. This allows the ADSP-2105 to read 
12 significant bits at once and continue processing. 


The ADSP-2101, ADSP-2102, ADSP-2111 and 21msp50 can all 
interface to the AD2S90 with similar interface circuitry. | 


* ADDITIONAL PINS OMITTED FOR CLARITY 


Figure 7. ADSP-2105/AD2S90 Serial Interface 
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T™MS32020 Interfacing 

Figure 8 shows the serial interface between the AD2S90 and the 
TMS32020. The interface is configured in alternate internal 
framing, external clock (externally inverted) mode. Sixteen bits 
of data are clocked from the AD2S90 into the data receive regis- 
ter (DDR) of the TMS32020. The DRR is fixed at 16 bits. To 
obtain the 12-significant bits, the processor needs to execute 
three right shifts. (First bit read is void, the last three will be 
zeros). When 16 bits have been received by the TMS32020, it 
generates an internal interrupt to read the data from the DRR: 


* ADDITIONAL PINS. OMITTED FOR CLARITY 


crite 8. TMS32020/AD2S90 Serial Interface 


DSP56000 Interface 
Figure 9 shows a serial interface between the AD2S90 and the 
DSPS6000. The DSP in configured for normal mode synchro- 
nous operation with gated clock with SCK and SCI as eurur: 
SCI is applied t to CS. 


* ADDITIONAL PINS OMITTED FOR CLARITY 
Figure 9. DSP56000/AD2S90 Serial Interface 


The DSP56000 assumes valid data on the first falling edge of 
SCK. SCK is inverted to ensure that the valid data is clocked in 
-after one leading bit. The receive data shift register one iS set 
for a 13-bit word. 


When this register has received 13. bits of data, it generates an 
internal interrupt on the DSP56000 to ‘read the 12- bits of signifi- 
cant data from the register. 


NEC7720 Interface 

Figure 10 shows the serial interface between the NEC7720 and 
the AD2S90. The NEC7720 expects data on the rising edge of 
its SCK output, and therefore unlike the previous interfaces no 
inverter is required to clock data into the SI register. There is 
no need to ignore the first data bit read. SIEN is used to Chip 


EDGE GENERATOR 


DIRECTION 


Select the AD2S90 and frame the data. The SI register is fixed 


_ at 16 bits, therefore, to obtain the 12-significant bits the proces- 


sor needs to execute four right shifts. Once the NEC7720 has: 
read 16 bits, an internal interrupt is generated to read the inter- 
nal contents of the SI register. : . 


* ADDITIONAL PINS OMITTED FOR CLARITY 


Figure 10. 4PD7720/AD2S90 Serial Interface ; 


EDGE TRIGGERED 4 x DECODING LOGIC 

In most data acquisition or control systems the A, B incremental 
outputs must be decoded into absolute information, normally a 
parallel word, before they can be utilized effectively. 


To decode the A, B outputs on the AD2S90 the user must 
implement a 4 X decoding architecture. The principle states 
that one A, B cycle represents 4 LSB weighted increments of 
the converter (see Equation 4). | 


"A+ (1B): 


Up =(tA)°B+(lA° B+ (TB) 
Down =(1A)*B+(tA)*B+(}B): Heres A (4) 
CLOCKWISE ROTATION ’ GUNTER CLOCKWISE on 
CHA | 
CHB | 
WEEP EEE 
ese ip DOWN 


Figure 11..Principles of 4 x Decoding 


The algorithms in Equation 4 can be implemented using the 
architecture shown in Figure 12. Traditionally the direction of 
the shaft is decoded by determining whether A leads B. The 
AD2S90 removes the need to derive direction by supplying a 
direction output state which can be fed straight into the . 
up-down counter. = 


For further information on this topic please refer to the applica- 
tion note “Circuit Applications of the AD2S90 Resolver-to- 
Digital Converters.” . 


PARALLEL 
DIGITAL 
OUTPUT 


UP/DOWN 
COUNTER 


Figure 12. 4 x Decoding Incremental to Parallel Conversion 
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REMOTE MULTIPLE SENSOR INTERFACING | 


The DATA output of the AD2S90 is held in a high impedance | 
state until CS is taken LO. This allows a user to operate the 
AD2S90 in an application with more than one converter con- 
nected on the same line. Figure 13 shows four resolvers inter- 
faced to four AD2S90s. Excitation for the resolvers is provided 
locally by an oscillator. 


SCLK, DATA and two address lines are fed down low loss 
cables suitable for communication links. The two address lines 
are decoded locally into CS for the individual converters. Data is 
received and transmitted using transmitters and receivers. 


ie 2 
AD2S90 
3 
meet 
4 
2 


Figure 13. Remote Sensor Interfacing 


CIRCUIT DYNAMICS/ERROR SOURCES 

Transfer Function 

The AD2S90 operates as a Type 2 tracking servo loop. An inte- 
grator and VCO/counter perform the two integrations inherent 
in a Type 2 loop. 


The overall system response of the AD2S90 is that of a unity 
gain second order low-pass filter, with the angle of the resolver 
as the input and the digital position data as the output. Fig- 
ure 14 illustrates the AD2S90 system diagram. 


VEL OUT 


Figure 14. AD2S90 Transfer Function 


The open loop transfer function is given by; 


our _ K, K2 (1 + sty) 


Orn s 1 + Stz ©) 
where: 
Kil + st i> 1.0 ms 
A\(s) : ‘s 1 + St t2 = 90 ps (6) 
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K, = 364s? 


K, 
i er K, = 200,000? 7 


The AD2S90 acceleration constant is given by: | 
K, = K, * Kz = 72.8 X 10° sec? (8) 


The AD2S90’s design has been optimized with a critically 
damped response. The closed-loop transfer function is given by: 


®ouT 1 +st, 
a (9) 
a 1 +st, + ee + $3 2 
' " R\Ry ~ R\R; 


The normalized gain and phase diagrams are given in Figures 15 
and 16. 


1 10 100 1k 10k 
FREQUENCY -— Hz 


Figure 15. AD2S90 Gain Plot 


FREQUENCY - Hz 


Figure 16. AD2S90 Phase Plot 
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The small step response is given in Figure 17, and is the tume 
taken for the converter to settled to within 1 LSB. 


ts = 7.00 ms (12-bit resolution) 


The large step response (steps>20°) applies when the error volt- ° 


age will exceed the linear range of the converter. Typically it will 
take three times longer to reach the first peak for a 179° step. 


In response to a velocity step [VELOUT/(d6@/dt)] the velocity - 
output will exhibit the same response characteristics as outlined 
above. 


DEGREES 


Figure 17. Small Step Response 
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SOURCES OF ERROR 


Acceleration Error 

A tracking converter employing a Type 2 servo loop dies not 
suffer any velocity lag, however, there is an additional. error due 
to acceleration. This additional error can De defined using the — 
acceleration constant K, of the converter. 


Input Acceleration 
Error in Output Angle 


a= (10) 
The numerator and denominator’s units must be consistent. K, | 
does not define maximum input acceleration, only the error due to 
its acceleration. The maximum acceleration allowable before the 
converter loses track is dependent on the angular accuracy 


requirements of the system. 
Angular Error X K, = degrees/sec2 (11) 


K, can be used to predict the output position error for a given 
input acceleration. The AD2S90 has a fixed K, = 72.8 x 10° 
sec? if we apply an input accelerating at 100 revs/sec* in 12- bit | 
mode. 
Input Acceleration [LSB/sec2]. 


- Error in LSBs = | K, [sec] 


_ 100 [rev/sec2] x2 


EIS = 562 X WP LSBs (12) 
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ANALOG 
DEVICES 


Low Cost 
LVDT-to-Digital Converter 


FEATURES 

Full Function Monolithic LVDT-to-Digital Converter 
Absolute Serial Data Output 

Uncommitted Differential Input 

Repeatability 

Remote Diagnostics 

14-Bit Resolution 

industrial Temperature Range 

28-Pin PLCC 

Low Power 


APPLICATIONS 

industrial Gauging 

Industrial Process Control 

Linear Positioning Systems 

Linear Actuator Control 

Automotive Motion Sensing and Control 
Torque Sensing Conditioner 

AC Strain Gages Conditioning 

Avionics 


GENERAL DESCRIPTION 

The AD2S93 is a complete 14-bit resolution tracking LVDT-to- 
digital converter. A Type II tracking loop is employed to track 
the A—B input and produce a digital output equal to (A—B)/ 

- (REF/2), where REF is a fixed amplitude ac reference phase co- 
herent with the A-B input. This allows the measurement of any 
2-, 3-, 4- and 5-wire LVDT or linear amplitude modulated in- 
put. The operating frequency range is from 360 Hz to 10 kHz 
with user definable bandwidth set externally within a range of 
45 Hz to 1250 Hz. 


The AD2S93 has a 16-bit serial output. The MSB (LOS), read 
first, indicates a loss of the signal A, B, or reference inputs to the 
converter or transducer. The second and third MSBs are flags 
indicating whether [-REF/2 (UNR) < A-B < +REF/2 (OVR]) is 
outside the linear operating range of the converter. The dis- 
placement data is presented as 13-bit offset binary giving a +12- 
bit operating range. LOS, OVR and UNR are pinned out on 
the device, in addition a NULL flag is available which is set 
when (A-B) = 0. 


Absolute displacement information is accessed when CS is taken 
LO followed by the application of an external clock (SCLK) 
with a maximum rate of 2 MHz. Data is read MSB first. When 
CS is high the DATA output is high impedance; this allows 
daisy chaining of more than one converter onto a common bus. 


The A, B differential input allows the user to scale the A, B in- 
puts between | and 10. This enables the user to accurately set 
up the inputs matching the REF input to the DIFF output. The 
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FUNCTIONAL BLOCK DIAGRAM 


ACERROR 3R v, 
REFERENCE ; 6 | DEMODIN 
(PRIMARY al 
EXCITATION) 


DIFFERENTIAL DEMOD OUT 
(SECONDARY a y 
VOLTAGE) B R7 
INTIN 


VCO GAIN 


DIR 
CLKOUT 


tenis 


SERIAL 
INTERFACE 


DIFF output is the resultant A-B. The AD2S93 operates using 
+5 V + 5% power supplies and is fabricated on Analog Devices’ 
linear compatible CMOS process (LC7MOS). The (LC?MOS) 
is a mixed technology process that combines precision bipolar 
circuits with low power logic. 


PRODUCT HIGHLIGHTS 

Complete LVDT-to-Digital Interface. The AD2S93 pro- 
vides the complete solution for digitizing LVDT signals to 14- 
bit resolution. 


Serial 16-Bit Output Data. One 16-bit read from the 
AD2S93 determines input signal continuity (LOS), over and 
underrange detection and 13 bits of offset binary displacement 
information. 


High Accuracy Grade in Low Cost Package. 0.05% and 
0.1% integral linearity over the full -40°C to +85°C operating 
temperature range. 


Uncommitted Differential Input. Allows configuration of 2-, 
3-, 4- and 5-wire LVDTs. 


Multiple Converter Interfacing. High impedance data out- 
put and a simple three-wire interface reduces cabling and elimi- 
nates bus contention. 


Low Power. 70 mW power consumption (typ). 
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AD2S93-SPECIFICATIONS intsschewisenis 
Parameter aorta Min Typ Max |. Units 


SIGNAL INPUTS 
Frequency — 

_ Max Voltage Level’ 
Nominal Full Scale? 
Input BiasCurrent = = © = @ +25°C | 
Input Impedance a MQ 
CMRR | dB 
Maximum Sensitivity’ Vap=lVrms,G=1 © uV pk/LSB 


REFERENCE INPUT 
Frequency ; kHz 
Voltage Level , . : ; V rms 
Input Bias Current | @0V +25°C pA 
Input Impedance it MQ 
Permissible Phase Shift’ | Signal to Reference Degrees 


CONVERTER DYNAMICS 
Bandwidth ~ | | Set by User 
VCO Mode = 1 — VCO Gain Connected to 
_ VCO I/P 
VCO Mode = 2 VCO Gain No Connect 
Maximum Slew Rate 
Mode = 1 
Mode = 2 


ACCURACY 
Integral Linearity 


Differential Linearity 


Repeatability 
Zero Position Offset ~ AP @ +25°C 
BP @ +25°C 
AP @ -40°C to +85°C 
| BP @ -40°C to +85°C 
Gain Error 
VELOCITY OUTPUT . 
Max Output Voltage  # Denotes Max Input Speed 


Load Drive Capability . 


LOGIC INPUTS SCLK, CS 
Input High Voltage Ving 
Input Low Voltage Vj, 
Input Current I, 

Input Capacitance 


LOGIC OUTPUTS 
OVR, UNR, NULL, DATA, A, B CLKOUT DIR © 
Output High Voltage 
Output Low Voltage 


LOS OUTPUT | Open Drain Output 
Pull-Up to +V pp, via 12 kQ 
Drive Capability 
Signal Threshold (A-B) 
REF Threshold 
Timeout Threshold 
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Parameter Min Typ Max [Unit 
SERIAL CLOCK (SCLK) 
SCK Input Rate | 2 MHz 
Maximum Read Rate (16 Bits) Continuous 9.2 Ls 
POWER SUPPLY 
Inp 5 if 10 mA 
hes | 5 7 10 mA 
NOTES 


'The signal input voltage maximum should always be set at 10% less than the reference input. 
*Nominal + FS = V, 3 = Vrgp/2, FS = -Vap = Vegp/2 

*With G = 10; Sensitivity 34.2 uV pk/LSB 

‘Phase shift cause gain errors. “See Phase Shift and Quadrative Effects.” 

Specifications subject to change without notice. 


TIMING CHARACTERISTICS «,. = +5¥ + 5%, AGND = DGND = 0V, T, = -40°C to +85°C unless otherwise noted) 
Parameter Test Conditions 


1 


CS to DATA Enable 
t, CS to Ist SCLK Positive Edge 
t; SCLK High Pulse 
t, SCLK Low Pulse 
t; SCLK Positive Edge to DATA Valid 
ts CS High Pulse Width 
t, CS High to DATA High Z (Bus Relinquish) 
NOTE 


"SCLK can only be applied after t, has elapsed. 


~ SCLK 


DATA 


t* = THE MINIMUM ACCESS TIME: USER DEPENDENT 
TOTAL MAX READ TIME = t, + 16. (t, +t, ) +t, 

TOTAL MAX READ TIME = 600 +16 (250 + 250) + 150 ns 
TOTAL MAX READ TIME = 600 + 8000 + 150 ns 

TOTAL MAX READ TIME = 8.750 ps (SINGLE READ ONLY) 


Timing Diagram 
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RECOMMENDED OPERATING CONDITIONS PIN DESIGNATIONS 
Power Supply Voltage (Vpp-Vss) ........05- +5 Vdct 5% z 
Analog Input Voltage (A, B) .............. 1Vrms+ 10% Pin — 
Analog Reference Input (REF) ............ 2Vrms+ 10% No. _| Mnemonic Description 
a ee cao Distortion ........... <10% Analog Ground. 
- Operating Temperature Range Out ; ‘ 
é | put of Signal Input Preamplifier. 
Industrial (APs BP). ice ee eh ee —40°C to +85°C 
ae Connect GAIN Pin to DIFF for 
ABSOLUTE MAXIMUM RATINGS* nominal x 1. Gains greater than 
Vpp to AGND oo... sce eee eee ee -0.3 Vde to + 7.0 V de 1 can be resistively scaled. 
Veg tO AGND: 35265504 eice5 a hohe as +0.3 V dc to— 7.0 V de Do not leave unconnected. 
AGND to DGND ............ -0.3 V dc to Vpp + 0.3 V de Denotes A or B lines loss of 
Analog Inputs to AGND REF .... Vss— 0.3 V to Vpp + 0.3 V connection and/or loss of reference 
Ae aonte nach a wnat a enenenn Vss— 0.3 V to Vpp + 0.3 V to transducer or converter. 
Analog Output to AGND VEL ................ Vss to Vpp 16-bit serial data output 13 bits of 
Digital Inputs to DGND absolute position information plus 
GS; SGLEG 4isnu qu cea ves ouan —0.3 V to Vpp t+ 0.3 V overrange and underrange plus LOS. 
Digital Outputs to DGND Serial Clock. Maximum rate = 2 MHz. 
‘ NULL, ais maak DATA .... —0.3 V to Vpp + 0.3 V Chip Select. Loads serial interface 
i ac a ia ks with current positional information 
Industrial (As B). 43.25.404044 08h dane ~—40°C to +85°C 
2 and enable output. 
Lead Temperature (Soldering 10 ey Site iit wees +300°C T cuiae denstesnehenth 
Power Dissipation to +75°C ow... ec ee +100 mW ; we at BABE CEDOTE MW MEMIEE ERE 
Derates above +75°C by ..........ee eee eens 10 mW/°C input signals are underrange or 
overrange. 
“Stresses above those listed under “Absolute Maximum Ratings” may cause CLKOUT Updates every LSB 
-permanent damage to the device. This is a stress rating only and functional ; : 
operation of the device at these or any other conditions above those indicated in the NULL Denotes Null Position. 
operational section of this specification is not implied. Exposure to absolute DIR Indicates direction. DIR is HI for 


maximum rating conditions for extended periods may affect device reliability. 


Oo 
< z 
28] |27/} 26 


lo | GAIN 
ro] DIFF 
| AGND 


7] 
° 
al 
4 


DATA [ 5| [25] NC 
SCLK | 6 [24] REF 
ra apoens faa} VEL . DEMODOUT 
ne [8| TOP VIEW 22] INTIN 
unr [al (Not to Scale) roa] VCOGAIN DEMODIN 
CLKOUT /10| 20] ACERROR 
ne [111 19] DEMODIN Al oct 


VCO GAIN 


[12}| 13} |14]| 15] | 16| 
cwoea o 
2342 2 
2 a 


INTIN 


DEMODOUT | =| 


NC = NO CONNECT 


ORDERING GUIDE 


Temperature | 
Range Linearity 


—40°C to +85°C 0.1% 
—40°C to +85°C 0.05% 


Package 
Option* 


P-28A 


AD2S93AP 
AD2S93BP 


*For outline information see Package Information section. 


CAUTION 


ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 


accumulate on the human body and test equipment and can discharge without detection. 
Although the AD2S93 features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 
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positive displacement and LO for 
negative displacement. 

Digital Ground. 

Negative Power Supply —5.0 V dc 
+ 5%. 

Positive Power Supply +5.0 V dc 
+ 5%. 

Output of the Phase Sensitive 
Demodulator. 

Input to Phase Sensitive 
Demodulator. 

AC Error Output. 

Sets the VCO gain internally. 
Connect to VEL for 2400 LSB/s. 
Disconnect for 800 LSB/s. 
Determines system dynamics connect 
C and RC (serial) parallel 
combination across INTIN and 
VEL to determine loop dynamics. 
Analog Velocity Output. 

Single ended input for fixed 
amplitude reference. 
Uncommitted differential inputs 
for the A, B signal inputs. 


WARNING! ) 


“ESD SENSITIVE DEVICE 
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GLOSSARY OF TERMS 

INTEGRAL LINEARITY 

Integral linearity deviation as a percent of full scale. A 0.1% de- 
viation is equivalent to 8-LSB change on the output. 


Gain 
The converter gain is the maximum variation in the ratio of 
A-B/REF/2 to the maximum digital input. 


Output Offset 
The output offset is the digital output code when the analog in- 
put signal A—-B = 0. 


Overrange (OVR) 
OVR goes high when A-B is in phase with REF and larger than 
REF/2. 


Underrange (UNR) 
UNR goes high when A-B is out of phase with REF and larger 
than REF/2. 


PRINCIPLE OF OPERATION 

The AD2S93 is based on a Type 2 tracking closed-loop prin- 
ciple. The output tracks the position of the LVDT without the 
need for external convert and wait states. As the transducer 
moves through a position equivalent to the least significant bit 
weighting, the output is updated by one LSB. On the AD2S93, 
CLKOUT updates corresponding to one LSB increment. Fig- 
ure | illustrates the principle of operation. 


REFERENCE 
(PRIMARY 
EXCITATION) 


DIFFERENTIAL 
(SECONDARY 
VOLTAGE) , 


R4 GAIN 


pe 
lL DECODE 
UNR 9+ LOGIC 


a Senne 
SCLK 6 INTERFACE 


Figure 1. Functional Block Diagram 


REV.A 


AD2$93 


Because the conversion depends on the ratio of the input signals 
(ratiometric ac bridge), the AD2S93 is remarkably tolerant of 
input amplitude and frequency. This, combined with the defin- 
able Type 2 tracking closed-loop guarantees the AD2S93's re- 
peatability for a given input. A phase sensitive detector, 
integrator and voltage controlled oscillator (VCO) form a closed 
loop system which seeks to null the output of the ACERROR. 
When this is accomplished the word state of the up/down 
counter equals within the rated accuracy of the converter, the 
LVDT position output. 


For more information on the operation of the converter, see 
“Circuit Dynamics” section. 


DATA FORMAT 

OPERATING RANGE 

The AD2S93 operating range is defined in Figure 2. The lin- 
earity and specified operating range of the converter is the cen- 
tral two 12-bit quadrants through zero. The corresponding 
input relationship is -REF/2 < A-B < +REF/2, (+ is used to de- 
note phase coherency). The sign bit is low for inputs with A-B 
in phase with REF. The two remaining 12-bit quadrants are 
used to denote over (OVR) and underrange (UNR). OVR goes 
high when A-B is in phase with REF and larger than REF/2. 
UNR goes high when A-B is out of phase with REF and larger 
than REF/2. LOS is an open drain output which pulls high 
when A and/or B are removed or REF is removed (see “Inbuilt 
Diagnostics”), or A + B is less than 100 mV. 


SCALING THE INPUTS 

In order to match the LVDT output to the AD2S93 output, the 
inputs to the AD2S93 need to be scaled. The operating range is 
illustrated in Figure 2. The AD2S93 operates across + 12-bit 
range where the remaining 12-bit quadrants are used to denote 
overrange and underrange. The output position word 1s a func- 
tion of the ratio between A-B and Vppr (see Figure 2) where: 


(A-B) 
VreR/2 


tFSR = 
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OUTPUT CODES _ 

a MAGNITUDE | 
0100 0000 0000 0000 
0100 W444 W140. 
0100 0000 0000 0000 

+VE POSITION 
0000 0000 0000 0001 i ecale 
0000 1111 1111 1114 
0001 0000 0000 0000 mee 
0001 0000 0000 0001 aan 
0001 1111 1111 1110 
0001 1111 1111 1111 
0011 0000 0000 oo00 ©~VE POSITION 
0011 0000 0000 0001 FULL SCALE 


LOS —F7 

0011 1111 1111 1111 
ovr =) 
UNR 


If the maximum operating stroke of an LVDT yielded a 1 V rms 
A-B output, the weighting of the LvDT to AD2S93 ie out- 
put would be: 


Input Signal Full Scale 
Full-Scale Operating Range (+ o> 
1x 22 
913 
Input cc ie 345 eae 


This can be equated directly to the LVDT sensitivity specifica- 
tion in mm/v/v. 


Note: The overrange and cudeiiube quadrants can be utilized 
by decoding the overrange and underrange MSBs and decoding 
the 12 magnitude bits. This will increase the operating range of 
the AD2S93 accordingly. However, if the input A-B > Vpgr 
then the converter will lose track of the input and will only re- 
gain track when the input signal returns to within the operating 
range of the converter. 


INPUT GAIN 
Since the transformation ratio of an LVDT or RVDT from exci- 
tation voltage to signal voltage can be 1:0.15, provision for gain 
scaling has been provided. The gain can, therefore, be selected 
to ensure that the full-scale output of converter represents the 
maximum stroke position of the transducer. 
The gain setting is accomplished by connecting Pin 2, (DIFF) 
and Pin 3 (GAIN) together (unity gain) or confhecting two resis- 
tors as shown in Figure 3. 
The gain of the input stage is calculated using the following 
equation: 

DIFF(A-B) _ 

(A-B)IN 


R, 
+ —e 
R, 


e.g., Fora gain of 5, R3 = 12 kQ, R4 =3 kQ 
For a gain of 10, R3 = 18 kQ, R4 = 2 kO 
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RATIO OF A- B/REF/2 


Figure 2. Output Code Format 


Figure 3. Pre-Amp Gain Block 


SETTING THE CONVERTER BANDWIDTH 

The AD2S93 bandwidth is set by placing three external compo- 
nents, C1, C2, and R2, around the integrator as illustrated by 
the figure below. 


Figure 4. Integrator and VCO 


Before the bandwidth can be set, the corresponding VCO gain 
setting must be determined. The VCO gain is directly related to 
the slew rate of the converter. This is set internally to two dif- 
ferent rates defined internally by Ry. 


Typical converter slew rates are defined below, 


G (1) = 2400 LSB/ms—Mode 1 
G (2) = 800 LSB/ms—Mode 2 
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Calculation of the component values for the bandwidth is de- 
tailed below. For more detailed information on component 
value selection for the AD2S93, please consult the “Passive 
Component Selection and Dynamic Modeling Software for the 
AD2S93 LVDT-to-Digital Converter.” 


VCO Gain G (1) Mode 1 | 
The available bandwidth with this option is from 0.5 kHz to 
1.25 kHz. 


Freer > 8 x Fo 
Cl = 1/(800 x Fo’) 
C2=8 x Cl 
R2 = 45 x Fo 


Where Fppr is the reference frequency, Fo is the closed-loop 
3 dB point. 


VCO Gain G (2) Mode 2 
The available bandwidth with this option is from 45 Hz 
to 500 Hz. 


Frer> 8 x Fo 

Cl = 1/(2400 x Fo’) 
C2=8 Cl 

R2 = 45 x Fo 


Where Fppr is the reference frequency, Fo is the closed-loop 
3 dB point. 


INTERFACING TO THE AD2893 (SEE “TIMING 
CHARACTERISTICS”) 

The absolute position information is extracted via a three-wire 
interface, DATA, CS and SCLK. The DATA output is held in 
a high impedance state when CS is high. 


Upon the application of logic low to the CS pin, the DATA is 
enabled and the current position information is transferred from 
the counters to the serial interface. Data is retrieved by applying 
an external clock to the SCLK pin. The maximum data rate of 
the SCLK is 2 MHz. To ensure secure data retrieval, it is 
important to note that SCLK should not be applied until a 
minimum period of 600 ns after the application of logic low to 
CS. Data is then clocked out on successive positive edges of 
SCLK: 16 clock edges are required to extract the entire data 
word. Subsequent positive edges greater than the defined reso- 
lution of the converter will clock zeros from the data output if 
CS remains in a low state. The format of the data read is shown 
in Table I. 

Table I. 


SIGN 


If less than the full 16-bit word is required, then the data read 
can be terminated by releasing CS after the required number of 
bits have been read. 


DATA DB4-D15 
MSB LSB 


MAGNITUDE 


Function 


CS can be released a minimum of 100 ns after the last positive 
edge. If the user is reading data continuously, CS can be reap- 
plied after a minimum of 600 ns after it is released. The mini- 
mum repetitive read time of the same converter is given by (16 
bits read @ 2 MHz). Min RD Time = [600 + (16 x 500) + 
600] = 9.2 us. 
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IN-BUILT DIAGNOSTICS 

The first three bits read from the serial interface preceding the 
sign and magnitude data can be used to determine whether the 
data is valid or not. Over and underrange (OVR, UNR) denote 
the two extremes of the LVDT stroke where linearity of the 
LVDT may degrade. Loss of signal LOS is an open drain out- 
put which pulls high (12 kQ pull up) when one of the following 
conditions is satisfied: 


1. A and/or B is disconnected. 
2. REF is disconnected. 


Note: LOS has a response time of 50 ms max to the conditions 
stated above, see “Specifications.” 


CONNECTING THE CONVERTER 

Positive power supply Vpp = +5 V dc + 5% should be con- 
nected to Pin 17 and negative power supply Vss = -5 V dc + 5% 
to Pin 16. Reversal of these power supplies will destroy this device. 
For LVDT connections to the converter please refer to Figures 
5 through 7. On all connections, the maximum input reference 
signal Vere = 2.0 Vrms + 10%. To operate within the standard 
operating range, A-B should not exceed 1.0 V rms+ 10%. The 
AD2S893 AGND point is the point at which all analog signal - 
grounds should be connected. Ground returns from the LVDT 
should be connected to AGND. The AD2S93 DGND pin 


should be connected to the AD2S93 AGND pin. Ancillary Digi- 


tal circuitry must be connected to the Star Point and not to the 
AD2S93 AGND pin. 


In all cases, the AD2S93 has been configured with the following 
dynamics. 


Reference Frequency 5 kHz 
3 dB Bandwidth 625 Hz 


Vco Gain is set in ene 1 where VCO GAIN is eanected: to 
VEL. 


Using the procedure described in “setting the converter band- 
width” the following preferred values (E12 series) were calcu- 
lated: 


Cl = 3.3 nF 
C2 = 27 nF 
R2 = 27 kQ 


CALCULATING HF FILTER (C3, C4, RS, R6) 
15kQ <R5=R6<56kQ 


I 


3-64 = 
2m Rs F rrr 


‘So, C3 = 1 nF, R5 = R6 = 33 kQ, C4 = I nF and in all cases 


R7 = 15 kQ. 


Half-Bridge Type LVDT Connection 

In this method of connection, it is necessary to aa: two addi- 
tional bridge completion resistors Rc and Re, in order to derive 
a reference for the AD2S93. In selecting the bridge completion 
resistor, it is important to remember that mismatch between Rc; 
and Rc, will cause nonzero errors at null. If two LVDTs are be- 
ing used for differential measurements, the resistors can be re- 
placed by the second LVDT. 
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Three- or Four-Wire LVDT Connection es 
In this method of connection, shown in Figure 6, the converters 
digital output is proportional to the ratio: 


(A= B) 
(A+B)/2. . 


where A and B are the individual LVDT secondary output volt- 
ages. Inspection of Figure 6 should demonstrate why this rela- 
tionship is true. (A—-B).is simply the voltage across the series __ 
connected secondaries of the LVDT and is applied to the A, B 
input to the converter. (A + B)/2 is effectively the average of _ 
the two secondary voltages as computed by the balanced bridge | 
completion resistors and the erquncns of the Scenery 
center-tap. , : 


Note: This method of connection is appropriate only ee where 
(A + B) is a constant, independent of LVDT position. Any lack 
of constancy in (A + B) will be reflected as an additional non- 


PISTON 


linearity in the output. It is up to the user to determine if (A:+ 
B) is sufficiently constant over the parucuays stroke ety em- 
ployed. . 


This method will usually restrict the usable LVDT rangé to half 
of its full range. The restriction can be eliminated, however, by 
attenuating DIFF by a factor of 2 or increasing Vrgr by a factor 
of 2. ‘This connection method has the tremendous advantage of 
being insensitive to temperature related phase shifts and excita- 
tion oscillator instability effects usually associated with more 
conventional LVDT conversion systems. 


As in the case of the half-bridge type LVDT connection, Rc; 
and Re, are the bridge completion resistors and are matched to 
a degree sufficient to ensure that the digital output representing 
the null position does not vary from the LVDT’s natural null 
position. If null adjustment is required, a potentiometer can be 
used in place of the common connection between the two 
resistors. 


C1 C4 
C2 C3 


" [aallaa Se 


DEMODOUT 


AD2S93 


TOP VIEW 
. (Not to Scale) 


Ea Ea Ea EEE eae 
<4i8@285 2 
s 3 = 8 
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Figure 5. Half-Bridge Type LVDT Connection. 
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Figure 6. Three- or Four-Wire LVDT Connection 
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Two-Wire LVDT Connection 

This method should be used in cases where the sum of the 
LVDT secondary output voltages (A + B) is not constant with 
LVDT displacement over the desired stroke length. This method 
of connection, shown in Figure 7, still maintains the ratiometric 
operation and the insensitivity to variations in reference ampli- 
tude and frequency. However, the phase shift between Vpgp 
and V1 should be minimized to maintain accuracy (see Section 
“PHASE SHIFT AND QUADRATURE EFFECTS”). Sug- 
gested phase compensation circuits are shown in Figure 7. 


PHASE SHIFT AND QUADRATURE EFFECTS 

Reference to signal phase shift can be high in LVDTs, some- 
times in the order of 70 degrees. If the converter 1s connected 
as in Figures 5 and 6, any effects due to this phase shift are 
minimized. This connection method, therefore, provides out- 
standing benefits. 


The additional gain error caused by reference to signal phase 
shifts is given by: 


(1 — cos @) x 100% of FSR 
where 
0 = phase shift between Vprp and DIFF. 


When the phase shift between Vprr and V1 is zero, additional 
quadrature on the signal will have no effect on the converter. 
This is another benefit of the conversion method. For example, 
when a REF lags (A-B) by approximately 10°, the gain error is 
approximately 1%. When (A-B) lags REF by approximately 
10°, the gain error is approximately 2%. 


PISTON 


1 
2x fRC 
Cc R 


met Ee 


PHASE LEAD = ARCTAN 


PHASE LAG = ARCTAN 27 fRC 
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REMOTE MULTIPLE SENSOR INTERFACING 

The DATA output of the AD2S93 is held in a high impedance 
state until CS is taken LO. This allows a user to operate the 
AD2S93 in an application with more than one converter con- 
nected on the same line. Figure 8 shows four LVDTs interfaced 
to four AD2S93s. Excitation for the LVDT is provided locally 
by an oscillator. 


SCLK, DATA and two address lines are fed down low loss 
cables suitable for communication links. The two address lines 
are decoded locally into CS for the individual converters. Data 
is received and transmitted using transmitters and receivers. 


é AD2S93° i 
4 
BUFFER 


Figure 8. Remote Sensor Interface 


R7 


AD2S93 
TOP VIEW 


(Not to Scale) 


NC = NO CONNECT 


Figure 7. Two-Wire LVDT Connection 
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CIRCUIT DYNAMICS/ERROR SOURCES 
TRANSFER FUNCTION | 
The AD2S93 operates as a Type 2 tracking servo loop. An inte- 


grator and VCO/counter ee the two integrations inherent 
in a Type 2 loop. 


The overall system response of the AD2S93 is that of a unity 
gain second order low-pass filter, with the position of the LVDT 


as the input and the digital position data as the output. Figure 9. 


illustrates the AD2S93 system diagram. 


VEL OUT 


Figure 9. AD2S93 Transfer Function 
Note: The AD2S93 has been configured with the following dy- 
namics. 


Reference Frequency 10.kHz 
3 dB Bandwidth 1250 Hz 


VCO Gain is set in MODE 1 where VCOGAIN i is connected to 
VEL. 


Using the procedure described in “SETTING THE CON- 
VERTER BANDWIDTH,” the following preferred values (E12 
series) were calculated: 


‘Cl = 820 pF 
C2 = 6.8 nF 
R2 = 56kQ 


C3 = C4 = 470 pF, R7 = 15 kQ, R5 = R6 = 33 kQ, C4 = 
470 pF 


The open-loop transfer function is given by: 


K 1+ st 
Gl(s) =—1 J 
(s) S 1+ st, 
G2(s) = Kez 
S 
where: 
C, xC 
= R 1 2 
{ Be] 
ty = R, C, 
and: 
4x10° 7 _9 1 
= ———,, = 160 x 10° x ——— = 21] 
25x10 (C1 +C, 
4 
K, =——_——— 
a Ry KO, 


Note A, has two values depending on which mode is being used 


RK, (MODE1) = 640 x 10° 
K, (MODE2) = 160 x 10° 


The AD2S93 acceleration constant is given by: 
K, = K, x K, 


Therefore in the example given, 
K, = K, X K, = 21 x 640 x 10° = 13.44 x 10° s? 
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The AD2S93’s design has been optimized with a critically 
damped response. The closed-loop transfer function is ziven 


K,K> (1+st,) 


Sour 1+ sty Qour _ 
On (acs $2 Ff $3l5 On 5? 1+ Sty 
1" KK, K,K> os 


The normalized gain and phase diagrams are given in Figures. 10 
and 11 with a bandwidth of 1.25 kHz. | 


1 10 100 1k . 10k | 
FREQUENCY — Hz , 


Figure 10. AD2S93 Gain.Plot 


1 10 100 1k 10k 
FREQUENCY -— Hz 


Figure 11. AD2S93 Phase Plot 
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The small step response is given in Figure 12, and is the time 
taken for the converter to settled to within 1 LSB. 


ts = 7 ms (14-bit resolution) 


The large step response (steps >5% of FSR) applies when the 
error voltage will exceed the linear range of the converter. Typi- 
cally it will take three times longer to reach the first peak FSR. 


In response to a velocity step [VELOUT/(d0/dt)] the velocity 
output will exhibit the same response characteristics as outlined 
above. 


POSITION 


Figure 12. Small Step Response 
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SOURCES OF ERROR 

ACCELERATION ERROR 

A tracking converter employing a Type 2 servo loop does not 
suffer any velocity lag, however, there is an additional error due 
to acceleration. This additional error can be defined using the 
acceleration constant K, of the converter. 


_ input acceleration 


K 


: position 

The numerator and denominator’s units must be consistent. 

K, does not define maximum input acceleration, only the error due 
to its acceleration. The maximum acceleration allowable before 
the converter loses track is dependent on the positional accuracy 
requirement of the system. 


Position Error x K, = LSB/sec? 


K, can be used to predict the output position error for a 
given input acceleration. The AD2S93 in the example has 
a K, = 13.44 x 10° sec” if we apply an input accelerating at 
100 x 2’4 LSB/sec?. 


input acceleration [ LSB/sec* ] “4 


Error in LSBs = K, [ sec? ] 
14 
= ae = (0.12 LSBs 
13.44 x10 
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DEVICES — 


Programmable 
‘Oscillator 
~-AD2S99 — 


FEATURES 

Programmable Sinusoidal Oscillator 

Synthesized Synchronous Reference Output 
Programmable Output Frequency Range: 2 kHz - 20 kHz 
Wide Power Supply Range 

“Loss-of-Signal” Indicator 

20-Pin PLCC Package 

Low Cost 


APPLICATIONS 
Primary Excitation of: 
Resolvers _ es 
Synchros 
LVDTs 
RVDTs 
Pressure Transducers 
Load Cells 
inductosyns 
AC Bridges 


GENERAL DESCRIPTION 
The AD2S99 is a programmable sinusoidal oscillator available 
in a 20-pin PLCC package, with an operating temperature range 
of —40°C to +85°C. 


The AD2S99 provides a sine wave excitation output for resolv- 
ers and a wide variety of ac transducers. The AD2S99 also pro- 
vides a synthesized reference output signal which is phase locked 
~ to the Sin and Cos inputs of the AD2S99. These inputs are 

. provided by the secondary windings of a resolver. The synthe- 
sized reference eliminates the need for preset phase shift circuits 
and allows synchronous demodulation schemes such as type II 
tracking converters to be implemented without additional cali- 
bration of the total system. 


By providing a Synchronous Reference output, the AD2S99 
eliminates the temperature dependent phase shifts found with 
inductive transducers, and their resultant errors. 


The AD2S99 requires only one external resistor for operation. 
The AD2S99 is manufactured on a LC?MOS process that com- 
bines high density, low power CMOS logic with bipolar linear 
circuitry. 


This is a preliminary data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


FUNCTIONAL BLOCK DIAGRAM. 


PUSH/ EXC 
Oe STAGE Ll 7 Jehan 
FBIAS 
SEL1 
SEL2 | 
_SYNREF 
(TORID 
| | CONVERTER) 
AD2S99 Los 


in the transducer by phase locking the outputs of the transducer 
to the synthesized reference output of the AD2S99. 


Programmable Frequency 
The oscillator frequency is easily programmed to 2 kHz, 5 kHz, 
10 kHz or 20 kHz by using the frequency select pins. 


Loss of Signal Pin 
The “LOS” output indicates a signal failure if both the sensor 
outputs feeding back to the AD2S99 are lost. 


Wide Power Supply Range 
The AD2S99 operates over the +5 V to +15 V power eupPlY 
range. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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SPECIFICATIONS (V, = +4.75 V to +15.75 V @ -40°C to +85°C unless otherwise noted) AD2S99 


Parameter Min Typ Max Test Conditions 
FREQUENCY OUTPUT RANGE SELI1 SEL2 
2 kHz | Hz Vss Vss 
5 kHz Hz Vss GND 
10 kHz Hz GND Vss 
20 kHz Hz GND GND 
ACCURACY 
Frequency AP Grade @ +25°C 
AP Grade —40°C to +85°C 
BP Grade @ +25°C 
BP Grade —40°C to +85°C 
Amplitude AP Grade @ +25°C 


AP Grade —40°C to +85°C 

BP Grade @ +25°C 

BP Grade —40°C to +85°C 
Output Variation as Function of 
Change in Power Supply Voltage 


Power Supply Rejection Ratio 


EXCITATION OUTPUT Square Wave 
EXC, EXC Rroap = 145 Q to GND 
SYNREF CLoap = 1000 pF 
OUTPUT DRIVE CAPABILITY . 
EXC, EXC | 


Vss =-—5 V, Vpp =+5V 
Vss = -15 V; Vpp =+15V 


Current Drive 


Capacitive Drive 


PHASE LOCK RANGE | 
SIN Input to REF Output | Degrees 
Additional Phase Delay | 
AP Grade Degrees 
BP Grade ae Degrees 
LOS Detector Threshold 0. V rms 


TOTAL HARMONIC DISTORTION 
EXC, EXC 


AP Grade | -25 dB @ 2 kHz 16 
BP Grade —30 dB Rpoap = 145 Q to GND 
Croap = 1000 pF 


FREQUENCY SELECT INPUTS 
SEL1, SEL2! 


LOS OUTPUT 
Output Low Voltage Io, = 400 WA 
Output High Voltage 50 kQ Pull Up to Vpp (Open 
ee Drain Output) 
POWER SUPPLIES 


Vpp = $15.75 V; Vss =-15.75 V 
Vpp = 4.75 V, Vss = 4.75 V 


TEMPERATURE RANGE 
~40 +85 a © Operating 
—65 +150 qG Storage 


NOTES 
"Frequency select pins SEL1 and SEL2 must be connected to appropriate voltage levels before power is applied. 
Specifications subject to change without notice. 


Supply Currents 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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RECOMMENDED OPERATING CONDITIONS se PIN DESIGNATIONS 


Power Supply Voltage (Vpp to Vss) ..... £4.75 V to $15.75 V 
Analog Input Voltage (SIN and COS) ........ 2 Vrms+10% ¥ i 
Frequency Select (SEL1 and SEL2) ......... Vss to AGND Description 
ing Temperature Range............. —40° +85° 
Operating Temperature Range 40°C to +85°C , Prequeneyeeleco 
ABSOLUTE MAXIMUM RATINGS* 2 Frequency Select 1 
ee ciara aia li 
Operating Temperature ...............04. —40°C to +85°C 5 Resolver Output SIN 
Storage Temperature ....... nee siti ectela ace —65°C to +150°C 6* Digital Ground 
Analog Input Voltages (SIN and COS) ......... Vss — 0.3 V 
Sue Eee wire ee nates staan se toVpp + 0.3V 7 Resolver Output COS 
Frequency Select OPE SEL2) ee Vss ae 0.4 V 10 Synthesized Reference Output 
ee ee ee ere ee ee Bar ee to AGND + 0.4 V 
i 11 Indicates When Both the SIN and 
*Stresses above those listed under “Absolute Maximum Ratings” may cause COS Are Below the Threshold 
permanent damage to the device. This is a stress rating only and functional ; 
operation of the device at these or any other conditions above those indicated in the 12 Positive Power Supply 
operational section of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 16* Analog Ground 
Oo 17 Resolver Reference (Plus) | 
| ORDERING GUIDE | 18 esolver Reference (Minus) 


Package Option* | 


Temperature Range 
| -40°C to +85°C 


*For outline information see Package Information section. 


. Negative Power Supply | 


- AD2S99?P Ségative Power Supply 


e connected together and Pins 19 and 20 must be 


IN CONFIGURATION 


saa 8 8 
wn n Yn > > 
BIBI 
Nc [4] EXC 
sIN|5] — aD2S99_ Ee a 
DGND | 6| TOP VIEW AGND — 
cos (Not to Scale) 5] NC 


NC | 8] 14] NC 
9 | [oj [44] [12 ][13] 
= 
> 
no 


NC = NO CONNECT 


CAUTION —______ , 
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily W ARNING! SI 


accumulate on the human body and test equipment and can discharge without detection. 


Although the AD2S99 features proprietary ESD protection circuitry, permanent damage may ii Ag: 


occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. i ade vata 


This information applies to a product under development. Its characteristics and specifications are subject to snare: without notice.’ 
Analog Devices assumes no obligation: negerolng future manufacture unless otherwise agreed to in writing. | 
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AC Vector Processor 


AD2S100 


FEATURES 

Complete Vector Coordinate Transformation on Silicon 

Mixed Signal Data Acquisition 

Three-Phase 120° and Orthogonal 90° Signal 
Transformation 

Three-Phase Balance Diagnostic — Homopolar Output 


APPLICATIONS 
AC Induction and DC Permanent 
Magnet Motor Control 
HVAC, Pump, Fan Control 
Material Handling 
Robotics 
Spindle Drives 
Gyroscopes 
Dryers 
Washing Machines 
Electric Cars 
Actuators 
Three-Phase Power Measurement 
Digital-to-Resolver & Synchro Conversion 


GENERAL DESCRIPTION 

The AD2S100 performs the vector rotation of three phase 120 
degree or two-phase 90 degree sine and cosine signals by trans- 
ferring these inputs into a new reference frame which is con- 
trolled by the digital input angle @. Two transforms are 
included in the AD2S100. The first is the Clarke transform 
which computes the sine and cosine orthogonal components of a 
three phase input. These signals represent real and imaginary 
components which then form the input to the Park transform. 
The Park transform relates the angle of the input signals to a 
reference frame controlled by the digital input port. The digital 
input is a 12-bit parallel binary representation. 


If the input current signals are represented by Vds and Vqs, 
respectively, where Vds and Vgqs are the real and imaginary 
components, then the transformation can be described as 
follows: 


Vds’ = Vds Cosh — Vas Sind 
Vas' = Vds Sind + Vas Cosh 


Where Vds’ and Vqs’ are the output of the Park transform and 
Sind, and Cos are the values internally derived by the 
AD2S100 from the binary digital data. 


The input section of the device can be configured to accept 
either three-phase inputs, two-phase inputs of a three-phase sys- 
tem, or two 90 degree input signals. The homopolar output 
detects the imbalance of a three-phase input only. Under normal 
conditions, this output will be zero. 
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FUNCTIONAL BLOCK DIAGRAM 


OSITION 
ARALLEL 


Cosu Siny 12 as 


cre SECTOR akg 
= “cOSih NET 


INPUT 
DATA 
STROBE 


MULTIPLIER Cos 4+9 


SECTOR 
SCOSIN 
MULTIPLIER! COSINE. Sind+6 


HOMOPOLAR ee +5V GND -5V 


OUTPUT REFERENCE 


The digital input section will accept a resolution of up to 12 bits 
(AD2S100). An input data strobe signal is required to synchro- 
nize the position data and load this information into the device 
counters. A busy output is provided to identify the conversion 
status of the AD2S100. The busy period represents the conver- 
sion time of the vector rotation. 


Two analog output formats are available. A two-phase rotated 
output facilitates multiple rotation blocks. Three phase format 
signals are available for use with a PWM inverter. 


PRODUCT HIGHLIGHTS 

Hardware Peripheral for Standard Microcontrollers and DSP 
Systems 

The AD2S100 removes the time consuming cartesian transfor- 
mations from digital processors and benchmarks a speed 
improvement of 30:1 on standard 20 MHz processors. AD2S100 
transformation time = 2 ps (typ). 


Field Orientated Control of AC and DC Brushless Motors 
The AD2S100 accommodates all the necessary functions to pro- 
vide a hardware solution for ac vector control of induction - 
motors and dc brushless motors. 


Three-Phase Imbalance Detection 
The AD2S100 can be used to sense overcurrent situations or 
imbalances in a three-phase system via the homopolar output. 


Resolver to Digital Converter Interface 

The AD2S100 provides general purpose interface for position 
sensors used in the application of dc brushless and ac induction. 
motor control. 
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Parameter a 


SIGNAL INPUTS 


PH/IP1, 2, 3, 4 Voltage Level 


PH/IPH1, 2, 3 Voltage Level 
‘Input Impedance 

PH/IP1, 2, 3 

PH/IPH1, 2, 3 

PH/IP1, 4 
Gain 

PH/IP1, 2, 3,4 

PH/IPHI, 2, 3 


VECTOR PERFORMANCE 
30 Input-Output 
- Radius Error 
(Any Phase) . 
Angular Error 2 (PH/IP) 
ee 
Monotonicity _ . 
Full Power Bandwidth - 
Small Signal Bandwidth 


ANALOG SIGNAL OUTPUTS 
PH/OP1, 2, 3, 4 
Output Voltage? 
Offset Voltage 
Slew Rate 


Small. Signal, Step Response | 


Output Resistance 
Output Drive Current 
Resistive Load 
Capacitive Load 
STROBE. 
Write 
Max Update Rate. 


BUSY 
Pulse Width. 


Vor 
Vor | 


DIGITAL INPUTS 
DB1-DB12° 
Vin 
12 
Input Cirene: Lin : 
Input Capacitance, C;,, 


CONVERT MODE 
(CONVI, eye) 
Vin - | 
IL’ : 
Input Current 
Input Capacitance 


CONVERT LOGIC | 
NO CONNECT  DGND 
DGND Ve8 
Vpp Vai 


. “Min Typ Max 


(Vop = +5 V+ 5%: Veo = —5V + 5% AGN = DGND = =0 V; h mar 


AD2S1 00— SPECIFICATIONS to +85°C unless otherwise noted) 


% 


arc min 
arc min 


kHz 
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Conditions ae 


DC to 50 kHz | 


DC to 50 kHz 


_ Mode 1 Only (2 Phase) Sin & Cos 


DC to 600 Hz 


DC to 600 Hz: 
DC to 600 Hz 


Guaranteed Monotonic. . 


PH/IP, PH/IPH INPUTS | 
DC to 50 kHz | 
put = = 0 ve 


1° Input to Settle to +1 LSB 


(Input to Output) 


Giapae: to AGND _ 
"Positive Piilse 


Conversion in Process 


lon = 0.5 mA | 


lor = 0.5 mA — | 


- - Internal 50 kO Pull-Up Resistor | ., 


2-Phase Orthogonal with 2 Inputs — 
Nominal Input Level 


3-Phase (0°, 120°, 240°) with 3 Inputs 


Nominal/High Input Level 


3-Phase (0°, 120°, 240°) with 2 Inputs 


Nominal Input Level 
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AD2S100 
Parameter | Min Typ Max Conditions 


HOMOPOLAR OUTPUT 
HPOP-Output | 
Vou V de Ion = 0.5 mA 
VoL. | V de Io, = 0.5 mA 
HPREF-REFERENCE V de Homopolar Output-Internal 
~ Isource = 25 wA and 20 kN 
| ef to AGND 
HPFILT-FILTER kQ Internal Resistor with External 
Capacitor = 220 nF | 
POWER SUPPLY 
Vop V de 
Vss V dc 
Ipp mA Quiescent Current 
Ig mA Quiescent Current 
NOTES © 


1Angular accuracy includes offsets and gain errors. Stationary digital input and maximum analog frequency inputs. 

Included in the angular error is an allowance for the additional error caused by the phase delay as a function of the input frequency. For example if 
finput. = 600 Hz, the contribution to the error due to phase delay in 650 ns < fiypur < 60 < 360 = 8.4 arc minutes. 

Output subject to input voltage and gain. 

Specifications in boldface are production tested. 

Specifications subject to change without notice. 


RECOMMENDED OPERATING CONDITIONS Analog Input Voltage to AGND............. Vss to Vop 
Power Supply Voltage (+Vpp, —Vss) .:-.-- . +5 Vdc + 5% Digital Input Voltage to DGND .. —0.3 V to Vpp + 0.3 V de 
Analog Input Voltage (PH/IP1, 2,3,4) ..... 2V rms + 10% Digital Output Voltage to DGND . —0.3 V to Vpp + 0.3 V dc 

Analog Input Voltage (PH/IPH1, 2, 3) ...... PVrmeee 10%, stelos Cua yolage to RS NY 
Ambient Operating Temperature Range ; oN aeSara ict has Vaid ae th Saeae oie ae. Vss — 0.3 V to Vpp + 0.3 V de 

Industrial (AP) .. 2.0.0.2. eee eee ee SAO SS: eke ee rete er pres 
| : SIN@;:GOS6) 5... She wine ook ae eee Bhs De aed 2kO 
Power Dissipation’: 2.36 6 lt otek ES RA ES ....60mW 
ORDERING GUIDE Operating Temperature 
Endustrial:(AP) $< s.ea:4.oe% eae wisn @ ofS —40°C to +85°C 
eee nics | | Package Storage Temperature ......... eee » T6S°C to +150°C 
Temperature Range | Accuracy Option* Lead Temperature (Soldering, 10 SEC)! ena. g ioe , +300°C 
CAUTION 


*P = Plastic Leaded Chip Carrier. For outline information see Package 1. Absolute Maximum Ratings are those values beyond which 
anioumation scuon: damage to the device may occur. 


2. Correct polarity voltages must be maintained on the +Vpp 


ABSOLUTE MAXIMUM RATINGS (T, = +25°C) d —Vee pins. 
VopptoAGND .........-....5- * 0.3 V to +7 V de gor wSSNRAMS 
Vss to AGND Pe ee ee ee SS SS +0.3 V to —7 V dc 

AGND to DGND 4.24.4:4.6: 484. #6 BERS OES +0.3 V de 

CAUTION 


ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 


accumulate on the human body and test equipment and can discharge without detection. WARNING! 


_ Although the AD2S100 features proprietary ESD protection circuitry, permanent damage may Ah: 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 


precautions are recommended to avoid performance degradation or loss of functionality. ESD SENSITIVE DEVICE 
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AD2S100 
PIN DESIGNATIONS 
Description 


STROBE Start Conversion 
Positive Power Supply 
. Negative Power Supply 
Sin (6 + o) 
Cos (8 + o) 
_| Cos (6 + 240° + o) 
Cos (8 + 120° + o) 
Analog Ground 
Sin 6 Input 
High Level Cos (6 + 240°) Input 
Cos (8 + 240°) Input 
‘High Level Cos (6 + 120°) Input 
Cos (6 + 120°) Input 
High Level Cos 6 Input 
PH/IP1 |= | Cos (6) Input 
Vss Negative Power Supply 
HPREF Homopolar Reference 
HPOP Homopolar Output 
HPFILT Homopolar Filter 
CONV] Select Input Format (3 Phase/3 Wire, Sin 0 
CONV2 Cos 6/Input, 3 Phase/2 Wire). 
COS .__—s-|_- Cos Output 
SIN Sin Output | 
DB12 (DB1 = MSB DB12 = LSB 
DB1 Parallel Input Data) 
Vop Positive Power Supply 
| DGND Digital Ground 
BUSY Conversion in Progress — 


NOTES | 
Signal Inputs PH/IP and PH/IPH on Pin Nos. 11 through 17. 
1. 90° orthogonal signals = Sin 0, Cos 6 (Resolver) = PH/IP4 and PH/IP1. 
2. Three phase, 120°, three wire signals 

- = Cos/6, Cos (6 + 120°), Cos (6 + 240°). 

= PH/IP1, PH/IP2, PH/IP3. 

. High Level = PH/IPH1, PH/IPH2, PH/IPH3. 

3. Three Phase, 120°, two wire signals = Cos (@ + 120°), Cos (6 + 240°) = 
PH/IP2, PH/IP3. 
~ In all cases where any of the input Pins 11 through 17 are not used, they 
must be left unconnected. 
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PH/OP1 


PH/OPS | 8 | 
PH/OP2 | 9 | 
AGND | 10] 
PH/IPS | 11, 


_ PH/IPHS | 12] 


PHIPS | 13 | 


PH/IPH2 | 14] 


PH/P2 | 15 
PH/IPH1 | 16 
PH/IP1 


NC = NO CONNECT 


PIN CONFIGURATION. 


AD2S100 


- TOP VIEW 
(NOT TO SCALE) 


THEORY OF OPERATION 

A fundamental requirement for high quality induction motor 
drives is that the magnitude and position of the rotating air-gap 
rotor flux be known. This is normally carried out by measuring 
the rotor position via a position sensor and establishing a rotor 
reference frame that can be related to stator current coordinates. 


To generate a flux component in the rotor, stator current is 
applied. A build-up of rotor flux is concluded which must be 
maintained by controlling the stator current, i,,, parallel to the 
rotor flux. The rotor flux current component is the magnetizing 
current, 1,,,- 


Torque is generated by applying a current component which is 
perpendicular to the magnetizing current. This current is nor- 
mally called the torque generating current, 1,,. 


To orient and control both the torque and flux stator current 
vectors a coordinate transformation is carried out to establish a 
new reference frame related to the rotor. This complex calcula- 
tion is carried out by the AD2S100 vector processor. 


To expand upon the vector operator a description of a single 
vector rotation is of assistance. If it is considered that the mod- 
uli of a vector is OP and that through the movement of rotor 
position by , we require the new position of this vector it can 
be deduced as follows: 


Let original vector OP = A (Cos 6 + jSIN 8) where A is a 
constant; 


so if, O0 = OP e’® (1) 
and: e’® = Cos + jSin 
OO = A (Cos (8 + o) + 7 Sin (8 + )) 


= A [Cos 0 Cos  — Sin 0 Sin b + jSin 8 Cos b + jCos 8 Sin b] 
= A [(Cos 0 + jSin @) (Cos b + Sin )] (2) 


Figure 1. Vector Rotation in Polar Coeraingte 


The complex stator current vector can be eas AS 1, = 1g; + 


j2Tr 
ai,, + ai,, where a =e an and a? = 


by rectangular coordinates as 


i4cr 
=e ae This can be replaced 


1,= 1s + Mas | (3) 


In this equation ig, and i,, represent the equivalent of a two- 
phase stator winding which establishes the same magnitude of 
MMF in a three-phase system. These inputs can be seen after 
the three-phase to two-phase transformation in the AD2S100 
block diagram. Equation (3) therefore represents a three-phase 
to two-phase conversion. 
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To relate these stator current to the moving reference frame the 
rotor currents assume the same rectangular coordinates, but are 
now rotated by the operator e”’, where e”” = Cos + jSin o. 


Here the term vector rotator comes into play where the stator 
current vector can be represented in rotor-based coordinates or 
visa versa. 


The AD2S100 uses e” as the core operator. Here ¢ represents 
the digital position angle which rotates as the rotor moves. In 
terms of the mathematical function, it rotates the orthogonal i,, 
and i,, components as follows: 

lds’ + Jigs’ a (Las + JI 5) e® 


where 7,,, 1,,. = stator currents in the rotor reference frame. 


And 
= Cos b + jSin b 


= (Ig, + plqs)(Cos b + gSin o) 
The output from the AD2S100 takes the form of: 
lds) = Ig, Cos b — Iy5 Sin b 


Iq, Sin & + Ij, Cos 


—Sin ro) Las 
Cos | 7 


op 
i; 
The matrix equation is: 


lds. _ Cos b 
| =| Si o 


and it is shown in Figure 2. 


Figure 2. AD2S100 Vector Rotation Operation 


INPUT CLARK 


poo 
| 
SINE AND 


MULTIPLIER 
(DAC) 


DIGITAL 
9 


SINE AND 
COSINE 
MULTIPLIER 


PARK OUTPUT CLARK 


Figure 3. Converter Operation Diagram 
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AD2S100 


CONVERTER OPERATION 


The architecture of the AD2S100 i iS illnsteated 3 in Beare 3. The 


AD2S100 is configured i in the forward transformation which 
rotates the rotor frame coordinates to the stator frame. 


Forward Rotation 

In this configuration the 3b-2¢ Clark is bypassed, and inputs | 
are fed directly into the quadrature (PH/IP4) and direct (PH/ 
IP1) inputs to the Park transform, e}*, where ¢ is defined by 
the AD2S100’s digital input. Position data, , is loaded into the 
input latch on the positive edge of the strobe pulse. (For detail 
on the timing, please refer to the “timing diagram.”) The nega- 


tive edge of the strobe signifies that conversion has commenced. - 


A busy pulse is subsequently produced as data is passed from 
the input latches to the Sin and Cos multipliers. During the 
loading of the multiplier, the busy pulse remains high to ensure 
simultaneous setting of @ in both the Sin and Cos registers. 


The negative edge of the busy pulse signifies that the multipliers 
are set up and the orthogonal analog inputs are multiplied real 
time. The resultant two outputs are accessed via the PH/OP1 
(Pin 7) and PH/OP4 (Pin 6), alternatively they can be directly 
applied to the output Clark transform. The Clark output is 

the vector sum of the analog input vector (Cos (PH/OP1), Cos: 
(®@ + 120°) (PH/OP2), Cos (@ + 240°) (PH/OP3) and the digital 
input vector ¢. 


For other configurations, please refer to “Forward and Reverse 
Transformation.” 


CONNECTING THE CONVERTER 

Power Supply Connection 

The power supply voltages connected to Vpp and Vgg pins 
should be +5 V dc and —5 V dc and must not be reversed. 
Pin 4 (Vpp) and Pin 41 (Vpp) should both be connected to 
+5 V; similarly, Pin 5 (Vsg) and Pin 19 (Vg) should both be 
connected to —5 V dc. 


It is recommended that Sessislihe capacitors, 100 nF (ceramic) 
and 10 wF (tantalum) or other high quality capacitors, are con- 
nected in parallel between the power line Vip, Vss and AGND 
adjacent to the converter. Separate decoupling capacitors should 
be used for each converter. The connections are shown in Fig- 
ure 4. 


+5V 


-5V 


Figure 4. AD2S100 Power Supply Connection 
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-MODE3/]3Phase (0°, 120°, 240°) with 2 Inputs | Vpp 


ANALOG SIGNAL INPUT AND or | 
CONNECTIONS =. —> 

Input Analog Signals | 
All analog. signal inputs to AD2S100 are jaltaaes There are two . 
different voltage levels of three-phase (0°, 120°, 240°) signal . 
inputs. One is the nominal level, which is +2.8 V dc or 2 V rms 
and the corresponding input pins are PH/IP1 (Pin 17), PH/IP2 
(Pin 15), PH/IP3 (Pin 13) and PH/IP4 (Pin 11). 


The high level inputs can accommodate voltages from aominal 
up to a maximum of +V,)/Vss. The corresponding input pins 
are PH/IPH1 (Pin 16), PH/IPH2 (Pin 14) and PH/IPH3 (Pin 
12). The homopolar output can only be used in the three-phase 
connection mode. 


The converter can accept both two-phase format and three-phase 
format input signals. For the two-phase format input, the two 
inputs must be orthogonal to each other. For the three-phase 7 
format input, there is the choice of using all three inputs or 7 
using two of the three inputs. In the latter case, the third input | 
signal will be generated internally by using the information of 
other two inputs. The high level input mode, however, can only 
be selected with three-phase/three-input format. All these differ- 
ent conversion modes, including nominal/high input level and 
two/three-phase input format can be selected using two select 
pins (Pin 23, Pin 24). The functions are summarized in Table I. 


Table I. Conversion Mode Selection 


CONVI1 
Description (Pin 23) 


MODE] |2-Phase Orthogonal with 2 ee 
Nominal Input Level 


MODE2 3-Phase (0°, 120°, 240°) with 3 Inputs DGND Vop 
Nominal/High Input Level* 


CONV2 
(Pin 24) 
|DGND 


Vpp 
Nominal Input Level 


*The high level input mode can only be selected with MODE2. 


MODE}: 2-Phase/2 Inputs with Nominal Input Level 
In this mode, PH/IP1 and PH/IP4 are the inputs and the Pins 
12 through 16 must be left unconnected. 


MODE?: 3-Phase/3 Inputs with Nominal/High Input Level 
In this mode, either nominal or high level inputs can be used. — 
For nominal level input operation, PH/IP1, PH/IP2 and PH/IP3 


are the inputs, and there should be no connections to PH/IPH1, 


PH/IPH2 and PH/IPH3; similarly, for high level input opera- 
tion, the PH/IPH1, PH/IPH2 and PH/IPH3 are the inputs, and 
there should be no connections to PH/IP1, PH/IP2 and PH/IP3. 
In both cases, the PH/IP4 should be left unconnected. For high 
level signal input operation, select MODE2 only. 


MODE3: 3-Phase/2 Inputs with Nominal Input Level 

In this mode, PH/IP2 and PH/IP3 are the inputs and the third 
signal will be generated internally by using the information of 
other two inputs. It is recommended that PH/IP1, PH/IPH1, | 
PH/IPH2, PHAP4 and PH/IPH3 should be left unconnected. 
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Output Analog Signals 
There are three forms of analog Bato from the AD2S100. 


Sin/Cos orthogonal output signals are derived from the Clark/ 
three-to-two-phase conversion before the Park angle rotation. 
These signals are available on Pin 25 (Cos 6) and Pin 26 (Sin 6), 
and occur before Park angle rotation. 


Three-Phase Output Signals 

(Cos (6 + ), Cos (hb + 8 + 120°), Cos (hb + 6 + 240°)), where 
& represents digital input angle. These signals are available on 
Pin 7 (PH/OP1), Pin 9 (PH/OP2) and Pin 8 (PH/OP3), 
respectively. 


Two-Phase (Sin (0 + ), Cos (0 + ¢)) Signals 

These represent the output of the coordinate transformation. 
These signals are available on Pin 6 (PH/OP4, Sin (6 + )) and 
Pin 7 (PH/OP1, Cos (6 + 6)). 


HOMOPOLAR OUTPUT 

Homopolar Reference 

In a three-phase ac system, the sum of the three inputs to the 
converter can be used to indicate whether or not the phases are 
balanced. 


If Vsum = PH/IP1 + PH/IP2 + PH/IP3 (or PH/IPH1 + 
PH/IPH2 +PH/IPH3) this can be rewritten as Voy, = [Cos6,+ 
Cos (6 + 120°) + Cos (6 + 240°)] = 0. Any imbalances in the 
line will cause the sum Voy # 0. The AD2S100 homopolar — 
output (HPOP) goes high when Voi;y > 3 X V,,. The voltage 
level at which the HPOP indicates an imbalance is determined 
by the HPREF threshold, V,,. This is set internally at 0. 5V 
dc (+0.1 V dc). The HPOP goes high when 

(Cos8 + Cos (8 + 120°) + Cos (6 + 240°)) 


| Vege ie ron rey gee ee 


where V. is the nominal input voltage. 
With no external components Vj, must exceed +1.5 V dc in 
order for HPOP to indicate an imbalance. The sensitivity of the 
threshold can be reduced by connecting an external resistor 
between HPOP and ground as shown in Figure 5, where, 

0.5 Rexr 


Vis = Reg + 20000 
Rexr = 
V,, = Vdc. 
HOMOPOLAR 


REFERENCE - 
TO TRIGGER 


EXTERNAL 
RESISTOR 


Figure 5. The Equivalent Homopolar Reference Input 
Circuitry 
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Example: From the equivalent circuit, it can be seen that the 
inclusion of a 20 kO resistor will reduce V,, to +0.25 V dc. This 
corresponds to an imbalance of +0.75 V dc in the inputs. 


Homopolar Filtering 

The equation Vey, = Cos + Cos (@ + 120°) + Cos (@ + 240°) 
= 0 denotes an imbalance when Voy, ~ 0. There are condi- 
tions, however, when an actual imbalance will occur and the 
conditions as define by Vey, will be valid. For example, if the 
first phase was open circuit when 6 = 90° or 270°, the first 
phase is valid at 0 V dc. Vey is valid, therefore, when Cos is 
close to 0. In order to detect an imbalance 6 has to move away 
from 90° or 270°, 1.e., when on a balanced line Cos 6 ¥ 0. 


Line imbalance is detected as a function of HPREF, either set 
by the user or internally set at +0.5 V dc. This corresponds to a 
dead zone when o = 90° or 270° + 30°, 1.e.,; Vsuy = 0, and, 
therefore, no indicated imbalance. If an external 20 kO resistor 
is added, this halves V,, and reduces the zone to + 15°. Note 
this example only applies if the first phase is detached. 


In order to prevent this false triggering an external capacitor 
needs to be placed from HPFILT to ground, as shown in Fig- 
ure 5. This averages out the perceived imbalance over a com- 
plete cycle and will prevent the HPOP from alternatively 
indicating balance and imbalance over 0 = 0° to 360°. 


For 


a 1000 rpm Cerxr = 200 nF 
de 

dt = 100 ‘pm Cext = 2.2 pe 
Note: The slower the input rotational speed, the larger the time 
constant required over which to average the HPOP output. Use 


of the homopolar output at slow rotational speeds becomes 
impractical with respect to the increased value for Cyy-7. 


AD2S100 


TOP VIEW 
23 


HPFILT 


Figure 6. AD2S100 Homopolar Output Connections 
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TIMING DIAGRAMS 
Busy Output a 


The state of converter is indicated by the state of the BUSY out- 


put (Pin 44). The BUSY output will go HI at the negative edge 
of the STROBE input. This is used to synchronize digital input 
data and load the digital angular rotation information into the 
device counter. The BUSY output will remain HI for 2 ys, and 
go LO until the next strobe negative edge occurs. 


Strobe Input 

The width of the positive STROBE pulse should be at least 

100 ns, in order to successfully start the conversion. The maxi- 
mum frequency of STROBE input is 366 kHz, i.e., there should 
be at least 2.73 ys from the negative edge of one STROBE 
pulse to the next rising edge. This is illustrated by the following 
timing diagram and table. 


STROBE 


BUSY - 


Figure 7. AD2S100 Timing Diagram 


Note: Digital data should be stable 25 ns before and after posi- 
tive strobe edge. | 


Table II. AD2S100 Timing ‘Table 


STROBE Pulse Width 


to STROBE | to BUSY Tf 
ts BUSY Pulse Width 
ty BUSY | to STROBE f 
t, BUSY Pulse Rise Time 
with No Load 
BUSY Pulse Rise Time . 
with 68 pF Load 
ty BUSY Pulse Fall Time 


with No Load . 
BUSY Pulse Fall Time 
with 68 pF Load 


FORWARD 


TRANSFORMATION 
AD2$100 


3 PHASE - 3 PHASE 


2 PHASE — 2 PHASE 


2 PHASE - 3 PHASE 


3 PHASE — 2 PHASE 


TYPICAL CIRCUIT CONFIGURATION 
Figure 8 shows a typical circuit configuration for the AD2S100 
in a three phase, nominal level input mode (MODE2). 


OUTPUT 


AD2S100 


TOP VIEW 


THREE PHASE INPUT TWO/THREE PHASE © 


DIGITAL ANGLE INPUT 


& 
< 


Figure 8. Typical Circuit Configuration 


APPLICATIONS: . 

Forward and Reverse Transformation =. 

The AD2S100 can perform both forward and reverse transfor- 
mations. The section “Theory of Operation” explains how the 


chip operates with the core operator e*)*, which performs a for- 


ward transformation. The reverse transformation, e~'®, is not . 
mentioned in the above sections of the data sheet simply to 
avoid the confusion in the functionality and pinout. However, 
the reverse transformation is very useful in many different appli- — 
cations, and the AD2S100 can be easily configured in a reverse 
transformation configuration. Figure 9 shows four different 
phase input/output connections for AD2S100 reverse transfor- 
mation operation. | | | 7 


REVERSE 
TRANSFORMATION 
AD2S100 


Cosé Cos(6 — 9) 
Cos(0 + 120° -ip Cos(0 — » + 120°) 
Cos(o+ 240) X | ° | XK Cos(6 - 6 + 240°) 
Cosé Cos(6 — 9) 
-j 
Sine q e* Sin - 9) 


Cose__ Cos(8- 4) 


Figure 9. Reverse Transformation Connections 
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VIn Figure 9, “—1” operator performs a 180° phase shift opera- 
tion. It can be illustrated by a 2-phase-to-3-phase reverse trans- 
formation. An example is shown in Figure 10. 


PH/OP1 


vost Cos(é + 4) 


PH/IP1 (Cos6) 


AD2S100 PH/OP3 
Cos(6 + 240° + 4) 


Cos(6 — 9) 


Cos(é + 120° — 4) 


Sine 


PH/IP4 (Sine) PH/OP2 


Cos(6 + 120° + 4) Cos(6 + 240° — 9) 


> 


Figure 10. Two-Phase to Three-Phase Reverse 
Transformation 


Field Oriented Control of AC Induction Machine in a Rotor 
Flux Frame 

The architecture shown in Figure 11 identifies a simplified 
scheme where the AD2S100 permits the DSP computing core to 
execute the motor control in what is normally termed the rotor 
reference frame. This reference frame actually operates in syn- 
chronism with the rotor of a motor. This has significant benefits 


POSITION 
FEEDBACK 


VELOCITY POSITION 


CONTROL SOFTWARE ADSP2101 


SPEED 


CONTROL LIMIT 


VECTOR 
CO-PROCESSOR 


ist 7) 
' FIELD 
WEAKENING 


(a + jb)e-ip 


is2 


REVERSE 
ROTATION 


is3 


TORQUE 
CONTROL 


AD2S100 


regarding motor control efficiency and economics. The calculat- 
ing power required in the rotor reference frame is significantly 
reduced because the currents and flux are rotating at the slip 
frequency. This permits calculations to be carried out in time 
frames of, 100 ys, or under by a fixed-point DSP. Benchmark 
timing in this type of architecture can attain floating-point speed 
processing with a fixed-point processor. Perhaps the largest 
advantage is in the ease with which the rotor flux position can 
be obtained. A large amount of computation time is, therefore, 
removed by the AD2S100 vector processors due to the split 
architecture shown in Figure 11. Motor control systems employ- 
ing one DSP to carry out the cartesian to polar transformations 
required for vector control are, therefore, tasked with additional 
duties due to the fact that they normally operate in the flux ref- 
erence frame. 


The robustness of the control system can also be increased by 
carrying out the control in the rotor reference frame. This is 
achieved through the ability to increase and improve both the 
algorithm quality in nonlinear calculations attributed to magne- 
tizing inductance and rotor time constant for example. An 
increase in sampling time can also be concluded with this archi- 
tecture by avoiding the additional computing associated with 
number truncation and rounding errors which reduce the signal 
to noise rejection ratio. 


Vs1 


VECTOR 
CO-PROCESSOR 


(a + jb)e'-ie" 


FORWARD 
ROTATION 
Vs3 


Figure 11. Rotor Reference Frame Architecture 
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SIMPLE SLIP CONTROL | 
In an adjustable-frequency drive, the control strategy must 
ensure that motor operation is restricted to low slip frequencies, 
resulting in stable operation with a high power factor and a high 
torque per stator ampere. Figure 12 shows the block diagram of 
simple slip control using the AD2S100. Here, the slip frequency 
command w, and the current amplitude command are sent to 
the microprocessor to generate two orthogonal signals, |I| Sin 6 
and |I| Cos 6 here (8 = w,.) With the actual shaft position angle, 
o, (resolver-to-digital converter) and the orthogonal signals from 
la 


PWM 
AD2S100 ie ec 
MTR 


tc _| INVERTER - 
® 


RESOLVER 
AD2S80A RDC 


Figure 12. Slip Control of AC Induction Motor with 
AD2S 100 


PROC I Cose 


the pP, the AD2S100 generates the inverter frequency and 
amplitude command into a three-phase format. The three-phase 
sine wave reference currents are reproduced in the stator phases. 
For general applications, both the steady-state and dynamic per- 
formance of this simple control scheme is satisfactory. For 
detailed information about this application, please refer to the 
bibliography at the end of the data sheet. 


ADVANCED PMSM SERVO CONTROL 

Electronically commutated permanent magnet synchronous 
motors (PMSM) are used in high performance drives for _ 
machine tools and robotics. When a field orientated control 
scheme is deployed, the resulting brushless drive has all the 
properties required for servo applications in machine tool fed 
drives, industrial robots, and spindle drives. These properties 
include large torque/inertia ratio, a high peak torque capability 
for fast acceleration and deceleration with high torsional stiffness 
at standstill. 


Figure 13 shows the AD2S100 configured for both forward and 
reverse transformations. This architecture concludes both flux 
and torque current components independently. The additional 
control of Vd (flux component) allows for the implementation of 
field weakening schemes and maintenance of power factor. 


Figure 13. PMSM Servo Control Using AD2S100 
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For more detailed information, please refer to the application 
note “Vector Control Using a Single Vector Rotation Semicon- 
ductor for Induction and Permanent Magnet Motors.” 


MOTION CONTROL DSP COPROCESSOR 

AC induction motors are superior to dc motors with respect to 
size/power ratio, weight, rotor inertia, maximum rotating veloc- 
ity, efficiency and cost for motor ratings greater than 5 HP. 
However, because of nonlinear and the highly interactive multi- 
variable control structure, ac induction motors have been con- 
sidered difficult to control in applications demanding variable 
speed and torque. 


Field orientated control theory and practice, under development 
since 1975, has offered the same level of control enjoyed by tra- 
ditional.dc machines. Practical implementation of these algo- 
rithms involves the use of DSP and microprocessor based 
architectures. The AD2S100 removes the needs for software 
implementation of the rotor-to-stator and stator-to-rotor trans- 
formations in the DSP or wP. The reduction in throughput 
times from typically 100 ws (wP) and 40 ws (DSP) to 2 ps 
increases system bandwidths while also allowing additional fea- 
tures to be added to the CPU. The combination of the fixed 
point ADSP-2101 and the AD2S100, the “advanced motion con-— 
trol engine” shown in Figure 14, enables bandwidths previously 
attainable only through the use of floating point devices. 


For more detailed information on the AD2S100 vector control 
application and on this advanced motion control engine, please 
refer to application notes “Vector Control Using a Single Vector 
Rotation Semiconductor for Induction and Permanent Magnet 
Motors.” 


MEASUREMENT OF HARMONICS 

Three-phase ac power systems are widely used in power genera- 
tion, transmission and electric drive. The quality of the elec- 
tricity supply is affected by harmonics injected into the power 
main. In inverter fed ac machines, fluxes and currents of various 
frequencies are produced. Predominantly in ac machines the 5th 
and 7th harmonics are the most damaging; their reaction with 
the fundamental flux component produces 6th harmonic torque 
pulsations. The subsequent pulsating torque output may result 
in uneven motion of the motor, especially at low speeds. 3 


The AD2S100 can be used to monitor and detect the presence 
and magnitude of a particular harmonic on a three-phase line. | 
Figure 15 shows the implementation of such a scheme using the 
AD2S100. Note, the actual line voltages will have to be scaled 
before applying to the three-phase input of the AD2S100. 


Selecting a harmonic is achieved by synchronizing the rotational 
frequency of the park digital input, 6, with the frequency of the 
fundamental flux component and the integer harmonic selected. 

The update rate, r, of the counters is determined by: 


nxXxwow 


2 


Here, r = input clock pulse rate (pulses/second); 
the order of harmonics to be measured; 
= fundamental angular frequency of the ac signal. 


r = 4096 x 


e 3 
| fl 
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HOST COMPUTER 


VECTOR 
COPROCESSOR 


AD2S100 i AD7874 


ADC 


ADSP-2101/ 
ADSP-2105 


ra | AD2S100 Pe pi 


AD2S100 


VECTOR 
COPROCESSOR 


Da ea 
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AD2S80A 
R/D 
CONVERTER 


Figure 14. Advanced Motion Control Engine 


The magnitude of the n-th harmonic as well as the fundamental 
component in the power line is represented by the output of the 
low-pass filter, a,. In concert with magnitude of the harmonic 
the AD2S100 homopolar output will indicate whether the 

three phases are balanced or not. For more details about this 
application, refer to the related application note listed in the 


bibliography. 
FILTER 


e* PARK 


TRANSFORMATION 


PULSE INPUTS 


HOMOPOLAR 
OUTPUT 


12-BIT UP/DOWN 


ean DIRECTION 


Figure 15. Harmonics Measurement Using AD2S100 


MULTIPLE POLE MOTORS 

For multi-pole motor applications where a single speed resolver 
is used, the AD2S100 input has to be configured to match the 
electrical cycle of the resolver with the phasing of the motor 
windings. The input to the AD2S100 is the output of a resolver- 
to-digital converter, e.g., AD2S80A series. The parallel output 
of the converter needs to be multiplied by 2""', where n = the 
number of pole parts of the motor. In practice this is imple- 
mented by shifting the parallel output of the converter left rela- 
tive to the number of pole pairs. 


Figure 16 shows the generic configuration of the AD2S80A with 
the AD2S100 for a motor with n pole pairs. The MSB of the 
AD2S100 is connected to MSB-(n-1) bit of the AD2S80A digital 
output, MSB-1 bit to MSB-(n-2) bit, . . . , LSB bit to LSB bit 
of AD2S80A, etc. 


Figure 17 shows the AD2S80A configured for use with a four 
pole motor, where n = 2. Using the formula described the MSB 
is shifted left once. 
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AD2S80A AD2S100 


MSB - (n-1) 


LSB + (n—1) 


12,14 OR 16-BIT RESOLUTION MODE 


Figure 16. A General Consideration in Connecting R/D 
Converter and AD2S100 for Multiple Pole Motors 


AD2S80A AD2S100 


(MSB) _‘BIT1 
BIT2 


BIT13 
(LSB)  BIT14 


14-BIT RESOLUTION MODE 


Figure 17. Connecting of R/D Converter AD2S80A and 
AD2S100 for Four-Pole Motor Application 
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DIGITAL-TO-RESOLVER AND SYNCHRO 
CONVERSION 

The AD2S100 can be configured for use as a 12-bit digital-to- 
resolver (DRC) or synchro converter (DSC). DRCs and DSCs 
are used to simulate the outputs of a resolver or a synchro. The 
simulated outputs are represented by the transforms outlined 
below. 


Resolver Outputs 
Asinwt.cosd 
Asinot.sind 


Synchro Outputs 
Asinwt.sind 
Asinwt.sin (db + 120°) 
Asinwt.sin (db + 240°) 


where: Asinwt = fixed ac reference 


o = digital input angle, i.e., shaft position 


The waveforms are shown in Figures 18 and 19. 
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Figure 18. Electrical Representation and Typical Resolver 
Signals 
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Figure 19. Electrical Representation and Typical Synchro 
Signals 
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Configuring the AD2S100 for DRC and DSC operation is done 
by the following. 
DRC— Must Select Mode 1 


Inputs PH/IP4 Pinll AGND 
PH/IP1 Pin 17 Reference Asinwt 
Outputs PH/OP1 Pin7  Asinwt Cosd 


PH/OP4 Pin 6 
DSC— Must Select Mode i 


Asinwt Sind 


Inputs PH/IP4 Pin1l_ Reference Asinwt 
- PH/IP] Pinl7 AGND 
Outputs PH/OP1 Pin7 —Asinot Sind 
PH/OP2 Pin 9 —Asinwt Sin (b + 120°) 
PH/OP3 Pin 8 — Asinwt Sin (d + 240°) 
NOTES 


1. Valid information is only available after the strobe pulse and BUSY go 
low. For more information on DRCs see the AD2S65/AD2S66 data sheet. 

2. To.correct for inverse phasing of the DSC outputs the reference should be 
inverted, or the MSB can be inverted. 

APPLICATION NOTES LIST . 

1. “Vector Control Using a Single Vector Rotation Semiconduc-. 
tor for Induction and Permanent Magnet Motors,” by F. P. 
Flett, Analog Devices. | 


2. “Gamana — DSP Vector Coprocessor for Brushless Motor 
Control,” by Analog Devices and Infosys Manufacturing 
System. 

3. “Silicon Control Algorithms for Brushless Permanent Magnet 
Synchronous Machines,” by F. P. Flett. 

4. “Single Chip Vector Rotation Blocks and Induction Motor 
Field Oriented Control,” by A. P. M. Van den Bossche and 

P. J. M. Coussens. 

5. “Three Phase Measurements with Vector Rotation Blocks in 
Mains and Motion Control,” P. J. M. Coussens, et al. 

6. “Digital to Synchro and Resolver Conversion with the AC 
Vector Processor AD2S100,” by Dennis Fu. 

7. “Experiment with the peo 10 Evaluation Board,” by 
Dennis Fu. 
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LVDT Signal 
Conditioner 


AD598 


FEATURES 
Single Chip Solution, Contains Internal Oscillator and 
Voltage Reference 
No Adjustments Required 
Insensitive to Transducer Null Voltage 
Insensitive to Primary to Secondary Phase Shifts 
DC Output Proportional to Position 
20 Hz to 20 kHz Frequency Range 
Single or Dual Supply Operation 
Unipolar or Bipolar Output 
Will Operate a Remote LVDT at Up to 300 Feet 
Position Output Can Drive Up to 1000 Feet of Cable 
Will Also Interface to an RVDT 
Outstanding Performance 
Linearity: 0.05% of FS max 
Output Voltage: +11 V min 
Gain Drift: 50 ppm/°C of FS max 
Offset Drift: 50 ppm/°C of FS max 


PRODUCT DESCRIPTION 

The AD598 is a complete, monolithic Linear Variable Differen- 
tial Transformer (LVDT) signal conditioning subsystem. It is 
used in conjunction with LVDTs to convert transducer mechan- 
ical position to a unipolar or bipolar dc voltage with a high 
degree of accuracy and repeatability. All circuit functions are 
included on the chip. With the addition of a few external pas- 
sive components to set frequency and gain, the AD598 converts 
the raw LVDT secondary output to a scaled dc signal. The 
device can also be used with RVDT transducers. 


The AD598 contains a low distortion sine wave oscillator to 
drive the LVDT primary. The LVDT secondary output consists 
of two sine waves that drive the AD598 directly. The AD598 
operates upon the two signals, dividing their difference by their 
sum, producing a scaled unipolar or bipolar dc output. 


The AD598 uses a unique ratiometric architecture (patent pend- 
ing) to eliminate several of the disadvantages associated with 
traditional approaches to LVDT interfacing. The benefits of this 
new circuit are: no adjustments are necessary, transformer null 
voltage and primary to secondary phase shift does not affect sys- 
tem accuracy, temperature stability is improved, and transducer 
interchangeinterchangeabilityability is improved. 


The ADS598 is available in two performance grades: 


Grade Temperature Range Package 


ADS598JR = 0 to +70°C 20-Pin Small Outline (SOIC) 
ADS598AD —40°C to. +85°C 20-Pin Ceramic DIP 


It is also available processed to MIL-STD-883B, for the military 
range of —55°C to +125°C. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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FUNCTIONAL BLOCK DIAGRAM 


EXCITATION (CARRIER) 


67) AD598 


FILTER 16)— Vout 
Eyecam 


PRODUCT HIGHLIGHTS 

1. The AD598 offers a monolithic solution to LVDT and 
RVDT signal conditioning problems; few extra passive com- 
ponents are required to complete the conversion from 
mechanical position to dc voltage and no adjustments are 
required. 


2. The AD598 can be used with many different types of 
LVDTs because the circuit accommodates a wide range of 
input and output voltages and frequencies; the AD598 can 
drive an LVDT primary with up to 24 V rms and accept sec- 
ondary input levels as low as 100 mV rms. 


3. The 20 Hz to 20 kHz LVDT excitation frequency is deter- 
mined by a single external capacitor. The AD598 input signal 
need not be synchronous with the LVDT primary drive. 
This means that an external primary excitation, such as the 
400 Hz power mains in aircraft, can be used. | 


4. The AD598 uses a ratiometric decoding scheme such that 
primary to secondary phase shifts and transducer null voltage 
have absolutely no effect on overall circuit performance. — 


5. Multiple LVDTs can be driven by a single AD598, either in 
series or parallel as jong as power dissipation limits are not 
exceeded. The excitation output is thermally protected. 


6. The AD598 may be used in telemetry applications or in hos- 
tile environments where the interface electronics may be 
remote from the LVDT. The AD598 can drive an LVDT at 
the end of 300 feet of cable, since the circuit is not affected 
by phase shifts or absolute signal magnitudes. The position 
output can drive as much as 1000 feet of cable. 


7. The AD598 may be used as a loop integrator in the design of 
simple electromechanical servo loops. 
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AD598— SPECIFICATION 


Model | 
TRANSFER FUNCTION" 


OVERALL ERROR” 
Sea to Jaiay 


SIGNAL OUTPUT CHARACTERISTICS 
Output Voltage Range (T,,;,, to T 
Output Current (T,,3, oa) 
Short Circuit Current 
Nonlinearity? (Twin tO Tmax) 
Gain Error* 

Gain Drift 
Offset? 
Offset Drift 
Excitation Voltage Rejection® 
Power Supply Rejection (+12 V to +18 V) 
PSRR Gain (Tin tO Tmax) 
PSRR Offset (Tinian tO Trax) 
Common Mode Rejection (+3 V) 
CMRR Gain (T,,;, tO Tyax) 
CMRR Offset (T,,;,, to T 
Output Ripple’ 

EXCITATION OUTPUT CHARACTERISTICS (@ 2.5 kHz) 
Excitation Voltage Range 
Excitation Voltage 


min ee) 


to T 


min ee) 


(RI = Open)® 
(R1 = 12.7 kQ)8 
(R1 = 487 0)8 


Excitation Voltage TC? 
Output Current | 
Tynin to se 
Short Circuit Current 
DC Offset Voltage (Differential, Rl] = 12.7 kQ) 
To, to 
Frequency 
Frequency TC, (Rl = 12.7 kQ) 
Total Harmonic Distortion 
SIGNAL INPUT CHARACTERISTICS | 
Signal Voltage | | 
Input Impedance 
Input Bias Current (AIN and BIN) | 
Signal Reference Bias Current 
Excitation Frequency 


POWER SUPPLY REQUIREMENTS. 

Operating Range 

Dual Supply Operation (+10 V Output) 

Single Supply Operation 
0 to +10 V Output 

- 0to —10 V Output. 

Current (No Load at Signal and Excitation Outputs) 
Ta tO 2 


TEMPERATURE RANGE 
JR (SOIC) 
AD (DIP) 

PACKAGE OPTION”® 
SOIC (R-20) 
Side Brazed DIP (D-20) 


max 


max 
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(typical @ +25°C and +15 V de, C1 = 0.015 pF, R2 = 80 kQ, ‘o = 2 kQ, 
unless otherwise noted. See Figure 7.) 


~ADS98A. 
Typ Max 


AD598J 
Min Typ Max Min 


Unit 


% of FS 


V 

mA 

mA | 

ppm of FS 

% of FS 
ppm/°C of FS 
% of FS 
ppm/°C of FS 
ppm/dB 


ppm/V ; 
ppm/V 


ppm/V 
ppm/V 
mV rms 


V rms 


V rms 
V rms 
V rms __ 
ppm/°C 
mA rms 
mA rms 


°C 
°C 
ADS598JR 
AD598AD 


-REV.A 


AD598 


NOTES 

'v,, and V, represent the Mean Average Deviation (MAD) of the detected sine waves. Note that for this Transfer Function to linearly represent positive dis- 
placement, the sum of V, and V, of the LVDT must remain constant with stroke length. See ““Theory of Operation.”’ Also see Figures 7 and 12 for R2. 

*From T,,i, tO Tax the overall error due to the AD598 alone is determined by combining gain error, gain drift and offset drift. For example, the worst case 
overall error for the AD598AD from T,,,;,, to Tax 18 calculated as follows: overall error = gain error at +25°C (+1% full scale) + gain drift from —40°C to 
+25°C (50 ppm/°C of FS x +65°C) + offset drift from —40°C to +25°C (50 ppm/°C of FSx 65°C) = +1.65% of full scale. Note that 1000 ppm of full scale 
equals 0.1% of full scale. Full scale is defined as the voltage difference between the maximum positive and maximum negative output. 

3Nonlinearity of the AD598 only, in units of ppm of full scale. Nonlinearity is defined as the maximum measured deviation of the AD598 output voltage from 
a straight line. The straight line is determined by connecting the maximum produced full-scale negative voltage with the maximum produced full-scale positive 
voltage. 

“See Transfer Function. 

This offset refers to the (V,—V,)/(V,+Vg) input spanning a full-scale range of +1. [For (V,—V,)/(V,+Vg) to equal +1, V, must equal zero volts; and corre- 
spondingly for (V,—V,)/(V,+V3) to equal —1, V, must equal zero volts. Note that offset errors do not allow accurate use of zero magnitude inputs; practical 
inputs are limited to 100 mV rms.] The +1 span is a convenient reference point to define offset referred to input. For example, with this input span a value of 
R2 = 20 kD would give V,,,;; span a value of +10 volts. Caution, most LVDTs will typically exercise less of the (V,—V,)/(V,+Vy) input span and thus 
require a larger value of R2 to produce the +10 V output span. In this case the offset is correspondingly magnified when referred to the output voltage. For 
example, a Schaevitz E100 LVDT requires 80.2 kQ for R2 to produce a +10.69 V output and (V,—V,)/(V,+V,) equals 0.27. This ratio may be determined 
from the graph shown in Figure 18, (V,—V,)/(Vat+Vx) = (1.71 V rms—0.99 V rms)/(1.71 V rms+0.99 V rms). The maximum offset value referred to the 
+10.69 V output may be determined by multiplying the maximum value shown in the data sheet (1% of FS by 1/0.27 which equals +3.7% maximum. Simi- 
larly, to determine the maximum values of offset drift, offset CMRR and offset PSRR when referred to the +10.69 V output, these data sheet values should 
also be multiplied by (1/0.27). For this example, for the AD598AD the maximum values of offset drift, PSRR offset and CMRR offset would be: 185 ppm/°C 
of FS; 741 ppm/V and 741 ppm/V respectively when referred to the +10.69 V output. 

°For example, if the excitation to the primary changes by 1 dB, the gain of the system will change by typically 100 ppm. 

7Output ripple is a function of the AD598 bandwidth determined by C2, C3 and C4. See Figures 16 and 17. 

8R1 is shown in Figures 7 and 12. 

°Excitation voltage drift is not an important specification because of the ratiometric operation of the AD598. 

1°For outline information see Package Information section. 


Specifications subject to change without notice. 


Specifications shown in boldface are tested on all production units at final electrical test. Results from those tested are used to calculate outgoing quality levels. 
All min and max specifications are guaranteed, although only those shown in boldface are tested on all production units. a. 8 


THERMAL CHARACTERISTICS CONNECTION DIAGRAM 
| Plastic SOIC (R) Package 
Vic Ora and 
SOIC Package. — 22°C/W ss 880°C/W Side Brazed Ceramic DIP (D) Package 


Side Brazed Package 25°C/W 85°C/W 
ABSOLUTE MAXIMUM RATINGS 


Total Supply Voltage +V<, to -Vsg .........--200% 36 V 

Storage Temperature Range 
RR Pat Rate: 226i ick 2 ication des od ts eek —65°C to +150°C AD598 
Dy PACkase: sa... 30 2-Aace Wee hee ee, 4's —65°C to +150°C | anos 

Operating Temperature Range : (Not to Scale) 
DSS Re als e eete Se eae eae S oed @hdes 0 to +70°C : 
ADSISAD 2 i.e 4 Pats ha eee e ss —40°C to +85°C 

Lead Temperature Range (Soldering 60 Seconds) .... +300°C 

Power Dissipation Up to +65°C ............204.4 1.2 W 

Derides Above: +65°C. ..0...64:2 B46 s eed wb ees 12 mW/°C 
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THEORY OF OPERATION 

A block diagram of the AD598 along with an LVDT (Linear 
Variable Differential Transformer) connected to its input is 
shown in Figure 5. The LVDT is an electromechanical trans- 
ducer whose input is the mechanical displacement of a core and 
whose output is a pair of ac voltages proportional to core posi- 
tion. The transducer consists of a primary winding energized by 


an external sine wave reference source, two secondary windings | 


connected in series, and the moveable core to couple flux 
between the primary and secondary windings. 


EXCITATION (CARRIER). 


Figure 5. AD598 Functional Block Diagram 


The ADS598 energizes the LVDT primary, senses the LVDT 
secondary output voltages and produces a dc output voltage pro- 
portional to core position. The AD598 consists of a sine wave 
oscillator and power amplifier to drive the primary, a decoder 
which determines the ratio of the difference between the LVDT 
secondary voltages divided by their sum, a filter and an output 
amplifier. 


The oscillator comprises a multivibrator which produces a tri- 
wave output. The triwave drives a sine shaper, which produces 
a low distortion sine wave whose frequency is determined by a 
single capacitor. Output frequency can range from 20 Hz to 

20 kHz and amplitude from 2 V rms to 24 V rms. Total har- 
monic distortion is typically —50 dB. 


The output from the LVDT secondaries consists of a pair of 
sine waves whose amplitude difference, (V,—V3), is proportional 
to core position. Previous LVDT conditioners synchronously 
detect this amplitude difference and convert its absolute value to 
a voltage proportional to position. This technique uses the pri- 
mary excitation voltage as a phase reference to determine the 


OFFSET 


polarity of the output voltage. There are a number of problems 
associated with this technique such as (1) producing a constant 


amplitude, constant frequency excitation signal, (2) compensat- 
ing for LVDT primary to secondary phase shifts, and (3) com- 


pensating for these shifts as a function of temperature and 
frequency. | a 


The AD598 eliminates all of these problems. The AD598 does 
not require a constant amplitude because it works on the ratio of 
the difference and sum of the LVDT output signals. A constant 
frequency signal is not necessary because the inputs are rectified 
and only the sine wave carrier magnitude is processed. There is 
no sensitivity to phase shift between the primary excitation and 
the LVDT outputs because synchronous detection is not | 
employed. The ratiometric principle upon which the AD598 
operates requires that the sum of the LVDT secondary voltages 
remains constant with LVDT stroke length. Although LVDT 
manufacturers generally do not specify the relationship between 
V,+Vg and stroke length, it is recognized that some LVDTs do 
not meet this requirement. In these cases a nonlinearity will 
result. However, the majority of available LVDTs do in fact 
meet these requirements. _ 


The AD598 utilizes a special decoder circuit. Referring to the 
block diagram and Figure 6 below, an implicit analog comput- 
ing loop is employed. After rectification, the A and B signals are | 
multiplied by complementary duty cycle signals, d and (1-d) 
respectively. The difference of these processed signals is inte- 
grated and sampled by a comparator. It is the output of this 
comparator that defines the original duty cycle, d, which is fed 


back to the multipliers. 


As shown in Figure 2, the input to the integrator is [((A+B)d]- 
B. Since the integrator input is forced to 0, the duty cycl 
d = B/(A+B). | : 


The output comparator which produces d = B/(A+B) also con- 
trols an output amplifier driven by a reference current. Duty 
cycle signals d and (l—d) perform separate modulations on the 
reference current as shown in Figure 6, which are summed. The 
summed current, which is the output current, is Ipgp X (l—2d). 
Since d = B/(A+B), by substitution the output current equals — 
Iper X (A-B)(A+B). This output current is then filtered and 


converted to a voltage since it is forced to flow through the scal- 
ing resistor R2 such that: ao 


Vour = Irer X (A-B)/(A+B) x R2 


BINARY SIGNAL 
d - OUTY CYCLE 


O<d<1 


V, T= xl x A-B 
out = Rscace X Iner AcB 


Figure 6. Block Diagram of Decoder 
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ANALOG Universal 
DEVICES _ LVDT Signal Conditioner 


FEATURES 
Single Chip Solution, Contains Internal Oscillator and 
Voltage Reference 
No Adjustments Required 
Interfaces to Half-Bridge LVDT, 4-Wire LVDT 
DC Output Proportional to Position 
20 Hz to 20 kHz Frequency Range 
Unipolar or Bipolar Output 
Will Also Implement AC Bridge 
Outstanding Performance 
Linearity: 0.05% 
Output Voltage: +11 V 
Gain Drift: 20 ppm/°C (typ) 
Offset Drift: 5 ppm/°C (typ) 


PRODUCT DESCRIPTION PRODUCT HIGHLIGHTS 

The AD698 is a complete, monolithic Linear Variable Differen- 1. The AD698 offers a single chip solution to LVDT signal 
tial Transformer (LVDT) signal conditioning subsystem. It is conditioning problems. All active circuits are on the mono- 
used in conjunction with LVDTs to convert transducer mechan- lithic chip with only passive components required to com- 
ical position to a unipolar or bipolar dc voltage with a high plete the conversion from mechanical position to dc voltage. 
degree of accuracy and repeatability. All circuit functions are 2. The AD698 can be used with many different types of posi- 


included on the chip. With the addition of a few external pas- 
sive components to set frequency and gain, the AD698 converts 
the raw LVDT output to a scaled dc signal. The device will 
operate with half-bridge LVDTs, LVDTs connected in the 
series opposed configuration, (4-wire), RVDTs. 


tion sensors. The circuit is optimized for use with any 
LVDT, including half-bridge and series opposed, (4 wire) 
configurations. The AD698 accommodates a wide range of 
input and output voltages and frequencies. 


3. The 20 Hz to 20 kHz excitation frequency is determined by a 
single external capacitor. The AD698 provides up to 24 volts 
rms to differentially drive the LVDT primary, and the 
AD698 meets its specifications with secondary input levels as 
low as 100 millivolts rms. 


The AD698 contains a low distortion sine wave oscillator to 
drive the LVDT primary. Two synchronous demodulation 
channels of the AD698 are used to detect primary and secondary 
amplitude. The part divides the output of the secondary by the 
amplitude of the primary and multiplies by a scale factor. This 


eliminates scale factor errors due to drift in the amplitude of 4. Change in oscillator amplitude with temperature will not 
the primary drive, improving temperature performance and affect overall circuit performance. The AD698 computes the 
stability. ratio of the secondary voltage to the primary voltage to deter- 


: : ; . ates mine position and direction. No adjustments are required. 
The AD698 uses a unique ratiometric architecture to eliminate 


several of the disadvantages associated with traditional 5. Multiple LVDTs can be driven by a single AD698 either in 
approaches to LVDT interfacing. The benefits of this new cir- series or parallel as long as power dissipation limits are not 
cuit are: no adjustments are necessary; temperature stability is exceeded. The excitation output is thermally protected. 
improved; and transducer interchangeability is improved. 6. The AD698 may be used as a loop integrator in the design of 
The AD698 is available in two performance grades: simple electromechanical servo loops. 

Grade Temperature Range Package 7. The sum of the secondaries’ voltages do not need to be 
AD698AP -—40°C to +85°C 28-Pin PLCC constant. 


AD698SQ_  —55°C to +125°C 24-Pin Cerdip 
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AD698—SPECIFICATIONS cs, «ave ug0v.aive,1--= sis vee wns snes wna 


Parameter. 


TRANSFER FUNCTION’ 


OVERALL ERROR Ty to Tuax. 


SIGNAL OUTPUT CHARACTERISTICS 

Output Voltage Range 

Output Current, Tyix to Tuax 

Short Circuit Current 

Nonlinearity? Tyin to Tyax 

Gain Error? 

Gain Drift 

Output Offset 

Offset Drift 

Excitation Voltage Rejection* 
Power Supply Rejection (+12 V to +18 V) 
PSRR Gain 
PSRR Offset 

Common-Mode Rejection (+3 V) 
CMRR Gain 

~ CMRR Offset 
Output Ripple? 


EXCITATION OUTPUT CHARACTERISTICS (@ 2. 5 kHz) 
Excitation Voltage Range | 
Excitation Voltage (Resistors Are 1% Absolute Values) 


(Rl = Open)® 
(R1 = 12.7kQ) 
(R1 = 487 Q) 


Excitation Voltage TC’ 
Output Current 
Tuan to Tmax 
Short Circuit Current 
DC Offset Voltage (Differential, R1 = 12.7 kQ) 
— Tyan t0 Tmax 
Frequency 
Frequency TC 
Total Harmonic Distortion 


SIGNAL INPUT CHARACTERISTICS 
A/B Ratio Usable Full-Scale Range 
Signal Voltage B Channel 
Signal Voltage A Channel 
Input Impedance 
Input Bias Current (BIN, AIN) 

Signal Reference Bias Current 
Excitation Frequency 


POWER SUPPLY REQUIREMENTS 
Operating Range 
Dual Supply Operation (+10 V Output) 
Single Supply Operation 
0 V to +10 V Output 
0 V to —10 V Output 
Current (No Load at Signal and Excitation Outputs) 


Tin to Tax 
OPERATING TEMPERATURE RANGE 
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2 ees _ AD698AP — 
Typ Max Typ Max 


Vour = a x 500 A x R2 


Unit 


ppm/°C of FS 
% of FS 
ppm/°C of FS 
ppm/dB 


+125 


—40 
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NOTES 

‘A and B represent the Mean Average Deviation (MAD) of the detected sine waves V, and Vj. The polarity of Voy is affected by the sign of the A compara- 
tor, i.e., multiply Voy; X +1 for Acoups > Acomp—> 2nd Vour X ~—1 for Agcomp— > Acomp+: 

Nonlinearity of the AD698 only in units of ppm of full scale. Nonlinearity is defined as the maximum measured deviation of the AD698 output voltage from a straight 
line. The straight line is determined by connecting the maximum produced full-scale negative voltage with the maximum produced full-scale positive voltage. 
3See Transfer Function. 

‘For example, if the excitation to the primary changes by 1 dB, the gain of the system will change by typically 100 ppm. 

>Output ripple is a function of the AD698 bandwidth determined by C1 and C2. A 1000 pF capacitor should be in parallel with R2 to reduce the output ripple. 
See Figures 7 and 13. 

®R1 is shown in Figures 7 and 13. 

7Excitation voltage drift is not an important specification because of the ratiometric operation of the AD698. 

8From Ty tO Tyax the overall error due to the AD698 alone is determined by combining gain error, gain drift and offset drift. For example, the typical over- 
all error for the AD698AP from Tyr to Tyax is calculated as follows: Overall Error = Gain Error at 25°C (+0.2% Full Scale) + Gain Drift from —40°C to 
25°C (20 ppm/°C x 65°C) + Offset Drift from —40°C to 25°C (5 ppm/°C x 65°C) = +0.36% of full scale. Note that 1000 ppm of full scale equals 0.1% of full 
scale. 

Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at final electrical test. Results from those tested are used to calculate outgoing quality levels. 
All min and max specifications are guaranteed, although only those shown in boldface are tested on all production units. 


ABSOLUTE MAXIMUM RATINGS CONNECTION DIAGRAMS 
Total Supply Voltage (+V,s to -Vs) ........-2.-04- 36 V 28-Pin PLCC 
Storage Temperature Range § 5» oe kf 
P Package... 0... 0s ccc ee eee eee —65°C to + 150°C > i a 7 = 85 Ss 
CO) PACKa@e a. oss ae Rokk Rea eee ea es —65°C to + 150°C Bin 26] 
Operating Temperature Range 
PIDOISSO.. 3.4) oS Oem dk G4 Eee x —55°C to +125°C 
ADO98AP .. 0.0... cece cece eens 40°C to +85°C Levi [5 25] we 
Lead Temperature Range (Soldering 60 sec) ....... + 300°C LEv2 | 6_ '24| SIG REF 
Power Dissipation Derates above +65°C | FREQ1 123] sic our» 
P Package: 96:4, $42 Ae S RRS ECR 12 mW/°C AD698 
OG accent duaies ae 12 mW/°C eg TOP VIEW Cas 
we | 9 | (Not to Scale) '21| OUT FILT 
THERMAL CHARACTERISTICS BFILT1 |10| 20] AFILT1 
Ojc Ora BFILT2 19] AFILT2 
P Package 30°C/W 60°C/W 
Q Package 26°C/W 62°C/W 12] [13] [14] [15] [16) 18) 
o Z22Z2 228 28 
ze e396 8 
ORDERING GUIDE E> No CONNEET > ae | 


Package Description Package Option* 24-Pin Cerdip 


28-Pin PLCC 
24-Pin Double Cerdip 


*For outline information see Package Information section. 


AD698AP 
AD698SQ 


AD698 


TOP VIEW 
(Not to Scale) 


CA WON nh 
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. WARNI NG! 

Although the AD698 features proprietary ESD protection circuitry, permanent damage may 

occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD Soper 18 

precautions are recommended to avoid performance degradation or loss of functionality. 


ESD SENSITIVE DEVICE ° 
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AD698 OS 
Typical Characteristics (at +25°C and V; = +15 V unless otherwise noted) 


ile see eee i 

hia ee 

Ee Ss ae 
in Se 


_ eek Mal 
i ce CI ( 
OFFSET PSRR 12-15V 


GAIN AND OFFSET PSRR - ppm/V 


-20 
-60 -40 -20 0. 20 40 60 80 100 120 140 
TEMPERATURE - °C 


Figure 1. Gain and Offset PSRR vs. Temperature . 


DT ened SE EE SEG NP NED 


sscenawine 


GAIN CMRR = 3V 


GAIN AND OFFSET CMRR - ppm/V 
g 68 
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Figure 2. Gain and Offset CMRR vs. Temperature 
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Figure 3. Typical Gain Drift vs. Temperature 
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Figure 4. Typical Offset Drift vs. Temperature 
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THEORY OF OPERATION 

A block diagram of the AD698 along with an LVDT (linear 
variable differential transformer) connected to its input is shown 
in Figure 5 below. The LVDT is an electromechanical 
transducer—its input is the mechanical displacement of a core, 
and its output is an ac voltage proportional to core position. 
Two popular types of LVDTs are the half-bridge type and the 
series opposed or four-wire LVDT. In both types the moveable 
core couples flux between the windings. The series-opposed 
connected LVDT transducer consists of a primary winding ener- 
gized by an external sine wave reference source and two second- 
ary windings connected in the series opposed configuration. The 
output voltage across the series secondary increases as the core is 
moved from the center. The direction of movement is detected 
by measuring the phase of the output. Half-bridge LVDTs have 
a single coil with a center tap and work like an autotransformer. 
The excitation voltage is applied across the coil; the voltage at 
the center tap is proportional.to position. The device behaves 
very similar to a resistive voltage divider. 


VOLTAGE 
REFERENCE 


Figure 5. Functional Block Diagram 


The AD698 energizes the LVDT coil, senses the LVDT output 
voltages and produces a dc output voltage proportional to core 
position. The AD698 has a sine wave oscillator and power 
amplifier to drive the LVDT. Two synchronous demodulation 
stages are available for decoding the primary and secondary volt- 
ages. A decoder determines the ratio of the output signal voltage 
to the input drive voltage, (A/B). A filter stage and output 
amplifier are used to scale the resulting output. 


The oscillator comprises a multivibrator which produces a tri- 
wave output. The triwave drives a sine shaper which produces a 
low distortion sine wave. Frequency and amplitude are deter- 
mined by a single resistor and capacitor. Output frequency can 
range from 20 Hz to 20 kHz and amplitude from 2 V to 24 V 
rms. Total harmonic distortion is typically —50 dB. 


The AD698 decodes LVDTs by synchronously demodulating 
the amplitude modulated input (secondaries), A, and a fixed 
input reference (primary or sum of secondaries or fixed input), 
B. A common problem with earlier solutions was that any drift 
in the amplitude of the drive oscillator corresponds directly to a 
gain error in the output. The AD698, eliminates 
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these errors by calculating the ratio of the LVDT output to its 
input excitation in order to cancel out any drift effects. This 
device differs from the AD598 LVDT signal conditioner in that 
it implements a different circuit transfer function and does not 
require the sum of the LVDT secondaries (A + B) to be con- 
stant with stroke length. 


The AD698 block diagram is shown below. The inputs consist 
of two independent synchronous demodulation channels. The B 
channel is designed to monitor the drive excitation to the 
LVDT. The full wave rectified output is filtered by C2 and sent 
to the computational circuit. Channel A is identical except that 
the comparator is pinned out separately. Since the A channel 
may reach 0 V output at LVDT null, the A channel demodula- 
tor is usually triggered by the primary voltage, (B Channel). In 
addition, a phase compensation network may be required to add 
a phase lead or lag to the A Channel to compensate for the 
LVDT primary to secondary phase shift. For half-bridge cir- 
cuits the phase shift is noncritical, and the A channel voltage is 
large enough to trigger the demodulator. 


B CHANNEL) 


eG 


DUTY CYCLE 
DIVIDER 
A/B = 1 = 100% 


OO) 
onal : 
) 
DEMODULATOR 


A CHANNEL 


Figure 6. AD698 Block Diagram 


Once both channels are demodulated and filtered a division cir- 
cuit, implemented with a duty cycle multiplier, is used to calcu- 
late the ratio A/B. The output of the divider is a duty cycle. 
When A/B is equal to 1, the duty cycle will be equal to 100%. 
(This signal can be used as is if a pulse width modulated output 
is required.) The duty cycle drives a circuit that modulates and 
filters a reference current proportional to the duty cycle. The 
output amplifier scales the 500 A reference current converting 
it to a voltage. The output transfer function is thus, 


Vour = [rer X A/B X R2, where Irgr = 500 pA 
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CONNECTING THE AD698 

The AD698 can easily be connected for dual or single supply 
operation as shown in Figures 7 and 13. The following general 
design procedures demonstrate how external component values 
are selected and can be used for any LVDT that meets AD698 
input/output criteria. The connections for the A and B channels 
and the A channel comparators will depend on which transducer 
is used. In general follow the guidelines below. 


Parameters set with external passive components include: excita- 
tion frequency and amplitude, AD698 input signal frequency, 
and the scale factor (V/inch). Additionally, there are optional 
features; offset null adjustment, filtering, and signal integration, 
which can be implemented by adding external components. 


+ {t 
+15V 6.8uF 100nF 


+ 6.8uF [+  |100nF 
-15V 


Vs +Vg 


EXC 1 OFFSET 1 


OFFSET 2 SIGNAL 
REFERENCE 
SIG REF] 21| O 
e AL 


O 
Vout 


1000pF 


BFILT1 
C3 
BFILT2 


+ACOMP 


Figure 7. Interconnection Diagram for Half-Bridge LVDT 
and Dual Supply Operation 


DESIGN PROCEDURE 

DUAL SUPPLY OPERATION 

Figure 7 shows the connection method for half-bridge LVDTs. 
Figure 8 demonstrates the connections for 3- and 4-wire LVDTs 
connected in the series opposed configuration. Both examples 
use dual +15 volt power supplies. 


A. Determine the Oscillator Frequency 

Frequency is often determined by the required BW of the sys- 

tem. However, in some system the frequency is set to match the 
LVDT zero phase frequency as recommended by the manufac- 

~ turer; in this case skip to Step 4. _ 


1. Determine the mechanical bandwidth required for LVDT 
position measurement subsystem, fgugsystem- For this 
example, assume fsugsystem = 250 Hz. 


2. Select minimum LVDT excitation frequency approximately 


10 X fsunsystem: Lherefore, let excitation frequency = 
2.5 kHz. 
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3. Select a suitable LVDT that will operate with an excitation 
frequency of 2.5 kHz. The Schaevitz E100, for instance, will 
operate over a range of 50 Hz to 10 kHz and is an eligible 
candidate for this example. 


4. Select excitation frequency determining component Cl. 


Cl = 35 pF Hel/fexcirarion 


+ 
pene 6.8uF 100nF 


SA SIGNAL 


REFERENCE 


A B 
OO) ome (yi 
PHASE | 
LAG/LEAD, 
INETWORK 
—O- —O 
c D 


PHASE LAG 


PHASE LEAD 


PHASE LAG = Arc Tan (Hz RC); 


PHASE LEAD = Arc Tan 1/(Hz RC) 
WHERE R = R,/ (Rg + R,) 


c D c D - eg 
Figure 8. AD698 Interconnection Diagram for Series 
Opposed LVDT and Dual Supply Operation 


B. Determine the Oscillator Amplitude 

Amplitude is set such that the primary signal is in the 1.0 V to 
3.5 V rms range and the secondary signal is in the 0.25 V to 

3.5 V rms range when the LVDT is at its mechanical full-scale 
position. This optimizes linearity and minimizes noise suscepti- - 
bility. Since the part is ratiometric, the exact value of the excita- 
tion is relatively unimportant. 


5.’ Determine optimum LVDT excitation voltage, Vex. For a 
4-wire LVDT determine the voltage transformation ratio, 
VTR, of the LVDT at its mechanical full scale. VTR = 
LVDT sensitivity <x Maximum Stroke Length from null. » 


LVDT sensitivity is listed in the LVDT manufacturer’s cata- 
log and has units of volts output per volts input per inch dis- 
placement. The E100 has a sensitivity of 2.4 mV/V/mil. In 
the event that LVDT sensitivity is not given by the manufac- 
turer, it can be computed. See section on determining LVDT 
sensitivity. 
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Multiply the primary excitation voltage by the VTR to get 
the expected secondary voltage at mechanical full scale. For 
example, for an LVDT with a sensitivity of 2.4 mV/V/mil 
and a full scale of +0.1 inch, the VTR = 0.0024 V/V/Mil x 
100 mil = 0.24. Assuming the maximum excitation of 3.5 V 
rms, the maximum secondary voltage will be 3.5 V rms X 
0.24 = 0.84 V rms, which is in the acceptable range. 


Conversely the VIR may be measured explicitly. With the 
LVDT energized at its typical drive level Vpp,, as indicated 
by the manufacturer. Set the core displacement to its 
mechanical full-scale position and measure the output Vopc 
of the secondary. Compute the LVDT voltage transformation 
ratio, VIR. VIR = Vepgc/Vppy. For the E100, Vspc = 

0.72 V for Vpp; = 3 V. VIR = 0.24. 


For situations where LVDT sensitivity is low, or the 
mechanical FS is a small fraction of the total stroke length an 
input excitation of more than 3.5 V rms may be needed. In 
this case a voltage divider network may be placed across the 
LVDT primary to provide smaller voltage for the +BIN and 
—BIN input. If, for example, a network was added to divide 
the B Channel input by 1/2 then the VTR should also be 
reduced by 1/2 for the purpose of component selection. 


Check the power supply voltages by verifying that the peak 
values of V, and Vy are at least 2.5 volts less than the volt- 
ages at + V, and —Vsg. 


6. Referring to Figure 9, for Vs = +15 V, select the value of 
the amplitude determining component R1 as shown by the 
curve in Figure 9. 


CEA AELTL UH 
CUUIN UIE HILT HT 
CUENTA 
CUA UHINP HILL HLTH 
CUE NGL 
PL 


0.01 0. 


30 


25 


k 
R1 = kQ 


Figure 9. Excitation Voltage Vexc vs. R1 


C. Choose the Filter Capacitors: C2, C3, C4 

7. C2, C3 and C4 are a function of the desired bandwidth of the 
AD698 position measurement subsystem. They should be 
nominally equal values. 


C2 = C3 = C4 = 10-4 Farad HelfsupsystEM (Hz) 
If the desired system bandwidth is 250 Hz, then 
C2 = C3 = C4 = 1074 Farad Hz/250 Hz = 0.4 pF 


See Figures 14, 15 and 16 for more information about 
AD698 bandwidth and phase characterization. 


D. Set the Full-Scale Output Voltage 
8. Compute R2, which sets the AD698 gain or full-scale output 
range, several pieces of information are needed: 
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a. LVDT sensitivity, S 
b. Full-scale core displacement from null, d 


S <x d = VTR and also equals the ratio A/B at mechanical 
full scale. The VTR should be converted to units of V/V. 


For a full-scale displacement of d inches, voltage out of the 
AD698 is computed as 

Vour = S X d X 500 pA X R2. 
Vour is measured with respect to the signal reference, Pin 
17 shown in Figure 7. 
Solving for R2, 


Vour 


Be x S00 pA (1) 


For Vour = +10 V full-scale range, (20 V span) and d 
= +0.1 inch full-scale displacement, (0.2 inch span) 

_ 20 V 

~ 2.4 xX 0.2 x 500 pA 


Vour as a function of displacement for the above example is 
shown in Figure 10. 


R2 = 83.3 RO 


Vour (VOLTS) 


+0.1d (INCHES) 


Figure 10. Voy7 (+10 V Full Scale) vs. Core Displacement 
(+0.1 Inch) 


E. Optional Offset of Output Voltage Swing 
9. Selections of R3 and R4 permit a positive or negative output 
voltage offset adjustment. 


1 ] 
ree anae om aoa) - 16 


For no offset adjustment R3 and R4 should be open circuit. 


To design a circuit producing a 0 V to +10 V output for a dis- 
placement of +0.1 inch, set Voyy to +10 V, d = 0.2 inch and 
solve Equation (1) for R2. 


R2 = 37.6 kO 
Vout (VOLTS) 
+5 
-0.1 +0.1d (INCHES) 
-5 


Figure 11. Voy7 (+5 V Full Scale) vs. Core Displacement 
(+0.1 Inch) 


This will produce a response shown in Figure 11. 
In Equation (2) set Vos = 5 V and solve for R3 and R4. Since a 


positive offset is desired, let R4 be open circuit. Rearranging 
Equation (2) and solving for R3 


1.2 x R2 


R3 
Vos 


—2 ROD = 4.02 RO 
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Note that Vog should be chosen so that R3 cannot have negative 
value. 


Figure 12 shows the desired response. 


Vour (VOLTS) 


0.1 +0.1d (INCHES) 


Figure 12. Voy7 (0 V—-10 V Full Scale) vs. Displacement 
(+0.1 Inch) 


DESIGN PROCEDURE 
SINGLE SUPPLY OPERATION 
Figure 13 shows the single supply connection method. 


+30V 


Vps | 6-84F ]+ _|0.1uF <n 


SIGNAL 
REFERENCE 


aye 

R 
® L 
= R2 Vout 


cq | '1000pF 


PHASE | 
LAG/LEAD, 
INETWORK 
—O- —-O 

c D 


PHASE LAG PHASE LEAD. -. 
B 


PHASE LAG = Arc Tan (Hz RC); 


PHASE LEAD = Arc Tan 1/(Hz RC) 
WHERE R = R,// (Rg + R,) 


Figure 13. Interconnection Diagram for Single Supply 
Operation 


For single supply operation, repeat Steps 1 through 10 of the 
design procedure for dual supply operation. R5, R6 and C5 are 
additional. component values to be determined. Voy 1s mea- 
sured with respect to SIGNAL REFERENCE. 


10. Compute a maximum value of R5 and R6 based upon the 
relationship 


RS + R6 < Vps/100 pA. 
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11. The voltage drop across R5 must be greater than 


12V i Vour 
i 10 kO fe + 2RO + 250 pA + rer ) Volts 
Therefore 
Pomc 10 RO Rann + 20 KA + TR ms 
= 100 pA es 


Based upon the constraints of RS + R6 (Step 11) and RS5 
(Step 12), select an interim value of R6. 


12. Load current through R, returns to the junction of R5 and 
R6, and flows back to Vps. Under maximum load condi- 
tions, make sure the voltage drop across R5 is met as 
defined in Step 11. 


As a final check on the power supply voltages, verify that 
the peak values of V, and V, are at least 2.5 volts less than 
the voltages at + Vg and —Vs. 


13. C5 is a bypass capacitor in the range of 0.1 pF to 1yF. 


Gain Phase Characteristics . 
To use an LVDT in a closed loop mechanical servo application, 
it is necessary to know the dynamic characteristics of the trans- 
ducer and interface elements. The transducer itself is very quick 
to respond once the core is moved. The dynamics arise prima- 
rily from the interface electronics. Figures 14, 15 and 16 show 
the frequency response of the AD698 LVDT Signal Condi- — 
tioner. Note that Figures 15 and 16 are basically the same; the 
difference is frequency range covered. Figure 15 shows a wider 
range of mechanical input frequencies at the expense of accuracy. 


GAIN - dB 


PHASE SHIFT — Degrees 


FREQUENCY — Hz 


Figure 14. Gain and Phase Characteristics vs. Frequency | 
(0 kHz—10 kHz) 


REV. A 


GAIN - dB 


PHASE SHIFT — Degrees 


FREQUENCY — Hz 


Figure 15. Gain and Phase Characteristics vs. Frequency 
(0 kHz—50 kHz) 


GAIN - dB 
ds 
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PHASE SHIFT - 
I 
3 


gee 


. FREQUENCY — Hz 
Figure 16.. Gain and Phase Characteristics vs. Frequency 
(0 kHz—-10 kHz) ; 
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Figure 16 shows a more limited frequency range with enhanced 
accuracy. The figures are transfer functions with the input to be 
considered as a sinusoidally varying mechanical position and the 
output as the voltage from the AD698; the units of the transfer 
function are volts per inch. The value of C2, C3, and C4, from 
Figure 7, are all equal and designated as a parameter in the 
figures. The response is approximately that of two real poles. 
However, there is appreciable excess phase at higher frequen- 
cies. An additional pole of filtering can be introduced with a 
shunt capacitor across R2, Figure 7; this will also increase 
phase lag. 


When selecting values of C2, C3 and C4 to set the bandwidth of 
the system, a trade-off is involved. There is ripple on the “dc” 
position output voltage, and the magnitude is determined by the 
filter capacitors. Generally, smaller capacitors will give higher 
system bandwidth and larger ripple. Figures 17 and 18 show the 
magnitude of ripple as a function of C2, C3 and C4, again all 
equal in value. Note also a shunt capacitor across R2, Figure 7 
is shown as a parameter. The value of R2 used was 81 k©, with 
a Schaevitz E100 LVDT. 
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Figure 17. Output Voltage Ripple vs. Filter Capacitance 16 
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C2, C3, C4; C2 = C3 = C4 - pF 


Figure 18. Output Voltage Ripple vs. Filter Capacitance 
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Determining LVDT Sensitivity. 
LVDT sensitivity can be determined by measuring the LVDT 


secondary voltages as a function of primary drive and core posi- 
tion, and performing a simple computation. 


Energize the LVDT at its recommended primary drive level, 
Vpri (3 V rms for the E100). Set the core displacement to its 
mechanical full- scale position and measure e secondary voltages 
Va and Vs. 


Sensitivity = VSECONDARY 
id Vprr X d 
From Figure 19, 
bear oes 0.84 
Sensitivity = 


oy <x 10m oO 


Vsec WHEN Veri 3V rms 


d = +100 mils 


[=-100 mils d=0 
Figure 19. LVDT Secondary Voltage vs. Core Displacement 


Thermal Shutdown and Loading Considerations. 

The AD698 is protected by a thermal overload circuit. If the die 
~ temperature reaches 165°C the sine wave excitation: amplitude 

gradually reduces, thereby lowering the internal power dissipa- 

tion and temperature. 


Due to the ratiometric operation of the decoder circuit, only 
small errors result from the reduction of the excitation ampli- 
tude. Under these conditions the signal-processing section of the 
AD698 continues to meet its output specifications | 


The thermal load depends upon the voltage and current deliv- 
ered to the load as well as the power supply potentials. An. 
LVDT Primary will present an inductive load to the sine wave 
excitation. The phase angle between the excitation voltage and 
current must also be considered, further complicating thermal 
calculations. 


APPLICATIONS 

Most of the applications for the AD598 can also be implemented 
with the AD698. Please refer to the applications written for the 
AD598 for a detailed explanation. 


See AD598. data sheet for: 


— Proving Ring-Weigh Scale 

— Synchronous Operation of Multiple LVDTs 

— High Resolution Position-to- Frequency Circuit 

— Low Cost Setpoint Controller 

— Mechanical Follower Servo Loop _ 

— Differential Gaging and Precision Differential Gaging 
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AC BRIDGE SIGNAL CONDITIONER - 

Bridge circuits which use dc excitation are often plagued by 
errors caused by thermocouple effects, 1/f noise, dc drifts in the 
electronics, and line noise pickup. One way to get around these 
problems is to excite the bridge with an ac waveform, amplify 
the bridge output with an ac amplifier, and synchronously. 
demodulate the resulting signal. The ac phase and amplitude 
information from the bridge is recovered as a dc signal at the 
output of, the synchronous demodulator. The low frequency sys- 
tem noise, de drifts, and demodulator noise all get mixed to the 
carrier frequency and can be removed by means of a low pass 
filter. 


The AD698 with the addition of a Ce ac gain ee can be 
used to implement an ac bridge. Figure 20 shows the connec-. 
tions for such a system. The AD698 oscillator provide ac excita- 
tion for the bridge. The low level bridge signal is amplified by 
the gain stage created by Al, A2 to provide a differential input 


~ to the A Channel of the AD698. The signal is then synchro- 


nously detected by A Channel. The B Channel is used to detect 
the level of the bridge excitation. The ratio of A/B is then -calcu- 
lated: and converted to an output voltage by R2. An optional 
phase lag/lead network can be added in front of the A compara- 
tor to adjust for phase delays through the bridge and the 
amplifier, or if the phase delay is small it can be ignored or 
compensated by a gain adjustment. | 


This circuit can be used for resistive press slices as strain 
gages, or for inductive or capacitive bridges that are commonly 
used for pressure or flow sensors. The low level signal outputs 
of these sensors are susceptible to noise and interference and are 
good candidates for ac signal processing techniques. 


Component Selection 

Amplifiers Al, A2.will be chosen depending on the type of 
bridge that is-conditioned. Capacitive bridges should use an 
amplifier with low bias current; a large bleeder resistor will be 
required from the amplifier inputs to ground to provide a path 
for the dc bias current. Resistive and inductive bridges can use a 
more general purpose amplifier. The dc performance of Al, A2 
are not as important as their ac performance. DC errors such as 
voltage offset will be chopped out by the AD698 since they are 
not synchronous to the carrier frequency. 


The oscillator amplitude and span resistor for the AD698 may 
be chosen by first computing the transfer function or sensitivity | 
of the bridge and the ac amplifier. This ratio will correspond to 
the A/B term in the AD698 transfer function. For example, sup- 
pose that a resistive strain gage with a sensitivity, S, of 2 mV/V 
at full scale is used. Select an arbitrary target value for A/B that 
is close to its maximum value such as A/B = 0.8. Then choose a 
gain for the ac amplifier so that the strain gage transfer function 
from excitation to output also equals 0.8. Thus the required © 
amplifier gain will be [A/B]/ S; or 0.8 / 0.002V/V = 400. Then 
select values for Rg and Rg. For the gain stage: 


V _ [2x Rs x V 
or = laa | x Vw 


sa for Vour/Vin = 400 and setting Rg = 100 a then: 


Rs = [400-1] x Rel2= 19.95 kO 
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Choose an oscillator amplitude that is in the range of 1 V to This will result in a Voyrz of 10 V for a full-scale signal from 

3.5 V rms. For an input excitation level of 3 V rms the output the bridge. The other components, C1, C2, C3, C4 may be 

signal from the amplifier gain stage will be 3.5 V rms X 0.8 V selected by following the guidelines on general device operation 

or 2.4V rms, which is in the acceptable range. mentioned earlier. 

Since A/B is known, the value of R2, the output FS resistor If a gain trim is required, then a trim resistor can be used to 

may be chosen by the formula: adjust either R2 or Rg. Bridge offsets should be adjusted by a 
trim network on the OFFSET 1 and OFFSET 2 pins of the 

Vour = A/B x 500 pA x R2 AD698. 


For a 10 V output at FS, with an A/B of 0.8; solve for R2. 
R2 = 10 V/0.8 x 500 pA] = 25.0 RO 


+ 
ey, 6.8uF 100nF 


+ 6.8uF | + 100nF 


~15V 
OFFSET 1 |23 | 
OFFSET 2 rae ' : 2 SIGNAL 
REFERENCE 
O 


cl: R2 Vour 
19] - 


c4 || 1000pF 
RESISTORS, INDUCTORS OUT FILT 18 
OR CAPACITORS 
C3 
AFILT2 |16 | 
-ACOMP | 145 
+ACOMP 14 PHASE LAG PHASE LEAD 
A B 
+AIN| 3h FO” —9 rT 
| PHASE 
| LAG/LEAD | | 
| NETWORK*! | 
l | |R 
Cc 
DUAL OP-AMP PHASE LAG = Arc Tan (Hz RC); 


PHASE LEAD = Arc Tan 1/(Hz RC) 
) 
2 


WHERE R = R,// (Ro +R 


Figure 20. AD698 Interconnection Diagram for AC Bridge Applications 
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Selection Tree — Multipliers and Dividers 


MULTIPLIERS/DIVIDERS 
SQUARE ROOTERS. 


Voltage Output Current Output 
AD534 (1 MHz, Precision) | AD834 (500 MHz) - 
AD633 (1 MHz, Low Cost) 

AD734 (10 MHz) 
AD835 (250 MHz) 


MLT04 (8 MHz, Quad) 


SYAGIAIG GNV Saal TdiLINW 
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Selection Guides— Multipliers and Dividers 


Multipliers/Dividers 


BW Accuracy Supply Output Voltage Package Temp 
Model MHz typ % FS max Voltage Swing Options? Ranges?® Comments Page* 
AD834 >500 +2 +4Vto +9 V N,Q, R C,I, M/s Very High Speed, 4-Quadrant Mult/Div 17-14 
AD835 150 +4.5Vto+5.5V +2 N, Q, R I,M High Speed Voltage Output, 4-Quadrant Multiplier 17-17 
AD539 60 +£1.5-2.5 +4.5Vto +15 V D, E, N C, M/p High Speed, 2-Channel, 2-Quadrant Mult/Div SL 2-27 
AD734 10 +0.25-0.4 +8 V to +16.5 V +12 V min N, Q I, M/ Very High Accuracy Replacement for AD534 17-11 
AD633 1 2 +8 Vto +18 V +11 V min N,R C Low Cost, 4-Quadramt Multiplier 17-9 
AD532 1 +1-2 +10 V to +22 V +10 V min D, E, H C, M/; Accurate 4-Quadrant Mult/Div SL 2-9 
AD632 1 +£0.5-1 +8 V to +22 V +11 V min D,H | I, M/s High Accuracy Replacement for AD532 SL 2-43 
AD534 1 +0.25-1 +8 Vto +22 V +11 V min D, E, H C, M/;5 High Accuracy, 4-Quadrant Mult/Div 17-5 
AD538 0.4 +0.5-1 +4.5Vto +18 V +11V D I, M/ Simultaneous Mult/Div/Exponentiator SL 2-23 
MLT04_ 8 +1 +4.75 to +5.25 +3.0 N,R I Quad, High Speed Multiplier for CRT Correction 17-23 
Modulator/Demodulator 

Unity Gain Output 

BW Slew Rate Voltage Package Temp 
Model MHz! Gain V/ps Swing Options” Ranges* Comments Page* 
AD630 2 map gest 4 45 +10 V min D, E, N C, I, M/, Balanced Modulator/Demodulator with 10 V FS Output SL 2-35 


‘Unity gain small signal bandwidth. 

?Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; J = J-Leaded Ceramic Package; 

M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline “SOIC”? Package; RS = SSOP—Shrink Small Outline Package; S = Plastic 
Quad Flatpack; ST = Thin Quad Flatpack; T = TO-92; U = TSOP—Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In-Line “SIP” Package; Z = Ceramic Leaded Chip Carrier. 
3Temperature Ranges: C = Commercial, 0°C to +70°C; I = Industrial, —40°C to +85°C (Some older products —25°C to +85°C); M = Military, —55°C to +125°C. If a device has military grade offerings, the M 
temperature designator will be followed by: / to indicate 883B, , for JAN, p for SMD, and , for space level. 

*SL = Special Linear Reference Manual. All other entries refer to this volume. 

Boldface Type: Data sheet information in this volume. 
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ANALOG 
DEVICES 


Internally Trimmed 
Precision IC Multiplier 


FEATURES 

Pretrimmed to +0.25% max 4-Quadrant Error (AD534L) 

All Inputs (X, Y and Z) Differential, High Impedance for 
[(X, -X, (%, -Y2)/10V] +2, Transfer Function 

Scale-Factor Adjustable to Provide up to X100 Gain 

Low Noise Design: 90uV rms, 10Hz-10kHz 

Low Cost, Monolithic Construction 

Excellent Long Term Stability 


APPLICATIONS 

High Quality Analog Signal Processing 

Differential Ratio and Percentage Computations 
Algebraic and Trigonometric Function Synthesis 
Wideband, High-Crest rms-to-dc Conversion 
Accurate Voltage Controlled Oscillators and Filters 
Available in Chip Form 


PRODUCT DESCRIPTION 

The AD534 is a monolithic laser trimmed four-quadrant multi- 
plier divider having accuracy specifications previously found 
only in expensive hybrid or modular products. A maximum 
multiplication error of 0.25% is guaranteed for the AD534L 
without any external trimming. Excellent supply rejection, low 
temperature coefficients and long term stability of the on-chip 
thin film resistors and buried zener reference preserve accuracy 
even under adverse conditions of use. It is the first multiplier 
to offer fully differential, high impedance operation on all in- 
puts, including the Z-input, a feature which greatly increases 
its flexibility and ease of use. The scale factor is pretrimmed 
to the standard value of 10.00V; by means of an external resis- 
tor, this can be reduced to values as low as 3V. 


The wide spectrum of applications and the availability of sev- 
eral grades commend this multiplier as the first choice for all 
new designs. The AD534J (+1% max error), AD534K (40.5% 
max) and AD534L (40.25% max) are specified for operation 


over the 0 to +70°C temperature range. The AD534S (+1% max) 


and AD534T (£0.5% max) are specified over the extended 
temperature range, -55 C to +125°C. All grades are available 
in hermetically sealed TO-100 metal cans and TO-116 ceramic 
DIP packages. AD534J, K, S and T chips are also available. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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FUNCTIONAL BLOCK DIAGRAM 
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Vo al SF (Z1 - 22) 


TRANSLINEAR 
MULTIPLIER 
ELEMENT 


V2 O OUT 


0.75 ATTEN 


HIGH GAIN 
OUTPUT 
AMPLIFIER 


PROVIDES GAIN WITH LOW NOISE 

The AD5 34 is the first general purpose multiplier capable of 
providing gains up to X100, frequently eliminating the need 
for separate instrumentation amplifiers to precondition the 
inputs. The AD534 can be very effectively employed as a 
variable gain differential input amplifier with high common 
mode rejection. The gain option is available in all modes, and 
will be found to simplify the implementation of many function- 


fitting algorithms such as those used to generate sine and tan- 


gent. The utility of this feature is enhanced by the inherent low 
noise of the AD534: 90uV, rms (depending on the gain), a 
factor of 10 lower than previous monolithic multipliers. Drift 
and feedthrough are also substantially reduced over earlier 
designs. | 


UNPRECEDENTED FLEXIBILITY 

The precise calibration and differential Z-input provide a 
degree of flexibility found in no other currently available mul- 
tiplier. Standard MDSSR functions (multiplication, division, 


- squaring, square-rooting) are easily implemented while the 


restriction to particular input/output polarities imposed by 
earlier designs has been eliminated. Signals may be summed in- 
to the output, with or without gain and with either a positive 
or negative sense. Many new modes based on implicit-function 
synthesis have been made possible, usually requiring only ex- 
ternal passive components. The output can be in the form of a 
current, if desired, facilitating such operations as integration. 
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AD934— SPECIFICATIONS (Ty, = +25°C, =V, = 15V, R=2kQ) 


Model et 
| “Units - 
MULTIPLIER PERFORMANCE : 
—X3)(Y)- Y;) -  (X%,- X,)(Y, - Y2) a ie Xj - X2)(¥, — Y2) 
| Transfer Function | ee +Z) ae payee +Z, 70 +Z, 

Total Error! (- 10V=X, Y=+10V) +1.0 . +0.5 +0.25 % 

Ta = min to max see Nay we gady oO ws +£1.0 — ; +05 — % 

Total Error vs Temperature 0.022 + 0.015 . + 0.008 . %PC 

Scale Factor Error. eh oO 

(SF = 10.000V Nominal)? £0.25 ; +01. % 
Temperature-Coefficient of — 

Scaling Voltage %/°C 
Supply Rejection (+ 15V + 1V) % 
Nonlinearity, X (X = 20V pk-pk, Y = -10V) % 
Nonlinearity, Y (Y = 20V pk-pk, X= 10V). % 
Feedthrough’, X (Y Nulled, ie 

X = 20V pk-pk 50Hz). % 
Feedthrough’, Y (X Nulled, 

Y = 20V pk-pk 50Hz): % - 
Output Offset Voltage: mV 
Output Offset Voltage Drift pVv/°C 

DYNAMICS 

Small Signal BW, (Vout = 0.1 rms) ' “MHz 

1% Amplitude Error (CLoap = - 1000pF) kHz 

Slew Rate (Vour 20pk-pk) Vips 

Settling Time (to 1%, AVoytr = 20V) . ps 

NOISE : 

Noise Spectral-Density SF = 10V pV/VHz 

$F =3vt pV/VHz 

Wideband Noise f = 10Hz to SMHz mV/rms 

f= 10Hzto 10kHz pV/rms 
OUTPUT an . 

Output Voltage Swing © Vv 

Output Impedance (f=1kHz) | 2 

Output Short Circuit Current oo 

(Ry =0, Ta = min to max) mA.. 

_ Amplifier Open Loop Gain (f = 50Hz) dB 
INPUT AMPLIFIERS (X,YandZ) 

Signal Voltage Range (Diff. or CM . Vv 

Operating Diff.) Vv 

Offset Voltage X, Y ‘mV 

Offset Voltage Drift X, Y pVP°C 

Offset Voltage Z mV’ 

Offset Voltage Det Z pV/PC 

CMRR dB 

Bias Current pA 

Offset Current pA 

Differential Resistance MQ. 

DIVIDER PERFORMANCE 

Transfer Function (X,>X),) 

Total Error! (X = 10V, — 10VSZ=< +10V)]° © % 
(X-1V, =-1VsZ<+1V) % 
(0.1VSX=<10V, —-10Vs 

Z=10V) % 

SQUARE PERFORMANCE , 

Transfer Function . 

Total Error (~ 10V=X=10V) % 
SQUARE-ROOTER PERFORMANCE | __- Sas | | | | 

Transfer Function(Z,=Z,) 4. VI10V(Z,—-Z,)+X, V 10V(Z, — Z) + % V10V(Z,—Z,)+ Xz ; 

Total Error’(IV<Z<10V) - +1.0 . '+0.5 7 : +£0.25 % 
POWER SUPPLY SPECIFICATIONS ' , 

Supply Voltage 

Rated Performance V 

Operating Vv 
Supply Current 

Quiescent mA 

NOTES 
‘Figures given are percent of full scale, + 10V (i.e., 0.01% = ImV). Specifications shown in boldface are tested on all production units at final 
May be reduced down to 3V using external resistor between — Vs and SF. electrical test. Results from those tests are used to calculate outgoing quality 
3Irreducible component due to nonlinearity: excludes effect of offsets. levels. All min and max specifications are guaranteed, although only those 
‘Using external resistor adjusted tc give SF = 3V. shown in boldface are tested on all production units. 


>See functional block diagram for definition of sections. 
Specifications subject to change without notice. 
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Model 
Units 
MULTIPLIER PERFORMANCE Yo 
Transfer Function area Stn? +Zy Te +Zy 
Total Error! (— 10V=X, Ys + 10V) +1.0 +0.5 % 
Ta = min tomax . +2.0 +1.0 % 
Total Error vs Temperature + 0.02 +0.01 %*lPC 
Scale Factor Error . 

(SF = 10.000V Nominal)? % 
Temperature-Coefficient of Be, 

Scaling Voltage %/°C 
Supply Rejection (+ 15V + 1V)  % 
Nonlinearity, X (X = 20V pk-pk, Y = 10V) % 
Nonlinearity, Y (Y = 20V pk-pk, X = 10V) % 
Feedthrough’, X (Y Nulled, 

X = 20V pk-pk 50Hz) % 
Feedthrough’, Y (X Nulled, 

Y = 20V pk-pk 50Hz) % 
Output Offset Voltage mV 
Output Offset Voltage Drift pViPC 

DYNAMICS 
Small Signal BW, (Vout = 0.1 rms) l 1 MHz 
1% Amplitude Error (CLoap = 1000pF) 50 50 kHz | 
Slew Rate (Vout 20 pk-pk) 20 20 V/ ps 
Settling Time (to 1%, AVoyur = 20V) 2 2 Ls 
NOISE 7” _ 
Noise Spectral-Density SF = 10V . : : pV/V Hz 
SF = 3V4 VHz 
Wideband Noise f = 10Hz to SMHz ; : mV/rms 
f= 10Hz to 10kHz pV/rms 
OUTPUT 
Output Voltage Swing 


Output Impedance (f= 1kHz) 
Output Short Circuit Current 

(Ry = 0, Ta = min to max) 
Amplifier Open Loop Gain (f = 50Hz) 


INPUT AMPLIFIERS (X, Y and Z)° 

Signal Voltage Range (Diff. or CM 
Operating Diff.) 

Offset Voltage X,Y 

Offset Voltage Drift X, Y 

Offset Voltage Z 

Offset Voltage Drift Z 

CMRR 

Bias Current 

Offset Current 

Differential Resistance 


DIVIDER PERFORMANCE 
Transfer Function (X,>X;) 


Total Error! (X = 10V, — 10V<Z< + 10V) 
(X=1V, -1V<Z=+1V) 
(0.1VsX<10V, —10V=s 

Z=10V) 


SQUARE. PERFORMANCE 
Transfer Function 


Total Error(— 10V=X=10V) 


SQUARE-ROOTER PERFORMANCE 
Transfer Function (Z;=Z>) 
Total Error’ (1V<Z<10V) 


POWER SUPPLY SPECIFICATIONS 


VI0V(Z,~2Z,) +X, 
+0.5. 


% 


Supply Voltage 
Rated Performance Vv 
Operating V 
Supply Current ae 
Quiescent mA 
NOTES a 
‘Figures given are percent of full scale, + 10V (i.e., 0.01% = ImV). Specifications shown in boldface are tested on all production units at final electri- 
2May be reduced down to 3V using external resistor between — Vs and SF. cal test. Results from those tests are used to calculate outgoing quality levels. All 
*Irreducible component due to nonlinearity: excludes effect of offsets. min and max specifications are guaranteed, although only those shown in 
‘Using external resistor adjusted to give SF = 3V. boldface are tested on all production units. 


*See functional block diagram for definition of sections. 
Specifications subject to change without notice. 
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AD534 


CHIP DIMENSIONS AND BONDING DIAGRAM 


Dimensions shown in inches and (mm). 
Contact factory for latest dimensions. 


ABSOLUTE MAXIMUM RATINGS 


AD534J,K,L = AD534S,T | 


Y2 Vs 
0.100 (2.54) 


THE AD534 IS AVAILABLE IN LASER-TRIMMED CHIP FORM 


Thermal Characteristics. 


Thermal Resistance 0jc 


25°C/W for H-10A | 


Oya = 150°C/W for H-10A | 
®jc = 25°C/W for D-14 or E-20A 
@;a = 95°C/W for D-14 or E-20A 


ORDERING GUIDE 


Supply Voltage +18V +22V 

Internal Power Dissipation 500mW  * 

Output Short-Circuit to Ground Indefinte — as 

Input Voltages, X; X2YiY2ZiZ2 +Vs * 

Rated Operating Temperature Oto + 70°C — 55°C to 

Range + 125°C 
2 Storage Temperature Range — 65°C to + 150°C * 
Lead Temperature, 60s Soldering  +300°C * .* 

Penner ESD Rating 1000V 

*Same as AD534J specs. 


OPTIONAL TRIMMING CONF IGURATION . 


+Vs5 
oe AAA __ TO APPROPRIATE 
INPUT TERMINAL 
1k 
-Vs 


PIN CONFIGURATIONS | 


TO-100 (H-10A) TO-116 (D-14) 


Package 


Temperature Package : 
Range Description 


Package . 


AD534JD 0°C to + 70°C Side Brazed DIP oe 

ADS34KD 0°C to +70°C Side Brazed DIP | D-14 

AD534LD 0°Cto +70°C Side Brazed DIP | D-14 

AD534JH 0°Cto +70°C H-10A 

AD5S34KH 0°C to +70°C H-10A #@) : Ou 
ADS534LH 0°C to +70°C H-10A 13) Not to Seale (7) 21 ATOR ViEW 
ADS534J Chip 0°Cto +70°C we) O 

ADS534K Chip 0°C to + 70°C , oS as 

AD534SD —55°Cto +125°C | SideBrazed DIP | D-14 ~Vs 

AD534SD/883B —55°Cto +125°C | SideBrazed DIP | D-14 

AD534TD ~§5°Cto +125°C | SideBrazedDIP | D-14 NC = NO CONNECT 
AD534TD/883B ~55°Cto +125°C | SideBrazed DIP | D-14 

JM38510/13902BCA | —55°Cto +125°C | SideBrazed DIP | D-14 LCC (E-20A) 
JM38510/13901BCA | —55°Cto +125°C | SideBrazed DIP | D-14 Package 
AD534SE —55°Cto + 125°C E-20A 

AD534SE/883B —55°Cto + 125°C ‘| E-20A 

AD534TE ~55°Cto + 125°C | E-20A 

AD534TE/883B —55°Cto + 125°C E-20A 

AD534SH —55°Cto + 125°C H-10A 

AD534SH/883B ~55°Cto + 125°C H-10A 

ADS534TH —55°Cto + 125°C H-10A 

AD534TH/883B ~55°Cto + 125°C H-10A 

JM38510/13902BIA | —55°Cto + 125°C H-10A 

JM38510/13901BIA | —55°Cto + 125°C H-10A 

ADS534S Chip —55°Cto + 125°C 


AD534T Chip — 55°C to + 125°C 


*For outline information see Package Information section. 
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9 10 11 12 13 


) YY O 
> Sess 


NC = NO CONNECT 


REV. A 


< ANALOG 
DEVICES 


FEATURES 

Four-Quadrant Multiplication 

Low Cost 8-Pin Package 

Complete —No External Components Required 
Laser-Trimmed Accuracy and Stability 

Total Error Within 2% of FS 

Differential High Impedance X and Y Inputs 
High Impedance Unity-Gain Summing Input 
Laser-Trimmed 10 V Scaling Reference 


APPLICATIONS 

Multiplication, Division, Squaring 
Modulation/Demodulation, Phase Detection 
Voltage-Controlled Amplifiers/Attenuators/Filters 


PRODUCT DESCRIPTION 

The AD633 is a functionally complete, four-quadrant, analog 
multiplier. It includes high impedance, differential X and Y 
inputs and a high impedance summing input (Z). The low 
impedance output voltage is a nominal 10 V full scale provided 
by a buried Zener. The AD633 is the first product to offer 
these features in modestly priced 8-pin plastic DIP and SOIC 
packages. 


The AD633 is laser calibrated to a guaranteed total accuracy of 
2% of full scale. Nonlinearity for the Y-input is typically less 
than 0.1% and noise referred to the output is typically less than 
100 »V rms in a 10 Hz to 10 kHz bandwidth. A 1 MHz band- 
width, 20 V/us slew rate, and the ability to drive capacitive 
loads make the AD633 useful in a wide variety of applications 
where simplicity and cost are key concerns. 


The AD633’s versatility is not compromised by its simplicity. 
The Z-input provides access to the output buffer amplifier, en- 
abling the user to sum the outputs of two or more multipliers, 
increase the multiplier gain, convert the output voltage to a cur- 
rent, and configure a variety of applications. 


The AD633 is available in an 8-pin plastic mini-DIP package 
(N) and 8-pin SOIC (R) and is specified to operate over the 0°C 
to +70°C commercial temperature range. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


REV. A 


Low Cost 
Analog Multiplier 


: 


CONNECTION DIAGRAMS 


8-Pin Plastic DIP (N) Package 


(X4-Xo)(¥;-Yo) 
Wet es 
10V 


Z 


PRODUCT HIGHLIGHTS 


1. 


The AD633 is a complete four-quadrant multiplier offered in 
low cost 8-pin plastic packages. The result is a product that 
is cost effective and easy to apply. 


. No external components or expensive user calibration are 


required to apply the AD633. 


. Monolithic construction and laser calibration make the device 


stable and reliable. 


. High (10 MQ) input resistances make signal source loading 


negligible. 


. Power supply voltages can range from +8 V to +18 V. The 


internal scaling voltage is generated by a stable Zener diode; 
multiplier accuracy 1s essentially supply insensitive. 
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AD633— —SPECIFICATIONS , - 2.1, s15u.4=20 


Model | 


TRANSFER FUNCTION 


Parameter 


MULTIPLIER PERFORMANCE 


Total Error 


Tag, 10D 


min 


Scale Voltage Error | | 


Supply Rejection 
Nonlinearity, X 
Nonlinearity, Y 

X Feedthrough 

Y Feedthrough 
Output Offset Voltage 


DYNAMICS 
Small Signal BW 
Slew Rate 
Settling Time to 1% 


OUTPUT NOISE 
Spectral Density 
Wideband Noise. 


OUTPUT 
Output Voltage Sie! 
Short Circuit Current 


INPUT AMPLIFIERS 


Signal Voltage Range | 


Offset Voltage X, Y 
CMRR X, Y 


Bias Current X, Y, Z 


Differential Resistance 


POWER SUPPLY 
Supply Voltage 
Rated Performance 
Operating Range 
Supply Current 


NOTES 


AD633J 


XinX) (Yir¥a) 


W=. 


Min Typ Mas 


-10V<X,Y<+10V 


SF = 10.00 V Nominal 
Vs = £14Vto +16V 
X= +10V,Y = +10V 
Y= 2+10V,X=+10V 
Y Nulled, X = +10 V 
X Nulled, Y = +10 V 


7 ‘Vo = 0.1 V rms, 
Vo = 20 V p-p 
AVo9 =20V 


f = 10 Hz to 5 MHz 
f= 10 Hz to 10 kHz 


Differential 
~ Common Mode 


Vom = +10 V, f = 50 Hz 


- Quiescent 


Unit 


% Full Scale 
% Full Scale 
% Full Scale 


% Full Scale 


% Full Scale 
% Full Scale 


~% Full Scale 


% Full Scale 


Specifications shown in boldface are tested on all production units at ‘alectiieal test. Results from those tests are used to calculate outgoing quality levels. All 
min and max specifications are guaranteed, although only those shown in boldface are tested on all production units. | “ 


Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS* 
Supply Voltage .......... 
Internal Power Dissipation” 
Input Voltages?.......... 
Output Short Circuit Duration 
Storage Temperature Range 
Operating Temperature Range 


ee ee er 2 £18V 


ORDERING GUIDE 


Package © 
oo. ace Ra a ie ie any ae 500 ae Description Option* 
en + 
ip aaa In definit " AD633JN 8-Pin Plastic DIP N-8 
re a eS ote ae AD633JR 8-Pin Plastic SOIC | R-8 


AD633JR-REEL | 8-Pin Plastic SOIC | R-8 


Lead Temperature Range (Soldering 60 sec) ....... + 300°C *For outline information see Package Information section. 
ESD Rating i a00-% 0 8 hh Ke ee ee hk ee 1000 V 
NOTES 


Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. 

78-Pin Plastic Package: 0,;, = 165°C/W; 8-Pin Small Outline Package: 0,, = 


155°C/W. 


3For supply voltages less than +18 V, the absolute maximum input voltage is 


equal to the supply voltage. 
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REV.A 


ANALOG 
DEVICES 


10 MHz, 4-Quadrant 
Multiplier/Divider 


: AD734 


FEATURES 
High Accuracy 

0.1% Typical Error 
High Speed 

10 MHz Full-Power Bandwidth 

450 V/ys Slew Rate 

200 ns Settling to 0.1% at Full Power 
Low Distortion 

—80 dBc from Any Input 

Third-Order IMD Typically —75 dBc at 10 MHz 
Low Noise — 

94 dB SNR, 10 Hz to 20 kHz 

70 dB SNR, 10 Hz to 10 MHz 
Direct Division Mode . 

2 MHz BW at Gain of 100 


APPLICATIONS 

High Performance Replacement for AD534 

Multiply, Divide, Square, Square Root 

Modulator, Demodulator 

Wideband Gain Control, RMS-DC Conversion 
Voltage-Controlled Amplifiers, Oscillators, and Filters 
Demodulator with 40 MHz Input Bandwidth 


PRODUCT DESCRIPTION 

The AD734 is an accurate high speed, four-quadrant analog 
multiplier that is pin-compatible with the industry-standard 
AD534 and provides the transfer function W = XY/U. The 
AD734 provides a low-impedance voltage output with a full- 
power (20 V pk-pk) bandwidth of 10 MHz. Total static error 
(scaling, offsets, and nonlinearities combined) is 0.1% of Full: 
Scale. Distortion is typically less than —80 dBc and guaranteed. 
The low-capacitance X, Y and Z inputs are fully differential. In 
most applications, no external components are required to define 
the function. 


The internal scaling (denominator) voltage U is 10 V, derived 
from a buried-Zener voltage reference. A new feature provides 
the option of substituting an external denominator voltage, 
allowing the use of the AD734 as a two-quadrant divider with a 
1000:1 denominator range and a signal bandwidth that remains 
10 MHz to a gain of 20 dB, 2 MHz at a gain of 40 dB and 

200 kHz at a gain of 60 dB, for a gain-bandwidth product of 
200 MHz. 


The advanced performance of the AD734 is achieved by a com- 
bination of new circuit techniques, the use of a high speed 
complementary bipolar process and a novel approach to laser- 
trimming based on ac signals rather than the customary dc 
methods. The wide bandwidth (>40 MHz) of the AD734’s i in- 
put stages and the 200 MHz gain-bandwidth product of the 
multiplier core allow the AD734 to be used as a low distortion 
demodulator with input frequencies as high as 40 MHz as long 
as the desired output frequency is less than 10 MHz. | 


The AD734AQ and AD734BQ are specified for the industrial 
temperature range of —40°C to +85°C and come in a 14-pin 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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CONNECTION DIAGRAM 


14-Pin DIP 
(Q Package) & (N Package) 


x1 14] VP POSITIVE SUPPLY 
X INPUT [ 
X2 13] DD DENOMINATOR DISABLE 
uo | 3 | apse 12] W — OUTPUT 
DENOMINATOR 4 
<a U1i4! topvew [tI 21 ]z INPUT 


u2 [5 | (Not to Scale) [10] 22 
19} ER REFERENCE VOLTAGE 
|8 | VN — NEGATIVE SUPPLY 


HIGH-ACCURACY 
TRANSLINER 
MULTIPLIER CORE 


DENOMINATOR 
CONTROL 
UO Ths 
ut 


U2 9 


v1 lL. ell Z1- 
Y2 9 O Z2 - 


ceramic DIP. The AD734SQ/883B, available processed to MIL- 


STD-883B for the military range of —55°C to +125°C, is avail- 
able in a 14-pin ceramic DIP. 


PRODUCT HIGHLIGHTS 
The AD734 embodies more than two decades of experience in 
the design and manufacture of analog multipliers, to provide: 


~ 1. A new output amplifier design with more than twenty times 


the slew-rate of the AD534 (450 V/s versus 20 V/s) for a 
full power (20 V pk-pk) bandwidth of 10 MHz.. 


2. Very low distortion, even at full power, through the use of 
circuit and trimming techniques that virtually eliminate all of 
the spurious nonlinearities found in earlier designs. 


3. Direct control of the denominator, resulting in higher multi- 
plier accuracy and a gain-bandwidth product at small denom- 
inator values that is typically 200 times greater than that of 
the AD534 in divider modes. 


4. Very clean transient response, achieved through the use of a 
novel input stage design and wide-band output amplifier, 
which also ensure that distortion remains low even at high 
frequencies. 


5. Superior noise performance by careful choice of device geom- | 


etries and operating conditions, which provide a guaranteed 
88 dB of dynamic range in a 20 kHz bandwidth. 
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AD734— SPECIFICATIONS c,- ss, =siu-u-w=-isva <0) 


_ TRANSFER FUNCTION | 


(X on Y)) 
We wf (U,-Un — (Z,; — 2) 


MULTIPLIER PERFORMANCE 


Transfer Function oe W = XY/10 We XY/10 
Total Static Error! -10V <X,Y<10V 0.1 0.25 0.1 0.4 |% 
Over Thin CO Tex 0.6 “125° 1%: 
vs. Temperature T to Ta 0.003 0.004 %/°C 
vs. Either Supply +V, = 14Vt016V 0.01 0.05 0.01 0.05 | %/V 
Peak Nonlinearity -10VsX< +10V,Y=+10V 0.05 0.05 _ % 
-l0VsY<=+10V,X=+10V 0.025 0.025 % 
THD? X = 7V rms, Y = +10 V, f <= 5 kHz . —66 dBc 
. T gy tO Tags —63 dBc 
Y = 7 Vrms, X = +10 V, f < 5 kHz —80 dBc 
Lai tO) as —74 dBc 
Feedthrough X = 7 Vrms, Y = nulled, f = 5 kHz -85 --70 dBc 
Y = 7 Vrms, X = nulled, f < 5 kHz —76 dBc 
Noise (RTO) X=Y=0 
Spectral Density 100 Hz to. 1 MHz pV/\/Hz 
10 Hz to 20 kHz —88 


Total Output Noise 


dis to es — 


DIVIDER PERFORMANCE (Y = 10 V) 
Transfer Function 
Gain Error 
X Input Clipping Level 
U Input Scaling Error’ 


Y = 10V, U = 100 mVto 10 V 
Y<10V 


Te to Tiaas 


(Output to 1%) U=1Vt0l0VStepp,X=1V_ 


INPUT INTERFACES (X, Y, & Z) 
3 dB Bandwidth 
Operating Range - 
X Input Offset Voltage 


Differential ee Common Mode 


Tynin tO T.. 
Y Input Offset Voltage | 
T is to Tay 
Z Input Offset Voltage 
Se (os ee 
Z Input PSRR (Either Supply) f <= 1 kHz 
Tie to g iow 
CMRR f= 5 kHz 
Input Bias Current (X, Y, Z Inputs) 
a ; T.. to Px 
Input Resistance Differential 
Input Capacitance Differential 


DENOMINATOR INTERFACES (U0, U1, & U2) 
Operating Range 
Denominator Range 
Interface Resistor 


OUTPUT AMPLIFIER (W) 
Output Voltage Swing 


VN to VP-3 
1000:1 


Ul to U2. 28 


dais to gene 


Open-Loop Voltage Gain 
Dynamic Response 
_ 3 dB Bandwidth 
Slew Rate 
Settling Time 
To 1% 
To 0.1% 
Short-Circuit Current 


POWER SUPPLIES, +V, 
Operating Supply Range 
Quiescent Current 


NOTES 


X = Y = 0, Input to Z 
From X or Y Input, CL = 20 pF 
W <=7V rms 


+20 V or +20 V Output Step 


Figures given are percent of full scale ie: g., 0.01% = 1 mV). 
2dBc refers to deciBels relative to the full scale input (carrier) level of 7 V rms. 


*See Figure 10 for test circuit. 
All min and max specifications are guaranteed. Specifications i in Boldface are tested on all production units at final electrical. test. 
Specifications subject to change without notice. . . . 
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ABSOLUTE MAXIMUM RATINGS’ 


Supply Voltage ..........0. 2.00 cece eee eee +18 V 


Internal Power Dissipation” 

for Pemex 175°C: So sts Se ae tee ie eee ee ue 500 mW 
X, Y and Z Input Voltages ................. VN to VP 
Output Short Circuit Duration ............... Indefinite 
Storage Temperature Range 

Ds are eee Fash ay a he ee ad —65°C to +150°C 
Operating Temperature Range 

AD734A, B (Industrial) ............. —40°C to +85°C 

AD734S (Military) ................ —55°C to +125°C 
Lead Temperature Range (soldering 60 sec) ........ + 300°C 
Transistor Count .: o.3-¢ 004.4400 e6 $6 04 Sd ER EO ew 81 
ESD: Ratings 4)s-a-ekiw: Bid bie tne cla aes 3 500 V 
NOTES | 


‘Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. 

714-Pin Ceramic DIP: 6,, = 110°C/W 


AD734 


ORDERING GUIDE 


Temperature Package 
Range Description 


Package 
Option* 


AD734AN —40°C to +85°C Plastic DIP 

AD734BN -—40°C to +85°C Plastic DIP | N-14 
AD734AQ —40°C to +85°C Cerdip Q-14 
AD734BQ —40°C to +85°C Cerdip Q-14 
AD734SQ —55°C to +125°C | Cerdip Q-14 
AD734SQ/883B | —55°C to +125°C | Cerdip Q-14 


AD734S Chip —55°C to +125°C | Chip 


*For outline information see Package Information section. 


CHIP DIMENSIONS & BONDING DIAGRAM 


Dimensions shown in inches and (mm). 
(Contact factory for latest dimensions. ) 


— 0.093 (2.3622) 
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0.122 
(3.0988) 
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ANALOG 
DEVICES 


500MHz Four-Quadrant Multiplier 


FEATURES _ 

DC to >500MHz Operation 

Differential +1V Full Scale Inputs _ 
Differential +4mA Full Scale Output Current 
Low Distortion (=0.05% for 0dBm Input) 
Supply Voltages from +4V to +9V 

Low Power (280mW typical at Vs=+5V) 


APPLICATIONS | 

High Speed Real Time Computation 

Wideband Modulation and Gain Control 

Signal Correlation and RF Power Measurement 
Voltage Controlled Filters and Oscillators 
Linear Keyers for High Resolution Television 
Wideband True RMS 


PRODUCT DESCRIPTION 

The AD834 is a monolithic laser-trimmed four-quadrant analog 
multiplier intended for use in high frequency applications, 
having a transconductance bandwidth (R; =50Q) in excess of 
500MHz from either of the differential voltage inputs. In multi- 


plier modes, the typical total full scale error is 0.5%, dependent — 


on the application mode and the external circuitry. Performance 
is relatively insensitive to temperature and supply variations, 
due to the use of stable biasing based on a bandgap reference | 
generator and other design features. 


To preserve the full bandwidth potential of the high speed 
bipolar process used to fabricate the AD834, the outputs appear 


as a differential pair of currents at open collectors. To provide a” 


single ended ground referenced voltage output, some form of — 
external current to voltage conversion is needed. This may take 
the form of a wideband transformer, balun, or active circuitry 
such as an op amp. In some applications (such as power mea- 
surement) the subsequent signal processing may not need to 
have high bandwidth. - 


The transfer function is accurately trimmed such that shee 
X=Y=+1V, the differential output is +4mA. This absolute . 
calibration allows the outputs of two or more AD834s to be 
summed with precisely equal weighting, independent of the. 
accuracy of the load circuit. 


The AD834J is specified for use over the commercial tempera- 
ture range of 0 to +70°C and is available in an 8-pin plastic DIP 
package and an 8-pin plastic SOIC package. AD834A is avail- 
able in cerdip for operation over the industrial temperature 
range of —40°C to +85°C. The AD834S/883B is specified for 
operation over the military temperature range of —55°C to © 
+125°C and is available in the 8-pin cerdip ree S- Grade 
chips are also available. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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X-DISTORTION 


E CANCELLATION | 
MULTIPLIER CORE 


E Y-DISTORTION | 


CANCELLATION 


Y1 Y2 -Vs w2 


Two application notes featuring the AD834 (AN-212 and 
AN-216) can now be obtained by calling 1-800-ANALOG-D. 
For additional applications circuits, consult the AD811 data 
sheet. 


ers HIGHLIGHTS 
1. The AD834 combines high static accuracy (low input and 

output offsets and accurate scale factor) with very high band- 
width. As a four-quadrant multiplier or squarer, the response 

- extends from dc to an upper frequency limited mainly by 
packaging and external board layout considerations. A large 
signal bandwidth of over 500MHz is attainable under opti- 
mum conditions. 


2. The AD834 can be used in many high speed nonlinear opera- 
tions, such as square rooting, analog division, vector addition 
and rms-to-dc:conversion. In these modes, the bandwidth is 
limited by the external active components. 


3. Special design techniques result in low distortion levels (bet- 
_ ter than —60dB on either input) at high frequencies and low 
signal feedthrough (typically —65dB up to 20MHz). 


4. The AD834 exhibits low differential phase error over the 


input range—typically 0.08° at SMHz and 0.8° at 5SOMHz. 

The large signal transient response is free from overshoot, 

and has an intrinsic rise time of 500ps, typically settling to 
within 1% in under 5ns. 


| 5. The nonloading, high impedance, differential inputs simplify 


the application of the AD834. 
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SPECIFICATIONS (T,=+25°C and +V,==5V, unless otherwise noted; dBm assumes 50 load.) AD834 
Model Conditions Min Typ Max Min Typ Max Units 


MULTIPLIER PERFORMANCE 


Transfer Function 


Total Error! (Figure 6) —1VsX,Y<+1V 
vs. Temperature Twin tO Tmax 
vs. Supplies? +4V to t6V 
Linearity? 
Bandwidth* See Figure 5 


Feedthrough, X 
Feedthrough, Y 
AC Feedthrough, X° 


vs. Temperature 


vs. Supplies” 
Bias Current 
Common Mode Rejection 
Nonlinearity, X 
Nonlinearity, Y 
Distortion, X 


Distortion, Y 


- OUTPUTS (W1, W2) 


Zero Signal Current 
Differential Offset 
vs. Temperature 


Scaling Current 
Output Compliance 


Noise Spectral Density 


X=+1V, Y=Nulled 
X=Nulled, Y=+1V 


X=0dBm, Y=Nulled 


f=10MHz 
f=100MHz 

AC Feedthrough, Y° X=Nulled, Y=0dBm 
f=10MHz 
f=100MHz 

INPUTS (X1, X2, Y1, Y2) 

Full Scale Range Differential 

Clipping Level Differential 

Input Resistance Differential 

Offset Voltage 


Txin to Tag 


+4V to +6V 


f=100kHz; 1V p-p 
Y=1V; X=+1V 
X=1V; Y=+1V 
X=0dBm, Y=1V 
f=10MHz 
f=100MHz 
X=1V, Y=0dBM 
f=10MHz 
f=100MHz 


Each Output 
X=0, Y=0 
Dain to ee 
Differential 


f=10Hz to 1MHz 


Outputs into 500 Load 


POWER SUPPLIES 
Operating Range 
Quiescent Current® 

+V5 
—-Vs 


TEMPERATURE RANGE 
Operating, Rated Performance 
Commercial (0 to +70°C) AD834J, JR-REEL 
Military (—55°C to +125°C) AD834S 
Industrial (—40°C to +85°C) AD834A 


PACKAGE OPTIONS 
8-Pin SOIC (R) : AD834JR 
8-Pin Cerdip (Q) AD834AQ 
8-Pin Plastic DIP (N) AD834JN AD834SQ/883B 


NOTES 

‘Error is defined as the maximum deviation from the ideal output, and expressed as a percentage of the full scale output. 

?Both supplies taken simultaneously; sinusoidal input at f=10kHz. 

Linearity is defined as residual error after compensating for input offset voltage, output offset current and scaling current errors. 

‘Bandwidth is guaranteed when configured in squarer mode. See Figure 5. 

Sine input; relative to full scale output; zero input port nulled; represents feedthrough of the fundamental. 

Negative supply current is equal to the sum of positive supply current, the signal currents into each output, W1 and W2, and the input bias currents. 


Specifications in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. 
Specifications subject to change without notice. 
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AD834 


ABSOLUTE MAXIMUM RATINGS’ 


Supply Voltage (+Vs to —Vg) ....--.-- ee .18V 


Internal Power Dissipation ................6. . 00mW 
Input Voltages (X1, X2, Yl, Y2)................. +V<5 
Operating Temperature Rang 

AD834J ........08. See oes acidity. ea ee AO TO 

AD834A ..... OE eae re —40°C to +85°C 

AD834S/883B ...........2000% iyi = oo toch 1Za°C 
Storage Temperature Range (Q) ......... —65°C to + 150°C 
Storage Temperature Range (R, N)....... —65°C to + 125°C 
Lead Temperature, Soldering 60sec ............. +300°C 
ESD: Raung: iw Ae ese Sees Pe sneseceand day's 500 V 
NOTE - — 


‘Stresses, above those listed under "Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those 
indicated in the operational section of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 


THERMAL CHARACTERISTICS 


| | jc Oya 
8-Pin Cerdip Package (Q) 30°C/W_110°C/W 
8-Pin Plastic SOIC (R) 45°C/W -165°C/W 


8-Pin Plastic Mini-DIP (N) 50°C/W 99°C/W 


~ ORDERING GUIDE 


Temperature 
| Range 


Package 
Option* 


AD834JN 0 to +70°C 

AD834JR 0 to +70°C R-8 
AD834JR-REEL 0 to +70°C © R-8 
-AD834AQ —40°C to +85°C Q-8 
AD834SQ/883B —55°C to +125°C Q-8 


AD834S Chips 


*N = Plastic DIP; Q = Cerdip; R = Small Outline IC (SOIC) Package. For 
outline information see Package Information section. 
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CONNECTION DIAGRAM 


Small Outline (R) Package 
Plastic DIP (N) Package 
Cerdip (Q) Package 


TOP VIEW 
(Not to Scale) 


METALIZATION PHOTOGRAPH 
CHIP DIMENSIONS AND BONDING DIAGRAM 


Dimensions shown in inches and (mm). 
Contact factory for latest dimensions. 


0.054 (1.37) 


. Ww. 
0.054 (1.37) 
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ANALOG 
DEVICES 


290 MHz, Voltage Output 
4-Quadrant Multiplier 


AD835 


FEATURES 

Simple: Basic Function is W = XY + Z 

Complete: Minimal External Components Required 
Very Fast: Settles to 0.1% of FS in 20 ns 
DC-Coupled Voltage Output Simplifies Use 

High Differential Input Impedance X, Y and Z Inputs 
Low Multiplier Noise: 50 nV/VHz 


APPLICATIONS 

Very Fast Multiplication, Division, Squaring 
Wideband Modulation and Demodulation 
Phase Detection and Measurement 
Sinusoidal Frequency Doubling 

Video Gain Control and Keying 

Voltage Controlled Amplifiers and Filters 


PRODUCT DESCRIPTION 

The AD835 is a complete four-quadrant voltage output analog 
multiplier fabricated on an advanced dielectrically isolated 
complementary bipolar process. It generates the linear product 
of its X and Y voltage inputs, with a —3 dB output bandwidth of 
250 MHz (a small signal rise time of 1 ns). Full-scale (-1 V to 
+1 V) rise/fall times are 2.5 ns (with the standard R, of 150 Q) 
and the settling time to 0.1% under the same conditions is typi- 
cally 20 ns. ; 


Its differential multiplication inputs (X, Y) and its summing in- 
put (Z) are at high impedance. The low impedance output volt- 
age (W) can provide up to +2.5 V and drive loads as low as 

25 Q. Normal operation is from +5 V supplies. 


Though providing state-of-the-art speed, the AD835 is simple 
to use and versatile. For example, as well as permitting the addi- 
tion of a signal at the output, the Z input provides the means 

to operate the AD835 with voltage gains up to about x10. In 
this capacity, the very low product noise of this multiplier 

(50 nVVHz) makes it much more useful than earlier products. 


The AD835 is available in an 8-pin plastic mini-DIP package 
(N) and an 8-pin SOIC (R) and is specified to operate over the 
—40°C to +85°C industrial temperature range. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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FUNCTIONAL BLOCK DIAGRAM 


O W OUTPUT 


Z INPUT 


PRODUCT HIGHLIGHTS 
1. The AD835 is the first monolithic 250 MHz four ate 
voltage output multiplier. 


2. Minimal external components are required to eae the 
AD835 to a variety of signal processing applications. 


3. High input impedances (100 kQ\|2 pF) make signal source 
loading negligible. 


4. High output current capability allows low impedance loads 
to be driven. | 


5. State of the art noise levels achieved through careful device 
optimization and the use of a special low noise bandgap volt- 
age reference. 


6. Designed to be easy to use and cost effective in applications 
which formerly required the use of hybrid or board level 
solutions. 
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ADB35-SPECIFICATIONS... aaccetndaia i 


Model aa Aen ADS3SANIAR 


Parameter | Min Typ Max_——|_ Unit 


INPUT CHARACTERISTICS (X, Y) 
Differential Voltage Range . 
Differential Clipping Level 
Low Frequency Nonlinearity 


vs.. Temperature 


Common-Mode Voltage Range 


Offset Voltage 

vs. Temperature 
CMRR f< 100 kHz; +1 V p-p 
Bias Current 

vs. Temperature “Tin tO Lae: 


Offset Bias Current 
Differential Resistance 
Single-Sided Capacitance 
Feedthrough, X 
Feedthrough, Y 


DYNAMIC CHARACTERISTICS 
—3 dB Small-Signal Bandwidth 
—0.1 dB Gain Flatness Frequency : . . 
Slew Rate W =-2.5Vt0 +2.5V 
Differential Gain Error, X | f = 3.58 MHz . . 

Differential Phase Error, X f = 3.58 MHz ; Degrees 
Differential Gain Error, Y f= 3.58 MHz | 0. | % | 
Differential Phase Error, Y f = 3.58 MHz. ; Degrees 


Harmonic Distortion _ X or Y = 10 dBm, Qnd and 3rd Harnicnie 
oA . Fund = 10 MHz 
Fund = 50 MHz 
Settling Time, X or Y ind To 0.1%, W =2 V p-p 
SUMMING INPUT (Z) 
Gain From Z to W, f < 10 MHz . - 0.990 - 0.995 
—3 dB Small-Signal Bandwidth ~ 250 
Differential Input Resistance | ; 1 — 60 
Single Sided Capacitance | 
Maximum Gain X, Y to W, Z Shorted to W, f = 1 kHz 
Bias Current é as | 
OUTPUT CHARACTERISTICS 
Voltage Swing 
vs. Temperature Tha tO Tage 
Voltage Noise Spectral Density X= Y=0,f< 10 MHz 
Offset Voltage , 
vs. Temperature” Tye tO Pica 


Short Circuit Current 
Scale Factor Error 


vs. Temperature Tui tO haa 
Linearity (Relative Error)’ | 
vs. Temperature Tito Dk, 
POWER SUPPLIES 
Supply Voltage 
For Specified Performance 
Quiescent Supply Current 
vs. Temperature Tang tO wax 
PSRR at Output vs. Vp . +4.5 V to +5.5 V 


PSRR at Output vs. Vn -45Vt0-5.5V 
NOTES | | | 
id Wee = ~40°C, Tax = +85°C. 
*Normalized to zero at +25°C. 
*Linearity is defined as residual error after compensating for input offset, output voltage offset and scale factor errors. 
All min and max specifications are guaranteed. Specifications in boldface are tested on all production units at final electrical test. 
Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS' 


Slipply Voltage. 44 ced ive es tO eee EAS wee ew +6V 
Internal Power Dissipation” ................0005 300 mW 
Operating Temperature Range ............. —40°C to +85C 


Storage Temperature Range 


Lead Temperature, Soldering 60sec .............. +300°C 
BOD Ratn eshte alo ate ene areatin, Pace wales ered eek 1500 V 
NOTES 


'Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device reliability. 
*Thermal Characteristics: 
8-Pin Plastic DIP (N): 8j¢ = 35°C/W; 8, = 90°C/W 
8-Pin Plastic SOIC (R): 8j- = 45°C/W3 8), = 115°C/W. 


Typical Performance Characteristics 


DG DP (NTSC) FIELD = 1 LINE = 18 Wfm->FCC COMPOSITE 


ad 

< 

= 3 

ek 

cs MIN = 0.00 
Lo MAX = 0.20 

3 p-p/MAX = 0.20 


DIFFERENTIAL 
PHASE - Degrees 


MIN = 0.00 
MAX = 0.06 
p-p = 0.06 


Figure 1. Typical Composite Output Differential Gain & 
Phase, NTSC for X Channel; f = 3.58 MHz, R, = 150 Q 
Wim-> FCC COMPOSITE 


DGDP(NTSC) FIELD=1LINE=18 


0.3 0.01 -0.00 — 0.00 -0.01 -0.20 
s oop | dain =-0.02 
2 | p-p/MAX = 0.03 
Ww 
cz 
Ld <f 
ik S 
a 


DIFFERENTIAL 
PHASE - Degrees 


Figure 2. Typical Composite Output Differential Gain & 
Phase, NTSC for Y Channel, f = 3.58 MHz, R, = 150 Q 
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AD835 


PIN CONNECTIONS 
8-Pin Plastic DIP (N) 
8-Pin Plastic SOIC (R) 


VN TOP VIEW vp 
ss (Not to Scale) cy 


ORDERING GUIDE 


Temperature Range 


—40°C to +85°C 
—40°C to +85°C 


*N = Plastic DIP; R = Small Outline IC Plastic Package (SOIC). For outline 
information see Package information section 


Package Options* 
N-8 


AD835AN 
AD835AR 
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Figure 3. Gain & Phase vs. Frequency of X, Y, Z Inputs 
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Figure 4. Gain Flatness to 0.1 dB 
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X,YCH=5dBm - ee eee al | 
ae bolle tla ote alae calc ait 
i fleece Telel ea themat alt 
e ai R area ee 
Sot TTT I vreeotinoucn LAV, tt rw ee 
Bn es [he-+7T tt tT TE 
SL been | Be 
om SS HHH 
| 
ae Ries ee ee cee ei eee 
1M “400M 1M 10M . 100M - 416 
COBRROUENCT Hz | | FREQUENCY - Hz 
Figure 5. X and Y Feedthr ough vs. Frequency Figure 8. CMRR vs. Frequency for X or Y Channel, 
| R, = 1509, C, < 5 pF 
Pe bab eas 
a Hh cree Tab 
© CLONES EAA 
ps HHL we | there At Lt | 
sok tli wo PSRR ON V- Wy Ty - 
a haw tl a | a a 
CHIE Os ac 
Pee fake Weis fecoleta fee Mealal 
ee 
300k 1M 100M 
. : Ps Om Hz ae 
Figure 6. Small Signal Pulse Response at w Output, R, = Figure 9. PSRR vs. Frequency for V+ and V= - Supply 
150Q, C,< 5 pF, X Channel =+0.2 V, Y Channel =+1.0 V | 
- 10dB/DIV 
Figure 7. Large Signal Pulse Response at W Bute R, = Figure 10. Harmonic Distortion at 10 MHz; 10 dBm Input 


150Q, C,< 5 pF, X Channel =+1.0 V, Y Channel =+1.0 V to X or Y Channels, R, = 150 Q, C, =< 5 pF 
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AD835 


10dB/DIV 


Vog OUTPUT DRIFT — mV 


$5 -35 = -15 5 25 45 65 85 105 125 
TEMPERATURE — °C 


Figure 11. Harmonic Distortion at 50 MHz, 10 dBm Input Figure 14. Vj, Output Drift vs. Temperature 
to X or Y Channel, R, = 1509, C, < 5 pF 


X CH = 6dBm 
e7 Y CH = 10dBm 
100MHz 
£ 
aan 3 
a 
Ww 
O 
o 
WwW 
10dB/DIV E 
joa 
uw 
a 
c 
©) 
Q 
jog 
o 
0 20 40 60 80 100 120 140 160 180 200 
RF FREQUENCY INPUT X CHANNEL — MHz 
Figure 12. Harmonic Distortion at 100 MHz, 10 dBm Input Figure 15. Fixed LO on Y Channel vs. RF Frequency 
to X or Y Channel, R, = 1502, C, <5 pF Input to X Channel 

X CH = 6dBm 

Y CH = 10dBm 
E 
4#2.5V 1 
o 
ul 
oO 
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GND Ww 
z 
Cc 
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Q 
o 
~2.5V . 
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LO FREQUENCY ON Y CH — MHz 
Figure 13. Maximum Output Voltage Swing, R,, = 50Q, Figure 16. Fixed IF vs. LO Frequency on Y Channel 


C, <5 pF 
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AD835 


PRODUCT DESCRIPTION 
The AD835 is a four-quadrant, voltage output, analog multi- 
plier fabricated on an advanced, dielectrically isolated, comple- 
mentary bipolar process. In its basic mode, it provides the linear 
product of its X and Y voltage inputs. In this mode, the —3 dB 
output voltage bandwidth is 250 MHz (a small signal rise time 
of 1 ns). Full-scale (-1 V to +1 V) rise/fall times are 2.5 ns (with 
~ the standard R, of 150 Q) and the settling time to 0.1% under 
the same conditions is typically 20 ns. _ : 


As in earlier multipliers from Analog Devices, a unique sum- 
ming feature is provided at the Z-input. As well as providing in- 
dependent ground references for inputs and output, and 
enhanced versatility, this feature allows the AD835 to operate 
with voltage gain. Its X-, Y- and Z-input voltages are all nomi- 
nally +1 V FS, with overrange of at least 20%. The inputs are 
fully differential and at high impedance (100 kQ\|2 pF) and pro- 
vide a 70 dB CMRR (f < 1 MHz). 


The low impedance output is capable of driving loads as small 
as 25 Q. The peak output can be as large as 2.2 V minimum 
for R, = 150 Q, or +2.0 V minimum into R, = 50 Q. The 
AD835 has much lower noise than the AD534 or AD734, mak- 
ing it attractive in low level signal-processing applications, for 
example, as a wideband gain-control element or modulator. 


Basic Theory 

The multiplier is based on a classic form, having a translinear 
core, supported by three (X, Y, Z) linearized voltage-to-current 
converters, and the load driving output amplifier. The scaling 
voltage (the denominator U, in the equations below) is provided 
by a bandgap reference of novel design, optimized for ultralow 
noise. Figure 17 shows the functional block diagram. ‘ 


In general terms, the AD835 provides the function 

w =(ALX2YV1-Y2) (1) 
where the variables W, U, X, Y and Z are all voltages. Con- 
nected as a simple multiplier, with X = X1] —- X2, Y = Y1 - Y2 


and Z = 0, and with a scale factor adjustment (see below) which 
sets U = 1 V, the output can be expressed as. 


W=xXy | (2) 


O W OUTPUT 


Z INPUT 


Figure 17. Functional Block Diagram 
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Simplified representations of this sort, where all signals are pre- 
sumed to be expressed in volts, are used throughout this data 
sheet, to avoid the needless use of less-intuitive subscripted vari- 
ables (such as Vx,). We can view all variables as being normal- 
ized to 1 V. For.example, the input X can either be stated as 
being in the range —-1 V to +1 V, or simply 1 to +1. The latter 
representation will be found to facilitate the development of new 
functions using the AD835. The explicit inclusion of the de- 
nominator, U, is also less helpful, as in the case of the AD835, if 
it is not an electrical input variable. 


Scaling Adjustment 

The basic value of U in Equation 1 is hominally 1.05 V. Figure 
18, which shows the basic multiplier connections, also 

shows how the ‘effective value of U can be adjusted to have any 
lower voltage (usually 1 V) through the use of a resistive-divider 
between W (Pin 5) and Z (Pin 4). Using the oe resistor val- 
ues shown, we can rewrite Equation | as 


W = + kW +(-B)2" (3) 
(where Z' is Cisingunhed from the signal Z-at Pin 4). It follows 
that : | 
“wan kk Pa): ae, 
. G-kU- ae: (4) 
In this way, we can modify the effective value of U to 
=(I-hU et #26) 


without altering nie of the Z' input. (This is to be ex- 
pected, since the only “ground reference” for the output is 
through the Z’ input.) | | oO 


Thus, to set U' to 1'V, remembering that the basic value of U is 
1.05 V, we need to choose R1 to have a nominal value of 20 
times R2. The values shown here allow U to be adjusted 
through the nominal range 0.95 V to 1.05 V, that is, R2 pro- 
vides a 5% gain adjustment. 


R1 =(1-k) R 
me ) 


‘ 


Figure 18. Multiplier Connections 


Note that i in many applications, the exact gain of the multiplier 
may not be very important; in which case, this network may be 
omitted entirely, or R2 fixed at 100 Q. 
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ANALOG 
DEVICES 


Four-Channel, Four-Quadrant 
Analog Multiplier 


MLTO4 


FEATURES 
Four Independent Channels 
Voltage IN, Voltage OUT 
No External Parts Required 
8 MHz Bandwidth 
Four-Quadrant Multiplication 
Voltage Output; W = (X x Y)/2.5 V 
0.2% Typical Linearity Error on X or Y Inputs 
Excellent Temperature Stability: 0.005% 
+2.5 V Analog Input Range 
Operates from +5 V Supplies 
Low Power Dissipation: 150 mW typ 
Spice Model Available 


APPLICATIONS 

Geometry Correction in High-Resolution CRT Displays 
Waveform Modulation & Generation 

Voltage Controlled Amplifiers 

Automatic Gain Control 

Modulation and Demodulation 


GENERAL DESCRIPTION 

The MLT04 is a complete, four-channel, voltage output analog 
multiplier packaged in an 18-pin DIP or SOIC-18. These complete 
multipliers are ideal for general purpose applications such as voltage 
controlled amplifiers, variable active filters, “zipper” noise free 
audio level adjustment, and automatic gain control. Other applica- 
tions include cost-effective multiple-channel power calculations 

(I x V), polynomial correction generation, and low frequency 
modulation. The MLT04 multiplier is ideally suited for generating 
complex, high-order waveforms especially suitable for geometry 
correction in high-resolution CRT display systems. 


SU 


Av GAIN - dB 
© — Phase Degrees 


ES PE EE CS CE GE SE 


X & Y MEASUREMENTS 
SUPERIMPOSED: 


X = 100mV RMS, Y = 2.5V DC 
—40 = 


\ 
; 


1k 10k 100k 1M 10M 100M 
FREQUENCY - Hz 


Figure 1. Gain & Phase vs. Frequency Response 
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FUNCTIONAL BLOCK DIAGRAM 
18-Lead Epoxy DIP (P Suffix) 
18-Lead Wide Body SOIC (S Suffix) 


W =(X ° Y)/2.5V 


Fabricated in a complementary bipolar process, the MLT04 
includes four 4-quadrant multiplying cells which have been laser- 
trimmed for accuracy. A precision internal bandgap reference 
normalizes signal computation to a 0.4 scale factor. Drift over 
temperature is under 0.005%/°C. Spot noise voltage of 0.3 pV/VHz 
results in a THD + Noise performance of 0.02% (LPF = 22 kHz) 
for the lower distortion Y channel. The four 8 MHz channels 
consume a total of 150 mW of quiescent power. 


The MLT04 is available in 18-pin plastic DIP, and SOIC-18 
surface mount packages. All parts are offered in the extended 
industrial temperature range (—40°C to +85°C). 


100 


LPF = 500kHz 


THD + NOISE —- % 


Ptil tof 
THDX: X = 2.5VP, Y = +2.5V DC 


10 100 1k 10k 100k 1M 
FREQUENCY — Hz 


Figure 2. THD + Noise vs. Frequency 
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NLTO4-SPEC | Fi can 0 NS 0. (Vep = +5 V, Veg =—5 V, Vy = +2.5 Vp, R, = 2kQ, T, ends Unless otherwise noted.) 


Max | Units | 


Total Harmonic Distortion 


Open Loop Output Resistance 
Voltage Swing 
Short Circuit Current 


INPUTS 


Analog Input Range 
Bias Current 
Resistance 
Capacitance 


SQUARE PERFORMANCE 


Total Square Error 


POWER SUPPLIES 


Positive Current 
Negative Current 
Power Dissipation 
Supply Sensitivity 
Supply Voltage Range 


| X=-2.5V, Y=2.5-V, T, = 40°C to +85°C 


Y =-2.5 V, X = 2.5 V, T, = -40°C to +85°C 
X= +2.5 V, Y=+2.5 V, T, =—40°C to +85°C 


X = 0V, Y =+2.5 V, T, =—40°C to +85°C 
Y =0V, X =+2.5 V, T, = 40°C to +85°C 


X= Y= 1 Vrms Applied to Adjacent Channel 


Parameter _ 

MULTIPLIER PERFORMANCE! -_ 
Total Error? X —2.5V<X<42.5V, Y=+2.5V 
Total Error? Y —25V<Y<42.5V,X=+2.5V 
Linearity Error? X —2:5V<X<42.5V,Y=+2.5V 
Linearity Error? Y —25V<Y<42.5V,X=4+2.5V 
Total Error Drift 
Total Error Drift 
Scale Factor? 
Output Offset Voltage X=0V, Y = 0 V, T,= —40°C to +85°C 
Output Offset Drift X=0V, Y=0 V, T,=-40°C to +85°C 
Offset Voltage, X 
Offset Voltage, Y 

DYNAMIC PERFORMANCE 
Small Signal Bandwidth Vour = 0.1 V rms 
Slew Rate Vour = £2.5 V 
Settling Time Vour = A2.5 V to 1% Error Band 
AC Feedthrough X=0V, Y=1 Vrms @ f= 100 kHz 
Crosstalk @ 100 kHz 

OUTPUTS 
Audio Band Noise f= 10 Hz to 50 kHz 
Wide Band Noise Noise BW = 1.9 MHz 
Spot Noise Voltage f= 1 kHz 


f= 1 kHz, LPF = 22 kHz, Y=2.5V 
f= 1 kHz, LPF = 22 kHz, X=2.5V 


Voc = +5 V, Viz =-5 V 


Vo = =5. 25 V, Von 5, 25V 
Calculated =5 VxXIgot5 VX Iep | 
X= Y=0V, Voc = A5% or Voz = A5% 
For Voc & Vag 


NOTES 
‘Specifications apply to.all four multipliers. | 
Error is measured as a percent of the +2.5 V full scale, ie., 1% FS = 25 mV. 


*Scale Factor K is an internally set constant in the multiplier transfer equation W = K x X x Y. 


Specifications subject to change without notice. 


ORDERING INFORMATION! 


ABSOLUTE MAXIMUM RATINGS* | <r 3 ar 
Supply Voltages Vcc) Viz tO GND... 00.60... eee ee ees +7V _| Temperature pe pace eee 
Inputs X, Yj... sees eee eee a ahots ain wind ah eee ee Range pescop ion << pres 
Outputs W, ofa. Jali Widewe dew sivn.tretar, oy a7 or a ‘eee . Veo Vex MLT04GP. |} _40°C to 485°C 18-Pin P-DIP 
Operating Temperature Range .............. 40°C to +85°C Aa ToAaGs 40°C to +85°C 18-Lead SOIC | SOL-18 
Maximum Junction Temperature (T, max) ets Noa ote ce hae +150°C MLTO4GBC 495°C Die 
Storage Temperature .............00000. ,. —65°C to +150°C = 
_ Lead Temperature (Soldering, 10 sec) cdieiterte inary ane maori +300°C NOTES 
Package Power Dissipation ........... eee (T, max-T,)/0;, oo eSapane ies your local pApaIE sales office. The MLT04 
: ‘ ‘ contains ‘ 

Thermal Resistance On . 2For outline information see Package isanation section. 

PDIP=18 CN=18) + 33s Sei eden edad eeeiaeees 74°C/W 

SOIG-18 (SOLAS): 2.205 5sas t8GNe ehews wrens oes as 89°C/W 


*Stresses above those listed under “Absolute Maximum Ratings” may cause perma- 
nent damage to the device. This is a stress rating only and functional operation of 
the device at these or any other conditions above those indicated in the operational 
section of this specification are not implied. 
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FUNCTIONAL DESCRIPTION 

The MLT04 is a low cost quad, 4-quadrant analog multiplier with 
single-ended voltage inputs and voltage outputs. The functional 
block diagram for each of the multipliers is illustrated in Figure 3. 
Due to packaging constraints, access to internal nodes for externally 
adjusting scale factor, output offset voltage, or additional summing 
signals is not provided. 


X1, X2, X3, X4 


G1, G2, G3, G4 W1, W2, W3, W4 


i d 


Y1, Y2, Y3, Y4 


Figure 3. Functional Block Diagram of Each MLT04 
Multiplier 


Each of the MLT04’s analog multipliers is based on a Gilbert cell 
multiplier configuration, a 1.23 V bandgap reference, and a unity- 
connected output amplifier. Multiplier scale factor is determined 
through a differential pair/trimmable resistor network external to 
the core. An equivalent circuit for each of the multipliers is shown 
in Figure 4. . 


Vec e 


INTERNAL 
BIAS 


FACTOR 


200pA 
Vee @ 


Figure 4. Equivalent Circuit for the MLT04 


Details of each multiplier’s output-stage amplifier are shown in 
Figure 5. The output stages idles at 200 yA, and the resistors in 
series with the emitters of the output stage are 25 Q. The output 
stage can drive load capacitances up to 500 pF without oscillation. 
For loads greater than 500 pF, the outputs of the MLT04 should 
be isolated from the load capacitance with a 100 Q resistor. 


@ Vec 


O Veg 


Figure 5. Equivalent Circuit for MLT04 Output Stages 
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ANALOG MULTIPLIER ERROR SOURCES 

Multiplier errors consist primarily of input and output offsets, scale 
factor errors, and nonlinearity in the multiplying core. An expres- 
sion for the output of a real analog multiplier is given by: 


Vo = (K+ AR)((Vy+ Xo Vy + Vos) + Zost+ f(X, Y)} 


where: K Multiplier Scale Factor 


AK Scale Factor Error 

Vy = X-Input Signal 

Ks = X-Input Offset Voltage 

Vy = Y-Input Signal 

er = Y-Input Offset Voltage 

Los = Multiplier Output Offset Voltage 
f(X, Y) = Nonlinearity 


Executing the algebra to simplify the above expression yields 
expressions for all the errors in an analog multiplier: 


True Product 


Dependence on Input 


Goes to Zero As Either or 
Both Inputs Go to Zero 
Scale-Factor Error 
Linear “X” Feedthrough 
Due to Y-Input Offset 


Linear “Y” Feedthrough 
Due to X-Input Offset 


Goes to Zero at V,, V, = 0 


Proportional to V, 


Proportional to V, 


XocYog | Output Offset Due to X-, | Independent of V,, V, 
Y-Input Offsets 

Zi Output Offset Independent of V,, V, 

f(X; Y) | Nonlinearity Depends on Both V,, V,. 


|: Contains Terms Dependent 
on Vy, Vy». Their Powers 
and Cross Products 


As shown in the table, the primary static errors in an analog 
multiplier are input offset voltages, output offset voltage, scale 
factor, and nonlinearity. Of the four sources of error, only two are 
externally trimmable in the MLT04: the X- and Y-input offset 
voltages. Output offset voltage in the MLT04 is factory-trimmed to 
+50 mV, and the scale factor is internally adjusted to +2.5% of full 
scale. Input offset voltage errors can be eliminated by using the 
optional trim circuit of Figure 6. This scheme then reduces the net 
error to output offset, scale-factor (gain) error, and an irreducible 
nonlinearity component in the multiplying core. 


+Vo 
{ 
bs 50kQ ae +100mV 
50 FOR X,q) Yog TRIM 
CONNECT TO SUM 
NODE OF AN EXT OP AMP 
-V 


Figure 6. Optional Offset Voltage Trim Configuration 
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Feedthrough | 

In the ideal case, the output of the multiplier should be zero if 
either input is zero. In reality, some portion of the nonzero input 
will “feedthrough” the multiplier and appear at the output. This is 
caused by the product of the nonzero input and the offset voltage of 
the “zero” input. Introducing an offset equal to and opposite of the 
“zero” input offset voltage will null the linear component of the 
feedthrough. Residual feedthrough at the output of the multiplier 
is then irreducible core nonlinearity. 


Typical X- and Y-input feedthrough curves for the MLT04 are 
shown in Figures 7 and 8, respectively. These curves illustrate 
MLT04 feedthrough after “zero” input offset voltage trim. 
Residual X-input feedthrough measures 0.08% of full scale, 
whereas residual Y-input feedthrough is almost immeasurable. 


- X-INPUT: £2.5V @ 10Hz . 
| Yos NULLED 
rm T, = +25°C Lunas 


VERTICAL — 5mV/DIV 


HORIZONTAL — 0.5V/DIV 


Figure 7. X-Input Feedthrough with Y,,, Nulled 


. Y-INPUT: +2.5V @ 10Hz - 
Xos NULLED 


ur =+25°C 07" pean 


VERTICAL — 5mv/DIV 


HORIZONTAL — 0.5V/DIV 


Figure 8. Y-Input Feedthrough with X,, Nulled 


Nonlinearity 

Multiplier core nonlinearity is the irreducible component of error. 
It is the difference between actual performance and “best-straight- 
line” theoretical output, for all pairs of input values. It is expressed 
as a percentage of full scale with all other dc errors nulled. Typical 
X- and Y-input nonlinearities for the MLT04 are shown in Figures 
9 through 12. Worst-case X-input nonlinearity measured less than 
0.2%, and Y-input nonlinearity measured better than 0.06%. For 
modulator/demodulator or mixer applications it is, therefore, 
recommended that the carrier be connected to the X-input while 
the signal is applied to the Y-input. 
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: | 
~ X-INPUT: £2.5V @ 10Hz ~ 
__Y-INPUT: +2.5V 
Yog NULLED 
Tye #25°C . 


fe eats aorta ate 


VERTICAL — 5mV/DIV 


4 


HORIZONTAL ~ 0.5V/DIV 


Figure 9. X-Input Nonlinearity @ Y = +2.5 V 


VERTICAL —- 5mV/DIV 


Yog NULLED 
2,7, = 428°C _. 


i 


HORIZONTAL ~— 0.5V/DIV 


Figure 10. X-Input Nonlinearity @Y=-2.5V 


 YANPUT: #2.5V @ 10Hz | 


X-INPUT: +2.5V 


—- XogNULLED 


VERTICAL - 5mvV/DIV 


HORIZONTAL — 0.5V/DIV 


Figure 11. Y-Input Nonlinearity @ X = +2.5 V 


Y-INPUT: #2.5V @ 10Hz 
X-INPUT: —2.5V 

2 XjgNULLED 
Ty = +25°C 


VERTICAL — 5mV/DIV 


HORIZONTAL — 0.5V/DIV 


Figure 12. Y-Input Nonlinearity @ X = -2.5 V 
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Typical Performance Characteristics — MLT04 
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Figure 13. Broadband Noise Figure 16. X-Input Gain and Phase vs. Frequency 


NBW = 1.9MHz 
ba T, = 425°C ay 


GAIN -dB 
PHASE — Degrees 


OUTPUT NOISE VOLTAGE ~ 625pV/DIV 


PHASE = 68.1° 
@ 8.064 MHz 
-1 
10k 100k 1M 10M 
TIME =10ms/DIV_.. FREQUENCY — Hz 
Figure 14. Broadband Noise Figure 17. Y-Input Gain and Phase vs. Frequency 
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Figure 15. Noise Density vs. Frequency Figure 18. Amplitude Response vs. Capacitive Load 
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-MLT04 — Typical Performance Characteristics 


i 
X-INPUT = +2.5V 
R, = 10ki2 a 


VERTICAL - 50mv/DIV 


FEEDTHROUGH - dB 


TIME ~— 100ns/DIV 


Figure 22. .Y-Input Small-Signal Transient Response, 
1k 10k 100k 1M 3M isk: * men - 
C.=30pFo 


. FREQUENCY — Hz 


Figure 19. Feedthrough vs. Frequency | ay “5 a 2 — 


| X-INPUT = +2.5V__ 
R, = 10k. 


VERTICAL — 50mV/DIV 


| “TIME - 100ns/DIV 


gee RS & 


A 
LULL Tee | Figure 23, Y-Input Small-Signal Transient Response, 
SAIIPSURAIVMAIL oe | 


‘CROSSTALK - dB 


1k 10k 100k 1M 10M 
FREQUENCY - Hz 


Figure 20. Crosstalk vs. Frequency 


VERTICAL — 1V/DIV | 


X-INPUT: +2.5V. ,\ 
Ri = 10k22 


TIME = 100ns/DIV 


Y = 100mV RMS 
X = 2.5VDC 


ee a OO OE OB Figure 24. Vinput Large- signe! Transient Re- 


a Ee ts es oe 

3 0 sponse, C, = 30 pF 
2 05 X = 100mV RMS 

StL easvne Ht meet 

"CTE TT AI 


1k 100k 100M 
| aie - . 


VERTICAL — 1V/DIV 


X-INPUT: +2.5V a 
Ry = 10k 


~ Ty = 425°C 


Figure 21. Gain Flatness vs. Frequency 


_ TIME = 100ns/DIV - 
Figure 25. Y-Input Large-Signal Transient Response, 
C, = 100 pF 
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THD + NOISE -% 


INPUT SIGNAL LEVEL - Volts p.p 


Figure 26. THD + Noise vs. Input Signal Level 


LINEARTY ERROR - % 


-3dB-BANDWIDTH — MHz 


Vy = +2.5V, -2.5V < Vy < +2.5V 
= +2.5V, -2.5V < Vy < +2.5V 


"-75 50 -25 0 25 50 75 100 125 


TEMPERATURE -— °C 


Figure 27. Linearity Error vs. Temperature 


-25 0 25 50 75 100 125 
TEMPERATURE — °C 


PHASE @ -3dB BW — Degrees 


Figure 28. X-Input Gain Bandwidth vs. Temperature 
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-3dB-BANDWIDTH — MHz 


~75 -50 -25 0 25 50 75 100 125 
TEMPERATURE -— °C 


PHASE @ -3dB BW - Degrees 


Figure 29. Y-Input Gain Bandwidth vs. Temperature 


MAXIMUM OUTPUT SWING - Volts p-p 


1% 
DISTORTION 


Gl 1 an | 
Eee ea all 


Ty = +25°C 
R, = 2kQ 


100k 1M 10M 
FREQUENCY — Hz 


1k ; 10k 


Figure 30. Maximum Output Swing vs. Frequency 


OUTPUT SWING - Voits 


LOAD RESISTANCE - 2 
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Figure 31. Maximum Output Swing vs. Resistive Load 
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0.407 [— 


“Vg = $5V" 
NO LOAD 


0.406 |— 
0.405 [— 


0.404 


SCALE FACTOR - 1/V 


0.403 


0 ersten — 
~12.5 -10 -7.5 -5 -2.5 0 25 5 75 10 12.5 -75 
OFFSET VOLTAGE — mV ; TEMPERATURE - °C 


Figure 32. Offset Voltage Distribution 7 Figure 35. Scale Factor vs. Temperature 
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Figure 33. Offset Voltage vs. Temperature . : Figure 36. Output Offset Voltage (Z,.) Distribution 


UNITS 
OUTPUT OFFSET VOLTAGE - mV 


0.395 0.3975 0.400 0.4025 0.405 0.4075 0.410 0.4125 0.415 75 500-25 0K 0 75 100 1285 
: SCALE FACTOR - 1/V fc TEMPERATURE - °C 
Figure 34. Scale Factor Distribution Figure 37. Output Offset Voltage (Z,,) vs. Temperature 
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= +5V 
NO LOAD 


SUPPLY CURRENT —- mA 
OUTPUT VOLTAGE OFFSET - mV 


-75 -50 -25 0 25 50 75 100 125 


TEMPERATURE - °C HOURS OF OPERATION AT +125°C 


Figure 38. Supply Current vs. Temperature Figure 41. Output Voltage Offset (Z,,) Distribution 


Accelerated by Burn-in 
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Figure 39. Power Supply Rejection vs. Frequency — Figure 42. Scale Factor (K) Distribution Acceler- 


ated by Burn-in 


LINEARITY ERROR - % 


0 200 400 600 800 1000 
HOURS OF OPERATION AT +125°C 


Figure 40. Linearity Error (LE) Distribution Accelerated 
by Burn-in 
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APPLICATIONS 

The MLT04 is well suited for such applications as modulation/ 
demodulation, automatic gain control, power measurement, analog 
computation, voltage-controlled amplifiers, frequency doublers, © 
and geometry correction in CRT displays. 


_ Multiplier Connections _ | 

Figure 43 Illustrates the basic connections for multiplication. Each 
of the four independent multipliers has single-ended voltage inputs 
(X, Y) and a low impedance voltage output (W). Also, each’ 
multiplier has its own dedicated ground connection (GND) which 
is connected to the circuit’s analog common. For best perfor- 
mance, circuit layout should be compact with short component 
leads and well-bypassed supply voltage feeds. In applications where 
fewer than four multipliers are used, all unused analog ppt must 
be returned to the analog common. 


W4W4 = 0.4 (X4_4 * Yy_4) 


Figure 43. Basic Multiplier Connections 


- Squaring and Frequency Doubling 

_As shown in Figure 44, squaring of an input signal, V,,,, is achieved 
by connecting the X-and Y-inputs in parallel to produce an output 
of V,,7/2.5 V. The input may have either polarity, but the output 
will be positive. 


+5V 
e 


Figure 44. Connections for Squaring 


When the input is a sine wave given by V,,, sin wt, the squaring | 
circuit behaves as a frequency doubler becatse of the trigonometric 
identity: 


Vy sinat)? _ Vy? 


14 ~cos 2a) 
ZV 2.5V \2 | 
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- The equation shows a dc term at the output which will vary 


strongly with the amplitude of the input, Vixw Phe output dc offset 
can be eliminated by capacitively coupling the MLT04’s output 
with a high-pass filter. For optimal spectral performance, the 
filter’s cutoff frequency should be chosen to eliminate the input 
fundamental frequency. 


A source of error in this configuration is the offset voltages of the X 
and Y inputs. The input offset voltages produce cross products 
with the input signal to distort the output waveform. To circum- 
vent this problem, Figure 45 illustrates the use of inverting 
amplifiers configured with an OP285 to provide a means by which 
the X- and Y-input offsets can be trimmed. 


Figure 45. Frequency Doubler with Input Offset voltage 
Trims 


Feedback Divider Connections : 

The most commonly used analog divider circuit is the “inverted 
multiplier” configuration. As illustrated in Figure 46, an “inverted 
multiplier” analog divider can be configured with a multiplier 
operating in the feedback loop of an operational amplifier. The 
general form of the transfer function for this circuit configuration is 
given by: 


Voy e IN ae is x 
R1) 


Here, the multiplier operates as a voltage-controlled: potentiometer 
that adjusts the loop gain of the op amp relative to a control signal, 
V,,. As the control signal to the multiplier decreases, the output of 
the multiplier decreases as well. This has the effect of reducing 
negative feedback which, in turn, decreases the amplifier’s loop 
gain. The result is higher closed-loop gain and reduced circuit | 
bandwidth. As V, is increased, the output of the multiplier 
increases which generates more negative feedback — closed-loop 
gain drops and circuit bandwidth increases. An example of an 

“inverted multiplier” analog divider frequency psponse: is shown in 
Figure 47. 
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Vo = -2.5V . 


Vin 
Vy 


Figure 46. “Inverted-Multiplier” Configuration for 
Analog Division 
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Figure 47. Signal-Dependent Feedback Makes Vari- 
ables Out of Amplifier Bandwidth and Stability 


Although this technique works well with almost any operational 
amplifier, there is one caveat: for best circuit stability, the unity- 
gain crossover frequency of the operational amplifier should be 
equal to or less than the MLT04’s 8 MHz bandwidth. 


Connection for Square Rooting 

Another application of the “inverted multiplier” configuration is the 
square-root function. As shown in Figure 48, both inputs of the 
MLT04 are wired together and are used as the output of the 

circuit. Because the circuit configuration exhibits the following 
generalized transfer function: 


R2 
Vo =.|-2. 5x{ 2 0, 


the input signal voltage is limited to the range -2.5 V< V,,< 0. To 
prevent circuit latchup due to positive feedback or input signal 
polarity reversal, a 1N4148-type junction diode is used in series 
with the output of the multiplier. 
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MLT04 


=,/-2.5V-Viy 


Figure 48. Connections for Square Rooting 


Yoltage-Controlled Low-Pass Filter 

The circuit in Figure 49 illustrates how to construct a voltage- 
controlled low-pass filter with an analog multiplier. ‘The advantage 
with this approach over conventional active-filter configurations is 
that the overall characteristic cut-off frequency, @,, will be directly 
proportional to a multiplying input voltage. This permits the 
construction of filters in which the capacitors are adjustable 
(directly or inversely) by a control voltage. Hence, the frequency 
scale of a filter can be manipulated by means of a single voltage 
without affecting any other parameters. The general form of the 
circuit’s transfer function is given by: 


Yo (2) ee eee 
Veg R1 R2+R1 \i 2.5RC 
S +1 
Rl \ 


In this circuit, the ratio of R2 to R1 sets the passband gain, and the 
break frequency of the filter, @, ,, is given by: 


ian Rl Vv. 
| R1+ R2 }\ 2.5RC 


R2 a 
fo A1 = 1/2 OP285 


Figure 49. A Voltage-Controlled Low-Pass Filter 
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Selection Tree _— RMS-to-DC Converters 


RMS 
CONVERTERS 


+15 V Rails 


AD536A (2.3 MHz, BW @1 V) 
AD637_ (8.0 MHz, BW @ 1 V) 


Low Power | 
+5 V Rails 
AD737 (0.16mA) © 


AD736 (0.2 mA) 
AD636 (1.0 mA) 
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Selection Guide—RMS-to-DC Converters 


Conversion 

Accuracy Full-Scale dB Output 

mV +%Read Range Error Package Temp 
Model max V RMS dB max Options’ Ranges” Comments Page 
AD737 (0.2+0.3)}-(0.4+0.5) 0.2 N, Q, R C,I Low Cost, Low Power, Power Down 18-17 
AD736 (0.3+0.3)}+(0.5+0.5) 0.2 N,Q,R C,I General Purpose, Low Cost, Low Power 18-14 
AD636 (0.2+0.3)-(0.5+0.6) 0.2 0.2-0.5 D, H C Low Power 18-8 
AD637 (0.5+0.2)(1+0.5) 7. 0.3 (typ) D, Q,R C, M/p High Accuracy, Wide Bandwidth 18-11 
AD536A (2+0.2)}(5+0.5) 7 0.3-0.6 D, E, H, Q C, M/ General Purpose 18-5 


‘Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; J = J-Leaded Ceramic Package; 

M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline “SOIC” Package; RS = SSOP—Shrink Small Outline Package; S = Plastic 
Quad Flatpack; ST = Thin Quad Flatpack; T = TO-92; U = TSOP—Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In-Line “SIP” Package; Z = Ceramic Leaded Chip Carrier. 
Temperature Ranges: C = Commercial, 0°C to +70°C; I = Industrial, —40°C to +85°C (Some older products —25°C to +85°C); M = Military, —55°C to +125°C. If a device has military grade offerings, the M 
temperature designator will be followed by: / to indicate 883B, ,; for JAN, _ for SMD, and , for space level. 

Boldface Type: Data sheet information in this volume. 
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ANALOG 
DEVICES 


Integrated Circuit, 
True RMS-to-DC Converter 


ADS36A 


FEATURES 
True RMS-to-DC Conversion | 
Laser-Trimmed to High Accuracy 
0.2% max Error (AD536AK) 
0.5% max Error (AD536AJ) 
Wide Response Capability: 
Computes RMS of AC and DC Signals 
450kHz Bandwidth: V,,,, > 100mV 
2MHz Bandwidth: V,,,, > 1V 
Signal Crest Factor of 7 for 1% Error 
dB Output with 60dB Range 
Low Power: 1.2mA Quiescent Current 
Single or Dual Supply Operation 
Monolithic Integrated Circuit 
—55°C to +125°C Operation (AD536AS) 


PRODUCT DESCRIPTION 

The AD536A is a complete monolithic integrated circuit which 
performs true rms-to-dc conversion. It offers performance which 
is comparable or superior to that of hybrid or modular units 
costing much more. The AD536A directly computes the true 
rms value of any complex input waveform containing ac and dc 
components. It has a crest factor compensation scheme which 


allows measurements with 1% error at crest factors up to 7. The . 


wide bandwidth of the device extends the measurement capabil- 
ity to 300kHz with 3dB error for signal levels above 100mV. 


An important feature of the AD536A not previously available in 
rms converters is an auxiliary dB output. The logarithm of the 
rms output signal is brought out to a separate pin to allow the 
dB conversion, with a useful dynamic range of 60 dB. Using an 
externally supplied reference current, the 0dB level can be con- 
veniently set by the user to correspond to any input level from 
0.1 to 2 volts rms. 


The AD536A is laser trimmed at the wafer level for input and 


output offset, positive and negative waveform symmetry (dc re- ~ 


versal error), and full-scale accuracy at 7V rms. As a result, no 
external trims are required to achieve the rated accuracy of the 
unit. 


There is full protection for both inputs and outputs. The input 
circuitry can take overload voltages well beyond the supply lev- 
els. Loss of supply voltage with inputs connected will not cause 
unit failure. The output is short-circuit protected. 


The ADS536A is available in two accuracy grades (J, K) for com- 
mercial temperature range (0 to + 70°C) applications, and one 
grade (S) rated for the —55°C to +125°C extended range. The 
AD536AK offers a maximum total error of +2mV +0.2% of | 
reading, and the AD536AJ and AD536AS have maximum errors 
of +5mV +0.5% of reading. All three versions are available in 
either a hermetically sealed 14-pin DIP or 10-pin TO-100 metal 
can. The AD536AS is also available in a 20-pin hermetically 
sealed ceramic leadless chip carrier. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


REV. A 


PIN CONFIGURATIONS AND 
FUNCTIONAL BLOCK DIAGRAMS 


TO-116 (D-14) and 
Q-14 Packages 


TO-100 (H-10A) 
Package 


LCC (E-20A) Package 


NC Vy NC +Vs NC 


BUF BUF NC Ioyy Ry 
OUT IN 


TOP VIEW 


PRODUCT HIGHLIGHTS 


1. 


The AD536A computes the true root-mean-square level of a 
complex ac (or ac plus dc) input signal and gives an equiva- 
lent dc output level. The true rms value of a waveform is a 

more useful quantity than the average rectified value since it 


relates directly to the power of the signal. The rms value of a 
- Statistical signal also relates to its standard deviation. 


. The crest factor of a waveform is the ratio of the peak signal 


swing to the rms value. The crest factor compensation 
scheme of the AD536A allows measurement of highly com- 
plex signals with wide dynamic range. 


. The only external component required to serioan measure- 
“ments to the fully specified accuracy is the capacitor which 


sets the averaging period. The value of this capacitor deter- 


mines the low frequency ac accuracy, ripple level and settling 


time. 


. The AD536A will operate equally well from split supplies or 


a single supply with total supply levels from 5 to 36 volts. 
The one milliampere quiescent supply current makes the de-. 


- vice well-suited for a wide variety of remote controllers and 


battery powered instruments. 


. The ADS36A directly replaces the AD536 and provides i im- 


proved bandwidth and temperature drift specifications. 
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ADS36A — SP ECIFI CATIONS (@ +25°C, and +15V de unless otherwise noted.) 


Model ADS36AK 


TRANSFER FUNCTION  Vour = Vavg. (Vin)? ; Vout = Vavg. (Vin? 


CONVERSION ACCURACY 
Total Error, Internal Trim! (Figure 1) 
vs. Temperature, Trin to + 70°C 
+70°C to + 125°C 
vs. Supply Voltage - 
dcReversalError 
Total Error, External Trim! (Figure 2) 


ERROR VS. CREST FACTOR? © 
Crest Factor 1 to2 
Crest Factor = 3 
Crest Factor = 7 


FREQUENCY RESPONSE? 
Bandwidth for 1% additional error (0.09dB) 
Vin = 10mV 5 
Vin = 100mV 45 
Vin=1V | 120 
+ 3dB Bandwidth 
Vin =10mV | 90 
Vin = 100mV . 450 
Vin =1V 2 3 


AVERAGING TIME CONSTANT (Figure 5) 


INPUT CHARACTERISTICS 

Signal Range, + 15V Supplies 
Continuous rms Level 
Peak Transient Input | 
Continuous rms Level, + 5V Supplies 
Peak Transient Input, + 5V Supplies 

Maximum Continuous Nondestructive 
Input Level (All Supply Voltages) 

Input Resistance 

Input Offset Voltage 


OUTPUT CHARACTERISTICS 
Offset Voltage, Vin = COM (Figure 1) 
vs. Temperature 


mV + %of Reading 
mV +% of Reading/°C 
mV + %of Reading/°C 
mV + %of Reading/V 
+ % of Reading — 

iV + %of Reading 


+0.05 + 0.005 


+0.1.+0.01 
+0.1 
+2+0.1 


+0.1 +0.01 
+0.2 ; 
+3+0.3 


Specified Accuracy 
-0.1 
-1.0 


; Specified Accuracy 
—0.1 
—1.0 


of Reading 
ot Reading 


vs. Supply Voltage aN 
Voltage Swing, + 15V Supplies Oto +11 Oto+ll | v 
+ 5V Supply Oto +2 Oto +2 Vv 
dB OUTPUT (Figure 13) t- 
Error, Vin 7mV to7V rms, 0dB = 1V rms - dB 
Scale Factor ' mV/dB 
Scale Factor TC(Uncompensated, see Fig- 
ure | for Temperature Compensation) dBc . 
% of Reading/°C 
Iggy for0dB 1Vrms wA 
Inge Range pA : 
Iopy7 TERMINAL ~ 
Tour Scale Factor qd. A/V rms 
Tout Scale Factor Tolerance +10 +20 +10 % 
Output Resistance 20 2 30 20, — 25 30 kn 
Voltage Compliance —Vsto(+Vs —Vsto(+Vs —-Vsto(+Vs 
—2.5V) —2.5) —2.5V) Vv 
BUFFER AMPLIFIER : 
Input and Output Voltage Range | —Vsto(+ Vs —Vsto(+Vs — Vs to(+Vs Vv 
—2.5V) —2.5V) —2.5V) . 
Input Offset Voltage, Rs = 25k , . +£0.5 +4 mV 
Input Bias Current nA 
Input Resistance 9} 


Output Current (+5mA, (+5mA, 


— 130pA) 


Short Circuit Current 
Output Resistance 
Small Signal Bandwidth. 
Slew Rate* 
POWER SUPPLY 
Voltage Rated Performance 
Dual Supply 
Single Supply 
Quiescent Current 
Total Vs, SV to 36V, Tin to Tmax 


TEMPERATURE RANGE 
___ Rated Performance : 0 +70 0 +70 -55 . ‘ 


NOTES . me 2 

‘Accuracy is specified for 0 to 7V rms, dc or 1kKHz sinewave input with the ADS36A connected as in the figure referenced. Specifications shown in boldface are tested on all production units at final electri- 
Error vs. crest factor is specified as an additional error for 1V rms rectangular pulse input, pulse width = 200ps. cal test. Results from those tests are used to calculate outgoing quality levels. All 
Input voltages are expressed in volts rms, and error is percent of reading. ; min and max specifications are guaranteed, although only those shown in 
“With 2k external pulldown resistor. , . 


boldface are tested on all production units. 
Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS! 
Supply Voltage 


Dual SUPDLyY: saa sw igaeed buat Sh GH Seer ho el oes +18V 
Siele SUPPLY 64-26 oS 2 ee er ee eed So ok +36V 
Internal Power Dissipation? .................. 500mW 
Maximum Input Voltage.................. +25V Peak 
Buffer Maximum Input Voltage ................. +Ve 
Maximum Input Voltage.................. +25V Peak 


Storage Temperature Range ........... —55°C to +150°C 
Operating Temperature Range 

PD SSOR Ie oS bs a oe ela ed oe eee 0°C to +70°C 

IND SSOAS yc Se Le ale eh eee a 4 55°C 10° +.1235°C 
Lead Temperature Range 

(Soldering 60 sec) 
BSD Ranney x a0: os \h 46'S ot eS eae oe ORAS 1000 V 


NOTES 

‘Stresses above those listed under “Absolute Maximum Ratings’? may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

710-Pin Header: 6,4 = 150°C/W 

20-Pin LCC: 6,4 = 95°C/W 

14-Pin Size Brazed Ceramic DIP: 0,;, = 95°C/W 


CHIP DIMENSIONS AND PAD LAYOUT 


Dimensions shown in inches and (mm). 


: 0.1315 
(3.340) 
14 +Vs COM 10 9 RK, 


0.0807 
(2.050) 


6 
BUF OUT 


3 
-Vs 4 dB 


PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE TO-116 14-PIN CERAMIC DIP PACKAGE. 


NOTE 

“ “BOTH PADS SHOWN MUST BE CONNECTED TO Vn. : 
THE AD536A IS AVAILABLE IN LASER TRIMMED CHIP FORM. 
SUBSTRATE CONNECTED TO —Vs. 


ORDERING GUIDE 


Temperature Package | 
Range Description © 


0°C to +70°C Side Brazed Ceramic DIP 


AD536AJD 


AD536AKD 0°C to +70°C Side Brazed Ceramic DIP | D-14 
AD536AJH 0°C to +70°C Header H-10A 
AD536AKH 0°C to +70°C Header H-10A 
AD536AJQ | 0°C to +70°C Cerdip Q-14 
AD536AKQ 0°C to +70°C Cerdip Q-14 
ADS36ASD —55°C to +125°C | Side Brazed Ceramic DIP | D-14 
ADS36ASD/883B | —55°C to +125°C | Side Brazed Ceramic DIP | D-14 
ADS36ASE —55°C to +125°C | LCC E-20A 
AD536ASE/883B | —55°C to +125°C. | LCC E-20A 
ADS5S36ASH —55°C to +125°C | Header 


AD536ASH/883B 


NOTES 
'«§” grade chips are available tested at +25°C and + 125°C. “J” grade chips are also available. 
For outline information see Package Information section. 


—55°C to +125°C | Header 


REV. A 


ADS36A 


STANDARD CONNECTION | 

The AD536A is simple to connect for the majority of high accu- 
racy rms measurements, requiring only an external capacitor to 
set the averaging time constant. The standard connection is 
shown in Figure 1. In this configuration, the AD536A will mea- 
sure the rms of the ac and dc level present at the input, but will 
show an error for low frequency inputs as a function of the filter 
capacitor, Cay, as shown in Figure 5. Thus, if a 4.F capacitor 
is used, the additional average error at 10Hz will be 0.1%; at 
3Hz it will be 1%. The accuracy at higher frequencies will be 
according to specification. If it is desired to reject the dc input, 
a capacitor is added in series with the input, as shown in Figure 
3, the capacitor must be nonpolar. If the AD536A is driven with 
power supplies with a considerable amount of high frequency 
ripple, it is advisable to bypass both supplies to ground with 
0.1,.F ceramic discs as near the device as possible. | 


CURRENT 
ae 
SQUARER | 


DIVIDER 


Figure 1. Standard RMS Connection 
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ANALOG 
| DEVICES 


“Low Level, 
True RMS-to- 0c Converter 


FEATURES 
True rms-to-dc Conversion 
200mvV Full Scale 
Laser-Trimmed to High Accuracy 
0.5% max Error (AD636K) 
1.0% max Error (AD636J) 
Wide Response Capability: 
Computes: rms of ac and dc Signals 
‘IMHz -3dB Bandwidth: Vims> 100mV 
Signal Crest Factor of 6 for 0.5% Error 
dB Output with 50dB Range 
Low Power: 800u.A Quiescent Current 
Single or Dual Supply Operation | 
Monolithic Integrated Circuit _ 
Low Cost 
Available in Chip Form 


PRODUCT DESCRIPTION 

The AD636 is a low power monolithic IC which performs true 
rms-to-de conversion on low level signals. It offers perform- 
ance which is comparable or superior to that of hybrid and 
modular converters costing much more. The AD636 is speci- 
fied for a signal range of 0 to 200 millivolts rms. Crest factors 
up to 6 can be accommodated with less than 0.5% additional 
error, allowing accurate measurement of complex input 
waveforms. | 


The low power supply current requirement of the AD636, 
typically 800uA, allows it to be used in battery-powered 
portable instruments. A wide range of power supplies can be 
used, from +2.5V to £16.5V or a single +5V to +24V supply. 
The input and output terminals are fully protected; the in- 
put signal can exceed the power supply with no damage to 

the device (allowing the presence of input signals in the 
absence of supply voltage) and the output buffer amplifier 

is short-circuit protected. © 


The AD636 includes an auxiliary dB output. This signal is 
derived from an internal circuit point which represents the 
logarithm of the rms output. The OdB reference level is set 
by an externally supplied current and can be selected by the 
user to correspond to any input level from O0dBm (774.6mV) 
to -20dBm (77.46mV). Frequency response ranges from 
1.2MHz at a OdBm level to over 10kHz at -50dBm. 


The AD636 is designed for ease of use. The device is factory- 
trimmed at the wafer level for input and output offset, posi- 
tive and negative waveform symmetry (dc reversal error), and 
full scale accuracy at 200mV rms. Thus no external trims are 
required to achieve full rated accuracy. 


AD636 is available in two accuracy grades; the AD636J 
total error of £0.5mV +0.06% of reading, and the AD636K 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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PIN CONNECTIONS & 
FUNCTIONAL BLOCK DIAGRAM 


“Dp” Package . “HD” Package 
(TO-116) (TO-100) 


SQUARER 


CURRENT 
ee 
“DIVIDER 


rT 
CURRENT 
MIRROR 


is accurate within +0.2mV to 70. 03% of reading. Both versions 


are specified for the 0 to +70°C temperature range, and are 


offered in either a hermetically sealed 14-pin DIP or a 10-pin 
TO-100 metal can. Chips are also available. 


PRODUCT HIGHLIGHTS | 

1. The AD636 computes the true root-mean-square ofa a com- 
plex ac (or ac plus dc) input signal and gives an equivalent 
dc output level. The true rms value of a waveform is a 
more useful quantity than the average rectified value since 
it is a measure of the power in the signal. The rms value 
of an ac-coupled’signal is also its standard deviation. 

2. The 200 millivolt full scale range of the AD636 is com- 
patible with many popular display-oriented analog-to-digital 

_ converters. The low power supply current requirement 
permits use in battery-powered hand-held instruments. 

3. The only external component required to perform mea- 
surements to the fully specified accuracy is the averaging 
capacitor. The value of this capacitor can be selected for 
the desired trade-off of low frequency accuracy, ripple, and 
settling time. 

4, The on-chip buffer amplifier can be used to buffer either 
the input or the output. Used as an input buffer, it pro- 
vides accurate performance from standard 10MQ input 
attenuators. As an output buffer, it can supply up to 5 
milliamps of output current. 

5. The AD636 will operate over a wide range of power sup- 
ply voltages, including single +5V to +24V or split £2.5V 
to +16.5V sources. A standard 9V battery will provide 

several hundred hours of continuous operation. 


REV. A 


SPECIFICATIONS (@ +25°C, and +V, = +3V, —V, = —5V unless otherwise noted) 


Model 


TRANSFER FUNCTION 


CONVERSION ACCURACY 
Total Error, Internal Trim!» 
vs. Temperature, 0 to + 70°C 
vs. Supply Voltage 
dc Reversal Error at 200mV 
Total Error, External Trim! 


ERROR VS. CREST FACTOR? 
Crest Factor 1 to 2 
Crest Factor = 3 
Crest Factor = 6 


AVERAGING TIME CONSTANT 


INPUT CHARACTERISTICS 
Signal Range, All Supplies 
Continuous rms Level 

Peak Transient Inputs 
+ 3V, —5V Supply 
+2.5V Supply 
+5V Supply 


‘Maximum Continuous Non- Destructive 


Input Level (All Supply Voltages) 
Input Resistance <3 
Input Offset Voltage 


FREQUENCY RESPONSE”?4 


Bandwidth for 1% additional error (0.09dB) 


Vin = 10mV 
Vin = 100mV 
VIN = 200mV 
+ 3dB Bandwidth 
Vin =10mV 
VIN = 100mV 
Vin = 200mV 


OUTPUT CHARACTERISTICS? 

Offset Voltage, Vin = COM 

vs. Temperature 

vs. Supply 
Voltage Swing 

+ 3V, — SV Supply 

+5Vto + 16.5V Supply 
Output Impedance 


dB OUTPUT 
Error, Vin = 7mV to 300mV rms 
Scale Factor 
Scale Factor Temperature Coefficient 


Iperf for OdB = 0.1Vrms 
Irer Range 


IovT TERMINAL 
Iourt Scale Factor 
Iout Scale Factor Tolerance 
Output Resistance 
Voltage Compliance 


BUFFER AMPLIFIER 
Input and Output Voltage Range 


Input Offset Voltage, Rs = 10k 
Input Bias Current 

Input Resistance 

Output Current 


Short Circuit Current 
Small Signal Bandwidth 
Slew Rate? 


POWER SUPPLY 
Voltage, Rated Performance 
Dual Supply 
Single Supply 
Quiescent Current® 


REV. A 


AD636J AD636K 
Min Typ Max Min Typ Max Units 
Vout = Vavg. (Vin)’ Vout = V avg. (Vin) 
+0.2+0.5 mV + % of Reading 
+0.1 +0.005 | mV.+% of Reading/°C 
+0.1 +0.01 +0.1 +0.01 mV + %of Reading/V 
+0.2 +0.1 % of Reading 
+0.3 +0.3 +0.1 +0.2 mV + %of Reading 
Specified Accuracy Specified Accuracy 
—0.2 —0.2 % of Reading 
—0.5 —0.5 % of Reading 
ms/KF CAV 


0 to 200 


0 to 200 mV rms 


+10 
+0.1 


Oto + 1.0 
Oto + 1.0 


dB 

mV/dB 

% of Reading/°C 
dB/°C 

pA 

pA 


A/V rms 
+10 >.> ae 10 % 

1 = 10 /{ Ko 

» 47 Vsto(+:Vs | —Vsto(+ Vs 

aN os —2V) 


—Vgto(+ Vg 


; =V5to(+ Vs 
—2V) ~ a —2V) oe V 
: 208 1h a2 | mV 
100 | - ‘300 nA 
ee es 0 
(+5mA, . 
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‘ADG3G 
- "TEMPERATURERANGE 

' . Rated Performance 

_Storage 


TRANSISTOR COUNT 


°C 
°C 


NOTES 

Accuracy specified for ot to 200mV rms, dc or 1kHzs sinewave input. ha is degraded at higher rms ‘signal levels. 
?Measured at pin 8 of DIP (Igy r), with pin 9 tied to common. 

3Error vs. crest factor is specified as additional error for a200mV rms rectangular pulse train, pulse width = SOO BES 
‘Input voltages are expressed in volts rms. 

5With 10k2 pull down resistor from pin 6 GUE OUT) to — Vs. 

With BUF input tied to Common. 


Specifications subject to change without notice. — 


All min and max specifications are guaranteed. Specifications shown i in 
boldface are tested on all production units at final electrical test are i to 
calculate outgoing quality levels. 


ABSOLUTE MAXIMUM RATINGS! | | Pa | ORDERING GUIDE 
Supply Voltage | 2 | : 
Dual Supply ....... eee Dei eas bas ee EIS Vi 
Single Supply ..... eee re Cee GAlelpeoe®, oe eae N 
Internal Power Dissipation” Sop. tease, and ansiesece aca 500 mW AD636JD — 
Maximum Input Voltage PAs ecko aiae Gee eee mae el -V. Peak AD636KD> 
_ Storage Temperature Range ........... —55°C to +150°C AD636JH_. rc - +£70°C Header 


Operating Temperature Range - AD636KH__|0°C to + 70°C |Header 
AD636J/K ........ oe oe sks Pb eke . OC to +70 C “e AD636J Chip 0°C to +70°C |Chip 

Lead Temperature Range pode 60 ay: 2 he dw we 300C AD636K Chip|0°C to +70°C |Chip 

ESD Rating....... Dai eel lace maki Buea ...1000V_ | | 


*For outline information see Package Information section. 
NOTES . 


‘Stresses above those listed under “Absolute Maximum Ratings” may cause . 
permanent damage to the device. This is a stress rating only and functional 
operation ofthe device at these or anyother conditions above those indicated in 
the operational section of this specification i is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
710-Pin Header: 6,4 = 150°C/W. : ; 

14-Pin Sidebrazed Ceramic DIP: Sra = = 95°CIW. 


METALIZATION PHOTOGRAPH 


_ Dimensions shown in inches and (mm). 


0.1315 
| (3.340) COM 


0.0807 

(2.050) 
Vin 1A 7 BUF IN 
Vin 1B* 6 BUF OUT 


_ Vs Cc AN d B 


PAD NUMBERS CORRESPOND TO PIN NUMBERS 
FOR THE TO-116 14-PIN CERAMIC DIP PACKAGE. 


NOTE 
*BOTH PADS SHOWN MUST BE CONNECTED TO Vin- 
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ANALOG 
DEVICES 


FEATURES 
High Accuracy 
0.02% Max Nonlinearity, 0 to 2V RMS Input 
0.10% Additional Error to Crest Factor of 3 
Wide Bandwidth 
8MHz at 1V RMS Input 
600kHz at 100mV RMS 
Computes: 
True RMS 
Square 
Mean Square 
Absolute Value 
dB Output (60dB Range) 
Chip Select-Power Down Feature Allows: 
Analog “3-State” Operation 
Quiescent Current Reduction from 2.2mA to 350pA 
Side Brazed DIP, Low-Cost Cerdip and SOIC 


PRODUCT DESCRIPTION 

The AD637 is a complete high accuracy monolithic rms to dc 
converter that computes the true rms value of any complex 
waveform. It offers performance that is unprecedented in inte- 
grated circuit rms to dc converters and comparable to discrete 
and modular techniques in accuracy, bandwidth and dynamic 
range. A crest factor compensation scheme in the AD637 permits 
measurements of signals with crest factors of up to 10 with less 
than 1% additional error. The circuit’s wide bandwidth permits 
the measurement of signals up to 600kHz with inputs of 200mV 
rms and up to 8MHz when the input levels are above 1V rms. 


As with previous monolithic rms converters from Analog Devices, 
the AD637 has an auxiliary dB output available to the user. The 
logarithm of the rms output signal is brought out to a separate 
pin allowing direct dB measurement with a useful range of 
60dB. An externally programmed reference current allows the 
user to select the OdB reference voltage to correspond to any 
level between 0.1V and 2.0V rms. 


A chip select connection on the AD637 permits the user to 
decrease the supply current from 2.2mA to 350A during periods 
when the rms function is not in use. This feature facilitates the 


High Precision, 


Wideband RMS-to-DC Converter 


addition of precision rms measurement to remote or hand-held 
applications where minimum power consumption is critical. In 
addition when the AD637 is powered down the output goes to a 
high impedance state. This allows several AD637s to be tied 
together to form a wide-band true rms multiplexer. 


The input circuitry of the AD637 is protected from overload 
voltages that are in excess of the supply levels. The inputs will 
not be damaged by input signals if the supply voltages are lost. 


The AD637 is available in two accuracy grades (J, K) for com- 
mercial (0 to +70°C) temperature range applications; two accu- 
racy grades (A, B) for industrial (— 40°C to +85°C) applications; 
and one (S) rated over the —55°C to +125°C temperature range. 
All versions are available in hermetically-sealed, 14-pin side- 
brazed ceramic DIPs as well as low-cost cerdip packages. A 
16-pin SOIC package is also available. 


PRODUCT HIGHLIGHTS . 

1. The AD637 computes the true root-mean-square, mean square, 
or absolute value of any complex ac (or ac plus dc) input 
waveform and gives an equivalent dc output voltage. The 
true rms value of a waveform is more useful than an average 
rectified signal since it relates directly to the power of the 
signal. The rms value of a statistical signal is also related to 
the standard deviation of the signal. 


2. The AD637 is laser wafer trimmed to achieve rated performance 
without external trimming. The only external component 
required is a capacitor which sets the averaging time period. 
The value of this capacitor also determines low frequency 
accuracy, ripple level and settling time. 


3. The chip select feature of the AD637 permits the user to 
power down the device down during periods of nonuse, 
thereby, decreasing battery drain in remote or hand-held 
applications. 


4. The on-chip buffer amplifier can be used as either an input 
buffer or in an active filter configuration. The filter can be 
used to reduce the amount of ac ripple, thereby, increasing 
the accuracy of the measurement. 


SIMPLIFIED SCHEMATIC 


BUFFER 
AMPLIFIER | 


wm mee eee ee ee 


ABSOLUTE VALUE VOLTAGE - 
CURRENT CONVERTER 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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ONE QUADRANT 
| SQUARER/DIVIDER 


FILTER/AMPLIFIER 
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~ ADG37— ~SPECIFICATIONS . (@ +25°C, and +15V de unless otherwise noted.) _ 


TRANSFER FUNCTION Vour = VE =e Vour = Vavg. —" 


CONVERSION ACCURACY 

Total Error, Internal Trim! (Fig. 2) 
Tin tO Tmax 
vs. Supply, + Vin = +300mV 
vs. Supply, — Voy = — 300mV 
dc Reversal Error at 2V 

Nonlinearity 2V Full Scale” 

Nonlinearity 7V Full Scale 

Total Error, External Trim 


ERROR VS. CREST FACTOR? 
Crest Factor 1 to 2 
Crest Factor = 3 
Crest Factor = 10 


AVERAGIN: GTIME CONSTANT 


INPUT CHARACTERISTICS 

Signal Range, + 15V Supply 
Continuous rms Level 
Peak Transient Input 

Signal Range, + 5V Supply 
Continuous rms Level 
Peak Transient Input 

Maximum Continuous Non-Destructive 
Input Level (All Supply Voltages) 

Input Resistance 

Input Offset Voltage 


FREQUENCY RESPONSE* 

Bandwidth for 1% additional error (0.09dB) 
Vin = 20mV 
Vin = 200mV 
Vin =2V 

+ 3dB Bandwidth 
Vin = 20mV 
Vin = 200mV 
Vin =2V | 


OUTPUT CHARACTERISTICS 
Offset Voltage 
vs. Temperature 
Voltage Swing, + 15V Supply, 
2kQ Load 
Voltage Swing, + 3V Supply, 
2kQ Load , 
Output Current 
Short Circuit Current 
Resistance, Chip Select “High” 
Resistance, Chip Select “Low” 
dB OUTPUT 
Error, Vin 7mV to 7V rms, 0dB = 1V rms +0.5 
Scale Factor 
Scale Factor Temperature Coefficient 


£0.5+0.2 mV + % of Reading 
mV + %of Reading 
pVv/V 

pV/V 

% of Reading 

% of FSR 

% of FSR 


mV + %of Reading 


+0.25 +0.05 


Specified Accuracy 
+0.1 
+1.0 


Specified Accuracy 
+0.1 
+1.0 


Specified Accuracy 
+0.1 
+1.0 


% of Reading 
% of Reading 
ms/pF Cc AV 


#1 
+ 0.07 


+0.05 - 


Oto +12.0 | 


+ 13.5 


Oto +12.0 Oto +12.0 


Oto +2 
6 


Oto +2 
6 


Oto +2 
6 


Iper for 0dB = 1V rms 
Irer Range 
BUFFER AMPLIFIER 
Input and Output Voltage Range 


—Vs to(+ Vs 
~2.5V) 


. ~Vsto(+Vs 
—2.5V) 


~Vsto(+Vs 
—2.5V) 


Input Offset Voltage 
Input Current 
Input Resistance 
Output Current 


Short Circuit Current 
Small Signal Bandwidth 
Slew Rate* 


DENOMINATOR INPUT 
Input Range 
Input Resistance 
Offset Voltage 


CHIP SELECT PROVISION (CS) 
rms “ON” Level 
rms “OFF” Level 
Iout of Chip Select 
cS “LOW” 
CS “HIGH” 
On Time Constant 
Off Time Constant 


POWER SUPPLY 
Operating Voltage Range 


Quiescent Current 
Standby Current 


Oto +10 
20 25 30 
+0.2 


Openor + 2.4V<Vo<+Vs 
Vco<+0.2V 


Openor + 2.4V<Vc<+Vs __ 
Ve< +0.2V 


Open or + 2.4V<Ve< + Vs 
Ve< +0.2V 


10 

Zero 

10ps+ ((25kQ) x Cay) 
10ps + ((25k2M) x Cay) 


pA 


10 

Zero 
10ps + (25k) x Cay) 
10ps + ((25kQ) x Cay) 


10 
Zero 

10ps + ((25kQ) x Cay) 
10s + ((25kQ) x Cay) 


BBS 
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TRANSISTOR COUNT 


NOTES 


’ Accuracy specified 0-7V rms dc with AD637 connected as shown in Figure 2. 


Nonlinearity is defined as the maximum deviation from the straight line connecting the readings at 10mV and 2V. 


3Error vs. crest factor is specified as additional error for 1V rms. 
“Input voltages are expressed in volts rms. % are in % of reading. 
>With external 2kQ pull down resistor tied to — Vs. 


Specifications subject to change without notice. 


AD637J/A AD637K/B 
Min Typ Max Min Typ Max 
107 


Specifications shown in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. 
All min and max specifications are guaranteed, although only those shown in boldface are tested on all production units. 


ABSOLUTE MAXIMUM RATINGS 


CHIP DIMENSIONS AND BONDING DIAGRAM 


Dimensions shown in inches and (mm). 


ESD Rating ... 0.0... cece ec cece ee eaes 500 V 
Supply Voltage ...... 0... c cece eee eevee +18 V de 1 14 a 
Internal Quiescent Power Dissipation ........... 108 mW ae x po Vin 
Output Short-Circuit Duration ............... Indefinite sy 0.108 (2.743) at 
Storage Temperature Range ........... —65°C to + 150°C ‘ 
Lead Temperature Range (Soldering 10 sec) ....... +300°C COM 
Rated Operating Temperature Range 
ADDGS7 Loe ib eae ee ee ea ed een 0°C to +70°C = 
PIDGST ASB. cia. unc ies hood. see ee as —40°C to +85°C 3 
AD637S, 5962-8963701ICA ........... —55°C to +125°C ‘ 
3 
4 
ORDERING GUIDE OUTPUT 
OFFSET 
Temperature Package Package ( 
AD637AR —40°C to +85°C | SOIC R-16 5 
AD637BR —40°C to +85°C | SOIC R-16 cS 10 
AD637AQ —40°C to +85°C | Cerdip Q-14 6 f i 
AD637BQ —40°C to +85°C_ | Cerdip Q-14 DEN 
AD637JR-Reel | 0°C to +70°C SOIC R-16 INPUT 7 8 9 
AD637JD 0°C to +70°C Side Brazed Ceramic DIP | D-14 dB CAV RMS 
AD637KD 0°C to +70°C Side Brazed Ceramic DIP | D-14 ouT Our 
AD637JQ 0°C to +70°C Cerdip Q-14 
AD637KQ 0°C to +70°C Cerdip Q-14 
AD637JR 0°C to +70°C SOIC R-16 
AD637SD —55°C to +125°C | Side Brazed Ceramic DIP | D-14 
AD637SD/883B | —55°C to +125°C | Side Brazed Ceramic DIP | D-14 
AD637SQ/883B | —55°C to + 125°C | Cerdip 
NOTES 
17” and “S” grade chips are also available. 
7A Standard Military Drawing, 5962-89637, is also available. 
>For outline information see Package Information section. 
. PIN CONFIGURATIONS 
Ceramic DIP (D) and SOIC (R) Package 


Cerdip (Q) Packages 


NC = NO CONNECT 
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’ NC = NO CONNECT 


RMS-TO-DC CONVERTERS — 18-13 


ANALOG 
DEVICES 


~_ Low Cost, Low Power 
True RMS-to- DC Converter 


FEATURES 

COMPUTES 
True RMS Value 
Average Rectified Value 
Absolute Value 


PROVIDES 
200mV Full- Scale Input faves 
(Larger Inputs with Input Attenuator) 
High Input Impedance of 10°70 
Low Input Bias Current: 25pA max 
High Accuracy: +0.3mV +0.3% of Reading 
RMS Conversion with Signal Crest Factors Up to 5 
Wide Power ‘Supply mange +2.8V, a 2V 
to +16.5V 
Low Power: 200A max Supply Current 
Buffered Voltage Output 
No External Trims Needed for Specified Accuracy 
AD737 - “An Unbuffered Voltage Output Version 
with Chip Power Down Is Also Available 


PRODUCT DESCRIPTION ‘ 

The AD736 is a low power, precision, monolithic ‘true rms-to-dc 
converter. It is laser trimmed to provide a maximum error of 
+0.3mV +0.3% of reading with sine-wave inputs. Furthermore, 
it maintains high accuracy while measuring a wide range of 
input waveforms, including variable duty cycle pulses and triac 
(phase) controlled sine waves. The low cost and small physical 
size of this converter make it suitable for upgrading the per- 
formance of non-rms “precision rectifiers” in many applications. 
Compared to these circuits, the AD736 offers higher accuracy at 
equal or lower cost. 


The AD736 can compute the rms value of both ac and dc input 
voltages. It can also be operated ac coupled by adding one external 
capacitor. In this mode, the AD736 can resolve input signal 
levels of 100i.V rms or less, despite variations in temperature or 
supply voltage. High acccuracy is also maintained for input 
waveforms with crest factors of 1 to 3. In addition, crest factors 
as high as 5 can be measured (while introducing only 2.5% 
additional error) at the 200mV full-scale input level. 


The AD736 has its own output buffer amplifier, thereby providing | 


a great deal of design flexibility. Requiring only 200A of power 
supply current, the AD736 is optimized for use in portable 
multimeters and other battery powered applications. 


The AD736 allows the choice of two signal input terminals: a 
high impedance (10!7) FET input which will directly interface 
with high Z input attenuators and a low impedance (8k{?) input 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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which allows the measurement of 300mV input levels, while 
operating from the minimum power supply voltage of +2.8V, 
—3.2V. The two inputs may be used either singly or 
differéntially. 


The AD736 achieves a 1% of reading error bandwidth eecaing 
10kHz for input amplitudes from 20mV rms to 200mV rms 
while consuming only lmW. 


The AD736 is available in four performance grades. The AD736] 
and AD736K grades are rated over the commercial temperature 
range of 0 to + 70°C. The AD736A and AD736B grades are . 
rated over the industrial temperature range of — 40°C to + 85°C. . 


The AD736 is available in three low-cost 8-pin packages: plastic 


-mini-DIP, plastic SO and hermetic cerdip. 


PRODUCT HIGHLIGHTS » 

1. The AD736 is capable of computing the average rectified 
value, absolute value or true rms vane of various apse 
signals. ; 


2. Only one external component, an averaging ee s 
required for the AD736 to perform true rms measurement. 


3. The low power consumption of 1mW makes the AD736 
suitable for many battery powered applications. 


4. A high input impedance of 1020, eliminates the need for an 
external buffer when interfacing with input attenuators. 


5. A low impedance input is available for those applications 
requiring up to 300mV rms input signal operating from low 
power supply voltages. 
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(@ +25°C +5V supplies, ac coupled with 1kHz sine-wave input applied unless 
otherwise noted.) 


SPECIFICATION AD736 


AD736J/A AD736K/B 
Model Conditions Min Typ Max Mi Units 
TRANSFER FUNCTION ae Vout V Avg. (Vin?) Vout V Avg. (Vin?) 
CONVERSION ACCURACY 1kHz Sine Wave 


Total Error, Internal Trim! 
All Grades 


ac Coupled Using C;: 
0-200mV rms 


0.5/0.5 


+mV/ + % of Reading 


200mV-1V rms +2.0 % of Reading 
Tinin> | max 
A&B Grades (a 200mV rms +mV/+ % of Readiny 
J&K Grades (a 200mV rms + % of Reading/*C 


vs. Supply Voltage 

(a 200mV rms Input 

(a 200mV rms Input 
dc Reversal Error, dc Coupled 
Nonlinearity’, 0-200mV 
Total Error, External Trim 


ERROR vs. CREST FACTOR? 
Crest Factor | to 3 
Crest Factor = 5 


INPUT CHARACTERISTICS 
High Impedance Input (Pin 2) 
Signal Range 
Conunuous rms Level 
Conunuous rms Level 


Vs +5Vto + 16.5V 
Vs +5SVto +3V 

(a 600mV dc 

(a 100mV rms 
0-200mV rms 


Cay, Cr = 100nF 
Cav, Cr = 100pF 


Vs +2.8V, 3.2V 
Vs +5Vto +16.5V 


Peak Transient Input Vs. +2.8V, 3.2V 
Peak Transient Input Vs° +5V 
Peak Transient Input ~ +16.5V 


Input Resistance 
Input Bias Current 


Low Impedance Input (Pin 1) 


%/V 

%/V 

% of Reading 

% of Reading 

+ mV/ + % of Reading 


% Additional Error 
% Additional Error 


Signal Range 
Continuous rms Level +2.8V, -—3.2V mV rms 
Continuous rms Level +5Vto +16.5V Vrms_ 
Peak Transient Input +2.8V, —3.2V 
Peak Transient Input +5V 
Peak Transient Input +16.5V 
Input Resistance 
Maximum Continuous Non- 
Destructive Input All Supply Voltages 
Input Offset Voltage* ac Coupled 
J&K Grades 
A&B Grades 
vs. Temperature 
vs. Supply +5Vto + 16.5V 
vs. Supply = +5Vto +3V 
OUTPUT CHARACTERISTICS 
Output Offset Voltage 
J&K Grades 
A&B Grades 
vs. Temperature 
vs. Supply . +5Vto +16.5V 
+5Vto +3V 
Output Voltage Swing 
2k. Load +2.8V, —3.2V 
2k Load +5V 
2k Load +16.5V 
No Load + 16.5V 
Output Current 
Short-Circuit Current 
Output Resistance 
FREQUENCY RESPONSE 
High Impedance Input (Pin 2) 
For 1% Additional Error Sine-Wave Input 


Vin = lImVrms 
Vin = 10mV rms 
Vin = 100mV rms 
Vin = 200mV rms 


+ 3dB Bandwidth Sine-Wave Input 
Vin = ImVrms 
Vin = 10mVrms 


Vin = 100mV rms 
Vm = 200mV rms 
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~RMS-TO-DC CONVERTERS = 18-15 


ADT36 


Model 
FREQUENCY RESPONSE 


Low Impedance Input (Pin 1) | 


For 1% Additional Error 
Vin = ImVrms _ 
Vin = 10mV rms . 
Vin ars 100mV rms 
Vin = 200mV rms 
+ 3dB Bandwidth 
Vin = lmVrms 
Vin = 10mV rms 
Vin = 100mV rms 
Vin = 200mV rms 
POWER SUPPLY 
Operating Voltage Range 
Quiescent Current — 
200mV rms, No Load 


AD736J/A 


AD736K/B 


Conditions ‘Units 


Sine-Wave Input ° 


~ Sine-Wave Input 


+2.8,—3.2 


Zero Signal 
Sine-Wave Input 


TEMPERATURE RANGE 
Operating, Rated Performance 
Commercial (0 to + 70°C) 
Industrial (— 40°C to + 85°C) 


AD736J 
AD736A 


NOTES 
‘Accuracy is specified with the AD736 connected as shown in Figure 16 with capacitor Cc. 


AD736K 
AD736B 


Nonlinearity is defined as the maximum deviation (in percent error) from a straight line connecting 


the readings at 0 and 200mV rms. Output offset voltage is adjusted to zero. 


3Error vs. Crest Factor is specified as additional error for a 200mV rms signal. C.F. = Vpgax/V rms. 


“DC offset does not limit ac resolution. 


Specifications are subject to change without notice. 
Specifications shown in boldface are tested on all production units at final electrical test. 
Results from those tests are used to calculate outgoing quality levels. 


ABSOLUTE MAXIMUM RATINGS! 


Supply Voltages: oe Se WSR R SS +16.5V 
- Internal Power Dissipation? .............. 200mW 
input Voltage: <¢ % Mikce 2 wt eae ee he ee Re +Vs 
Output Short-Circuit Duration ........... Indefinite 
Differential Input Voltage .......... ~+Vs5 and —Vs 
Storage Temperature Range (Q) ...... — 65°C to+ 150°C 
Storage Temperature Range (N, R)..... — 65°C to+ 125°C 
Operating Temperature Range 
AD?36/KO sche oe ee we Ee ey 8 0 to +70°C 
PID7SOAIB. gee es deg Sw ck — 40°C to + 85°C 


ORDERING GUIDE 


Temperature 
Range 


Package 
Description 


AD736JN 0°C to + 70°C Plastic Mini-DIP 
AD736KN 0°C to + 70°C Plastic Mini-DIP | N-8 
AD736JR 0°C to + 70°C - Plastic SOIC R-8 
AD736KR 0°C to + 70°C Plastic SOIC R-8. 
AD736AQ — 40°C to + 85°C Cerdip Q-8 
~AD736BQ — 40°C to + 85°C Cerdip Q-8 
AD736JR-Reel | 0°C to + 70°C Plastic SOIC R-8 
AD736KR-Reel | 0°C to + 70°C Plastic SOIC R-8 


*For outline information see Package Information section. 
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_Lead Temperature Range (Soldering 60sec) . . iN . +300°C 
BSD Rating: ¢ o. 9.3.5. @ 4 ee a eo Os Se A 500 V 
NOTES 


'Stresses above those listed under “Absolute Maximum Ratings” may cause per- 
manent damage to the device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above those indicated in the 
operational section of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

78-Pin Plastic Package: 8j4 = 165°C/W 
8-Pin Cerdip Package: 6;4 = 110°C/W 
8-Pin Small Outline Package: 6;4 = 155°C/(W 


PIN CONFIGURATIONS 
8-Pin Mini-DIP (N-8), 8-Pin SOIC (R-8) | 
8-Pin Cerdip (Q-8) 
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ANALOG 
DEVICES 


~ Low Cost, Low Power, 
True RMS-to-DC Converter 


AD737 


FEATURES 

COMPUTES 
True RMS Value 
Average Rectified Value 
Absolute Value 


PROVIDES 
200mV Full-Scale Input Range 
(Larger Inputs with Input Attenuator) 
Direct Interfacing with 3 1/2 Digit 
CMOS A/D Converters 
Power Down Feature Which Reduces Supply Current 
High Input Impedance: 10°? 0 
Low Input Bias Current: 25 pA max 
High Accuracy: +0.2 mV +0.3% of Reading 
RMS Conversion with Signal Crest Factors Up to 5 
Wide Power Supply Range: +2.8 V, —3.2 V 
to +16.5V | 
Low Power: 160 »A max Supply Current 
No External Trims Needed for Specified Accuracy 
AD736 — A General Purpose, Buffered Voltage 
Output Version Also Available 


PRODUCT DESCRIPTION 

The AD737 is a low power, precision, monolithic true rms-to-dc 
converter. It is laser trimmed to provide a maximum error of 
+0.2 mV +0.3% of reading with sine wave inputs. Further- 
more, it maintains high accuracy while measuring a wide range 
of input waveforms, including variable duty cycle pulses and 
triac (phase) controlled sine waves. The low cost and small 
physical size of this converter make it suitable for upgrading the 
performance of non-rms “precision rectifiers” in many applica- 
tions. Compared to these circuits, the AD737 offers higher accu- 
racy at equal or lower cost. 


The AD737 can compute the rms value of both ac and dc input 
voltages. It can also be operated ac coupled by adding one exter- 
nal capacitor. In this mode, the AD737 can resolve input signal 
levels of 100 wV rms or less, despite variations in temperature 
or supply voltage. High accuracy is also maintained for input 
waveforms with crest factors of 1 to 3. In addition, crest factors 
as high as 5 can be measured (while introducing only 2.5% addi- 
tional error) at the 200 mV full-scale input level. 


The AD737 has no output buffer amplifier, thereby significantly 
reducing dc offset errors occurring at the output. This allows 
the device to be highly compatible with high input impedance 
A/D converters. 


Requiring only 160 pA of power supply current, the AD737 is 
optimized for use in portable multimeters and other battery 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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FUNCTIONAL BLOCK DIAGRAM 


powered applications. This converter also provides a “power 
down” feature which reduces the power supply standby current 
to less than 30 pA. 


The AD737 allows the choice of two signal input terminals: a 
high impedance (10'* Q) FET input which will directly interface 
with high Z input attenuators and a low impedance (8 kQ) input 
which allows the measurement of 300 mV input levels while 
operating from the minimum power supply voltage of +2.8 V, 
—3.2 V. The two inputs may be used either singly or 
differentially. 


The AD737 achieves a 1% of reading error bandwidth exceeding 
10 kHz for input amplitudes from 20 mV rms to 200 mV rms 
while consuming only 0.72 mW. 


The AD737 is available in four performance grades. The 
AD737J and AD737K grades are rated over the commercial 
temperature range of 0 to +70°C. The AD737A and AD737B 
grades are rated over the industrial temperature range of —40°C 
to +85°C. 


The AD737 is available in three low cost, 8-pin packages: plastic 
mini-DIP, plastic SO and hermetic cerdip. 


PRODUCT HIGHLIGHTS 

1. The AD737 is capable of computing the average rectified 
value, absolute value or true rms value of various input 
signals. : 


2. Only one external component, an averaging capacitor, is | 
required for the AD737 to perform true rms measurement. 


3. The low power consumption of 0.72 mW makes the AD737 


suitable for many battery powered applications. 


RMS-TO-DC CONVERTERS = 18-17 


AD737—SPECIF ICATION 


Model 


aan FUNCTION 
CONVERSION ACCURACY 


Total Error, Internal Trim! 
All Grades 


Tnin~T max 
A&B Grades 
J&K Grades 
vs. Supply Voltage 
@ 200 mV rms Input 
@ 200 mV rms Input 
dc Reversal Error, dc Coupled 
Nonlinearity”, 0-200 mV 
. Total Error, External Trim - 


ERROR VS. CREST FACTOR 
Crest Factor 1 to 3 ° 
Crest Factor = 5 


INPUT CHARACTERISTICS 


High Impedance Input (Pin 2) : 


Signal Range 
Continuous rms Level 
Continuous rms Level 
Peak Transient Input 
Peak Transient Input 
Peak Transient Input 
Input Resistance 
Input Bias Current 


Low Impedance Input (Pin 1) 
Signal Range 

Continuous rms Level 
Continuous rms Level 
Peak Transient Input 
Peak Transient Input 
Peak Transient Input 
Input Resistance 


Mastin Continuous © 
Nondestructive Input 
Input Offset Voltage+ _ 

J&K Grades 
A&B Grades 

vs. Temperature 
vs. Supply 

vs. Supply . 


OUTPUT CHARACTERISTICS 
Output Voltage Swing 
No Load 
No Load 
No Load 
Output Resistance 


FREQUENCY RESPONSE — 
High Impedance Input (Pin 2) 

For 1% Additional Error 
Vin = I mV rms 
Vin = 10 mV rms 
Vin = 100 mV rms 
Vin = 200 mV rms 

+3 dB Bandwidth 
Vin = 1 mV rms 
Vin = 10 mV rms 
Vin = 100 mV rms 
Vin = 200 mV rms 


FREQUENCY RESPONSE 
Low Impedance Input (Pin 1) 
For 1% Additional Error 
Vin = 1 mV rms 
Vin = 10 mV rms 
Vin = 100 mV rms 
Vin = 200 mV rms 
+3 dB Bandwidth 
Vin = 1 mV rms 
Vin = 10 mV rms 
Vin = 100 mV rms 
Vin = 200 mV rms 


‘Conditions : 


1 kHz Sine Wave 

AC Coupled Using C, 
0-200 mV rms 

200 mV-1 V rms 


@ 200 mV rms > 
@ 200 mV rms 


Vs = +5 V to +16.5V 
Vs = +5 Vto +3 V 
@ 600 mV dc 

@ 100 mV rms 

0-200 mV rms 


Cay,» Cr = 100 pF 
Cay, Cr = 100 pF 


+2.8V, -3.2 V 
+5Vto +16.5V 
+2.8 V, -—3.2 V 
+5V 

+16.5 V 


+5V 


+2.8 V, —3.2 V 
+5 Vto +16.5 V 
+2.8V, -3.2 V 
+5V 

+16.5 V 


All Supply Voltages — 
ac Coupled 


+5 V to +16.5 V 
+5 Vto+3V 


+2.8V,-3.2 V 
+5V 
+16.5V 


- Sine Wave Input 


Sine Wave Input | 


Sine Wave Input 


Sine Wave Input 
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(@ +25°C, 
otherwise noted.) 


AD737J/A 
Typ Max 


Vour =o V Avg.(V in") ie be 


0.4/0.5 


+2.0 — 


0.5/0.7 


+0.1 
~0.3 
2.5 
+0.35 


Vour = — VAvg.\Vint) 


0.2/0.3 
+2.0 


0.3/0.5 


+0.1 
-0.3 
2.5 
+0.35 


+5 V supplies, ac coupled with 1 kHz sine wave ms a unless 


Units | 


+mV/+% of Reading 
% of Reading 


+mV/+ +% of Reading 


+% of Resangl 


%IV 

%IV 

% of Reading 

% of Reading 
+mV/+% of Reading 


» % Additional Error 


% Additional Error 
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Model AD737J/A AD737K/B 
Conditions Min Max Min Typ Max Units 
POWER SUPPLY 
Operating Voltage Range +2.8,-3.2 +5 V 


Quiescent Current 
Vin = 200 mV rms, No Load 
Power Down Mode Current — 


TEMPERATURE RANGE 
Operating, Rated Performance 
Commercial (0 to +70°C) 
Industrial (— 40°C to +85°C) 


NOTES 


Zero Signal 


Sine Wave Input 
Pin 3 tied to + Vx 


AD737J 
AD737A 


120 pA 
170 pA 
25 pA 


AD737K 
AD737B 


‘Accuracy is specified with the AD737 connected as shown in Figure 16 with capacitor C,.. 


2Nonlinearity is defined as the maximum deviation (in percent error) from a straight line connecting the readings at 0 and 200 mV rms. 
Error vs. Crest Factor is specified as additional error for a 200 mV rms signal. C.F. = Vpgax/V rms. 


*DC offset does not limit ac resolution. 


Specifications shown in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. 


Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS’ 


Supply Voltagé 2.0 64.6.6 44.45 64S oe wee PO eee +16.5 V 
Internal Power Dissipation? ...............0.. 200 mW 
Input VONaSe: as Sh oe eis See Oe ee he +V, 
Output Short-Circuit Duration ............... Indefinite 
Differential Input Voltage ............... +V, and —V, 
Storage Temperature Range (Q) ......... —65°C to + 150°C 
Storage Temperature Range (N, R)....... ~65°C to +125°C 
Operating Temperature Range 

ADIZBIVK 443.554 64 eee ee Matas 0 to +70°C 

ADIS7TAIB oe: eine et ate ese 243 —40°C to +85°C 
Lead Temperature Range (Soldering 60 sec) ....... + 300°C 
ESD‘ Rating 2.4.52 6seas see as GS ekeailcs Be lahee Aare d 500 V 
NOTES 


1Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

?8-Pin Plastic Package: 6,, = 165°C/W 

8-Pin Ceramic Package: 6,, = 110°C/W 

8-Pin SOIC: 6,4 = 155°C/W. 
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ORDERING GUIDE 


Temperature Package 

Range Description 
0°C to +70°C Plastic Mini-DIP | N-8 
0°C to +70°C Plastic Mini-DIP | N-8 


AD737JN 
AD737KN 


AD737JR 0°C to +70°C R-8 
AD737KR 0°C to +70°C R-8 
AD737AQ —40°C to +85°C Q-8 
AD737BQ —40°C to +85°C Q-8 
AD737JR-Reel | —40°C to +85°C 
AD737KR-Reel | —40°C to +85°C 


*For outline information see Package Information section. 


PIN CONFIGURATIONS 
8-Pin Mini-DIP (N-8), 8-Pin SOIC (R-8) 
8-Pin Cerdip (Q-8) 
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MPO3:=-Micropower Temperature Peripheral -0.0cn:n0d0 otha diene we ek eee owned tise he te ee weed oe HOG 19-72 
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Selection Tree — Sensors and Signal Conditioners 


SENSORS & SIGNAL 
CONDITIONERS 


| TEMPERATURE SIGNAL 
peaacasaaes TRANSDUCERS CONDITIONERS 


ADXL05 (+5) AD590 (1 WA/°C (TO-52)) : 

ADXL50 (+50 g) AD592. (1A/°C (TO-92)) 

ADXL181 (—125 to +250 g, AD22100 (22.5 mV/°C) _ AD594 (J Thermocouples) 
—150 to +880 g) TMP03 (Pulse Width Modulated Output) AD595 (K Thermocouples) 


1B60 (4 Channel Thermocouple 


Temperature | or 4 Channel mV or 1 RTD) - 
Controller | : | 
| LVDIs- | | 


TMP01 (°F/°C) 
AD596 (J Thermocouple) 
AD597 (K Thermocouple) 


PROCESS 
CONTROL 


AD693 (4-20 mA Sensor Transmitter) 
AD694 (4-20 Transmitter) 


AD598_ (4 Wire) 
AD698 (2 Wire) 


SYINOILIGNOD TVNODIS GNV SYOSNAS 
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Selection Guides—Sensors and Signal Conditioners 


Temperature Sensors 


lour Vour Cal Error Nonlin Package Temp 
Model pA/K mV/K °C max °C max Options’ Ranges” Page* Comments 
AC2626 1 — 0.5-5 0.3-1.5 Steel Sheath 3/16” Stainless C,M SL 10-5 General Purpose Temperature Probe 4” and 6” Length 
AD590 1 _ 0.5-5 0.3-1.5 F, H M+/ps 19-5 Wide Temperature Range, Accurate 
AD592 1 — 0.5-2.5 0.15-0.35 N I+ 19-9 Low Cost, Accurate 
TMP01 _ 5 1.5-3 0.5-2.0 H, N, R I,M+ 19-57 Complete Programmable Temperature Controller 
TMP03 — — 1.2-2.4 1.0 H, R, T M+ 19-72 3 Pins, Direct Serial Digital Output 
AD22100 _ 22.5 2.0 12 R, T M+ 19-31 3 Pins, Output Proportional to V+ 


Sensor Interfaces 


Package Temp 
Model Sensor Type . Output Accuracy Options’ Ranges* Page* Comments 
AD594 Thermocouple Type J 10 mV/°C 1-3°C D, Q C 19-12 Cold Junction Compensation, Alternate Thermocouple Types 
AD595 Thermocouple Type K 10 mV/°C 1-3°C D, Q C 19-12 Cold Junction Compensation, Alternate Thermocouple Types 
AD596 Thermocouple Type J 10 mV/°C 4°C H C 19-15 Lower Cost, Set Point Control 
AD597_ Thermocouple Type K 10 mV/°C 4°C H C 19-15 Lower Cost, Set Point Control 
AD693 RTD or Low Level mV 4-20 mA/0-20 mA 2°C/0.5% D,E,Q_ I 19-18 Loop Powered Sensor Transmitter 
AD694_ High Level 4-20 mA Transmitter 4-20 mA/0-20 mA 0.15-0.3% N,Q,R C,I 19-24 5 V Supply, Wide Compliance 
AD598_ LVDT Position Sensor Vour Prop. to Position 0.05% D,R C,I 16-63 Complete Interface with Oscillator/Driver 
AD698 LVDT Position Sensor Vour Prop. to Position 0.05% P,Q ILM 16-67 Universal LVDT Interface 
Accelerometers 
Linearity Freq Power Package Temp 
Model Range Error Response Supply Options’ Ranges” Page* Comments 
ADXL05 +5¢g 0.5% DC to 4 kHz +5V H M 19-37 Complete Acceleration Sensor/Amplifier 
ADXL50 +50 g 0.2% DC to 10 kHz +5V H M 19-39 500 pg Sensitivity 
ADXL181 —125 to +250 g 0.2% DC to 3 kHz +5V H M 19-55 2000 g Shock Survivable 
—150 to +880 g 0.2% DC to 3 kHz +12 V 


‘Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; J = J-Leaded Ceramic Package; 

M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline “SOIC” Package; RS = SSOP—Shrink Small Outline Package; $ = Plastic 
Quad Flatpack; ST = Thin Quad Flatpack; T = TO-92; U = TSOP—Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In-Line “SIP” Package; Z = Ceramic Leaded Chip Carrier. 
Temperature Ranges: C = Commercial, 0°C to +70°C; I = Industrial, —40°C to +85°C (Some older products —25°C to +85°C); M = Military, —55°C to +125°C. If a device has military grade offerings, the M 
temperature designator will be followed by: / to indicate 883B, , for JAN, » for SMD, and , for space level. 

3SL = Special Linear Reference Manual. All other entries refer to this volume. 

Boldface Type: Data sheet information in this volume. 


co 
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ANALOG 
DEVICES 


Two-Terminal IC 
Temperature Transducer 


ADS90* 


FEATURES 

Linear Current Output: 1uA/K 

Wide Range: -55°C to +150°C 

Probe Compatible Ceramic Sensor Package 

Two-Terminal Device: Voltage In/Current Out 

Laser Trimmed to +0.5°C Calibration Accuracy (AD590M) 
Excellent Linearity: +0.3°C Over Full Range (AD590M) 
Wide Power Supply Range: +4V to +30V 

Sensor Isolation from Case 

Low Cost 


PRODUCT DESCRIPTION 

The AD590 is a two-terminal integrated circuit temperature 
transducer which produces an output current proportional to 
absolute temperature. For supply voltages between +4V and 
+30V the device acts as a high impedance, constant current 
regulator passing 14A/K. Laser trimming of the chip’s thin film 
resistors is used to calibrate the device to 298.2uUA output at 
298.2K (+25°C). 


The AD590 should be used in any temperature sensing applica- 
tion below +150°C in which conventional electrical tempera- 
ture sensors are currently employed. The inherent low cost of 
a monolithic integrated circuit combined with the elimination 
of support circuitry makes the AD590 an attractive alternative 
for many temperature measurement situations. Linearization 
circuitry, precision voltage amplifiers, resistance measuring 
circuitry and cold junction compensation are not needed in 
applying the AD590. 


In addition to temperature measurement, applications include 
temperature compensation or correction of discrete compo- 
nents, biasing proportional to absolute temperature, flow rate 
measurement, level detection of fluids and anemometry. The 
AD590 is available in chip form making it suitable for hybrid 
circuits and fast temperature measurements in protected en- 
vironments. 


The AD590 is particularly useful in remote sensing applica- 
tions. The device is insensitive to voltage drops over long lines 
due to its high impedance current output. Any well-insulated 
twisted pair is sufficient for operation hundreds of feet from 
the receiving circuitry. The output characteristics also make 
the AD590 easy to multiplex: the current can be switched by 
a CMOS multiplexer or the supply voltage can be switched by 
a logic gate output. 


*Covered by Patent No. 4,123,698. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


REV. A 


PIN DESIGNATIONS 
+ CAN 
BOTTOM VIEW 
PRODUCT HIGHLIGHTS 


1. The AD590 is a calibrated two terminal temperature sensor 
requiring only a dc voltage supply (+4V to +30V). Costly 
transmitters, filters, lead wire compensation and lineariza- 
tion circuits are all unnecessary in applying the device. 


2. State-of-the-art laser trimming at the wafer level in conjunc- 
tion with extensive final testing insures that AD590 units 
are easily interchangeable. 


3. Superior interference rejection results from the output 
being a current rather than a voltage. In addition, power 
requirements are low (1.5mW’s @ 5V @ +25°C). These 
features make the AD590 easy to apply as a remote sensor. 


4. The high output impedance (> 10M) provides excellent 
rejection of supply voltage drift and ripple. For instance, 
changing the power supply from 5V to 10V results in only 
a luA maximum current change, or 1°C equivalent error. 


5. The AD590 is electrically durable: it will withstand a 
forward voltage up to 44V and a reverse voltage of 20V. 
Hence, supply irregularities or pin reversal will not damage 
the device. 
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ADS90— SP ECIFICATIONS (@ +25°C and V; = +5V unless otherwise ney : 


Model 


ABSOLUTE MAXIMUM RATINGS 
Forward Voltage (E+ to E—) 

Reverse Voltage (E+ to E —) 
Breakdown Voltage (Case to E+ or E—) 
Rated Performance Temperature Range! 
Storage Temperature Range! 

Lead Temperature (Soldering, 10 sec) 


POWER SUPPLY 
Operating Voltage Range 


OUTPUT 
Nominal Current Output @ + 25°C (298. 2K) 
Nominal Temperature Coefficient 
Calibration Error @ + 25°C 
Absolute Error (over rated performance 
temperature range) 
Without External Calibration Adjustment 
With + 25°C Calibration Error Set to Zero 
Nonlinearity 
Repeatability” 
Long Term Drift? 
Current Noise 
Power Supply Rejection 
+4V<Vs=+5V 
+ 5V<Vss + 15V 
+15VSVs= + 30V 
Case Isolation to Either Lead 
Effective Shunt Capacitance 
Electrical Turn-On Time 
Reverse Bias Leakage Current‘ 
(Reverse Voltage = 10V) 


PACKAGE OPTIONS* 
TO-52 (H-03A) ADS90JH ADS90KH_ 
Flat Pack (F-2A) ADS90JF ADS90KF 
NOTES | 


1The AD590 has been used at — 100°C and + 200°C for short periods of measurement with no physical damage to the device. However, the absolute errors | 
specified apply to only the rated performance temperature range.__ 

2Maximum deviation between + 25°C readings after temperature cycling between — 55°C and + 150°C; guaranteed not tested. 

3Conditions: constant +5V, constant + 125°C; guaranteed, not rate 

‘Leakage current doubles every 10°C. 

>For outline information see Package Information section. 


Specifications subject to change without notice. 


Specifications shown in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. 
All min and max specifications are guaranteed, although only those shown in boldface are tested on all production units. — 
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ADS90 


Model 


ABSOLUTE MAXIMUM RATINGS 
Forward Voltage (E+ to E—) 
Reverse Voltage (E+ to E—) 
Breakdown Voltage (Case to E+ or E—) 
Rated Performance Temperature Range! 
Storage Temperature Range! 
Lead Temperature (Soldering, 10 sec) 


POWER SUPPLY 
Operating Voltage Range 


OUTPUT 
Nominal Current Output @ + 25°C (298.2K) 
Nominal Temperature Coefficient 
Calibration Error @ + 25°C 
Absolute Error (over rated performance 
temperature range) 
Without External Calibration Adjustment 
With + 25°C Calibration Error Set to Zero 
Nonlinearity 
Repeatability” 
Long Term Drift? 
Current Noise 
Power Supply Rejection 
+4VsVss+5V 
+5VsVss + 15V 
+ 15VsVss + 30V 
Case Isolation to Either Lead 
Effective Shunt Capacitance 
Electrical Turn-On Time 
Reverse Bias Leakage Current* 
(Reverse Voltage = 10V) 


PACKAGE OPTION? | 
TO-52 (H-03A) ADS5S90LH ADS90MH 
Flat Pack (F-2A) ADS90LF ADS90MF 


K +223° +273° +298° +323° +373° +423° 
°c -50° 0° +26° +50° +100° +150° 
' ’ 
t ' ' 
' i} ! 
°F = 100° o° | 1 +100° +200"! +300° 
32° 70° 212° 


TEMPERATURE SCALE CONVERSION EQUATIONS 
"C= 2-CF -32) K = °C 4273.15 


° 


R = °F +459.7 
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AD590 


The 590H has 60p inches of gold plating on its Kovar leads and —_—sIn the AD590, this PTAT voltage is converted to a PTAT cur- 


Kovar header. A resistance welder is used to seal the nickel cap __* rent by low temperature coefficient thin film resistors. The 
to the header. The AD590 chip is eutectically mounted to the __- total current of the device is then forced to be a multiple of 
header and ultrasonically bonded to with 1 MIL aluminum this PTAT current. Referring to Figure 1, the schematic dia- 
wire. Kovar composition: 53% iron nominal; 29% £1% nickel; gram of the AD590, Q8 and Q11 are the transistors that pro- 
17% £1% cobalt; 0.65% manganese max; 0.20% silicon max; duce the PTAT voltage. R5 and R6 convert the voltage to 
0.10% aluminum max; 0.10% magnesium max; 0.10% zirco- current. Q10, whose collector current tracks the collector 
nium max; 0.10% titanium max; 0.06% carbon max. _ currents in Q9 and Q11, supplies all the bias and substrate 


leakage current for the rest of the circuit, forcing the total 
current to be PTAT. R5 and R6 are. laser trimmed, on oui 
‘wafer to calibrate the device at +25°C. 


The 590F is a ceramic package with gold plating on its Kovar 
leads, Kovar lid, and chip cavity. Solder of 80/20 Au/Sn com- 
position is used for the 1.5 mil thick solder ring under the lid. at 
The chip cavity has a nickel underlay between the metalization Figure 2 shows the typical V—I characteristic of the circuit 
and the gold plating. The AD590 chip is eutectically mounted at +25°C and the temperature extremes. 

in the chip cavity at 410°C and ultrasonically bonded to with 
1 mil aluminum wire. Note that the chip is in direct contact 
with the ceramic base, not the metal lid. When using the 
AD590 in die form, the chip substrate must be kept elec- 
trically isolated, (floating), for correct circuit operation. 


METALIZATION DIAGRAM 


$$ $$ serns $$ 


CHIP 
SUBSTRATE 


Figure 1. Schematic Diagram ea 


‘ "e ‘ * A , 7 ° 
THE AD590 IS AVAILABLE IN LASER-TRIMMED CHIP : 423 +150'C 
FORM; CONSULT THE CHIP CATALOG FOR DETAILS. ‘ 


fd 


The AD590 uses a fundamental property of the silicon tran- 218 
sistors from which it is made to realize its temperature propor- _ 

tional characteristic: if two identical transistors are operated 

at a constant ratio of collector current densities, r, then the. 

difference in their base-emitter voltages will be (kT/q)(In r). . | : 
Since both k, Boltzman’s constant and q, the charge of an Bo . | 1 2 3 4 5 6 ey 
electron, are constant, the resulting voltage is directly porpor- — 
tional to absolute temperature (PTAT). 


SUPPLY VOLTAGE 


Figure 2. V—I Plot 


7 For a more detailed circuit description see M.P. Timko, “A Two- 
Terminal IC Temperature Transducer,” IEEE J. Solid State Circuits, 
Vol. SC-11, p. 784-788, Dec. 1976. 
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ANALOG 
DEVICES 


Low Cost, Precision IC 
Temperature Transducer 


AD592* 


FEATURES 
High Precalibrated Accuracy: 0.5°C max @ 25°C 
Excellent Linearity: 0.15°C max (0 to + 70°C) 


Wide Operating Temperature Range: —25°C to + 105°C 


Single Supply Operation: +4V to +30V 

Excellent Repeatability and Stability 

High Level Output: 1pA/K 

Two Terminal Monolithic IC: Temperature In/ 
Current Out 

Minimal Self-Heating Errors 


PRODUCT DESCRIPTION 

The AD592 is a two terminal monolithic integrated circuit tem- 
perature transducer that provides an output current proportional 
to absolute temperature. For a wide range of supply voltages the 
transducer acts as a high impedance temperature dependent 
current source of 1,:A/K. Improved design and laser wafer 
trimming of the IC’s thin film resistors allows the AD592 to 
achieve absolute accuracy levels and nonlinearity errors previously 
unattainable at a comparable price. 


The AD592 can be employed in applications between — 25°C 
and + 105°C where conventional temperature sensors (i.e., ther- 
mistor, RTD, thermocouple, diode) are currently being used. 
The inherent low cost of a monolithic integrated circuit in a 
plastic package, combined with a low total parts count in any 
given application, make the AD592 the most cost effective tem- 
perature transducer currently available. Expensive linearization 
circuitry, precision voltage references, bridge components, resis- 
tance measuring circuitry and cold junction compensation are 
not required with the ADS92. 


Typical application areas include; appliance temperature sensing, 
automotive temperature measurement and control, HVAC (heat- 
ing/ventilating/air conditioning) system monitoring, industrial 
temperature control, thermocouple cold junction compensation, 
board-level electronics temperature diagnostics, temperature 
readout options in instrumentation, and temperature correction 
circuitry for precision electronics. Particularily useful in remote 
sensing applications, the AD592 is immune to voltage drops and 
voltage noise over long lines due to its high impedance current 
output. AD592s can easily be multiplexed; the signal current 
can be switched by a CMOS multiplexer or the supply voltage 
can be enabled with a tri-state logic gate. 


*Protected by Patent No. 4,123,698. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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CONNECTION DIAGRAM 


PINS PIN2 PIN1 


ey ee 


(—) (NC) (+) 


*PIN 2 CAN BE EITHER ATTACHED OR UNCONNECTED 


BOTTOM VIEW 


The AD592 is available in three performance grades; the 
ADS592AN, ADS592BN and AD592CN. All devices are packaged 
in a plastic TO-92 case rated from — 45°C to + 125°C. Performance 
is specified from — 25°C to + 105°C. AD592 chips are also 
available, contact the factory for details. 


PRODUCT HIGHLIGHTS 

1. With a single supply (4V to 30V) the AD592 offers 0. 5°C 
temperature measurement accuracy. 

2. A wide operating temperature range (— 25°C to + 105°C) and 
highly linear output make the AD592 an ideal substitute for 

. older, more limited sensor technologies (i.e., thermistors, 
RTDs, diodes, thermocouples). 

3. The AD592 is electrically rugged; supply irregularities and 
variations or reverse vOllaaes up to 20V will not damage the 
device. 

4. Because the AD592 is a temperature dependent current source, 
it is immune to voltage noise pickup and IR drops in the 
signal leads when used remotely. 

5. The high output impedance of the AD592 provides greater 
than 0.5°C/V rejection of supply voltage drift and ripple. 

6. Laser wafer trimming and temperature testing insures that 
AD592 units are easily interchangeable. 

7. Initial system accuracy will not degrade significantly over 
time. The AD592 has proven long term performance and 
repeatability advantages inherent in integrated circuit design 
and construction. 
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AD592 a SPECIFICATIONS (typical @ +25°C, V, = +5V unless otherwise noted) - 


Mk. ; - .  ADS92AN ADS92BN : AD592CN 
Model ates | in = Typ i Typ i Typ 
ACCURACY a | | : 
Calibration Error @25°C! 
Ta = 0to +70°C « - 
Error over Temperature 
Nonlinearity” 
Ta = —25to + 105°C 
Error over Temperature? 
Nonlinearity” 
OUTPUT CHARACTERISTICS 
Nominal Current Output 
@25°C (298.2K) 
Temperature Coefficient 
Repeatability‘ 
Long Term Stability° 


ABSOLUTE MAXIMUM RATINGS 
Operating Temperature 
Package Temperature® 
Forward Voltage (+ to — ) 
Reverse Voltage (— to + ) 
Lead Temperature 
(Soldering 10 sec) 


POWER SUPPLY 
Operating Voltage Range 
Power Supply Rejection 

+4V<Vs5< +5V 
+ 5V<Vs< + 15V | 
+ 1SV<Vs< + 30V 


NOTES ad 
‘An external calibration trim can be used to zero the error @25°C. *Although performance is not specified beyond the operating temperature range, temperature — 
2Defined as the maximum deviation from a mathematically best fit line. excursions within the package temperature range will not damage the device. 
Parameter tested on all production units at + 105°C only. C grade at _ Specifications subject to change without notice. 
— 25°C also. 


“Maximum deviation between + 25°C readings after a temperature cycle Specifications shown in boldface are tested on all production units at final electri- 

between — 45°C and + 125°C. Errors of this type are noncummulative. cal test. Results from those tests are used to calculate outgoing quality levels. All 

5Operation @ 125°C, error over time is noncummulative. min and max specifications are guaranteed, although only those shown in 
. | . : boldface are tested on all phe units. 


. METALIZATION DIAGRAM 
-———__________ 66Mis——_____s_| K +223° 4273° +298° +323° +373° +423° 
. i =| °c -50° 0° +25° +50° +100° +150° 

V+ 
t t) 
1 : . 
t 
°F -100° o } 1! +100° +200" +300 
; 32° . 70° 212° 


42MiLS 


TEMPERATURE SCALE CONVERSION EQUATIONS 


V- ; 
"c= CF -32) K = °C +273.15 
& on 9o > OR _’o 
= | we | F = 5 C+32 R= F +459.7 
THE ADS592 IS AVAILABLE IN LASER-TRIMMED CHIP FORM. 
ORDERING GUIDE 


Max Cal Max Error Package 
ADS92CN | 0.5°C : ; TO-92 
ADS592BN TO-92 


ADS92AN | 2.5°C 


*For outline information see Package Information section. 
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ADS92 


— LLLANA 


Typical Performance Curves 


Typical @ V, = +5V 


+105 


*¢ 


AMAT 


w 
N 


° TEMPERATURE 


2 — YOUHF ‘ini 


TEMPERATURE - °C 


ps youd ok 


AD592CN Accuracy Over Temperature 


AD592BN Accuracy Over Temperature 


TNL 


3. — YHONHA jviet 


TEMPERATURE - °C 


AD592AN Accuracy Over Temperature 


Long-Term Stability @ 85°C and 85% Relative Humidity 


TIME — Hours 


Long-Term Stability @ 125°C 
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ANALOG 
DEVICES 


Monolithic Thermocouple Amplifiers 
_ with Cold Junction Compensation 


FEATURES _ 
Pretrimmed for Type J (AD594) or 

Type K (AD595) Thermocouples 
Can Be Used with Type T Thermocouple Inputs 
Low Impedance Voltage Output: 10mV/°C. 
Built-in Ice Point Compensation —__ 
Wide Power Supply Range: +5V to +15V 
Low Power: <1mW typical 
Thermocouple Failure Alarm : 
Laser Wafer Trimmed to 1°C Calibration Accuracy | 
Set-Point Mode Operation 
Self-Contained Celsius Thermometer Operation 
High Impedance Differential Input © 
Side-Brazed DIP or Low Cost Cerdip 


PRODUCT DESCRIPTION 

The AD594/AD595 is a complete instrumentation amplifier and 
thermocouple: cold junction compensator on a monolithic chip. 
It combines an ice point reference with a precalibrated amplifier 
to produce a high level (10mV/°C) output directly from a ther- 
mocouple signal. Pin-strapping options allow it to be used as a 
linear amplifier-compensator or as a switched output-set-point 
controller using either fixed or remote set-point control. It can 
be used to amplify its compensation voltage directly, thereby 
converting it to a stand-alone Celsius transducer with a low-im- 
pedance voltage output. 


The AD594/ADS595 includes a thermocouple failure alarm that 
indicates if one or both thermocouple leads become open. The — 
alarm output’ has a flexible format which includes TTL. drive 
capability. 


The AD594/AD595 can be powered from a single ended supply 
(including + 5V) and by including a negative supply, temperatures 
below 0°C can be measured. To minimize self-heating, an unloaded 
AD594/AD595 will typically operate with a total supply current 
of 160A, but is also capable of delivering in excess of +5mA 
to a load. 


_ The AD594 is precalibrated by laser wafer trimming to match 
the characteristic of type J (iron-constantan) thermocouples and 
the AD595 is laser trimmed for type K (chromel-alumel) inputs. 

The temperature transducer voltages and gain control resistors 

are available at the package pins so that the circuit can be re- 

calibrated for other thermocouple types by the addition of two 
or three resistors. These terminals also allow more precise cali- 
bration for both thermocouple and thermometer applications. © 


*Protected by U.S. Patent No. 4,029,974. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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AD594*/AD595* 
FUNCTIONAL BLOCK DIAGRAM 


-IN... -ALM' '+ALM V+ ~~ -COMP vo FB 


The AD594/ADS$95 is available in two performance grades. The 
C and the A versions have calibration accuracies of + 1°C and 
+ 3°C, respectively. Both are designed to be used from 0 to 

+ 50°C, and are available in 14-pin, hermetically sealed, side- 
brazed ceramic DIPs as well as low cost cerdip packages. 


PRODUCT HIGHLIGHTS , 
1. The AD594/ADS595. provides cold junction compensation, 
amplification, and an output buffer in a single IC package. 


2. Compensation, zero, and scale factor. are all precalibrated by 
laser wafer trimming (LWT) of each IC chip. 


3, Flexible pin-out provides for operation as a set-point controller 
or a stand-alone temperature transducer calibrated in degrees 
Celsius. 

4. Operation at remote application sites is facilitated by low 
quiescent current and a wide supply voltage range of +5V to 
dual supplies spanning 30V. 


5. Differential input rejects common-mode noise voltage on the 
thermocouple leads. 


REV. A 


SPECIFICATIONS Tremocoupie uriess otternse roe) AD594/AD595 


Model - AD594A AD595A AD595C 
Typ Max ay tiee Max Typ Max Typ Max 


ABSOLUTE MAXIMUM RATINGS 
+V5 to -Vs 
Common-Mode Input Voltage 
Differential Input Voltage 
Alarm Voltages 


Volts 
Volts 
Volts 


—Vs5 -0.15 
-Vs 


+ALM -Vs Volts 

—-ALM = Vs + Vs Volts 
Operating Temperature Range —55 +125 °C 
Output Short Circuit to Common Indefinite Indefinite Indefinite Indefinite 


TEMPERATURE MEASUREMENT 
(Specified Temperature Range 
0 to +50°C) 
Calibration Error at +25°C! 
Stability vs. Temperature’ 
Gain Error 
Nominal Transfer Function 


AMPLIFIER CHARACTERISTICS 
Closed Loop Gain? 


mV/C 


193.4 193.4 247.3 247.3 


Input Offset Voltage (Temperature in °C)x51.70 pV/°C | (Temperature in °C)x 51.70 »V/°C | (Temperature in °C) 40.44 pV/°C | (Temperature in °C)x 40.44 pV/C | pV 
Input Bias Current 0.1 0.1 0.1 0.1 pA 
Differential Input Range -10 +50 —10 +50 —10 +50 mV 
Common-Mode Range -Vs —0.15 +V, —4 -Vs -0.15 +V, —4 -Vs -0.15 +V, —4 —Vs ~0.15 +V. —4 Volts 
Common-Mode Sensitivity - RTO 10 10 10 10 mV/V 


Power Supply Sensitivity - RTO 10 10 10 10 
Output Voltage Range 
Dual Supplies 

Single Supply 

Usable Output Current* 


3 dB Bandwidth 


ALARM CHARACTERISTICS 
Vegsat) at 2 mA 
Leakage Current 
Operating Voltage at - ALM 
Short Circuit Current 


+V5 —2 
+V5 —2 


POWER REQUIREMENTS 
Specified Performance +Vs = 5, -V5 = 0 +Vs =5, -Vs = 0 +V, = 5, -Vs = 0 +Vs = 5, -Vs = 0 Volts 
Operating? +Vz to -Vs =30 +Vg to —-V, <30 +Vz to -Vs =30 " +V5 to -Vs <30 Volts 
Quiescent Current (No Load) an 
+Vs5 160 300 160 300 160 300 160 300 pA 
-Vs 100 100 100 100 pA 
PACKAGE OPTION® 
TO-116 (D-14) “ADS94AD ADS94CD ADS9SAD -ADS9SCD 
Cerdip (Q-14) ADS94AQ ADS94CQ ADS95SAQ ADS95SCQ 


NOTES 
'Calibrated for minimum error at +25°C using a thermocouple sensitivity of 51.7 ~V/°C. Since a J type thermocouple deviates from this straight line approximation, the AD594 will normally read 3.1 mV 
jwhen the measuring junction is at 0°C. The AD595 will similarly read 2.7 mV at 0°C. 
‘Defined as the slope of the line connecting the AD594/AD595 errors measured at 0°C and 50°C ambient temperature. 
Pin 8 shorted to Pin 9. 
4Current Sink Capability in single supply configuration is limited to current drawn to ground through a 50 kOQ resistor at output voltages below 2.5 V. 
>—Vg must not exceed —16.5 V. 
6For outline information see Package Information section. 


Specifications subject to change without notice. 


Specifications shown in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. 
All min and max specifications are guaranteed, although only those shown in boldface are tested on all production units. ; 
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~ AD594/AD595 


ADS94. ss TypeK” 


Thermocouple TypeJ  ADS94 TypeK = ADS95__ 


Thermocouple Type J AD595 
Temperature Voltage Output | Voltage Output Temperature Voltag Output Voltage _ Output 
°C mV mV mV mV °C mV mV mV mV. 
— 200 — 7.890 -1523 © — 5.89] — 1454 - $00 27.388 5300 - 20.640 —- 5107 
— 180 — 7.402  -1428. | — 5.550 —1370 520, 28.511 5517 21.493 5318 | 
— 160 = 6.821 — 1316 — §.141 ~ 1269 540 29.642 5736 22.346 5529 
— 140 = 6.159 — 1188 — 4.669 — 1152 560 30.782 5956 23.198 5740 
~ 120 —- 5.426 -104 — 4.138 -1021 580 31.933 6179 24.050 5950 
— 100 ~ 4.632 — 893 — 3.553 — 876 600 33.096 6404 24.902 6161 
- 80° — 3.785 ~ 729 ~ 2.920 —- 719 620 © 34.273 6632 25.751 6371 
~ 60 — 2.892 — 556 — 2.243 —- 552 640 35.464 6862 26.599 6581 
- 40 —~ 1.960 —- 37% — 1.527. — 375 660 36.671 7095 27.445 6790 
-~ 20 - = 995 — 189 -— 777 - 189 680 37.893 7332 28.288 6998 
- 10. — 501 - 94 - 392 -— 94 700 * 39.130 7571 28.128 | 7206 
0 0 3.1 : 0 2.7 720 40.382 7813 29.965 7413 
10 507 101 397 101 740 41.647 8058 30.799 7619 
20 1.019 200 798 200 750 42.283 8181 31.214 7722 
25, . 1277 250 1,000 250 760 ae, 2 31.629 7825 
30 1.536 300 1.203 300 780 - - 32.455 8029 | 
40 2.058 401 1.611 401 800 - - 33.277 8232 
50 2.585 503 2.022 503 820 — ~ 34.095 8434 
60 3.115 606 2.436 605 840 - - 34.909 8636 
80 4.186 813 3.266 810 860 - ~ 35.718 8836 
100 5.268 1022 4.095 1015 880 on - 36.524 9035 
120 6.359 1233s «4,919 1219 - 900 - - 37.325 9233. 
140 7.457 1445 5.733 1420 920 - - 38.122 9430 
160 8.560 1659 6.539 1620 940 - - 38.915 9626 
180 9.667 1873 7.338 1817 960 - - 39.703 9821 
200 10.777 2087 8.137 2015 980 . - 40.488 10015 
220 11.887 2302 8.938 2213 1000 os - 41.269 10209 | 
240 12.998 2517 9.745 2413 1020 ~ . - 42.045 — 10400 
260 14.108 2732 10.560 2614 1040 - - 42.817 10591 
280 15.217 2946 | 11.381 2817 1060 a “ 43.585 10781 
~~ 300 16.325 3160 12.207 3022 1080 - es 44.349 10970 
320 17.432 3374 13.039 3327 1100 ~ - 45.108 11158 
340 18.537 3588 "13.874 3434 1120 - - 45.863 11345 
360 19.640 3801 14.712 3641 1140 - - 46.612 11530 
380 20.743 4015 15.552 3849 1160 = _ 47.356 11714 
400 ———- 21.846 4228 16.395 4057 1180 - - 48.095 11897 - 
420 _ 22.949 4441 17.241 4266 1200 - 7 48.828 12078 
440 24.054 4655 18.088 4476 1220 7 - 49.555 12258 
460 25.161 4869 18.938 4686 1240 - - 50.276 12436 
480 26.272 5084 19.788 4896 1250 = ~ 50.633 12524 
Table |. Output Voltage vs. Thermocouple Temperature (Ambient + 25°C, Vs = —5V, +175V). 


INTERPRETING AD594/AD595 OUTPUT VOLTAGES 

To achieve a temperature proportional output of 10mV/°C and 
accurately compensate for the reference junction over the rated 
operating range of the circuit, the AD594/AD595 is gain trimmed 
to match the transfer characteristic of J and K type thermocouples 
at 25°C. For a type J output in this temperature range the TC is 
51.70pV/°C, while for a type K it is 40.44V/°C. The resulting 
gain for the AD594 is 193.4 (10mV/°C divided by 51.7V/°C). 
and for the AD595 is 247.3 (l10mV/°C divided by 40.44,V/°C). 
In addition, an absolute accuracy trim induces an input offset to 
the output amplifier characteristic of 16.V for the AD594 and 
11yV for the AD595. This offset arises because the AD594/AD595 
is trimmed for a 250mV output while applying a 25°C thermocouple 
input. 


Because a thermocouple output voltage is nonlinear with respect 
to temperature, and the AD594/AD595 linearly amplifies the 
compensated signal, the following transfer functions should be 
used to determine the actual output voltages: 


AD594 output = (Type J Voltage + 164V) x 193.4 
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AD595 output = (Type K Voltage + 1lpV) x 247.3 
or conversely: 


Type J voltage = (AD594 output / 193.4) — 16nV_ 
Type K voltage = (AD595 output / 247.3) — llpV 


| Table I above lists the ideal AD594/AD595 output voltages as a 


function of Celsius temperature for type J and K ANSI standard 
thermocouples, with the package and reference junction at 25°C. 
As is normally the case, these outputs are subject to calibration, 
gain and temperature sensitivity errors. Output values for inter- 
mediate temperatures can be interpolated, or calculated using 
the output equations and ANSI thermocouple voltage tables 
referred to zero degrees Celsius. Due to a slight variation in 
alloy content between ANSI type J and DIN FE-CUNI ther- 
mocouples Table I should not be used in conjunction with Euro- 
pean standard thermocouples. Instead the transfer function 
given previously and a DIN thermocouple table should be used. 
ANSI type K and DIN NiICr-NI thermocouples are composed 
of identical alloys and exhibit similar behavior. The upper tem- 
perature limits in Table I are those recommended for type J and 
type K thermocouples by the majority of vendors. 
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ANALOG 
DEVICES 


FEATURES 

Low Cost 

Operates with Type J (AD596) or Type K (AD597) 
Thermocouples 

Built-in Ice Point Compensation 

Temperature Proportional Operation — 10mV/°C 

Temperature Set-Point Operation — ON/OFF 

Programmable Switching Hysteresis 

High Impedance Differential Input 


PRODUCT DESCRIPTION 

The AD596/ADS597 is a monolithic temperature set-point con- 
troller which has been optimized for use at elevated temperatures 
such as those found in oven control applications. The device 
cold junction compensates and amplifies a type J or K ther- 
mocouple input to derive an internal signal proportional to 
temperature. The internal signal is then compared with an ex- 
ternally applied set-point voltage to yield a low impedance switched 
output voltage. Dead-Band or switching hysteresis can be pro- 
grammed using a single external resistor. Alternately, the AD596/ 
AD597 can be configured to provide a voltage output (10mV/°C) 
directly from a type J or K thermocouple signal. It can also be 
used as a stand-alone voltage output temperature sensor. 


The AD5S96/ADS597 can be powered with a single supply from 
+5V to +30V, or dual supplies up to a total span of 36V. 
Typical quiescent supply current is 160A which minimizes 
self-heating errors. 


The AD596/AD597 H package option includes a thermocouple 
failure alarm that indicates an open thermocouple lead when 
operated in the temperature proportional measurement mode. 
The alarm output has a flexible format which can be used to 
drive relays, LEDs or TTL logic. 


The device is packaged in a reliability qualified, cost effective 
10-pin metal can, 8-pin plastic minidip or SOIC and is trimmed 
to operate over an ambient temperature range from + 25°C to 

+ 100°C. Operation over an extended ambient temperature 
range is possible with slightly reduced accuracy. The AD5S96 
will amplify thermocouple signals covering the entire — 200°C to 
+ 760°C temperature range recommended for type J thermocouples 
while the AD597 can accommodate — 200°C to + 1250°C type K 
inputs. 


The AD596/AD597 has a calibration accuracy of + 4°C at an 
ambient temperature of 60°C and an ambient temperature stability 
specification of 0.05°C/°C from +25°C to + 100°C. If higher 
accuracy, or a lower ambient operating temperature is required, 
either the AD594 (J thermocouple) or AD595 (K thermocouple) 
should be considered. 


*Protected by U.S. Patent No. 4,029,974. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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Thermocouple Conditioner and 


Set-Point Controller 
AD596*/AD597* 


FUNCTIONAL BLOCK DIAGRAMS 


TO-100 
(H) Package 


8-Pin Plastic Mini-DIP (N) Package 


or SOIC (R) Package 


a, 
AD597AN 
. 7 
HYS| 2 | : 


TOP VIEW 


PRODUCT HIGHLIGHTS 


1. 


The AD5S96/AD597 provides cold junction compensation 
and a high gain amplifier which can be used as a set-point 
comparator. 


. The input stage of the AD596/AD597 is a high quality in- 


strumentation amplifier that allows the thermocouple to float 
over most of the supply voltage range. 


. Linearization not required for thermocouple temperatures 


close to 175°C (+ 100°C to +540°C for AD596). 


. Cold junction compensation is optimized for ambient temper- 


atures ranging from +25°C to + 100°C. 


. In the stand-alone mode, the AD596/AD597 produces an 


output voltage that indicates its own temperature. 
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AD596/AD597— -SPECIFICATIONS Themocoupe, ness othevse nots) nn sala 


Model: . 4 ae : io ADS96AH AD597AH ADS97AN/AR | | 
. Min - Typ Max Min Typ Max >. Typ Max | Units. — 
ABSOLUTE MAXIMUM RATINGS ie " = 
+V, to —V, 36 : . rs 36 Volts 
Common-Mode Input Vonee~ hoe! [eV g=0.15) +V. (-Vz, —0.15) +V_ (=Ve--0.15) +V. Volts 
Differential Input Voltage | —V; +Vz -Vs +V, -V, +Vz Volts 
Alarm Voltages . : ; . . 
+ALM -Vy _ (EN e436) ) HV (—V, +36) | -V, (—V, +36) | Volts 
—-ALM ae: SP AVG EWG -V, +Vz -V, +Vz Volts 
Operating Temperature Range —55 +125 =55 +125 —40 Rag 02 °C 
Output Short Circuit to Common Indefinite Indefinite | Indefinite . 
TEMPERATURE MEASUREMENT 
(Specified Temperature Range 
+25°C to + 100°C) | 
Calibration Error* -4 | +4 5G 
Stability vs. Temperature? +0.02 +0.05 °C/°C 
Gain Error —1.5 +1.5 % 
Nominal Transfer Function . mV/°C 
AMPLIFIER CHARACTERISTICS 
Closed Loop Gain? 180.6 245.5 245.5 VV" 
Input Offset Voltage °CX53.21+235 °CxX41.27—37 — °Cx41.27-37 pV 
Input Bias Current 0.1 0.1 ; 0.1 A: 
‘Differential Input Range —10 +50 —10 +50 | —10. +50 mV 
Common Mode Range (—V.—0.15) > (+V,—-4) (+V,—0.15) — (4+V5-4) (~V,—-0.15): (+V,—-4) |. Volts 
Common Mode Sensitivity-RTO oo 10 10 . 10 mV/V 
Power Supply Sensitivity-RTO 1 10 10 10 mV/V 
Output Voltage Range ne 
Dual Supplies (—V,+2.5} | (+V5—2) (—V.+2.5) (+Vs—2) (-V_-42. 5) (+V,—2) Volts 
Single Supply 0 . | (+V,—2) 0 (+V,-2) Volts 
Usable Output Current* | 5. . +5 mA 
3dB Bandwidth kHz 
ALARM CHARACTERISTICS Alarm Function Not Pinned Out | 
Versat at MA Volts” 
Leakage Current pA 
Operating Voltage at -ALM Volts 
Short Circuit Current | mA 
POWER REQUIREMENTS ; i . | 
Operating (+V, to —V,)=30 (+V, to —V.)=30 . (+V, to —Vs)=30 Volts _ 
Quiescent Current 
+Vs 160 300 160 300. 160 300 pA 
Vs , 7 100 = 200 100 200° 100  200- pA 
NOTES 


'This is a measure of the deviation from ideal with a measuring thermocouple junction of 175°C and a chip temperature of 60°C. The ideal transfer function i is 
given by: 

AD596: Vour = 180.57<(V,,-V,+ (ambient i in °C)X53.21pV/°C +235pnV) 

AD597: Vour = 245.46x(V,,—V,+ (ambient in °C)x41.27pV/°C —37pV) 

where V,,, and V, represent the measuring and ambient temperatures and are taken from the appropriate JorK diemmbcouple table. The ideal transfer function 
minimizes the error over the ambient temperature range of 25°C to 100°C with a thermocouple temperature of approximately 17S°C, 

*Defined as the slope of the line connecting the AD596/AD597 CJC errors measured at 25°C and 100°C arent temperature. 

Pin 6 shorted to pin 7. 

+Current Sink Capability in single supply configuration i is limited to current drawn to ground through a 50kO resistor at output oalues below z SV. 

>Alarm function available on H package option only. 


Specifications subject to change without notice. 


Specifications shown in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. 
All min and max specifications are > guaranteed, although only those shown in boldface are tested on all production units. 


‘ORDERING GUIDE 


Package Description 


Package Option’ 


 ADSO6AH. 


TO-100 H-10A 
_ AD597AH_ | TO-100 H-10A 
AD597AN? | Plastic DIP N-8 
AD597AR? | SOIC 


NOTES 
1For outline information see Package Information section. 
Consult factory for availability. 
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Thermocouple TypeJ AD596 Type K ADS97 
Temperature Voltage Output Voltage Output 
°C mV mV mV mV 
— 200 — 7.890 — 1370 — 5.891 — 1446 
— 180 — 7.402 — 1282 — 5.550 — 1362 
— 160 — 6.821 —1177 — 5.141 — 1262 
~ 140 — 6.159 — 1058 — 4.669 — 1146 
— 120 - 5.426 — 925 — 4.138 — 1016 
— 100 — 4.632 — 782 — 3,553 — 872 
— 80 ~— 3.785" — 629 — 2.920 — 717 
—- 60 — 2.892 — 468 — 2.243 — 551 
~- 40 — 1.960 — 299 — 1.527 — 375 
— 20 —- .995 — 125 —  .777 — 19] 
—- 10 - 501 —- 36 —  .392 - 996 
0 0 54 0 0 
10 .507 146 .397 97 
20 1.019 238 .798 196 
25 1.277 285 1.000 245 
30 1.536 332 1.203 295 
40 2.058 426 1.611 395 
50 2.585 521 2.022 496 
60 3.115 617 2.436 598 
80 4.186 810 3.266 802 
100 5.268 1006 4.095 1005 
120 6.359 1203 4.919 1207 
140 7.457 1401 5.733 1407 
160 8.560 1600 6.539 1605 
180 9.667 1800 7.338 1801 
200 10.777 2000 8.137. 1997 
220 11.887 2201 8.938 2194 
240 12.998 2401 9.745 2392 
260 14.108 2602 10.560 2592 
280 15.217 2802 11.381 2794 
300 16.325 3002 12.207 2996 
320 17.432 3202 13.039 3201 
340 18.537 3402 13.874 3406 
360 19.640 3601 14,712 3611 
380 20.743 3800 15.552 3817 
400 21.846 3999 16.395 4024 
420 22.949 4198 17.241 4232 
440 24.054 4398 18.088 4440 
460 25.161 4598 18.938 4649 
480 26.272 4798 19.788 4857 


AD596/AD597 


Table |. Output Voltage vs. Thermocouple Temperature (Ambient + 60°C, Vs = —5V, + 15V) 


TEMPERATURE PROPORTIONAL OUTPUT MODE 

The AD596/AD597 can be used to generate a temperature pro- 
portional output of 10mV/°C when operated with J and K type 
thermocouples as shown in Figure 1. Thermocouples produce 
low level output voltages which are a function of both the tem- 
perature being measured and the reference or cold junction 
temperature. The AD596/AD597 compensates for the cold junc- 
tion temperature and amplifies the thermocouple signal to produce 
a high level 10mV/°C voltage output which is a function only of 
the temperature being measured. The temperature stability of 
the part indicates the sensitivity of the output voltage to changes 
in ambient or device temperatures. This is typically 0.02°C/°C 
over the +25°C to + 100°C recommended ambient temperature 
range. The parts will operate over the extended ambient tem- 
perature ranges from —55°C to + 125°C, but thermocouple 
nonlinearity at the reference junction will degrade the temperature 
stability over this extended range. Table I is a list of ideal ADS96/ 
AD597 output voltages as a function of Celsius temperature for 
type J and K ANSI standard thermocouples with package and 
reference junction at 60°C. As is normally the case, these outputs 
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Thermocouple Type J ADS96 Type K AD597 
Temperature Voltage Output Voltage Output 
°C mV mV mV mV 
500 27.388 5000 20.640 5066 
520 28.511 5203 21.493 5276 
540 29.642 5407 22.346 5485 
560 30.782 5613 23.198 5694 
580 31.933 5821 24.050 5903 
600 33.096 6031 24.902 6112 
620 34.273 6243 25.751 6321 
640 35.464 6458 26.599 6529 
660 36.671 6676 27.445 6737 
680 37.893 6897 28.288 6944 
700 39.130 7120 29.128 7150 
720 40.382 7346 29.965 7355 
740 41.647 7575 30.799 7560 
750 42.283 7689 31.214 7662 
760 - _ 31.629 7764 
780 ~ - 32.455 7966 
800 ~ - 33.277 8168 
820 - - 34.095 8369 
840 - - 34.909 8569 
860 — - 35.718 8767 
880 = ss 36.524 8965 
900 oe = 37.325 9162 
920 “ - 38.122 9357 
940 a = 38.915 9552 
960 = 2s 39.703 9745 
980 es be 40.488 9938 
1000 = = 41.269 10130 
1020 = = 42.045 10320 
1040 - 2 42.817 10510 
1060 == = 43.585 10698 
1080 = - 44.439 10908 
1100 = = 45.108 11072 
1120 a a 45.863 11258 
1140 es isd 46.612 1144] 
1160 - - 47.356 11624 
1180 = S 48.095 11805 
1200 = = 48.828 11985 
1220 = - 49.555 12164 
1240 2 a 50.276 12341 
1250 _ es 50.633 12428 © 
+5V to +30V 


CONSTANTAN 
(ALUMEL) 
“IRON 
(CHROMEL) +15 


AD596* 


(AD597) 2a 5V TO 30V 


0 Vour 


OPTIONAL 
OFFSET 10k 
ADJUST 


- *H PACKAGE PINOUT SHOWN 


Figure 1. Temperature Proportional Output Connection 
are subject to calibration and temperature sensitivity errors. 
These tables are derived using the ideal transfer functions: 


AD596 output = (Type J voltage +301.5V) < 180.57 
ADS597 output = (Type K voltage) x 245.46 
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-0.01pF SPAN OF Pg 


ANALOG 
DEVICES. 


Loop-Powered 4-20mA 
Sensor Transmitter 


FEATURES 

Instrumentation Amplifier Front End 

Loop-Powered Operation 

Precalibrated 30mV or 60mV Input Spans 

Independently Adjustable Output Span and Zero 

Precalibrated Output Spans: 4—20mA Unipolar 
oe 0-20mA Unipolar 

12+8mA Bipolar 

Precalibrated 1000 RTD Interface 

6.2V Reference with Up to 3.5mA of Current Available 

Uncommitted Auxiliary Amp for Extra Flexibility 

Optional External Pass Transistor to Reduce 
Self-Heating Errors 


PRODUCT DESCRIPTION . 

The AD693 is a monolithic signal conditioning circuit which 
accepts low-level inputs from a variety of transducers to control 
a standard 4-20mA, two-wire current loop. An on-chip voltage 
reference and auxiliary amplifier are provided for transducer 
excitation; up to 3.5mA of excitation current is available when 
the device is operated in the loop-powered mode. Alternatively, 
the device may be locally powered for three-wire applications 
when 0-—20mA operation is desired. 


Precalibrated 30mV and 60mV input spans may be set by simple 
pin strapping. Other spans from lmV to 100mV may be realized 
with the addition of external resistors. The auxiliary amplifier 
may be used in combination with on-chip voltages to provide six 
precalibrated ranges for 100Q RTDs. Output span and zero are 
also determined by pin strapping to obtain the standard ranges: 
4—20mA, 12+ 8mA and 0-20mA. 


Active laser trimming of the AD693’s thin-film resistors result 
in high levels of accuracy without the need for additional adjust- 
ments and calibration. Total unadjusted error is tested on every 

_ device to be less than 0.5% of full scale at +25°C, and less than 
0.75% over the industrial temperature range. Residual nonlinearity 
is under 0.05%. The AD693 also allows for the use of an external 
pass transistor to further reduce errors caused by self-heating. 


For transmission of low-level signals from RTDs, bridges and 
pressure transducers, the AD693 offers a cost-effective signal 
conditioning solution. It is recommended as.a replacement for 
discrete designs in a variety of applications in process control, 
factory automation and system monitoring. 


The AD693 is packaged in a 20-pin ceramic side-brazed DIP, 
20-pin Cerdip, and 20-pin LCCC and is specified over the — 40°C 
to + 85°C industrial temperature range. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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FUNCTIONAL BLOCK DIAGRAM 


a) 5 @ Gy Vin ZERO 


BOOST 


VOLTAGE 
REFERENCE 
& OFFSET 


DIVIDER LIMITER 


VOLTAGE-TO-CURRENT 
CONVERTER 


3kQ 


fey = 
0 : 


~AUX +AUX 75mV 10022 150mV COM 


PRODUCT HIGHLIGHTS 


1. 


The AD693 is a complete monolithic low-level voltage-to- 
current loop. signal conditioner. 


. Precalibrated output zero and span options include 


4—-20mA, 0-20mA, and 12+8mA. in two- and three-wire 
configurations. 


3. Simple resistor programming adde a continuum of ranges to 


10. 


the basic 30mV and 60mV input spans. 


. The common-mode range of the signal amplifier input extends 


from ground to near the device’s operating voltage. 


. Provision for transducer excitation includes a 6.2V reference 


output and an auxiliary amplifier which may be configured 
for voltage or current output and signal amplification. 


. The circuit configuration permits simple linearization of 


bridge, RTD, and other transducer signals. 


. A monitored output is provided to drive an external pass 


transistor. This feature off-loads power dissipation to extend 
the temperature range of operation, enhance at and 
minimize self-heating errors. 


. Laser-wafer trimming results in low unadjusted errors and 


affords precalibrated input and output spans. 


. Zero and span are independently adjustable and noninteractive - 


to accommodate transducers or user defined ranges. 


Six precalibrated temperature ranges are available with. a. 
100Q RTD via pin strapping. 
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SPECIFICATIONS. &,='250:0 voy = 3:1, with extrnal pas transistor unless obese ated) = AD 693 


AD693AD/AQ/AE 
Model Conditions Min Typ Max | Units 


LOOP-POWEREDOPERATION || 
TOTAL UNADJUSTED ERROR!? +0.25 +0.5 % Full Scale 
TenigtO Tass +0.4 +£0.75 % Full Scale 


1000 RTD CALIBRATION ERROR? | (See Fig. 17) +0.5 + 2.0 °C 


LOOP POWERED OPERATION? 
Zero Current Error* Zero = 4mA pA 
Zero = 12mA pA 
Zero = 0mA° pA 
vs. Temp. Zero = 4mA pA/°C 
Power Supply Rejection (RTI) 12V <Vops36V° V/V 
0VSVcmM=6.2V 
Common-Mode Input Range (See Fig. 3) V 
Common-Mode Rejection (RTI) 0V<Vcm<6.2V pV/V 
Input Bias Current’ nA 
Timi 10 Dna nA 
Input Offset Current’ nA 
Transconductance 
Nominal A/V 
A/V 
Unadjusted Error % 
vs. Common-Mode 
%/V 
%/V 
Error vs. Temp. ppm/°C 
Nonlinearity® % of Span 
% of Span 
OPERATIONAL VOLTAGE RANGE 
Operational Voltage, Vop® V 
Quiescent Current pA 
OUTPUT CURRENT LIMIT Pe +25 82 mA 
COMPONENTS OF ERROR eee ee ll 
SIGNAL AMPLIFIER? 
Input Voltage Offset nV 
vs. Temp pV/°C 
Power Supply Rejection 12V=Vop=36V® V/V 


0V<=Vcm=6.2V 


V/ICONVERTER® !° 


Zero Current Error Output Span = 4—20mA 
Power Supply Rejection 12V<=Vop=36V° 
Transconductance 

Nominal 


Unadjusted Error 


6.200V REFERENCE” !” 
Output Voltage Tolerance 


vs. Temp. 
Line Regulation 12V<Vop=36V° 
Load Regulation?! OmA<Ipers3mA 


Output Current)? Loop Powered, (Fig. 10) 


3-Wire Mode, (Fig. 15) 
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AD693 


AD693AD 


Model | Conditions — 

AUXILIARY AMPLIFIER 
Common-Mode Range 
Input Offset Voltage 
Input Bias Current » 
Input Offset Current 
Common-Mode Rejection 
Power Supply Rejection 
Output Current Range 
Output Current Error 


TEMPERATURE RANGE 
Case Operating '* 
Storage 


Pin Ix OUT 
Pin Vx — Pin Ix 


NOTES . 
1Total error can be significantly reduced (typically less than 0.1%) by trimming the zero current. The remaining unadjusted 


error sources are transconductance and nonlinearity. 
- 2The AD693 is tested as a loop powered device with the signal amp, V/I converter, voltage reference, and application voltages 

operating together. Specifications are valid for preset spans and spans between 30mV and 60mV. 

3Error from ideal output assuming a perfect 1000 RTD at 0 and + 100°C. 

4Refer to the Error Analysis to calculate zero current error for input spans less than 30mV. 

By forcing the differential signal amplifier input sufficiently negative the 7A zero current can always be achieved. 

The operational voltage (Vop) is the voltage directly across the AD693 (Pin 10 to 6 in two-wire mode, Pin 9 to 6 in 
local power mode). For example, Vop= Vs — (ILoop X Ri) in two-wire mode (refer to Figure 10). 

7Bias currents are not symmetrical with input signal level and flow out of the input pins. The input bias current of the 
inverting input increases with input signal voltage, see Figure 2. 

8Nonlinearity is defined as the deviation of the output from a straight line connecting the endpoints as the input is swept over a 
30mV and 60mV input span. 

*Specifications for the individual functional blocks are components of error that contribute to, and that are included in, the Loop 
Powered Operation specifications. 

10Includes error contributions of V/I converter and Application Voltages. 

11Changes in the reference output voltage due to load will affect the Zero Current. A 1% change in the voltage reference output will 
result in an error of 1% in the value of the Zero Current. 

121f not used for external excitation, the reference should be loaded by approximately ImA (6.2kQ. to common). 

13In the loop powered mode up to SmA can be drawn from the reference, however, the lower limit of the output span will be 
increased accordingly. 3.5mA is the maximum current the reference can source while still maintaining a 4mA zero. 

14The AD693 is tested with a pass transistor so Ta=Tc. 

Specifications subject to change without notice. . 

Specifications shown in boldface are tested on all production units at final electrical test. Results from those tests are used to 

calculate outgoing quality levels. All min and max specifications are guaranteed, although only those shown in boldface are 

tested on all production units. 


ABSOLUTE MAXIMUM RATINGS AD693 PIN CONFIGURATION _ 


Supply Voltage ............. betes ica eet 2 + 36V (AD, AW, AE Packages) 
Reverse Loop Current... .........222800- 200mA 

Signal Amp Input Range ............ —0.3V to Vop 

Reference Short CircuittoCommon ........ Indefinite 

Auxiliary Amp Input Voltage Range ...... —0.3V to Vop 

Auxiliary Amp Current Output ............. 10mA 

Storage Temperature ............ — 65°C to + 150°C 

Lead Temperature, 10sec Soldering... ....... + 300°C 

Max Junction Temperature .............. + 150°C a 


Package 
Description 


Ceramic Side-Brazed DIP 


SIGNAL 
AMPLIFIER 


Model 
AD693AD 


AD693AQ Cerdip Q-20 
AD693AE Leadless Ceramic Chip E-20A 
Carrier (LCCC) 


*For outline information see Package Information section. 
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Figure 1. Maximum Load Resistance vs. Power Supply 
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Figure 2. Differential Input Current vs. Input Signal Voltage 
Normalized to +IN 
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Figure 3. Maximum Common-Mode Voltage vs. Supply 
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Figure 4. Bandwidth vs. Series Load Resistance 
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Figure 5. Signal Amplifier PSRR vs. Frequency 
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Figure 6. CMRR (RTI) vs. Frequency 
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Figure 7. Input Current Noise vs. Frequency — 
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Figure 8. Input Voltage Noise vs. Frequency 
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FUNCTIONAL DESCRIPTION 

The operation of the AD693 can be understood by dividing the 
circuit into three functional parts (see Figure 9). First, an in- 
strumentation amplifier front-end buffers and scales the low-level 
input signal. This amplifier drives the second section, a V/I 
converter, which provides the 4—to—20mA loop current. The 


third section, a voltage reference and resistance divider, provides | 


application voltages for setting the various “‘live zero” currents. 
In addition to these three main sections, there is an on-chip 
auxiliary amplifier which can be used for transducer excitation. 


VOLTAGE-TO-CURRENT (V/I) CONVERTER 

_ The output NPN transistor for the V/I section sinks loop current 
when driven on by a high gain amplifier at its base. The input 
for this amplifier is derived from the difference in the outputs 
of the matched preamplifiers having gains, G2. This difference 
is caused to be small by the large gain, +A, and the negative 
feedback through the NPN transistor and the loop current 
sampling resistor between Iy,, and Boost. The signal across this 
resistor is compared to the input of the left preamp and servos 
the loop current until both signals are equal. Accurate voltage-to- 
current transformation is thereby assured. The preamplifiers 
employ a special design which allows the active feedback amplifier 
to operate from the most positive point in the circuit, Ip. 


The V/I stage is designed to have a nominal transconductance of 
0.2666 A/V. Thus, a 75mV signal applied to the inputs of the 
V/I (Pin 16, noninverting; Pin 12, inverting) results in a full-scale 
output current of 20mA. 


The current limiter operates as follows: the output of the feedback 
preamp is an accurate indication of the loop current. This output 
is compared to an internal setpoint which backs off the drive to 
the NPN transistor when the loop current approaches 25mA. As 
a result, the loop and the AD693 are protected from the conse- 
quences of voltage overdrive at the V/I input. 


VOLTAGE REFERENCE AND DIVIDER 

A stabilized bandgap voltage reference and laser-trimmed resistor 
divider provide for both transducer excitation as well as pre- 
calibrated offsets for the V/I converter. When not used for 
external excitation, the reference should be loaded by approxi- 
mately 1mA (6.2k©Q to common). . 


The 4mA and 12mA taps on the resistor divider correspond to 
—15mV and —45mV, respectively, and result in a live zero of 
4mA or 12mA of loop current when connected to the V/I converter’s 


[ae | 
6.2v A, AMPLIFIER 
C4) 


Vin=0 rs +SIG. r 
=. is> (+) 
TO 30mv © on 


inverting input (Pin 12). Arranging the zero offset in this way 
makes the zero signal output current independent of input span. 
When the input to the signal amp is zero, the noninverting 
input of the V/I is at 6.2V. 


Since the standard offsets are laser trimmed at the factory, | 
adjustment is seldom necessary except to accommodate the zero 
offset of the actual source. (See “‘Adjusting Zero’’.) 


SIGNAL AMPLIFIER 

The Signal Amplifier is an instrumentation amplifier used to 
buffer and scale the input to match the desired span. Inputs 
applied to the Signal Amplifier (at Pins 17 and 18) are amplified 
and referred to the 6.2V reference output in much the same way 
as the level translation occurs in the V/I converter. Signals from 
the two preamplifiers are subtracted, the difference is amplified, 
and the result is fed back to the upper. preamp to minimize the 
difference. Since the two preamps are identical, this minimum 
will occur when the voltage at the upper preamp just matches 
the differential input applied to the Signal Amplifier at the left. 


Since the signal which is applied to the V/I is attenuated across 
the two 80002 resistors before driving the upper preamp, it will 
necessarily be an amplified version of the signal applied between 
Pins 17 and 18. By changing this attenuation, you can control 
the span referred to the Signal Amplifier. To illustrate: a 75mV 
signal applied to the V/I results in a 20mA loop current. Nominally, 
1S5mV is applied to offset the zero to 4mA leaving a 60mV range 
to correspond to the span. And, since the nominal attenuation 
of the resistors connected to Pins 16, 15 and 14 is 2.00, a 30mV 
input signal will be doubled to result in 20mA of loop current. 
Shorting Pins 15 and 16 results in unity gain and permits a 
60mV input span. Other choices of span may be implemented 
with user supplied resistors to modify the attenuation. (See _ 
section “Adjusting Input Span”’.) 


The Signal Amplifier is specially designed to accommodate a 
large common-mode range. Common-mode signals anywhere up 
to and beyond the 6.2V reference are easily handled as long as 
Vin is sufficiently positive. The Signal Amplifier is biased with 
respect to Vin and requires about 3.5 volts of headroom. The 
extended range will be useful when measuring sensors driven, 
for example, by the auxiliary amplifier which may go above the 
6.2V potential. In addition, the PNP input stage will continue 
to operate normally with common-mode voltages of several 
hundred mV, negative, with respect to common. This feature 
accommodates self-generating sensors, such as thermocouples, 


VOLTAGE-TO-CURRENT 
CONVERTER 


3ki2 


| Figure 9. Minimal Connection for 0-30mV Unipolar Input, 
_ 420mA Ouipat 
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which may produce small negative normal-mode signals as well Boost. Like the Signal Amplifier, the Auxiliary requires about 
as common-mode noise on “grounded” signal sources. 3.5V of headroom with respect to Vypy at its input and about 2V 

of difference between Ix and the voltage to which Vx is required 
AUXILIARY AMPLIFIER to swing. 


The Auxiliary Amplifier is included in the AD693 as a signal 


, ; The output stage of the Auxiliary Amplifier is actually a high 
conditioning aid. It can be used as an op amp in noninverting r S BLY AAPM Hen ts aetay. ae 


gain Darlington transistor where Ix is the collector and Vx is 


applications and has special Provisions to provide a controlled the emitter. Thus, the Auxiliary Amplifier can be used as a V/I 
current output. Designed with a differential input stage and an converter when configured as a follower and resistively loaded. 


earner Class A se ae eae Ra be resistively * Ix functions as a high-impedance current source whose current 
OAC ECO COMMON: Wi eSey Sonne reson Ore wt is equal to the voltage at Vx divided by the load resistance. For 


a user supplied resistor. example, using the onboard 1000 resistor and the 75mV or 
As a functional element, the Auxiliary Amplifier can be used in 150mV application voltages, either a 750A or 1.5mA current 
dynamic bridges and arrangements such as the RTD signal source can be set up for transducer excitation. 

conditioner shown in Figure 17. It can be used to buffer, amplify 
and combine other signals with the main Signal Amplifier. The 
Auxiliary Amplifier can also provide other voltages for excitation 
if the 6.2V of the reference is unsuitable. Configured as a simple 


follower, it can be driven from a user supplied voltage divider REVERSE VOLTAGE PROTECTION FEATURE | 
or the precalibrated outputs of the AD693 divider (Pins 3 and In the event of a reverse voltage being applied to the AD693 


4) to provide a stiff voltage output at less than the 6.2 level, or through a current-limited loop (limited to 200mA), an internal 
. « . ° ° 3 
by incorporating a voltage divider as feedback around the amplifier, shunt diode protects the device from damage. This protection 


one can gain-up the reference to wig nye than yan mode avoids the compliance voltage penalty which results from 
large positive outputs are desired, Ix, the Auxiliary Amplifier a series diode that must be added if reversal protection is required 
output current supply, should be strapped to either Vyy or in high-current loops. 


The Ix terminal has voltage compliance within 2V of Vx. If the 
Auxiliary Amplifier is not to be used, then Pin 2, the noninverting 
input, should be grounded. 


APPLICATION EXAMPLES 
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Figure 11. Thermocouple Inputs with Cold Junction Compensation. 


REV. A | SENSORS AND SIGNAL CONDITIONERS 19-23 


PANALOG 
DEVICES _—©/ 4-20 mA Transmitter 


AD694" 


FEATURES : FUNCTIONAL BLOCK DIAGRAM. 
4-20 mA, 0-20 mA Output Ranges | | : , 


Precalibrated Input Ranges: 
OVtoZ2V,0Vto 10 V 
Precision Voltage Reference 
Programmable to 2.000 V or 10.000 V - 
Single or Dual Supply Operation _ | FORCE 
Wide Power Supply Range: +4.5 V to +36 V 2.0V 
_ Wide Output Compliance : | 
Input Buffer Amplifier | 
Open-Loop Alarm G2 
Optional External Pass Transistor to Reduce 
Self-Heating Errors 
0.002% typ Nonlinearity a6 


BW ADJ Vg 


AD694 


2vV 


VOLTAGE 
REFERENCE 


BUFFER 
AMPLIFIER _ 


PRODUCT DESCRIPTION 


The AD694 is a monolithic current transmitter that accepts high Ve > 

level signal inputs to drive a standard 4-20 mA current loop for 

the control of valves, actuators, and other devices commonly PRODUCT HIGHLIGHTS - 

used in process control. The input signal is buffered by an input 1. The AD694 is a complete voltage in to 4-20 mA out current 
amplifier that can be used to scale the input signal or buffer the __ transmitter. 


output from a current mode DAC. Precalibrated input spans of 
0 V to 2 V and 0 V to 10 V are selected by simple pin strap- 
ping; other spans may be programmed with external resistor. 


2. Pin. programmable input ranges are pre-calibrated at 0 V to 
2 V and 0 V to 10 V. 


3. The input amplifier may be configured to buffer and scale 
the input voltage, or to serve as an output amplifier for cur- 
rent output DACs. 


The output stage compliance extends to within 2 V of Vg, and its 
special design allows the output voltage to extend below com- 

- mon in dual supply operation. An alarm warns of an open 4 to 
20 mA loop or noncompliance of the output stage. . 4. The output voltage compliance extends to within 2 V of the 
positive supply and below common. When operated with a 
5 V supply, the output voltage compliance extends 30 V be- 
low common. 


Active laser trimming of the AD694’s thin film resistors results 
in high levels of accuracy without the need for additional adjust- 
ments and calibration. An external pass transistor may be used 


with the AD694 to off-load power dissipation, extending the 5. The. AD694 interfaces directly to 8-, 10-, and 12-bit single 
temperature range of operation. supply CMOS and bipolar DACs. 
The AD694 is the ideal building block for systems requiring 6. The 4.mA zero current may. be switched on and off with a 
noise immune 4-20 mA signal transmission to operate valves, TTL control pin, allowing 0-20 mA operation. 
actuators, and other control devices, as well as for the transmis- . 7. An open collector alarm warns of loop failure due to open 
sion of process parameters such as pressure, temperature, or wires or noncompliance of the output stage. 


flow. It is recommended as a replacement for discrete designs in 
a variety of applications in industrial process control, factor 
automation, and system monitoring. : 


8. A monitored output is provided to drive an external pass 
transistor. The feature off-loads power dissipation to extend 
the temperature range of operation and minimize self-heating 


The AD694 is available in hermetically ‘sealed, 16-pin cerdip and error. 


plastic SOIC, specified over the —40°C to +85°C industrial tem- 
perature range, and in a 16-pin plastic DIP, specified over the 
0 to +70°C temperature range. : | 


*Protected by U.S. Patents: 30,586; 4,250,445; 4,857,862. . 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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SPECIFICATIONS (@ +25°C, R, = 250 © and V, = +24 V, unless otherwise noted) AD694 


Model AD694JN/AQ/AR AD694BQ/BR 
Min Typ Max Min Typ Max Units 


INPUT CHARACTERISTICS 
Input Voltage Range 
Input Bias Current 


V5—2.0V V5-2.5 V V5—2.0 V V,-2.5 V| V 


Either Input, T,,;, to Tyax nA 
Offset Current, T,.;, to Trax nA 
Offset Current Drift pA/°C 
Input Impedance MQ 
OUTPUT CHARACTERISTICS 
Operating Current Range mA 
Specified Performance mA 
Output Voltage Compliance V 
Output Impedance, 4-20 mA MQ 
Current Limit @ 2 FS Overdrive mA 
Slew Rate mA/ps 
SPAN AND ZERO ACCURACY’ 
4 mA Offset Error @ 0 V Input’ 
Error from 4.000 mA, 4 mA On +10 5 +10 wA 
Error from 0.000 mA, 4 mA Off 0 +10 +20 0 +5 +10 pA 
ee to To. +10 +40 5 +20 pA 
vs. Supply (2 V Span/10 V Span) 0.3/0.05 0.3/0.05 0.8/0.4 wA/V 
Trim Range, 4 mA Zero 2.0 4.8 mA 
Span | 
Nominal Transfer Function 
Input FS = 2 V 8.0 mA/V 
Input FS = 10 V 1.6 mA/V 


Transfer Function Error from Nom, 


Input FS = 2 V, 10 V +0.05 +0.15 % of Span 


Tg. fo: +0.001 0.0025 | % of Span/°C 
vs. Supply +0.001 +0.005 % of Span/V 
Nonlinearity° % of Span 


4 mA On: Max Pin 9 Voltage 
4 mA Off: Min Pin 9 Voltage 


VOLTAGE REFERENCE 
Output Voltage: 10 V Reference 
Output Voltage: 2 V Reference 

Lean to sa 
vs. Load; Varpp = 2 V, 10 V 
vs. Supply, Vezr = 2V,10V 
Output Current 

Source 

Sink 

ALARM CHARACTERISTICS 
VexrsatT) @ 2.5 mA 
Leakage Current 
Alarm Pin Current (Pin 10) 


POWER REQUIREMENTS 
Specified Performance 
Operating Range 
2V FS, Verrp = 2V 
2 V, 10 V FS, Verzp = 2 V,10V 
Quiescent Current, 4 mA Off 


TEMPERATURE RANGE 
Specified Performance’ AD694AQ/BQ/AR/BR 
AD694JN 
Operating AD694AQ/BQ/AR/BR 
AD694JN 
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Model 


BUFFER AMPLIFIER® 

Input Offset Voltage 

Initial Offset 

Tenia to Venice 

vs. Supply 

vs. Common Mode 

Trim Range 
Frequency Response 

Unity Gain, Small Signal 
Input Voltage Noise (0.1 to 10 Hz) 
Open-Loop Gain 3 

Vo = +10 V, Ry = 10 kO 
Output Voltage @ Pin 1, FB! 


Minimum Output Voltage 1.0 
Vs—2.5 V Ae V 


Maximum de a Voltage 


NOTES 


AD694J NegaE 
Min Typ 


AD694BQ/BR ; 
Max Min Typ Max Units 


10 1.0 10 
V;-2.5 V Vs-2V 


1The single supply op amps of the AD694, lacking pull down current, may not reach 0.000 V at their outputs. For this reason, span, offset, and nonlinearity are 
specified with the input amplifiers operating in their linear range. The input voltage used for the tests is 5 mV to 2 V and 5 mV to 10 V for the two pre- 
calibrated input ranges. Span and zero accuracy are tested with the buffer amplifier configured as a follower. 

2Offset at 4 mA out and 0 mA out are extrapolated to 0.000 V input from measurements made at 5 mV and at full scale. See Note 1. 

3Nonlinearity is specified as the maximum deviation of the output, as a % of span, from a straight line drawn through the endpoints of the transfer function. 
“Voltage reference drift guaranteed by the Box Method. The voltage reference output over temperature will fall inside of a box whose length is determined by 
the temperature range and whose height is determined by the maximum temperature coefficient multiplied by the temperature span in degrees C. 

>Devices tested at these temperatures with a pass transistor. Allowable temperature range of operation is dependent upon internal power dissipation. Absolute 
maximum junction and case temperature should not be exceeded. See section: ““Power Dissipation Considerations.” 

*Buffer amplifier specs for reference. Buffer amplifier offset and drift already included i in Span and Zero accuracy specs above. 


Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage ............. acta: Chiesa Te tt erentins Sa +36 V 
Veto late: fsa $44 + oO RES oS OOS MOE oes eee +36 V 
Input Voltage, (Either Input Pin 2 or 3)... . —0.3 V to +36 V 
Reference Short Circuit to Common ............ Indefinite 
Alarm Voltage, Pin 10 ............. 00 ences +36 V 
4mA Adj, Pin6.......... 2.000 e eee We die ae +1V 
4 mA: On/Off, Pin 9 oe es ase e bes ele eA aS 0 V to 36 V 
Storage Temperature Range 

AD694O? 2 end 3 eR eA Es Pee “—-65°C to +150°C 

ADOOUIN DR .240868s a6 Sed eaeed '—65°C to +125°C 
Lead Temperature, 10 sec Soldering ............ + 300°C 
Maximum Junction Temperature.......... aged + 150°C 
Maximum Case Temperature 7 

Plastic Package (N, R) ........ 2. ee ee eens + 125°C 

Cerdip Package (Q) .......... 2.20. eee +125°C 


Transistor Count: ..... dire, cacao de sores da 75 Active Devices 
Substrate Connection: .............000- , to Com, Pin 5 


Thermal Characteristics: 
Plastic (N) Package: 8;, = 50°C/Watt 

Oca (Still Air) = 85°C/Watt 
Cerdip (Q) Package: 0;- = 30°C/Watt 

Oca (Still Air) = 70°C/Watt 
Plastic (R) Package: 6;< = 27°C/Watt 

Oca (Still Air) = 73°C/Watt 
ESD Susceptibility 


All pins are rated for a minimum of 4000 V protection, except 
for Pins 2, 3 and 9 which are rated to survive a minimum of 


. 1500 V. ESD testing conforms to Human Body Model. camel 


practice ESD prevention. 


No pin, other than our (11) and +Sig (2), (3) as noted, may be permitted to become more negative than Com (5). No pin may be : 


permitted to become more positive than Vg (13). 


PIN CONFIGURATION (N, R, Q Package) 


6] Vos ADJUST 
[15] Vos ADJUST 


*SIG 13] anggg [14] BW AbuusT 


2vFs|4] topview [13] Vs 
(Not to Scale) 

COM | 5 | " |12] BOOST 

a4 lour 


10] ALARM 


4mA ADJUST | 6 | 
10V (FORCE) | 


2V (SENSE) [8 [9 | amA ON/OFF 
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Temperature | 
Range 


0°C to +70°C 

—40°C to +85°C 
—40°C to +85°C 
—40°C to +85°C 
—40°C to +85°C 


Package 
Options* 


AD694JN 
AD694AQ 
AD694AR 
AD694BQ 
AD694BR 


Q-16 
R-16 
Q-16 


*N = Plastic DIP; Q = Cerdip; R = SOIC. For 
outline information see Package Information 
section. 
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VOLTAGE SUPPLY - V, 


Typica 


10V FULL-SCALE INPUT 


—40 -20 0 20 40 60 80 
CASE TEMPERATURE - °C 


| Minimum Supply Voltage vs. Temperature for 2 V 


& 10 V Full Scale 


R, MAX 
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25 
SUPPLY VOLTAGE - V. 


Maximum R, vs. Supply Voltage 


AD694 
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REFERENCE 


2vV. COM 4mA 4mA 
FS ON/OFF ADJ 


Figure 1. Functional Block Diagram 
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lour: Voltage Compliance vs. Temperature 


FUNCTIONAL DESCRIPTION | 


The operation of the AD694 can best be understood by dividing 


the circuit into three functional parts (see Figure 1). First, 


a 


single supply input amplifier buffers the high level, single-ended 
input signal. The buffer amplifier drives the second section, a 
voltage to current (V/I) converter, that makes a 0 to 16 mA sig- 


nal dependent current. 


The third section, a voltage reference and offset generator, is 


responsible for providing the 4 mA offset current signal. 


BUFFER AMPLIFIER 


The buffer amplifier is a single supply amplifier that may be 


used as a unity gain buffer, an output amplifier for a current 


output D/A converter, or as a gain block to amplify low level 
signals. The amplifier’s PNP input stage has a common-mode 
range that extends from a few hundred mV below ground to 


at Pin 1 (FB). The output range extends from about 1 mV 


within 2.5 V of V,. The Class A output of the amplifier appears 


above common to within 2.5 V of Vs when the amplifier is op- 
erated as a follower. The amplifier can source a maxirnum load 
of 5 kM, but can sink only as much as its internal 10 kO pull- 


down resistor allows. 
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VAI CONVERTER 

The ground referenced, input signal from the buffer ephnes is 
converted to a 0 to 0.8 mA current by A2 and level shifted to 
the positive supply. A current mirror then multiplies this signal 
by a factor of 20 to make the signal current of 0 to 16 mA. This 
technique allows the output stage to drive a load to within 2 V 
of the positive supply (Vs). Amplifier A2 forces the voltage at 
Pin 1 across resistors Rl and R2 by driving the Darlington tran- 
sistor, Q2. The high gain Darlington transmits the resistor cur- 
rent to its collector and to R3 (900 (2). A3 forces the level 
shifted signal across the 45 © resistor to get a current gain of 
20. The transfer function of the V/I stage is therefore: 


Tour = (20 X Vipmny) / (RI + R2) 


resulting in a 0-16 mA output swing for a 0-10 V input. Tying 
Pin 4 (2 V FS) to ground shorts out R2 and results in a 2 V 
full-scale input for a 16 mA output span. 


The output stage of the V/I converter is of a unique design that 
allows the Igy; pin to drive a load below the common (sub- 
strate) potential of the device. The output transistor can always 
drive a load to a point 36 V below the positive supply (V,). An 
optional NPN pass transistor can be added to transfer most of 
the power dissipation off-chip, to extend the temperature range 
of operation. 


The output stage is current-limited at approximately 38 mA to 
protect the output from an overdrive at its inputs. The V/I will 
allow linear operation to approximately 24 mA. The V/I con- 
verter also has an open collector alarm (Pin 10) which warns of 
open-circuit condition at the Io,;7 pin or of attempts to drive 
the output to a voltage greater than V, —2 V. 


4 mA OFFSET GENERATOR | 

This circuit converts a constant voltage from the voltage refer- 
ence to a constant current of approximately 200 pA. This cur- 
rent is summed with the signal current at Pin 14 (BW Adjust), 
to result in a constant 4 mA offset current at Iny7. The 4 mA 
Adj (Pin 6) allows the offset current to be adjusted to any cur- 
rent in the range of 2 mA to 4.8 mA. Pin 9 (4 mA On/Off) can 
shut off the offset current completely if it is lifted to 3.0 V or 
more, allowing 0 to 20 mA operation of the AD694. In normal 
4-20 mA operation, Pin 9 is connected to ground. 


1 
VOLTAGE © 


VOLTAGE» 
REFERENCE 


POWER SUPPLY COMMON 


VOLTAGE REFERENCE 


_ A2V or 10 V voltage reference is available for user applica- 


tions, selectable by pin-strapping. The 10 V option is available 
for supply voltages greater than 12.5 V, the 2 V output is avail- 
able over the whole 4.5 V - 36 V power supply range. The ref- 
erence can source up to 5 mA for user applications. A boost 
transistor can be added to increase the current drive capability 
of the 2 V mode. | 


APPLYING THE AD694 

The AD694 can easily be connected for either dual or single 
supply operation, to operate from supplies as low as 4.5 V and 
as high as 36 V. The following sections describe the different 
connection configurations, as well as adjustment methods. 


‘Table I shows possible connection options. 


Table I. Precalibrated Ranges for the AD694 


Voltage Min 
Reference | V, 


Output 
Range 


BASIC CONNECTIONS: 12.5 V SINGLE SUPPLY — 
OPERATION WITH 10 VFS - 

Figure 2 shows the minimal connections required for basic oper- 
ation with a +12.5 V power supply, 10 V input span, 4-20 mA 
output span, and a 10 V voltage reference. The buffer amplifier 
is connected as a voltage follower to drive the V/I converter by 
connecting FB (Pin 1) to —Sig (Pin 2). 4 mA On/Off (Pin 9) is 
tied to ground (Pin 5) to enable the 4 mA offset current. The 
AD694 can drive a maximum load R, = [Vs — 2 V] /20 mA, 
thus the maximum load with a 12.5 V supply is 525 ©. 


Vs = +12.5V TO +36V 


O.1nF 


ON/OFF 


ADJ 


Figure 2. Minimal Connections for 0-1 OV Single-Ended Input, 4-20 mA Output, 10 V Reference Output 
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SELECTING A 2 V FULL-SCALE INPUT 

The 2 V full-scale option is selected by shorting Pin 4 (2 V FS) 
to Pin 5 (Common). The connection should be as short as possi- 
ble; any parasitic resistance will affect the precalibrated span 
accuracy. 


SELECTING THE 2 V VOLTAGE REFERENCE 

The voltage reference is set to a 2 V output by shorting Pin 7 
to Pin 8 (10 V Force to 2 V Sense). If desired, the 2 V ref- 
erence can be set up for remote force and sense connection. 
Keep in mind that the 2 V Sense line carries a constant current 
of 100 wA that could cause an offset error over long wire runs. 
The 2 V reference option can be used with all supply voltages 
greater than 4.5 V. 


An NPN boost transistor can be added in the 2 V mode to in- 
crease the current drive capability of the 2 V reference. The 
10 V force pin is connected to the base of the NPN, and the 
NPN emitter is connected to the 2 V sense pin. The minimum 
V, of the part increases by approximately 0.7 V. 


4.5 V SINGLE SUPPLY OPERATION 

For operation with a +4.5 V power supply, the input span and 
the voltage reference output must be reduced to give the ampli- 
fiers their required 2.5 V of head room for operation. This is 
done by adjusting the AD694 for 2 V full-scale input, and a 
voltage reference output of 2 V as described above. 


GENERAL DESIGN GUIDELINES 

A 0.1 yF decoupling capacitor is recommended in all applica- 
tions from V, (Pin 13) to Com (Pin 5). Additional components 
may be required if the output load is nonresistive, see section on 
driving nonresistive loads. The buffer amplifier PNP inputs 
should not be brought more than —0.3 V of common, or they 
will begin to source large amounts of current. Input protection 
resistors must be added to the inputs if there is a danger of this 
occurring. The output of the buffer amplifier, Pin 1 (FB), is not 
short circuit protected. Shorting this pin to ground or Vg, with a 
signal present on the amplifier may damage it. Input signals 
should not drive Pin 1 (FB) directly; always use the buffer am- 
plifier to buffer input signals. 


DRIVING NONRESISTIVE LOADS 

The AD694 is designed to be stable when driving resistive 

loads. Adding a 0.01 wF capacitor from Igy (Pin 11) to Com 
(Pin 5), as shown in Figure 3, insures the stability of the AD694 
when driving inductive or poorly defined loads. This capacitor is 
recommended when there is any uncertainty as to the character- 
istics of the load. 


LOOP RETURN TO 
COM (PIN 5) OR V- 


Figure 3. Capacitor Utilized When Driving Nonresistive 
Loads; Protection Diodes Used When Driving Inductive 
Loads 
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Additional protection is recommended when driving inductive 
loads. Figure 3 shows two protective diodes, D1 and D2, added 
to protect against voltage spikes that may extend above Vg or 
below common that could damage the AD694. These diodes 
should be used in addition to the 0.01 wF capacitor. When the 
optional NPN transistor is used, the capacitor and diodes should 
connect to the NPN emitter instead of Pin 11. 


0-20 mA OPERATION 

A 0-20 mA output range is available with the AD694 by remov- 
ing the 4 mA offset current with the 4 mA On/Off pin. In nor- 
mal 4-20 mA operation 4 mA On/Off (Pin 9) is tied to ground, 
enabling the 4 mA offset current. Tying Pin 9 to a potential of 
3 V or greater turns off the 4 mA offset current; connecting Pin 
9 to the 10 V reference, the positive supply, or a TTL control 
pin, is a convenient way to do this. In 0-20 mA mode the input 
span is increased by 20%, thus the precalibrated input spans of 
2 V and 10 V become 2.5 V and 12.5 V. Minimum supply volt- 
ages for the two spans increase to 5 V and 15 V. 


The 4 mA On/Off pin may also be used as a “jiggle pin” to un- 
stick valves or actuators, or as a way to shut off a 4-20 mA loop 
entirely. Note that the pin only removes the 4 mA offset and 
not the signal current. 


DUAL SUPPLY OPERATION 

Figure 4 shows the AD694 operated in dual supply mode. (Note 
that the pass transistor is shown for illustration and is not re- 
quired for dual supply operation.) The device is powered com- 


- pletely by the positive supply which may be as low as 4.5 V. 


The unique design of the output stage allows the I,;,-7 pin to 
extend below common to a negative supply. The output stage 
can source a current to a point 36 V below the positive supply. 


For example, when operated with a +12.5 V supply, the AD694 


can source a current to a point as low as 23.5 V below common. 
This feature can simplify the interface to dual supply D/A con- 
verters by eliminating grounding and level-shifting. problems 
while increasing the load that the transmitter is able to drive. 


_ Note that the I,,,7 pin is the only pin that should be allowed to 


extend lower than —0.3 V of common. 


OPERATION WITH A PASS TRANSISTOR 

The AD694 can operate as a stand-alone 4-20 mA converter 
with no additional active components. However, provisions have 
been made to connect I,g;;7 to the base of an external NPN pass 
transistor as shown in Figure 4. This permits a majority. of the 
power dissipation to be moved off-chip to enhance performance 
and extend the temperature range of operation. Note that the 
positive output voltage compliance is reduced by approximately 
0.7 V, the Vg of the pass device. A 50 ( resistor should be 
added in series with the pass transistor collector, when the 
AD694 is operated with dual supplies, as shown in Figure 4. 
This will not reduce the voltage compliance of the output stage. 


The external pass transistor selected should have a BVcKo 
greater than the intended supply voltage with a sufficient power 
rating for continuous operation with 25 mA current at the sup- 
ply voltage. Ft should be in the 10 MHz to 100 MHz range and 
8 should be greater than 10 at a 20 mA emitter current. Heat 
sinking the external pass transistor is suggested. 
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VOLTAGE 
REFERENCE 


‘VA 
CONVERTER 


BUFFER 
AMPLIFIER 


Ri 


ON/OFF ADJ 


*RESISTOR REQUIRED 


WITH DUAL SUPPLIES. 


i 


Figure 4. Using Optional Pass Transistor to Minimize Self- 
Heating Errors; Dual Supply Operation Shown 


APPLICATION EXAMPLE 


Vs = +10V TO +36V 
: : 0.1F 


AD694 


VOLTAGE 


REFERENCE 
BRIDGE 


EXCITATION VOLTAGE 


VA 
CONVERTER 


BUFFER 
AMPLIFIER 


RANGE 
+3V TO 48V ; 


ON/OFF ADJ 


\/ POWER SUPPLY COMMON 


Figure 5. Low Cost Sensor Transmitter 
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ANALOG 
DEVICES 


FEATURES 

200°C Temperature Span 

Accuracy Better than +2% of Full Scale 
Linearity Better than +1% of Full Scale 
Temperature Coefficient of 22.5 mV/°C 
Output Proportional to Temperature x V+ 
Single Supply Operation 

Reverse Voltage Protection 

Minimal Self Heating 

High Level, Low Impedance Output 


APPLICATIONS 

HVAC Systems 

System Temperature Compensation 
Board Level Temperature Sensing 
Electronic Thermostats 


MARKETS 

Industrial Process Control 
Instrumentation | 
Automotive 


GENERAL DESCRIPTION 

The AD22100 is a monolithic temperature sensor with on-chip 
signal conditioning. It can be operated over the temperature 
range —50°C to +150°C, making it ideal for use in numerous 
HVAC, instrumentation and automotive applications. 


The signal conditioning eliminates the need for any trimming, 
buffering or linearization circuitry, greatly simplifying the system 
design and reducing the overall system cost. 


The output voltage is proportional to the temperature times the 
supply voltage (ratiometric). The output swings from 0.25 V at 
-50°C to +4.75 V at +150°C using a single +5.0 V supply. 


Due to its ratiometric nature, the AD22100 offers a cost effec- 
tive solution when interfacing to'an analog-to-digital converter. 
This is accomplished by using the ADC’s +5 V power supply as 
a reference to both the ADC and the AD22100 (See Figure 1), 
eliminating the need for and cost of a precision reference. 


*Protected by U.S. Patent Nos. 5030849 and 5243319. 
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Voltage Output Temperature Sensor 


with Signal Conditioning 
AD22100* 


SIMPLIFIED BLOCK DIAGRAM 


V+ 


Vout 


() REFERENCE 


ANALOGTO | 
DIGITAL _ 
CONVERTER 


O 
AD22100 


SIGNAL OUTPUT 
Vo _ DIRECT TO ADC 


-50°C TO +150°C 


Figure 1. Application Circuit 


SENSORS AND SIGNAL CONDITIONERS 19-31 


AD221 00-SP EC | FI CAT ONS = = bist and V+= +4 V to +6 V unless otlerwine noted) 


= AD22100K AD22100A -AD22100S a 
Parameter See a Min Typ Max Min Typ Max Min n. Typ Max _ Units 
TRANSFER FUNCTION © ~Vour = (Vt+/5 V) x [1.375 V + (22.5 mV/°C)x Tal V 
_ TEMPERATURE COEFFICIENT (V+/5 Vv) x 22.5 mV/°C 
TOTAL ERROR a | | | | | 
Initial Error | 
Ta = +25°C s: Ome 
Error over Temperature | 
Ta = Tun °C 
Ta = Tmax Eo 
Nonlinearity 
Ta= TmMn to Tax % FS! 
OUTPUT CHARACTERISTICS 
Nominal Output Voltage 
V+ = 5.0 V, Ta = 0°C V 
V+ = 5.0 V, Ta = +100°C Vv 
V+ = 5.0 V, Ta = —40°C Vv 
V+ = 5.0 V, Ta = +85°C Vv 
V+ = 5.0 V, Ta = —50°C V 
V+ = 5.0 V, Ta = +150°C Vv 
POWER SUPPLY 
Operating Voltage +4.0 +5.0 +6.0 +4.0 +5.0 +6.0 V 
Quiescent Current 500 650 500 650 LA 
TTEMPERATURE RANGE 
Guaranteed Temperature Range. | ©) 
Operating Temperature Range | > °C 
PACKAGE — | TO-92 TO-92 TO-92 | 
| | SOIC | SOIC SOIC | 
Specifications subject to change without notice. | | 
CHIP SPECIF ICATIONS (, = +25°C and V+ = +5.0 V unless otherwise noted) 
Parameter Min Typ | Max | Units 
TRANSFER FUNCTION Vour = (V+/5 V) x [1.375 + 22.5 mV/°C x T,] V 


TEMPERATURE COEFFICIENT 7 | (V+/5.V) x 22.5, _  mVrPC 


OUTPUT CHARACTERISTICS 
Error 


Ta = +25°C i © 
Nominal Output Voltage 
Ta = +25°C V 
POWER SUPPLY 
Operating Voltage V 
Quiescent Current WA 
TEMPERATURE RANGE 
Guaranteed Temperature Range °C 
Operating Temperature Range °C 


NOTES 

RS (Full Scale) is defined as that of the operating temperature range, -50°C to +150°C. The listed max specification limit applies to the guaranteed temperature 
range. For example, the AD22100K has a nonlinearity of (0.5%) x (200°C) = Ee over the guaranteed temperature range of 0°C to +100°C. 

Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS! 


SUDDIV VOllabe ecco d Sana oe ey hele g aid +10 V 
Reversed Continuous Supply Voltage ............... -10V 
Operating Temperature ................ —50°C to +150°C 
Storace Tetiperature vrs ver ooh se tees -65°C to +160°C 
Output Short Circuit to V+ or Ground ........... Indefinite 
Lead Temperature (Soldering, 10 sec) ............. +300°C 


‘Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only; the functional 
operation of the device at these or any other conditions above those indicated in the 
operation sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


ORDERING GUIDE 


Guaranteed 
Temperature 
Range 


Package 
Description! 


Package 
Model/Grade 


AD22100 KT 


0°C to 100°C 


AD22100 KR 0°C to 100°C SO-8 
AD22100 AT —40°C to +85°C TO-92 
AD22100 AR —40°C to +85°C SO-8 
AD22100 ST ~50°C to +150°C TO-92 
AD22100 SR —50°C to +150°C SO-8 


AD22100KChips | +25°C 


NOTES 
‘Minimum purchase quantities of 100 pieces for all chip orders. 
*For outline information see Package Information section. 


CAUTION 


ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment:and can discharge without detection. 
Although the AD22100 features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 


Typical Performance Curves 


0 400 800 1200 
FLOW RATE — CFM 


Figure 2. Thermal Response vs. Flow Rate 
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PIN DESCRIPTION 


Mnemonic Function 


Power Supply Input 
Device Output 

Ground Pin must be connected to 0 V. 
No Connect 


PIN CONFIGURATIONS 
TO-92 


BOTTOM VIEW 
(Not to Scale) 


PIN3 PIN2 PIN 1 
Ed oy 
GND Vo V+ 


SOIC 


NC TOP VIEW Nc 
3 | (Not to se i 


NC = NO CONNECT 


WARNING! 


re a 


ESD SENSITIVE DEVICE 


250 


See REREEE REE 
PT ated ease le 
peo | TTT Tt TT | 


me 
400 800 1200 


FLOW RATE ~ CFM 


Figure 3. Thermal Resistance vs. Flow Rate 
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THEORY OF OPERATION 

The AD22100 is a ratiometric temperature sensor IC whose 
output voltage is proportional to power supply voltage. The 
heart of the sensor is a proprietary temperature-dependent resis- 
tor, similar to an RTD, which is built into the IC. Figure 4 
shows a simplified block diagram of the AD22100. 


Vout 


Figure 4. Simplified Block Diagram 


The temperature-dependent resistor, labeled Ry, exhibits a 
change in resistance that is nearly linearly proportional to tem- 
perature. This resistor is excited with a current source that is 
proportional to power supply voltage. The resulting voltage 
across Ry is therefore both supply voltage proportional and lin- 
early varying with temperature. The remainder of the AD22100 
consists of an op amp signal conditioning block that takes the 
voltage across Ry and applies the proper gain and offset to 
achieve the following output voltage function: 


Vour = (V+/5 V) x [1.375 V+ (22.5 mVP°C) x Ta] 


ABSOLUTE ACCURACY AND NONLINEARITY 
SPECIFICATIONS 

Figure 5 graphically depicts the guaranteed limits of accuracy | 
for the AD22100 and shows the performance of a typical part. 
As the output is very linear, the major sources of error are offset, 
i.e., error at room temperature, and span error, i.e., deviation 
from the theoretical 22.5 mV/°C. Demanding applications can 
achieve improved performance by calibrating these offset and 
gain errors so that only the residual nonlinearity remains as a 
significant source of error. | 


eae ERROR 
OVER TEMPERATURE 


ERROR -°C 


ot liecan ae 


MAXIMUM ERROR 
OVER TEMPERATURE 


-50 0 50 ~~ 100 150 
TEMPERATURE — °C . 


Figure 5. Typical AD22100 Performance 


19-34 SENSORS AND SIGNAL CONDITIONERS 


OUTPUT STAGE CONSIDERATIONS |. 
As previously stated, the AD22100 is a voltage output Avie A 
basic understanding of the nature of its output stage is useful for 
proper application. Note that at the nominal supply voltage of. 
5.0 V, the output voltage extends from 0.25 V at —50°C to | 
+4.75 V at +150°C. Furthermore, the AD22100 output pin is 
capable of withstanding an indefinite short circuit to either 
ground or the power supply. These characteristics are provided 
by the output stage structure shown in Figure 6. 


Figure 6. Output Stage Structure 


The active portion of the output stage is a PNP transistor with 
its emitter connected to the V+ supply and collector connected 
to the output node. This PNP transistor sources the required 
amount of output current. A limited pull-down capability is 
provided by a fixed current sink of about —-80 pA. (Here, 
“fixed” means the current sink is fairly insensitive to either sup- 
ply voltage or output loading conditions. The current sink ca- 
pability is a function of temperature, increasing its pull-down 
capability at lower temperatures.) 


Due to its limited current sinking ability, the AD22100 is inca- 
pable of driving loads to the V+ power supply and is instead in- 
tended to drive grounded loads. A typical value for short circuit 
current limit is 7 mA, so devices can reliably source 1 mA or 
2mA. However, for best output voltage accuracy and minimal 
internal self-heating, output current should be kept below 1 mA. 


. Loads connected to the V+ power supply should be avoided as 


the current sinking capability of the AD22100 is fairly limited. 
These considerations are typically not a problem when driving 
a microcontroller analog to digital converter input pin (see 
MICROPROCESSOR A/D INTERFACE ISSUES). 


_RATIOMETRICITY CONSIDERATIONS 


The AD22100 will operate with slightly better accuracy than 
that listed in the data sheet specifications if the power supply is 
held constant. This is because the AD22100’s output voltage 
varies with both temperature and supply voltage, with‘some 
errors. The ideal transfer function aeons the output 
voltage is: . 


(V+/5 V) x [1.375 V+ we mVI°C) x Ta) 


The ratiometricity error is defined as the percent change away 
from the ideal transfer function as the power supply voltage 
changes within the operating range of +4 V to +6 V. For the 
AD22100 this error is typically less than 1%. A movement from 
the ideal transfer function by 1% at +25°C, with a supply volt- 
age varying from 5.0 V to 5.50 V, results in a 1.94 mV change in 
output voltage or 0.08°C error. This érror term is greater at 
higher temperatures because the output (and error term) is di- 
rectly proportional to temperature. At 150°C, the error in out- 
put voltage is 4.75 mV or 0.19°C. 
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For example, with Vs = 5.0 V, and T, = +25°C, the nominal 
output of the AD22100 will be 1.9375 V. At Vs = 5.50 V, the 
nominal output will be 2.1313 V, an increase of 193.75 mV. 

A proportionality error of 1% is applied to the 193.75 mV, 
yielding an error term of 1.9375 mV. This error term translates 
to a variation in output voltage of 2.1293 V to 2.3332 V. A 
1.94 mV error at the output is equivalent to about 0.08°C error 
in accuracy. 


If we substitute 150°C for 25°C in the above example, then the 
error term translates to a variation in output voltage of 5.2203 V 
to 5.2298 V. A 4.75 mV error at the output is equivalent to 
about 0.19°C error in accuracy. 


MOUNTING CONSIDERATIONS 

If the AD22100 is thermally attached and properly protected, it 
can be used in any measuring situation where the maximum 
range of temperatures encountered is between —50°C and 
+150°C. Because plastic IC packaging technology is employed, 
excessive mechanical stress must be avoided when fastening the 
device with a clamp or screw-on heat tab. Thermally conduc- 
tive epoxy or glue is recommended for typical mounting condi- 
tions. In wet or corrosive environments, an electrically isolated 
metal or ceramic well should be used to shield the AD22100. 
Because the part has a voltage output (as opposed to current), it 
offers modest immunity to leakage errors, such as those caused 
by condensation at low temperatures. 


THERMAL ENVIRONMENT EFFECTS 

The thermal environment in which the AD22100 is used deter- 
mines two performance traits: the effect of self-heating on accu- 
racy and the response time of the sensor to rapid changes in 
temperature. In the first case, a rise in the IC junction tempera- 
ture above the ambient temperature is a function of two vari- 
ables; the power consumption of the AD22100 and the thermal 
resistance between the chip and the ambient environment 0a. 
Self-heating error in °C can be derived by multiplying the power 
dissipation by 0;4, Because errors of this type can vary widely 
for surroundings with different heat sinking capacities, it is nec- 
essary to specify 04 under several conditions. Table I shows 
how the magnitude of self-heating error varies relative to the en- 
vironment. A typical part will dissipate about 2.2 mW at room 
temperature with a 5 V supply and negligible output loading. In 
still air, without a “heat sink,” the table below indicates a 9), of 
-190°C/W, yielding a temperature rise of 0.4°C. Thermal rise 
will be considerably less in either moving air or with direct 
physical connection to a solid (or liquid) body. 


Table I. Thermal Resistance (TO-92) 


Medium Oya (CC C/Watt) t (sec) * 
Aluminum Block 2 
Moving Air** 

Without Heat Sink 3.5 
Still Air 

Without Heat Sink 15 


*The time constant Tt is defined as the time to reach 63.2% of the final 


temperature change. 
**1200 CFM. 
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Response of the AD22100 output to abrupt changes in ambient 
temperature can be modeled by a single time constant t expo- 
nential function. Figure 7 shows typical response time plots for 
a few media of interest. 


LP 
HAL STILL AIR 
Aree — 


% OF FINAL VALUES 


pa ae 


TIME - sec 


Figure 7. Response Time 


The time constant t is dependent on 0, and the thermal 
capacities of the chip and the package. Table I lists the effec- 
tive t (time to reach 63.2% of the final value) for a few different 
media. Copper printed circuit board connections were 
neglected in the analysis; however, they will sink or conduct 
heat directly through the AD22100’s solder plated copper leads. 
When faster response is required, a thermally conductive grease 
or glue between the AD22100 and the surface temperature 
being measured should be used. 


MICROPROCESSOR A/D INTERFACE ISSUES 

The AD22100 is especially well suited to providing a low cost 
temperature measurement capability for microprocessor/ 
microcontroller based systems. Many inexpensive 8-bit micro- 
processors now offer an onboard 8-bit ADC capability at a mod- 
est cost premium. Total “cost of ownership” then becomes a 
function of the voltage reference and analog signal conditioning 
necessary to mate the analog sensor with the microprocessor 
ADC. The AD22100 can provide an ideal low cost system by 
eliminating the need for a precision voltage reference and any 
additional active components. The ratiometric nature of the 
AD22100 allows the microprocessor to use the same power sup- 
ply as its ADC reference. Variations of hundreds of millivolts in 
the supply voltage have little effect as both the AD22100 and | 
the ADC use the supply as their reference. The nominal 
AD22100 signal range of 0.25 V to 4.75 V (-50°C to +150°C) 
makes good use of the input range ofaO Vto5 VADC. A 
single resistor and capacitor are recommended to provide im- 
munity to the high speed charge dump glitches seen at many 
microprocessor ADC inputs (see Figure 1). 


An 8-bit ADC with a reference of 5 V will have a least signifi- 
cant bit (LSB) size of 5 V/256 = 19.5 mV. This corresponds to 
a nominal resolution of about 0.87°C. 
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USE WITH A PRECISION REFERENCE AS THE SUPPLY | 
VOLTAGE . 7 ia 8 : 

While the ratiometric nature of the AD22100 allows for system 
operation without a precision voltage reference, it can still be 
used in such systems. Overall system requirements involving 
other sensors or signal inputs may dictate the need for a fixed 
precision ADC reference. ‘The AD22100 can be converted to 
absolute voltage operation by using a precision reference as the 
supply voltage. For example, a 5.00 V reference can be used to 
power the AD22100 directly. Supply current will typically be 
500 pA which is usually within the output capability of the refer- 
ence. A large number of AD22100s may require an additional 
op amp buffer, as would scaling down a 10.00 V reference that 
might be found in “instrumentation” ADCs typically operating 
from +15 V supplies. : 
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ANALOG Monolithic Accelerometer 
DEVICES with Signal Conditioning 


ADXLO5* 


FEATURES A TTL compatible self-test function can electrostatically de- 

Complete Acceleration Measurement System flect the sensor beam at any time to verify device functionality. 
on a Single Monolithic IC 

Full-Scale Measurement Range: +5 g 

Self-Test on Digital Command 

Single Supply Operation: +5 V 

Sensitivity Precalibrated to 200 mV/g 

internal Buffer Amplifier for User Adjustable 
Span and Zero-g Levels 

Frequency Response: DC to 4 kHz 


For convenience, the ADXLO05 has an internal buffer amplifier 
with a full 0.25 V to 4.75 V output range. This may be used to 
set the zero-g level and change the output sensitivity by using 
external resistors. External capacitors may be added to the resis- 
tor network to provide 1 or 2 poles of filtering. No external 
active components are required to interface directly to most 
analog-to-digital converters (ADCs) or microcontrollers. 


Post Filtering with External Passive Components The ADXLO5 uses a capacitive measurement method. The ana- 
High Shock Survival: >1000 g Unpowered log output voltage is directly proportional to acceleration and is 
Other Accelerometer Products, Measuring fully scaled, referenced and temperature compensated, resulting 
Different g Levels, Are Available in high accuracy and linearity over a wide temperature range. 
Internal circuitry implements a forced-balance control loop that 


GENERAL DESCRIPTION improves accu by compensating for mechanical sensor 


The ADXLO5 is a low noise member of the ADXL50 family of variations. | 
products. It is a complete acceleration measurement system on DX 
a single monolithic IC. Three external capacitors and a +5 volt 
regulated power pees are all that is required to measure acce 


05 is ‘weed from a standard +5 V supply and is 
Wing it$-use in harsh industrial and automotive envi- 
irvive shocks of 1000 g unpowered. The 
yailable in a hermetic 10-pin TO-100 metal can. 
ry for grades of performance and temperature 


+1. 8 volts. 


A AND PINOUT 


TOP VIEW 
COM 


ADXL05 


OSCILLATOR 
DECOUPLING 
CAPACITOR 


SENSITIVITY 


+ AXIS OF 


NOTE: 


Vout AXIS OF SENSITIVITY IS 
IN PLANE OF PIN 5 TO TAB. 


DEMODULATOR 
CAPACITOR 


*Patent pending. 


This is a preliminary data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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ADXLO o-SPEC F CAT 0 NS (T, = +25°C, V5 = 45 V, @ Acceleration = 0 g, unless otherwise noted) 


7 | a oe : ; ADXLO05. Gee 
pues - Conditions | | Mi Typ — Max i Units 
SENSITIVITY 

@ Vpr Output @ +25°C ; Vig 

Sensitivity Drift 7 Tmin-l'max | % of 25° Rdg. 
ZERO g BIAS LEVEL AT Vpp | | 

Initial | : [Vv 

Drift | +10 _ . |mvV 
VOLTAGE NOISE DENSITY 500 ttst—~—~sSs«*dsig 

| | 100 | UV Hz 

SENSOR INPUT | | 

FS Measurement Range 

Nonlinearity 


Alignment Error 
Transverse Sensitivity 


Shock Survival Unpowered 
- Powered 
BUFFER AMPLIFIER | 
Output Voltage Swing @ Iour = +300 HA (Sinking) 
= @ Igur = —300 LA (Sourcing) 
Input Offset Voltage Deviation from 1.8 V Nomin 


Input Bias Current 
Open-Loop Gain 
Unity Gain Bandwidth 
Capacitance Load Drive 
Power Supply Rejection 


SELF-TEST INPUT . e 
Output Change at Vour ST Pin from Logic “0” to “1” 
Logic “1” Voltage 
Logic “0” Voltage | 
Input Resistance To Common, Logic “0”, Vin = 0-Vs 


FREQUENCY RESPONSE No High Z Signal Pins 
Bandwidth (-3 dB) Ccomp TBD | 
Phase Shift | At -3 dB 


Sensor Resonant Frequency 


+3.4 V REFERENCE | | . 
Output Voltage Initial Tour = 0 HA to 500 pA (Sourcing) 
Output Temperature Drift =| : 
Power Supply Rejection DC 
Output Current | , (Sourcing) 


POWER SUPPLY 
Specified Performance 
Operating Voltage Range 
Quiescent Supply Current Outputs Open, No Load 


TEMPERATURE RANGE 
Specified Performance —55 : +125 °C 


Both specifications and temperature range are subject to change without notice. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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ANALOG 
DEVICES 


Monolithic Accelerometer 
With Signal Conditioning 


ADXL30” 


FEATURES 

Complete Acceleration Measurement System 
on a Single Monolithic IC 

Full-Scale Measurement Range: +50 g 

Self-Test on Digital Command 

+5 V Single Supply Operation 

Sensitivity Precalibrated to 19 mV/g 

Internal Buffer Amplifier for User Adjustable Sensitivity 
and Zero-g Level 

Frequency Response: DC to 10 kHz 

Post Filtering with External Passive Components 

High Shock Survival: >2000 g Unpowered 

Other Versions Available: ADXLO5 (+5 g) 
ADXL181 (+880 g, —150 g) 


GENERAL DESCRIPTION 

The ADXL50 is a complete acceleration measurement system on 
a single monolithic IC. Three external capacitors and a +5 volt 
power supply are all that is required to measure accelerations up 
to +50 g. Device sensitivity is factory trimmed to 19 mV/g, 
resulting in a full-scale output swing of +0.95 volts for a +50 g 
applied acceleration. Its zero g output level is + 1.8 volts. 


A TTL compatible self-test function can electrostatically deflect 
the sensor beam at any time to verify device functionality. 


For convenience, the ADXL50 has an internal buffer amplifier 
with a full 0.25 V to 4.75 V output range. This may be used to 
set the zero-g level and change the output sensitivity by using 
external resistors. External capacitors may be added to the resis- 
tor network to provide 1 or 2 poles of filtering. No external 
active components are required to interface directly to most 
analog-to-digital converters (ADCs) or microcontrollers. 


The ADXL5S50 uses a capacitive measurement method. The ana- 
log output voltage is directly proportional to acceleration, and is 
fully scaled, referenced and temperature compensated, resulting 
in high accuracy and linearity over a wide temperature range. 
Internal circuitry implements a forced-balance control loop that 
improves accuracy by compensating for any mechanical sensor 
variations. 


The ADXLSO is powered from a standard +5 V supply and is 
robust for use in harsh industrial and automotive environments 
and will survive shocks of more than 2000 g unpowered. 


The ADXL5SO is available in a hermetic 10-pin TO-100 metal 
can, specified over the 0°C to +70°C commercial, and —40°C to 
+85°C industrial temperature ranges. Contact factory for avail- 
ability of devices specified for operation over the —40°C to 
+105°C automotive and —55°C to +125°C military temperature 
ranges and for availability of 883B devices. 


ADXL50 FUNCTIONAL BLOCK DIAGRAM 


ADXL50 


OSCILLATOR 
DECOUPLING 
CAPACITOR 


*Patents pending. 
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OSCILLATOR 7 DEMODULATOR Pins 


AMP 
© ©, 


DEMODULATOR R2 
CAPACITOR 
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ADXL50— SPECIFICATIONS tis stat "¢ "rio" em = = 


Parameter 


SENSITIVITY! 
25°C 
Temperature Drift? 


ZERO g BIAS LEVEL? 
+25°C , 
Temperature Drift’ 


VOLTAGE NOISE DENSITY“ 


SENSOR INPUT 
Measurement Range? 
Nonlinearity® 
Alignment Error’ 
Transverse Sensitivity® 


NOTES 


1.55/1.60 


| ADXLSOJ/A ADXLS50K/B/T* 
Typ | Min Typ Max 


21.3 
+1,75/2.0/2.5 


- 19.0 
+0.75/1.0 


19.0 
+0.75/1.0/1.5 


1.80 2.05/2.00 1.80 © 


+ 10/20/50 


2.00 
+ 35/50/80 


(125 225 1Z3- 229 


1As measured at the pesinoine output, Vpr with 15 g p-p @ 100 Hz applied. 
Specification refers to the maximum change in parameter from its initial value at +25°C to its worst case value at Tuyin OF Tyax- 


3As measured at Vopr. 


Units 


mV/g 
% of RDG 


V 
mV 


pV/\/Hz 
me/\/Hz 


8 
% of FS 
Degrees 


% 


4BW = 10 Hz to 1 kHz. A capacitor, C2, greater than or equal to 0.022 .F, must be connected from the oscillator decoupling capacitor pin to ground. 
>The axis of sensitivity of the device is a straight line drawn through the package along its most sensitive axis. For the 10-pin header (TO-100) package, this line 
passes through Pin 5 and the tab. See device connection and orientation figures. 


Best Fit Straight Line. Full scale = 50 g. 


7Alignment error is specified as the angle between the true and indicated axis of sensitivity. The ADXL50 output will be the true acceleration times the cosine 


of the alignment error angle. 


® Transverse sensitivity is measured with an applied acceleration which is 90° (i.e., transverse) from the indicated axis of sensitivity. Transverse sensitivity error is speci- 
fied as the percent of transverse acceleration which appears at the Vpr output. This is the algebraic sum of the alignment and the inherent sensor sensitivity errors. 
Specifications subject to change without notice. 


*Contact factory for availability. 


Parameter 


PREAMPLIFIER OUTPUT 
Power Supply Rejection 
Voltage Swing 
Current Output 
Capacitive Load Drive Capability 


SELF TEST INPUT 
Output Change at VPR’ 
‘Logic “1” Voltage 
Logic “0” Voltage 
Input Impedance 


FREQUENCY RESPONSE 
3 dB Equation 
Bandwidth” 


Sensor Resonant Frequency 


~ +3,.4 VOLT REFERENCE 
Output Voltage Initial 
Output Temperature Drift’? 
Power Supply Rejection 
Output Current 


BUFFER AMPLIFIER 
Input Offset Voltage’? 
Input Bias Current 
Open Loop Gain 
Unity Gain Bandwidth 
Output Voltage Swing 
Capacitive Load Drive Capability 
Power Supply Rejection 


POWER SUPPLY 
Specified Performance 
Operating Voltage Range 
Quiescent Supply Current 


(Ty = Twn tO Trax Vs = +5 V + 5%, @ Acceleration = 0g, and C1 = C2 = 0.022 pF 


ELECTRICAL CHARACTERISTICS unless otherwise noted) 


| ADXLS50J/A/K/B/T 
Conditions Min Typ Max 


DC 
+25°C 
Source or Sink 


ST Pin from Logic “0” to “1” 


To Common 


Cl1>=0.015 pF 
faag = (28.60/C1 in wF)+40% 

Cl = 0.022 wF (See Figure 22) 
Cl = 0.007 pF 


425°C 


DC 
(Sourcing) 


Deviation from Nominal 1.800 V 
DC 


DC 
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ADXL50 


ADXL50J/A/K/B/T 
Conditions Min Typ Max 


Parameter 


TEMPERATURE RANGE 
Specified Performance J, K 
Specified Performance A, B 
Specified Performance T* 
Automotive Grade* 


NOTES 

Applying logic “high” to the self-test input has an effect on the acceleration sensing element equivalent to applying an acceleration of minus 52.6 g to the ADXLS50. 
1©This is the deviation from the ideal 3 dB bandwidth using an exact Cl value. 

‘Specification refers to the maximum change in parameter from its initial value at +25°C to its worst case value at Tyyn Or Tyax- 

!2Tnput offset voltage is defined as an output voltage (referred to input at buffer —V,,, terminal) when the buffer amplifier is connected as a follower. The 


voltage at this pin has a temperature drift proportional to that of the +3.4 V reference. 
*Contact factory for availability. 
Specifications subject to change without notice. 
All min and max specifications are guaranteed. Typical specifications are not tested or guaranteed. 


ABSOLUTE MAXIMUM RATINGS** Package Characteristics 
Acceleration (Any Axis, Unpowered for 0.5 ms) ..... 2000 g : ; 
Acceleration (Any Axis, Powered for 0.5 ms) ........ 500 g Package Device Weight 
WP he Sep okies dy Re te ae ba Oustga SSS wy as ae ae vd ak Se Slee —-0.3 Vto +7.0 V 10-Pin TO-100 130°C/W 30°C/W 5 Grams 
Output Short Circuit Duration 

(Ver, Voutr> Vrer Terminals to Common) ..... Indefinite ORDERING GUIDE 
Operating Temperature .............. =35:G to F125°C 
Storage Temperature ............... —65°C to +150°C Temperature Package 
**Stresses above those listed under “Absolute Maximum Ratings” may cause Range Option’ 


permanent damage to the device. This is a stress rating only; the functional 


operation of the device at these or any other conditions above those indicated ADXLS50JH 0°C to +70°C H-10A 
in the operational sections of this specification is not implied. Exposure to ADXLS50KH? | 0°C to +70°C H-10A 
absolute maximum rating conditions for extended periods may affect device ADXLS0AH | —40°C to +85°C H-10A 
reliability. ADXLS0BH? | —40°C to +85°C H-10A 


ADXLS0TH? | —55°C to +125°C | +50 mV 


NOTES 
1For outline information see Package Information section. 
*Contact factory for availability. 


OP ON a 
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily W ARNING! 

accumulate on the human body and test equipment and can discharge without detection. Although : S| 
the ADXL50 features proprietary ESD protection circuitry, permanent damage may occur on 

devices subjected to high energy electrostatic discharges. Therefore, proper ESD precautions are 
recommended to avoid performance degradation or loss of functionality. 


ESD SENSITIVE DEVICE 


ADXL50 PIN DESCRIPTION 
The power supply input pin. 


Connection for an external bypass capacitor (nominally ADXL50 10-HEADER (TO-100) 
0.022 wF) used to prevent oscillator switching noise CONNECTION DIAGRAM 
from interfering with other ADXL5SO circuitry. Please 
see the section on component selection. 

TOP VIEW 
Connections for the demodulator capacitor, nominally aa 


0.022 wF. See the section on component selection for 
application information. 

The power supply common (or “ground”) connection. 
NOTES: 

AXIS OF SENSITIVITY IS ALONG 


A LINE BETWEEN PIN 5 AND 
THE TAB. 


Output of the internal 3.4 V voltage reference. 


The digital self-test input. It is both CMOS and TTL 
compatible. 


The ADXL50 preamplifier output providing an output 


: THE CASE OF THE METAL CAN 
voltage of 19 mV per g of acceleration. 


PACKAGE IS CONNECTED TO 
PIN 5 (COMMON). 


The inverting input of the uncommitted buffer Ae DOSE RCCE EE rect " 


amplifier. Vin- ALONG AXIS OF SENSITIVITY. 


Output of the uncommitted buffer amplifier. — 


REV. A SENSORS AND SIGNAL CONDITIONERS 19-41 


ADXL50 


TAB 


PIN 5 


Figure 1. Output Polarity at Vpp 


Z 


: SIDE VIEW , A RUAN Site Z AXIS 


Figure 2a. Sensitive X and Transverse Z Axis 


Y 


| | A “TRANSVERSE Y AXIS 
TOP VIEW j 


Figure 2b. Sensitive X and Transverse Y Axis 


_ -Z Axis 


xyz 


X Axis 


Y Axis 


Figure 2c. A Vector Analysis of an Acceleration Acting 
Upon the ADXL50 in Three Dimensions 
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Polarity of the Acceleration Gua 

The polarity of the ADXL50 output is shown in the Figure 1. 
When oriented to the earth’s gravity (and held in place), the 
ADXL5S0 will experience an acceleration of +1 g. This corre- 
sponds to a change of approximately +19 mV at the Vpp output 
pin. Note that the polarity will be reversed to a negative going 
signal at the buffer amplifier output Voy, due to its inverting 
configuration. 


Mounting Considerations 

There are three main causes of measurement error when using 
accelerometers. The first two are alignment and transverse sensi- 
tivity errors. The third source of error is due to resonances or 
vibrations of the sensor in its mounting fixture. | 


Errors Due to Misalignment 


The ADXL5S0 is a sensor designed to measure accelerations that 
result from an applied force. Because these forces act on the 
sensor in a vector manner, the alignment of the sensor to the 
force to be measured may be critical. 


The ADXL50 responds to the component of acceleration on its 
sensitive X axis. Figures 2a and 2b show the relationship 
between the sensitive ““X” axis and the transverse “Z”’ and “ye 
axes as they relate to the TO-100 package. 


Figure 2c describes a three dimensional acceleration vector 
(Axyz) which might act on the sensor, where A, is the compo- 
nent of interest. To determine Ax, first, the component of 
acceleration in the XY plane (Ayy) is found using the cosine law: 


Axy = Axyz (cosOxy) then 
Ax = Axy (cos0x) 


Therefore: Typical Vpp = 19 mV/g (Axyz) (cosOxy) cosOx. 


Note that an ideal sensor will react to forces along or at angles 
to its sensitive axis but will reject signals from its various trans- 
verse axes, i.e., those exactly 90° from the sensitive ““X”’ axis. 
But even an ideal sensor will produce output signals if the trans- 
verse signals are not exactly 90° to the sensitive axis. An acceler- 


ation that is acting on the sensor from a direction different from 


the sensitive axis will show up at the ADXL50 output at a 


. reduced amplitude. 


Table I. Ideal Output Signals for Off Axis Applied 
Accelerations Disregarding Device HEAMEAt and 
Transverse Sensitivity. Errors 


% of Signal Appearing 
‘| at Output | 


Output in g’s for a 50 g 


Applied Acceleration 


100% 50 (On Axis) 

1° 99.98% 49.99 
Zz: 99.94% 49.97 
2° 99.86% 49.93 
> 99.62% 49.81 
10° 98.48% 49.24 
30° 86.60% 43.30 
45° 70.71% 35.36 
60° 50.00% 25.00 
80° 17.36% 8.68 
85° 8.72% 4.36 
87° 2. 2.63 
88° 3.49% 1.75 
89° 1.7% 0.85 


0% 0.00 (Transverse Axis) 
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Table I shows the percentage signals resulting from various 0, 
angles. Note that small errors in alignment have a negligible 
effect on the output signal. A 1° error will only cause a 0.02% 
error in the signal. Note, however, that a signal coming 1° off of 
the transverse axis (i.e., 89° off the sensitive axis) will still con- 
tribute 1.7% of its signal to the output. Thus large transverse 
signals could cause output signals as large as the signals of 
interest. 


Table I may also be used to approximate the effect of the 
ADXL50’s internal errors due to misalignment of the die to the 
package. For example: a 1 degree sensor alignment error will 
allow 1.7% of a transverse signal to appear at the output. In a 
nonideal sensor, transverse sensitivity may also occur due to 
inherent sensor properties. That is, if the sensor physically 
moves due to a force applied exactly 90° to its sensitive axis, 
then this might be detected as an output signal, whereas an ideal 
sensor would reject such signals. In every day use, alignment 
errors may cause a small output peak with accelerations applied 
close to the sensitive axis but the largest errors are normally due 
to large accelerations applied close to the transverse axis. 


Errors Due to Mounting Fixture Resonances 

A common source of error in acceleration sensing is resonance of 
the mounting fixture. For example, the circuit board that the 
ADXL50 mounts to may have resonant frequencies in the same 
range as the signals of interest. This could cause the signals 
measured to be larger than they really are. A common solution 
to this problem is to dampen these resonances by mounting the 
ADXL5SO near a mounting post or by adding extra screws to 
hold the board more securely in place. 


When testing the accelerometer in your end application, it is 
recommended that you test the application at a variety of fre- 
quencies in order to ensure that no major resonance problems 
exist. 


GLOSSARY OF TERMS 
Acceleration: Change in velocity per unit time. 


Acceleration Vector: Vector describing the net acceleration act- 
ing upon the ADXL50 (Axy7z). 


g: A unit of acceleration equal to the average force of gravity 
occurring at the earth’s surface. A g is approximately equal to 
32.17 feet/s?, or 9.807 meters/s”. 


Nonlinearity: The maximum deviation of the ADXL50 output 
voltage from a best fit straight line fitted to a plot of acceleration 
vs. output voltage, calculated as a % of the full-scale output 
voltage (@ 50 g). 


Resonant Frequency: The natural frequency of vibration of the 
ADXL5SO0 sensor’s central plate (or “beam’’). At its resonant fre- 
quency of 24 kHz, the ADXL50’s moving center plate has a 
peak in its frequency response with a Q of 3 or 4. 
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ADXL50 


Sensitivity: The output voltage change per g unit of acceleration 
applied, specified at the Vpp pin in mV/g. 


Sensitive Axis (X) The most sensitive axis of the accelerometer 
sensor. Defined by a line drawn between the package tab and 
Pin 5 in the plane of the pin circle. See Figures 2a and 2b. 


Sensor Alignment Error: Misalignment between the ADXL50’s 
on-chip sensor and the package axis, defined by Pin 5 and the 
package tab. 


Total Alignment Error: Net misalignment of the ADXL50’s 
on-chip sensor and the measurement axis of the application. 
This error includes errors due to sensor die alignment to the 
package, and any misalignment due to installation of the sensor 


package in a circuit board or module. 


Transverse Acceleration: Any acceleration applied 90° to the 
axis of sensitivity. 


Transverse Sensitivity Error: The percent of a transverse accel- 
eration that appears at the Vpp output. For example, if the 
transverse sensitivity is 1%, then a +10 g transverse acceleration 
will cause a 0.1 g signal to appear at Vpp (1% of 10 g). Trans- 
verse sensitivity can result from a sensitivity of the sensor to 
transverse forces or from misalignment of the internal sensor to 
its package. 


Transverse Y Axis: The axis perpendicular (90°) to the package 
axis of sensitivity in the plane of the package pin circle. See Fig- 
ure 2. 


Transverse Z Axis: The axis perpendicular (90°) to both the 
package axis of sensitivity and the plane of the package pin cir- 
cle. See Figure 2. 


Figure 3. 500 g Shock Overload Recovery. Top Trace: 
ADXL50 Output. Bottom Trace: Reference Accelerometer 
Output | 
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~ ADXL50—Typical Characteristics 


5 g p-p SIGNAL T, = +25°C 
* C1-=C2 = 0.022uF 
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Figure 4. Normalized Sensitivity vs. Frequency Figure 7. RMS Noise vs. Value of Demodulator 
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Figure 6. —3 dB Bandwidth vs. Temperature at Vpr _ Figure 9. Buffer Amplifier Closed-Loop Gain vs. Frequency 
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Figure 10. Change in Sensitivity vs. Supply Voltage Figure 13. Percent Change In Sensitivity at Vpp vs. 
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Figure 12. 0 g Bias Level vs. Temperature Figure 15. V,z-- Output and Change in Self-Test Output 


Swing vs. Temperature 
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THEORY OF OPERATION 

The ADXL5SO0 is'a complete acceleration measurement system on 
a single monolithic IC. It contains a polysilicon surface-micro 
machined sensor and signal conditioning circuitry. The 
ADXL50 is capable of measuring both positive and negative 
acceleration to a maximum level of +50 g. 


Figure 16 is a simplified view of the ADXLS50’s acceleration 
sensor at rest. The actual structure of the sensor consists of 42 
unit cells and a common beam. The differential capacitor sensor 
consists of independent fixed plates and a movable “floating” 
central plate which deflects in response to changes in relative 
motion. The two capacitors are series connected, forming a 
capacitive divider with a common movable central plate. A force 
balance technique counters any impeding deflection due to 
acceleration and servos the sensor back to its 0 g position. 


TOP VIEW 


TETHER 


CENTER — 
PLATE 


csi s 1 UNITCELL © 
| CS1=CS2 
cs2 i 
I 
9B DENOTES ANCHOR 


Figure 16. A Simplified Diagram of the ADXL50 
Sensor at Rest 


Figure 17 shows the sensor responding to an applied accelera- 
tion. When this occurs, the common central plate or “beam” 
moves closer to one of the fixed plates while moving further 
from the other. The sensor’s fixed capacitor plates are driven 
deferentially by a 1 MHz square wave: the two square wave 
amplitudes are equal but are 180° out of phase from one 
another. When at rest, the values of the two capacitors are the 
same and therefore, the voltage output at their electrical center 
(i.e., at the center plate) is zero. 


When the sensor begins to move, a mismatch in the yalue of 
their capacitance is created producing an output signal at the 
central plate. The output amplitude will increase with the 
amount of acceleration experienced by the sensor. Information 
concerning the direction of beam motion is contained in the 
phase of the signal with synchronous demodulation being used 
to extract this information. Note that the sensor needs to be 
positioned so that the measured acceleration is along its sensitive 
axis. : | ~ a - 

Figure 18 shows a block diagram of the ADXL50. The voltage 
output from the central plate of the sensor is buffered and then 
applied to a synchronous demodulator. The demodulator is also 
supplied with a (nominal) 1 MHz clock signal from the same 
oscillator which drives the fixed plates of the sensor. The 
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demodulator will rectify any voltage which is in sync with its 
clock signal. If the applied voltage is in sync and in phase with 
the clock, a positive output will result. If the applied voltage is 
in sync but 180° out of phase with the clock, then the demodu- 
lator’s output will be negative. All other signals will be rejected. 
An external capacitor; C1, sets the bandwidth of the demodulator. 


The output of the synchronous demodulator drives the preamp 
—an instrumentation amplifier buffer which is referenced to 
+1.8 volts. The output of the preamp is fed back to the sensor 
through a 3 MOC) isolation resistor. The correction voltage 
required to hold the sensor’s center plate in the 0 g position is a — 
direct measure of the applied acceleration and appears at the 

Vpr pin. 


TOP VIEW 


PLIED 
ACCELERATION 


UNIT CELL 
CS1 < CS2 


MM DENOTES ANCHOR 


Figure 17. The ADXL50 Sensor Momentarily Responding 
to an Externally Applied Acceleration 


When the ADXL50 1s subjected to an acceleration, its capacitive 
sensor begins to move creating a momentary output signal. This 
is signal conditioned and amplified by the demodulator and 
preamp circuits. The dc voltage appearing at the preamp output 
is then fed back to the sensor and electrostatically forces the 
center plate back to its original center position. 


At 0 g the ADXL5S0 is calibrated to provide +1.8 volts at the 
Vpr pin. With an applied acceleration, the Vp, voltage changes 
to the voltage required to hold the sensor stationary for the 
duration of the acceleration and provides an output which varies 
directly with applied acceleration. 


The loop bandwidth corresponds to the time required to apply 
feedback to the sensor and is set by external capacitor Cl. The 
loop response is fast enough to follow changes in g level up-to 
and exceeding 1 kHz. The ADXL50’s ability to maintain a flat 
response over this bandwidth keeps the sensor virtually motion- 
less. This essentially eliminates any nonlinearity or aging effects 
due to the sensor beam’s mechanical spring constant, as com- 
pared to an open-loop sensor. 


An uncommitted buffer amplifier provides the capability to __ 
adjust the scale factor and 0 g offset level over a wide range. An 
internal reference supplies the necessary regulated voltages for 
powering the chip and +3.4 volts for external use. 
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Figure 18. ADXL50 Functional Block Diagram 


The sensor’s tight mechanical spacing allows it to be electrostati- 
cally deflected to full scale while operating on a 5 volt supply. A 
self-test is initiated by applying a TTL “high” level voltage 
(>+2.0 V) to the ADXLSO0’s self-test pin which causes the chip 
to apply a deflection voltage to the beam which moves it an 
amount equal to —50 g (the negative full-scale output of the 
device). Note that the +10% tolerance of the self-test circuit is 
not proportional to the sensitivity error, see Self-Test section. 


The output of the ADXL50’s preamplifier is 1.8 V at 0 g accel- 


eration with an output range of +0.95 V for a +50 g input, i.e., 
19 mV/g. An uncommitted buffer amplifier has been included 
on-chip to enhance the user’s ability to offset the 0 g signal level 
and to amplify and filter the signal. Access is provided to both 
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ADXL50 


the inverting input and the output of this amplifier via pins 
Vour and Vyy_, while the noninverting input is. connected 
internally to a +1.8 V reference. The +1.8 V is derived from a 
resistor divider connected to the 3.4 V reference. a 


BASIC CONNECTIONS FOR THE ADXL50 

Figure 19 shows the basic connections needed for the ADXL50 
to measure accelerations in the +50 g range with an output scale 
factor 40 mV/g corresponding to a 2.5 V 0 g level, a +2.0 V 
full-scale swing around 0 g and a 3 dB bandwidth of approxi- 
mately 1 kHz. ne 


In general, the designer will need to take into account the initial 
zero g bias when designing circuits. For the ADXL50J this off- 
set is 1.8 V + 250 mV. When microprocessors and software 
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Figure 19. ADXL50 Application Providing an Output Sensitivity of 
40 mV/g, a +2.5V 0 g Level and a Bandwidth of 1 kHz 
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calibration are used and there is a desire to eliminate trim poten- 
tiometers, the design should leave room at either supply rail to 
account for signal swing and or variations in initial zero g bias. 


For example, in the circuit in Figure 19, the initial zero g bias 
of +250 mV will be reflected to the output by the gain of the 
R3/R1 network, resulting in an output offset of +526 mV worst 
case. The offset, combined with a full-scale signal of 50 g, 
(+2.0 V) will cause the output buifer a to saturate at the 
supply rail. 


The full +2. 25 V output swing of the buffer amplifier can be © 
utilized if the user is able to trim the zero- g bias to exactly — 
2.5 V. In applications where the full-scale range will be +25 g 
or less, a bias trim such as that shown i in Figure 20 will almost 
always be required. 


VARYING THE OUTPUT SENSITIVITY AND 0 g LEVEL 
USING THE INTERNAL BUFFER AMPLIFIER as 
The uncommitted buffer amplifier may be used to change the 
output sensitivity to provide useful full-scale ranges of +50 g 
and below. Table II provides recommended resistor values for 
several standard ranges down to +10 g. As the full-scale range is 
decreased, buffer amplifier gain is increased, and. the noise con- 
tribution as a percentage of full scale will also increase. For all. 
ranges, the signal-to-noise ratio can be improved by reducing the 
circuit bandwidth, either by increasing the demodulator capaci- 
tor, Cl, or by adding a post filter using the buffer amplifier. 


Table II. Recommended Resistor Values for Setting the | 
Circuit of Figure 20 to Several Common Full-Scale Ranges 


al Buffer _ SF in 
) | Gain mV/g 


Note that the value of resistor R1 should be selected to limit the 
output current flowing into Vpp to less than 25 wA (to provide a 


safety margin). For a “J” grade device, this current is equal to: © 
y marg 3 0 


(2.05 V— The. peak full-scale output voltage at Vpr) —1.8V 
Ri in ohms 


For a +50 g full-scale range, RI needs to be 49.9 kO or taegee 
in value; but at the lower full-scale g ranges, if the Vpp swing is 
much less, then it is possible to use much lower resistance val- 
ues. For this table, the circuit of Figure 20 is used, as a 0 g off- 
set trim will be required for most applications. In all cases, it is 
assumed that the zero-g bias level is 2.5 V with an output span 
of +2 V. : 


Note that fot full scales below +20 g the self-test is unlikely to. 
operate correctly because the Vp, pull-down current is not guar- 
anteed to be large enough to drive R1 to the required —1.0 V 
swing. In these cases, the self-test command will cause Voy to 
saturate at the rail, and it will be necessary to monitor the self- | 
test at Vpr. Self-test can remain operational at Ver for all g 


IpR = 
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ranges listed by keeping R1 > 49.9 kQ, with the subsequent 

tradeoff that the required values for R3 will become very large. 
The user always has the option of adding external gain and fil- 
tering stages after the ADXLS50 to make lower full-scale ranges. 


Measuring Full- Scale Accelerations Less than +5 g 


Applications, such as motion detection, and tilt sensing; have 


signal amplitudes in the 1 g to 2 g range. Although designed for 
higher full-scale ranges, the ADXL50 may be adapted for use in 


ADXL50 


PRE-AMP 


| 1.8V 0 
Oo |, BUFFER 
3 AMP 


Figure 20. ADXL50 Circuit Using the Buffer Arapiniars to 
Set the Output Scaling and 0g Offset Level 


low g applications; the two main design epasideianons are noise 


and.0 g offset drift (BH, KH grades recommended). 


At its full 1 kHz bandwidth, the ADXL50 will typically exhibit 
1 g p-p of noise. With’ +50 g accelerations this is generally not a 
problem, but at a +2'g full-scale level the signal-to-noise ratio 


will be very poor. However, reducing the bandwidth to 100 Hz 


or less considerably improves the S/N ratio. Figure 25 shows the 


relationship between ADXL50 bandwidth and noise. 


The ADXL5S50 exhibits offset drifts that are typically 0.02 g per 


. °C but which may be as large as 0.1 g per °C. With the buffer 


amplifier configured for a 2 g full scale, the ADXLS50 will 


typically drift 1/2 of its full- scale range with a 50°C increase in 


temperature. 


There are several cures for steer: ser If ade response is not 


_ required, for example in motion sensing or vibration measure- 


ment applications, consider ac coupling the acceleration signal to 
remove the effects of offset drift. See the section on ac coupling. 


Periodically recalibrating the accelerometer’s 0 g level is another 


option. Autozero or long term averaging can be used to remove 
long term drift using a microprocessor or the autozero circuit of 
Figure 29. Be sure to keep the buffer amplifier’s full-scale out- 
put range much larger than the measurement range to allow for 
the 0 g level drift. 


CALCULATING COMPONENT VALUES FOR SCALE 
FACTOR AND 0 g SIGNAL LEVEL 
The ADXL5S0 buffer’s scale factor is set by 
amplifier is in the inverter mode). 


—R3/R1 (since the 
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As an example, if the desired span is +2.0 V for a +50 g input, 
then R3/R1 should be chosen such that 


R3/R1 = Vour SpanlVpp Span = 2.00/0.95 = 2.105 (1) 


where Vpp span is the output from the preamplifier and Voyr 
span is the buffer amplifier’s output, giving 


R3 = 2.105 x Rl (2) 


In noncritical applications, a resistor, R2, may simply be con- 

nected between V;,;_ and common to provide an approximate 

0 g offset level (see Figure 19). In this simplified configuration 
R2 is found using: 


R2 = (1.8V xX R3)\(Vour @ 0g — 1.8 V) 


When used with a trim potentiometer, as in Figure 20, resistor 
R2 sets the 0 g offset range and also sets the resolution of the 
offset trim. A value of 100 kQ is typical. Increasing R2 above 
this value makes trimming the offset easier, but may not provide 
enough trim range to set Voy equal to +2.5 V for all devices. 


To provide an output span of +2.00 V, with a 0 g output of 
+2.5 V, R1 could be set to the standard value of 49.9 kO and 
from Equation 2, R3 = 105 kQ. 


For Figure 20, the circuit transfer function is: 


3 R3 
Vour = (i (1.8 V- Vial) + (je (1.8V- vs!) + 18V 


The summing amplifier configuration allows noninteractive trim- 
ming of offset and span. Since Vp x is not always exactly 1.8 V 
at 0 g, it will contribute to output offset. Therefore, span must 
be trimmed first, followed by 0 g offset ag seen 


LOAD DRIVE CAPABILITIES OF THE V,;,p AND 
BUFFER OUTPUTS : 

The Vpp and the buffer amplifier outputs are both capable of 
driving a load to voltage levels approaching that of the supply 
rail. However, both outputs are limited in how much current 
they can supply, affecting component selection. 


Vpr Output : 
The Vppz pin has the ability to source current up to 500 id but 
only has a sinking capability of 30 pA which limits its ability to 
drive loads. It is recommended that the buffer amplifier be used 
in most applications, to avoid loading down Vpr. In standard 
+50 g applications, the resistor R1 from Vpg to Vyx_ is recom- 
mended to have a value greater than 50 kO, to pone loading 
effects. 


Capacitive loading of the Vpp pin should be minimized. A load 
capacitance between the Vppz pin and common will introduce an 
offset of approximately 1 mV for every 10 pF of load. The Vp, 
pin may be used to directly drive an A/D. input or other source 
as long as these sensitivities are taken into account. It is always 
preferable to drive A/D converters or other sources using the 

buffer amplifier (or an external op amp) ue teae of the Vor pin. 


Buffer Amplifier Output 
The buffer output can drive a load to within 0. 25 V af either 
power supply rail and is capable of driving 1000 pF capacitive 
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loads. Note that a capacitance connected across the buffer feed- 
back resistor for low-pass filtering does not appear as a capaci- 
tive load to the buffer. The buffer amplifier is limited to 
sourcing or sinking a maximum of 100 ~»A. Component values 
for the resistor network should be selected to ensure that the 
buffer amplifier can drive the filter under worst case transient 
conditions. 


SELF-TEST FUNCTION 

The digital self-test input is compatible with both CMOS and 
TTL signals. A Logic “1” applied to the self-test (ST) input will 
cause an electrostatic force to be applied to the sensor which will 
cause it to deflect to the approximate negative full-scale output 
of the device. Accordingly, a correctly functioning accelerometer 
will respond by initiating an approximate —1 volt output change 
at Vpr. If the ADXLS50 is experiencing an acceleration when the 
self-test is initiated, the Vp output will equal the algebraic sum 
of the two inputs. The output will stay at the self-test level as 
long as. the ST input remains high and will return to the 0 g . 
level when the ST voltage is removed. 


A self-test output that varies more than +10% from the nominal 


—1.0 V change indicates a defective beam or a circuit problem 
such as an open or shorted pin or component... © 


Operating the ADXL50’s buffer amplifier at Gains > 2, to pro- 

vide full-scale outputs of less than +50 g, may cause the self-test 
output to overdrive the buffer into saturation. The self-test may 

still be used in the case, but the change in the output must then 
be monitored at the Ver pin instead of the buffer output. 


Note that the value of the self-test delta is not an exact indica- 
tion of the sensitivity. (mV/g) of the ADXL50-and, therefore, 
may not be.used to-calibrate the device for sensitivity error. 

In critical applications, it may be’ desirable to monitor shifts in 
the zero-g bias voltage from its initial value. A shift in the 0 g 
bias level may indicate that the 0 g level has shifted which may 
warrant an alarm. , : 


POWER SUPPLY DECOUPLING 

The ADXLS0O power supply. should be decoupled with a 0.1 pF 
ceramic capacitor from +5 V pin of the ADXL50 to common 
using very short component leads. For other decoupling consid- 
erations, see EMI/RFI section. 


OSCILLATOR DECOUPLING CAPACITOR, C2 

An oscillator decoupling capacitor, C2, is used to remove 

1 MHz switching transients in the sensor excitation signal, and 
is required for proper operation of the ADXL50. A ceramic 
capacitor with a minimum value of 0.022 wF is recommended 
from the oscillator decoupling capacitor pin to common. Small _ 
amounts of capacitor leakage due to a dc resistance greater than 
1 MO will not affect operation (i.e., a high quality capacitor is 
not needed here). As with the power supply bypass capacitor, | 
very short component leads are recommended. Although 

0.022 wF is a good typical value, it may be increased for reasons 
of convenience, but doing this will not improve the noise perfor- 
mance of the ADXL50. 
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DEMODULATOR CAPACITOR, Cl : 

The demodulator capacitor is connected across Pins 2 a 3 to 
filter the demodulated signal from the sensor beam and to set. 
the bandwidth of the force balance control loop. This capacitor 
may be used to approximately set the bandwidth of the acceler- 
ometer. A capacitor is always required for proper operation. 


The frequency response of the ADXL50 exhibits a single pole 
roll-off response whose nominal 3 dB frequency i is set by the 
following equation: 


faap = (28. 60/C1 in uF) 40% 


A nominal value of 0.022 LF i iS recommended for Cl. In gen-— . 
eral, the design bandwidth should be set 40% higher than the 
minimum desired system bandwidth due to the +40% tolerance. 


A minimum value of 0.015. WF is required, (over temperature 
and system life), to prevent device instability or oscillation. The 
demodulation capacitor should be a low leakage, low drift 
ceramic type with an NPO (best) or X7R (good) dielectric. 


In general, it’s best to use the recommended 0.022 wF capacitor 
across the demodulator pins and perform any additional low- » 


pass filtering using the buffer amplifier. Using a large denomi- — 


nator capacitor for low-pass filtering has the disadvantage that . 
the capacitive sensor will be slow to respond to rapid changes in 
acceleration and, therefore, the full shock survivability of the. 
device could be compromised. The use of the buffer for low- 
pass filtering generally results in smaller capacitance values and 
better overall performance. It is also a convenient and more pre- 
cise way to set the system bandwidth. Post filtering allows band- 
width to be controlled accurately by component selection and © 
avoids the +40% demodulation tolerance. Note that signal: noise 
is proportional to the square root of the bandwidth of the _ 
ADXL5S50 and may be a consideration in oral selection —, 
see section on noise. 7 | 


Care should be ve to reduce or. slimiate any rise paths 
from the demodulator capacitor pins to common or ‘to the +5-V 
pin. Even a small imbalance in the leakage paths from these 
pins will result in offset shifts in the zero-g bias level. As an — 
example, an unbalanced parasitic resistance of 30 MOQ from. 
either demodulator pin to ground will result in an offset shift at 
Vpr of approximately 50 mV. Conformal coating of PC boards 
with a high impedance material is recommended to avoid leak- 
age problems due to aging or moisture. 


REDUCING THE AVERAGE POWER CONSUMPTION 
OF THE ADXL50 : 

The ADXL50 is a versatile accelerometer ‘hake can be used in a 
wide variety of applications. In some battery powered applica- 
tions, such as shipping recorders, power consumption is a criti- 
cal parameter. The ADXL50 typically draws 10 mA current 


from a 5 V power supply which enay oo the Powe budgeted 


for the accelerometer. 


For such applications, the ADXLS0 can be successfully power 
cycled, where the power is turned on only during the period — | 
when data is sampled. Figure 21 illustrates the power-on settling 
of the ADXL50 during cycling where the output amplifier has a 
gain of one with no filtering. The settling time-constant is 
approximately 0.12 ms, waiting 1 ms before sampling ensures 
maximally accurate readings. | 
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For scans to reduce the average power to 5 mW from its 
typical 50 mW, the power should be on 10% of the time. With 
the power on for 1 ms and off for 9 ms, a maximum sample rate 


of 100 Hz is achievable. Further reduction in BVERNBE powers can 


be realized with lower sample: rates. 
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Figure 21. Power-On Settling. Time when Power Cycling. 


SYSTEM BANDWIDTH CONTROL AND POST 


FILTERING 

Unlike piezoresistive sensors, the resonant frequency of the 
ADXL50’s capacitive sensor element is typically ‘greater than 
20.kHz and does not limit the useful bandwidth of the device. 


‘Usually, the resonant frequency of the beam appears as a peak. 


in the bandwidth response at approximately 24 kHz with a Q of 
3 to 4, as shown i in Figure 22. | 


When using the recommended 0.022 wF demodulator capacitor, 
be advised that the nominal 1300 Hz pole it establishes within 
the device can vary +40%. Therefore, if additional low-pass 
filtering is used—at frequencies much above 600 Hz—the two 
poles may interact and result in a’net circuit bandwidth that is 
lower than paren 
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Figure 22. Frequency Response of the ADXL50 for Various 
Demodulator Capacitors 
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RECOMMENDED COMPONENT VALUES FOR VARIOUS 
FULL SCALE RANGES AND A 300Hz BANDWIDTH 
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perg BW (Hz) | k kQ | kQ 
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\/ *TO OMIT THE OPTIONAL SCALE FACTOR TRIM, 
REPLACE Ria AND Rib WITH A FIXED VALUE 1% 
METAL FILM RESISTOR. SEE VALUES SPECIFIED 
IN TABLE Il. 


Figure 23. Using the Buffer Amplifier to Provide One Pole Post Filtering Plus Scale Factor and 0 g Level Trimming 


ONE POLE POST FILTERING : 

Figure 23 shows the ADXLSO buffer amplifier connected to 
provide one pole post filtering, 0 g offset trimming, and output 
scaling. The table included with the figure lists practical compo- 
nent values for various full-scale g levels and approximate circuit 
bandwidths. For bandwidths other than those listed, use the 
formula: 


Capacitor C4 in Farads = 1/(2 7 X R3 in Ohms 
x 3 dB BW in Hertz) 


or simply scale the value of capacitor C4 accordingly; i.e., for a 
+20 g application with a 50 Hz bandwidth, the value of C4 will . 


need to be twice as large as its 100 Hz value or 0.012 pF Xx 2 = 
0.024 wF. The closest standard value of 0.022 wF should then 
be used. 


TWO POLE POST FILTERING 

Figure 24 shows a circuit which uses the ADXL50’s buffer 
amplifier to provide two pole post filtering. An AD820 external 
op amp allows noninteractive adjustment of 0 g offset and scale 
factor. Component values for the two pole filter were selected to 
operate the buffer at unity gain with a Q of one. 
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_ Figure 24. Circuit Providing Two Pole Post Filtering and 0 g Offset and Scale Factor Trimming 
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Capacitors C3 and C4 are chosen to provide the desired 3 dB 
bandwidth. Component values are specified for bandwidths of 
10 Hz, 30:Hz, 100 Hz, and 300 Hz. For other 3 dB bandwidths 
simply scale the capacitor values; i.e., for a.3.dB bandwidth of 
20 Hz, divide the 10 Hz bandwidth numbers by 2.0. The nomi- 
nal buffer amplifier output will be +1.8 V + 19 mV/g. Note | 
that the ADXL50’s self-test will be fully functional since the 

_ buffer amplifier is operated at unity gain and resistor R1 is 
large. The external op amp offsets and scales the output to pro- 
vide a +2.5 V + 2 V output over a wide range of full-scale g 
levels. The external op amp may be omitted 1 in high g, low. gain 
applications. 


-NOISE CONSIDERATIONS 


The output noise of the ADXL50 scales with the square root of | 


its bandwidth. The noise floor may be reduced. by lowering the 
bandwidth of the ADXL50 either by increasing the value of the 
demodulator capacitor or by adding an external filter. 

The typical rms noise of the ADXLSOJ with a bandwidth of 
100 Hz and a noise density of 125 V/\/Hz is estimated as 
follows: 


(125 pV/V Hz) V 100 = 1.25 mV rms 


Peak-to-peak noise may be estimated with the following 
equation: 


Noise: (rms). = 


Noise p-p = (6.6) Norse rms 


Peak-to-peak noise is thus estimated at 8.25 mV or approxi- 
mately 0.4 g p-p. The ADXL50 noise is characteristic of white: 
noise. Typical'rms and p-p noise for various 3 dB papemenite iS: 
estimated in Figure 25. : 


1.4 
= 3 
= 
1 1.0 E - 
a=! . 
f wai i 
; wd 
Hy 0.73 Ww 
ro) ea a 
za 


“hs ett Cil 


c 100 © 1k 
3qB BANDWIDTH — Hz 


Figure 25, ADXL50. pole Level and Resolution vs. -3 dB . 
Bandwidth. 


Because the ADXL50’s noise is for all practical purposes Gaus- 
sian in amplitude distribution, the highest noise amplitudes have 
the smallest (yet nonzero) probability. Peak-to-peak noise is, 
therefore, difficult to measure and can only be estimated due to 
its statistical nature. Table III is useful for estimating the proba- 
bilities of exceeding various peak values, given the rms value. 
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- Nominal | Peak-to-- : 


_ Table III. 


-% of Time that. Noise will Exceed 
Nominal Peak-to-Peak Value 


Peak Value 


~ AC COUPLING V,z TO BUFFER INPUT 


If a dc response is not required, as in applications such as 

motion detection or vibration measurement, then ac coupling 
should be considered. In low g applications, the output voltage 
change due to acceleration is small compared to the 0 g offset 
voltage drift. Because ac coupling removes the dc component of 
the output, the preamp output signal may be amplified consider- 
ably without increasing the 0 g level drift. The most effective | 
way to ac couple the ADXL50 is between the preamp output at . 
Vor and the buffer input, V;,,_, as shown in: Figure 26. 


| ADXL50 
PRE-AMP - 


> 


BUFFER 
AMP 


Figure 26. AC Coupling the Vp,g Output to the Buffer Input 


Using this configuration, the system’s ac response is now rolled 
off—at the low frequency end at F,, and at the high frequency 
end at F,,. The normalized frequency response of the system 
can be. seen in Figure 27. | | | 


4 The low frequency roll-off, F,,, due to the ac coupling network 


is: | 
ai Fr, = 1/(2 7 R1 C4) 

The high frequency roll-off F,; is determined by the dominant 
pole of the system which is controlled by either the demodulator 
capacitor and its associated time-constant or by a dominant ‘post 
filter. , 

As a consequence of ac coupling, aay wonetdat acceleration com- 
ponent will not be detected (because this too is a dc voltage 
present at the Vp, output). The self-test feature, if used, must 
be monitored at Vpr, rather than at the buffer output. _ 
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Figure 27. Normalized Output Level vs. Frequency for a 
Typical Application Using AC a ca Between Ver and 
Buffer Amplifier 


MINIMIZING EMI/RFI | | 

The architecture of the ADXLSO and its use of synchronous 
demodulation make the device immune to most electro-magnetic 
(EMI) and radio frequency (RFI) interference. The use of syn- 
chronous demodulation allows the circuit to reject all signals 
except those at the frequency of the oscillator driving the sensor 
element. However, the ADXL50 does have a sensitivity to RFI 
that is within +5 kHz of the internal oscillator’s nominal fre- 
quency of 1 MHz. The internal oscillator frequency will exhibit 
part to part variation in the range of 0.6 MHz to 1.4 MHz. 


In general the effect is difficult to notice as the interference ° 
must match the internal oscillator within +5 kHz and must be 
large in amplitude. For example: a 1 MHz interference signal of 
20 mV p-p applied to the +5 V power supply pin will produce a 
200 mV p-p signal at the Vp, pin if the internal oscillator and 
interference signals are matched exactly. If the same 20 mV 
interference is applied but 5 kHz above or below the internal. 
oscillator’s frequency, the signal level at Vpp will only be 20 mV 
p-p in amplitude. 


Power supply decouplitig, short component leads (especially for 
capacitors C1 and C2), physically small (surface mount, etc.) 
components and attention to good grounding practices all help 
to prevent RFI and EMI problems. Please ‘consult the factory 
for applications assistance in instances where this may be of 
concern. | | : 


SELF-CALIBRATING THE ADXL50 

If a calibrated shaker is not available, both the 0 g level and 

— scale factor of the ADXL50 may be easily set to fair accuracy by 
using a self-calibration technique based on the 1 g (average) 

acceleration of the earth’s gravity. Figure 28 shows how gravity 

and package orientation affect the ADXL50’s output (TO-100 
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package shown). Note that the output polarity is that which 
appears at Vpp; the output at Voyy will have the opposite sign. 
With its axis of sensitivity in the vertical plane, the ADXLS50O- 
should register a 1 g acceleration, either positive or negative, 
depending on orientation. With the axis of sensitivity in the 
horizontal muna no acceleration (0 g) should be indicated.. 


~-ROROm 


-1g +1g 
a o (c) (d) 


INDICATED POLARITY IS THAT 
A tid . OCCURING AT Vpp. 


Figure 28. Using the Earth’ Ss Gravity to Self-Calibrate the 
ADXL50 


To self-calibrate the ADXL50, place the accelerometer 6n its 
side with its axis of sensitivity oriented as shown in “a.” The 0 g 
offset potentiometer, Rt, is then roughly adjusted for tet. 
+2.5 V at the buffer output. If the optional scale factor trim- 
ming is to be used, it should be adjusted next. 


Next, the package axis should be oriented as in “c”’ (pointing 
down) and the output reading noted. The package axis should 
then be rotated 180° to position “d” and the scale factor potenti- 
ometer, Rla, adjusted so that the output voltage indicates a 
change of 2 g’s in acceleration. For example, if the circuit scale 
factor at the buffer output is.100.mV per g, then the scale factor. 
trim should be adjusted SO that an ay OnE change of 200 mV is 
indicated. 


Adjusting the circuit’s scale factor will have some effect on a 

0 g level so this should be readjusted, as before, but this time 
checked in both positions “a” and “b.” If there is a difference in 
the 0 g reading, a compromise setting should be selected so that 
the reading in each direction is equidistant from +2.5 V. Scale 
factor and 0 g offset adjustments should be repeated until both 
are correct. Temporarily placing a capacitor across the buffer 
amplifier’s feedback resistor will reduce output noise and so aid 
in trimming the device. Note that, for high full-scale g ranges, 
+2 g may be a very small fraction of the full-scale range and 
device nonlinearity will, therefore, affect the circuit’s high g 
level accuracy. 
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Compensating for the 0 g Drift of the ADXL50 Accelerometer 
The circuit of Figure 29 provides a linear temperature compen- 
sation for the ADXL50. Figure 30 shows the 0 g drift over tem- 
perature for a typical ADXLSO with and without this circuit. 

As shown by Figure 30, the linear portion of the drift curve has 
been subtracted out. In effect, the curve has been rotated 
counterclockwise until it is horizontal, leaving just the bow of 
the curve: that portion which is not linear. As shown by Figure 
30, over a +25°C to +70°C range, a 10x reduction i in drift is 

- achieved. 


The circuit of Figure 29 is essentially a semua sensor cou- 
pled to a Whetstone bridge. The AD590 provides a 1 wA/°K 
current output whose voltage scale factor is set by resistor RA. 
The bridge circuit subtracts out the nominal 298 mV output of 


the AD590 at +25°C and leaves only the change in temperature, | 


which is what is needed. Without the bridge, the 298 mV room 
temperature “offset” would “swamp” emus smaller change 
in output with temperature. 


Resistors R5. and R6 form a resistor divider (one half of the 
bridge) which divides down the +3.4 V reference output of the. 
ADXL5SO0 to 0.3 V which appears at the noninverting input of 
the AD820 op amp. Resistors R7 and R8 form the other half of 
the bridge, and because they have the same ratio as R5.and R6, 
the op amp will have a +3.4 V output at room temperature. 


0.022uF % 7 . 
_ ADXL50 - . 45V 
C2 ) 1.8V @) . 
oe BUFFER 0.1 pF 
C1 


‘-PRE-AMP 


R3 TEMPERATURE 


COMPENSATED 
ACCELERATION 
+1 or “OUTPUT 
or i  49.9kQ © 
-3101kQ R2 
bes RS . 
TC | Og Ot | 
ae [0g OUTPUT | 
“0x9 f SET LEVEL 


eH RS R10" 
* 5002S R4 el AD820 A WA 


20kK2_ RC 25kQ 


4 TEMPCO. ae 20kQ.—ss V 
4 e510 | 20k 30k AMPLIFIER fi 
1kQ ‘J PA 
V 


_ CALIBRATION PROCEEDURE: 
AT Tyjy OR LOWER TEMP CAL POINT... 


1. SET RB ALL THE WAY TO ONE SIDE. 
2. ADJUST RA FOR +3.4V AT TEST POINT "A." 
3. SET RC FOR +2.5V Voy (AT PIN 9 OF ADXL50). 
4. TEMPORARILY CONNECT A 1.5kQ RESISTOR BETWEEN 
THE CENTER OF RB AND GROUND. 
5. ADJUST RB FOR +2.5V AT Voy 
6. REMOVE THE 1.5kQ RESISTOR. Vour SHOULD NOT CHANGE. 
7. GO TO Ty,ax OR HIGH TEMP CAL POINT. — 
8. READJUST RB FOR +2.5V. 
9. CALIBRATION COMPLETE. | 


Figure 29. ADXL50 0 g Drift Compensation Circuit 
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_- MEASURED 0g DRIFT - mV 


TEMPERATURE = °C 


Figure 30. ADXL50 0g Drift With and Without the Com- 
pensation Circuit of Figure 29 


ADXL50 Applications Literature Available 
Contact the Analog Devices Literature Center. 


1. Using the ADXLSO Accelerometer in Low g Applications (AN- 374) 
- Application note covering resolution i issues, bandwidth limit- 
ing, ac coupling issues, oversampling and other noise reduc- 
_ tion techniques, gain selection issues, offset drift 
considerations, plus low g circuits and tables. 


2, Using the ADXLSOEM PECL te Evaluation Module 


(AN-376) 

Application note covering mounting and resonance issues, 
_ effects of potting the module cavity, se ANASY. 

response curves. 


3. Reducing the Average Power + Consumption of the ADXLSO 
(AN-378) — 
How to power cycle the ADXLS0 to Avamnbncally reduce the 
standby current of the device for longer battery life... - 


4. Mounting Considerations for the ADXL50 (AN-379) 


An overview of accelerometer mounting and resonance issues. 


5. Increasing the Frequency Response of the ADXLSO (AN- 377) 
How to extend the high frequency response of the ADXL50 
by decreasing the value of compensation capacitor. | 


6. Compensating for the ADXL50 0.g Drift (AN-380) — 
_ Practical hardware and software corrections to compensate for 
the 0 g bias level drift over temperature.. 


REV.A 


ANALOG - Monolithic Accelerometer 
DEVICES | with Signal Conditioning 


ADXL181* 


FEATURES directly proportional to acceleration and is fully scaled, refer- 
Complete Acceleration Measurement System enced, and temperature compensated, resulting in high accuracy 
on a Single Monolithic IC and linearity over a wide temperature range. Internal circuitry 
Full-Scale Measurement Range: 7 implements a force-balance control loop that compensates for 

+5 V Supply: -125 g, +250 g | any mechanical sensor variations. 
+12 V Supply: my 50 g, +880 g A TTL compatible self-test feature can electrostatically deflect 
Self-Test on Digital Command the sensor beam at any time to verify device functionality. 


Single Supply Operation 

Sensitivity Precalibrated to 8 mV/g 

Internal Buffer Amplifier for User Adjustable 
Sensitivity and Zero-g Level 

Frequency Response: DC to 3 kHz 


An internal buffer amplifier has a 0.25 V to Vs— 0.25 V output 
range. This may be used to gain and offset adjust the output 
signal so that it has a symmetrical output range. The amplifier 
can also be used to gain adjust and filter the sensor output. 
Post Filtering with External Passive Components No external active components are.necessary to connect the 
High Shock Survival: >2000 g Unpowered output signal directly to an analog-to-digital converter or 
Other Products Available Providing Different microcontroller 
Sensitivities and Full-Scale Ranges The ADXL 
3 can. G 


ickaged in a hermetic 10-pin TO-100 metal 
ctory for availability of devices with specific tem- 


| es and performance. 
GENERAL DESCRIPTION —— 


The ADXL181 is a complete acceleration measurement systex 
on a single monolithic IC, using a surface micromachined ¢a- ° 
pacitive measurement method. The analog output. ‘ 


FUNCTIONAL BLOCK DIAG AND PINOUT 


ADXL181 " TOP VIEW | 
REF COM 
OSCILLATOR 
DECOUPLING 
CAPACITOR 


AXIS OF 
SENSITIVITY 


+ 


Vour Vin- 


C1 


10-PIN TO-100 
) v HEADER PACKAGE 
DEMODULATOR an | 
CAPACITOR NOTE: | 
AXIS OF SENSITIVITY ISIN 
PLANE OF PIN 5 TO TAB. 


*Patent pending. 


This is a preliminary data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. : 
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ELECTRICAL shinai baa unless otherwise noted) 


Parameter 


PREAMPLIFIER OUTPUT 
Power Supply Rejection 
Voltage Swing 
Current Output 
Capacitive Load Drive 


SELF-TEST INPUT 
Output Change at Vpp 
ST Pin from Logic “0” to “1” 
Logic “1” Voltage 
Logic “0” Voltage 
Input Impedance 


FREQUENCY RESPONSE 
3 dB Equation C1> = 0.015 bE 
Bandwidth 


Sensor Resonant Frequency. 


+3.4 VOLT REFERENCE 
Output Voltage Initial 
Output Temperature Drift 
Power Supply Rejection. | 
Output Current 


BUFFER AMPLIFIER 
Input Offset Voltage 
Input Bias Current 
Open Loop Gain 
Unity Gain Bandwidth 
Output Voltage Swing 
Capacitive Load Drive 


POWER SUPPLY 
Specified Performance 


Quiescent Supply Current 
TEMPERATURE RANGE 


This information applies to a product.under development. Its characteristics and specifications are subject to change without notice. 


ADXL1 81 SPEC IFICATI ONS (Ty = +25°C, V; = +5 V, @ Acceleration = 0 g, and = C2= 0.022 uF 

ed LU PT TOUPLUEPPUARLTUING unless otherwise noted) oe fe 
Parameter i Units q 
SENSITIVITY a 

25°C. ° mvV/g 

Temperature. Drift £0. % of Reading 
ZERO g BIAS LEVEL | = on | 

+25°C | a | a a . V 

Tain Tmax — : - V. 

_ Temperature Drift he oe + | | mV 
VOLTAGE NOISE DENSITY AVN 
SENSOR INPUT a | | | | 

FS Measurement Range’ =125 +250 oe 

Nonlinearity 7 0.2 oe % Of FS— 

Alignment Error +1 —* Degrees 

‘Transverse ey 2 — % 

NOTES nae Ss : | 

1Accelerations up to —-150 g, +880 g using a +12 V Sioa, 

Specifications subject to change without notice. oe 
(Ty = Tra to Tyay, Vs = +5 V+ 5% @ Acceleration 0g, and C1 = C2 = 0.022 pF 


DC dB 
+25°C Vo 
Source or Sink . PA 


‘To Common 


~f = 3 dB = (66/C1 in pF) + 40% 
Cl = 0.022 pF 
Cl =TBD 


+25°C 


DC — 
(Sourcing) 
Deviation from Nominal 1.800 V 
DC 
100 pA 


lout = 


5 V Supply Vv 
12 V Supply - V 
5 V Supply mA 


re Es ___ #25 | sc. 


_Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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> ANALOG Low Power, Programmable 
DEVICES Temperature Controller 


TMP01* 


FEATURES FUNCTIONAL BLOCK DIAGRAM 
—55°C to +125°C (—67°F to +257°F) Operation 
+0.5°C Accuracy Over Temperature (typ) 
Temperature-Proportional Voltage Output vrcr [1 
User Programmable Temperature Trip Points 
User Programmable Hysteresis 


TEMPERATURE 
SENSOR & 


VOLTAGE 8} V+ 
REFERENCE 
ee OVER 


R1 


20 mA Open Collector Trip Point Outputs WaGH 

TTL/CMOS Compatible : R2 Sse han on i 
Single-Supply Operation (4.5 V to 13.2 V) ic Ue: '6| UNDER. 
Low Cost 8-Pin DIP and SO Packages R3 Lg 
APPLICATIONS | GND | 4 [5] VPTAT 
Over/Under Temperature Sensor and Alarm = SENEROIOE 


Board Level Temperature Sensing 
Temperature Controllers 
Electronic Thermostats 

Thermal Protection 

HVAC Systems 

Industrial Process Control 
Remote Sensors 


Hysteresis is also programmed by the external resistor chain and 
is determined by the total current drawn out of the 2.5 V refer- 
ence. This current is mirrored and used to generate a hysteresis 
offset voltage of the appropriate polarity after a comparator has 
been tripped. The comparators are connected in parallel, which 
guarantees that there is no hysteresis overlap and eliminates 
erratic transitions between adjacent trip zones. 


GENERAL DESCRIPTION 

The TMP01 is a temperature sensor which generates a voltage The TMP01 utilizes proprietary thin film resistors in conjunc- 
output proportional to absolute temperature and a control signal tion with production laser trimming to maintain a temperature 
from one of two outputs when the device is either above or accuracy of +2°C (typ) over the rated temperature range, with 
below a specific temperature range. Both the high/low tempera- excellent linearity. The open-collector outputs are capable of 
ture trip points and hysteresis (overshoot) band are determined sinking 20 mA, enabling the TMP01 to drive control relays 
by user-selected external resistors. For high volume production, directly. Operating from a +5 V supply, quiescent current is _ 
these resistors are available on-board. only 500 A (max). | a 
The TMPO1 consists of a bandgap voltage reference combined The TMP01 is available in the low cost 8-pin epoxy mini-DIP 
with a pair of matched comparators. The reference provides and SO (small outline) packages, and in die form. 


both a constant 2.5 V output and a voltage proportional to abso- 
lute temperature (VPTAT) which has a precise temperature 
coefficient of 5 mV/K and is 1.49 V (nominal) at +25°C. The 
comparators compare VPTAT with the externally set tempera- 
ture trip points and generate an open-collector output signal 
when one of their respective thresholds has been exceeded. 


*Protected by U.S. Patent No. 5,195,827. 
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TMPO1 P/S— “SPECIFICATION ra a fae ut Pag = 51,08 = 8A 
Parameter | Conditions So ae “cara 


INPUTS SET HIGH, SET LOW 
Offset Voltage — 
Offset Voltage Drift 
Input Bias Current, “E” 
Input Bias Current, “F” 


OUTPUT VPTAT! 
Output Voltage | Ta = +25°C, No Load 
Scale Factor * “ee | 
Temperature Accuracy, “BE” | te T, = +25°C, No Load 
Temperature Accuracy, “F” ok | T, = +25°C, No Load 
Temperature Accuracy, “E” | “4 10°C < T, < 40°C, No Load 
Temperature Accuracy, “F” ~ | 10°C < T, < 40°C, No Load — 
Temperature Accuracy, “E” —40°C < T, < 85°C, No Load 
Temperature Accuracy, “F” | | —40°C < T, < 85°C, No Load 
Temperature Accuracy, “E”’ a % —55°C < T, < 125°C,.No Load... 
Temperature Accuracy, “F” .— —55°C < Ty, < 125°C, No Load 
Repeatability Error . | AN Note 4 
Long Term Drift Error | | Notes 2 and 6 
Power Supply Rejection Ratio _ | PSRI Ta =.+25°C,4.5V = V+ = 13.2V 
OUTPUT VREF | \ : _ 
Output Voltage, “E”’ Vv | +25°C, No Load 
Output Voltage, “F” iF T, = +25°C, No Load 
Output Voltage, “E” —40°C < T, < 85°C, No Load 
Output Voltage, “F”’ VI — | —40°C < Ty, < 85°C, No Load | 
Output Voltage, “E” | _ | —55°C < Ta < 125°C, No Load 
Output Voltage, “F” ; | —55°C < Ty < 125°C, No Load. 
Drift . . «# | = oe 
Line Regulation a | 45 VS V4t513.2V | 
Load Regulation . | : 10 pA = Ivrer = 500 pA _ 
Output Current, Zero Hysteresis - 
Hysteresis Current Scale Factor (Note 1) 
Turn-On Settling Time a | | To Rated Accuracy 
OPEN-COLLECTOR OUTPUTS OVER, UNDER 
Output Low Voltage Ignx = 1.6 mA 
Output Low Voltage | Ig¢¢x = 20 mA 
Output Leakage Current V+=12V 
Fall Time a See Test Load 
POWER SUPPLY | 
Supply Range +. 
_ Supply Current Unloaded, +V =5V | 
Supply Current I Unloaded, +V = 13.2 V 
Power Dissipation | Ba) cE 
NOTES» 
1K = °C + 273.15. 


?Guaranteed but not tested. 

3Does not consider errors caused by heating due to dissipation of output load currents. 

“Maximum deviation between +25°C readings after tempefature cycling between —55°C and +125°C. 
*Typical values indicate performance measured at T, = +25°C. 

Observed in a group sample over an accelerated life test of 500 hours at 150°C. 


Specifications subject to change without notice. 
Test Load 
V+ 
1kQ 


20pF 


IH 
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TMPO1J—SPECIFICATIONS mcr sce mac” "= “SA =#Y APE = T= 00 
mem ee eC 


yp M 
INPUTS SET HIGH, SET LOW | 
Offset Voltage Vos 0.25 mV 
Offset Voltage Drift TCVos 3 TAs © 
Input Bias Current, “F” Ip 25 100 nA 


OUTPUT VPTAT' 
Output Voltage Ta = +25°C, No Load 
Scale Factor 
Temperature Accuracy, “F” T, = +25°C, No Load 
Temperature Accuracy, “F” 10°C < T, < 40°C, No Load 
Temperature Accuracy, “F”’ —40°C < T, < 85°C, No Load 
Temperature Accuracy, “F” —55°C < Tay < 125°C, No Load 
Repeatability Error Note 4 
Long Term Drift Error Notes 2 and 6 
Power Supply Rejection Ratio T, = +25°C,4.5V 5 V+ $= 13.2 V 
OUTPUT VREF 
Output Voltage, “F” T, = +25°C, No Load 2.490 2.500 
Output Voltage, “F” —40°C < T, < 85°C, No Load 2.480 2.500 
Output Voltage, “F” —55°C < Ty, < 125°C, No Load 
Drift . . 
Line Regulation 45V<sV+ = 13.2V 
Load Regulation 10 pA S Iypgr = 500 pA 
Output Current, Zero Hysteresis 
Hysteresis Current Scale Factor S (Note 1) 
Turn-On Settling Time | To Rated Accuracy 
OPEN-COLLECTOR OUTPUTS OVER, UNDER aa 
Output Low Voltage Ign~wx = 1.6 mA 
Output Low Voltage Igwx = 20 mA 
Output Leakage Current V+=12V . 
Fall Time See Test Load, Note 2 
POWER SUPPLY 
Supply Range : | 
Supply Current Unloaded, +V =5 V_ 
Supply Current I a Unloaded, +V = 13.2 V 
Power Dissipation | +V=5V 
NOTES 


1K = °C + 273.15. 

?Guaranteed but not tested. .- 

3Does not consider errors caused by heating due to dissipation of output load currents... 
“Maximum deviation between +25°C readings after temperature cycling between —55°C and +125°C. 
°Typical values indicate performance measured at T, =. +25°C. . 

Observed in a group sample over an accelerated life test of 500 hours at 150°C. 


Specifications subject to change without notice. 
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TMPO1 : | : 

WAFER TEST LIMITS ,. = +5.0v, Guo = 0, 1, = +25°C, unless otherwise noted) = 

INPUTS SET HIGH, SET LOW | | | 

OUTPUT VPTAT | 7 
| esacroume | as | 


Temperature Accuracy 


OUTPUT VREF | 
Nominal Value VREF Ta = +25°C, No Load 2.510: | V 
Line Regulation 45V<s V+ <13.2V +0.05 %/V 


Load Regulation 


| | ‘10 pA = Ivperr = 500 pA 
OPEN-COLLECTOR OUTPUTS OVER, UNDER 


Output Low Voltage : Vor lowx = 1.6mA | mV 

Output Low Voltage VoL Ion~x = 20 mA V 

Output Leakage Current lou pA 
POWER SUPPLY | | | 

Supply Range V+ | j Vi. 

Supply Current | : Ioy Unloaded 600 pA 
NOTES | | - 


Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guar- 
anteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. _ 


DICE CHARACTERISTICS 
Die Size 0.078 x 0.071 inch, 5,538 sq. mils 
(1.98 x 1.80 mm, 3.57 sq. mm) 
Transistor Count: 105 


1. VREF 

2. SETHIGH 

3. SETLOW 

4. GND (TWO PLACES) 
(CONNECTED TO SUBSTRATE) 
5. VPTAT 

6. UNDER | 

7. OVER 

8. V+ 


For additional DICE ordering information, refer to databook. 
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ABSOLUTE MAXIMUM RATINGS 


Maximum Supply Voltage ............. -—0.3 Vto +15 V 
Maximum Input Voltage 

(SETHIGH, SETLOW).......-—0.3 V to [((V+) +0.3 V] 
Maximum Output Current (VREF, VPTAT) ........ 2mA 
Maximum Output Current (Open Collector Outputs) 50 mA 
Maximum Output Voltage (Open Collector Outputs) ....15 V 
Operating Temperature Range .......... —55°C to +150°C 
Dice Junction Temperature ..............008. + 150°C 


Storage Temperature Range 


Lead Temperature (Soldering, 60 sec) ........... +300°C 


Package Type 


8-Pin Plastic DIP (P) 
8-Lead SOIC (S) 
8-Lead TO-99 Can (J) 


°C/W 


NOTES 
‘Oy is specified for device in socket (worst case conditions). 
70,4 is specified for device mounted on PCB. 


CAUTION : 

1. Stresses above those listed under “Absolute Maximum Rat- 
ings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this 
specification is not implied. Exposure to the above maximum 
rating conditions for extended periods may affect device 
reliability. 


2. Digital inputs and outputs are protected, however, perma- — 
nent damage may occur on unprotected units from high en- 
ergy electrostatic fields. Keep units in conductive foam or 
packaging at all times until ready to use. Use proper anti- 
static handling procedures. 


3. Remove power before inserting or removing units from their 
sockets. 8 


ORDERING GUIDE 


Temperature Package 
Range’ Description 


Package 


Model/Grade 


Option” 
TMPOIEP Plastic DIP N-8 
TMPOIFP | Plastic DIP N-8 
TMPO1ES _ SOIC SO-8 
TMPOI1FS SOIC SO-8 
TMPO1FJ? TO-99 Can H-08A 


TMPO01GBC Die 


NOTES 

IXIND = —40°C to +85°C. 

For outline information see Package Information section. 
3Consult factory for availability of MIL/883 version in TO-99 can. 
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GENERAL DESCRIPTION 

The TMP01 is a very linear voltage-output temperature sensor, 
with a window comparator that can be programmed by the user 
to activate one of two open-collector outputs when a predeter- 
mined temperature setpoint voltage has been exceeded. A low 
drift voltage reference is available for setpoint programming. 


The temperature sensor is basically a very accurately temperature- 
compensated, bandgap-type voltage reference with a buffered 
output voltage proportional to absolute temperature (VPTAT), 
accurately trimmed to a scale factor of 5 mV/K. See the applica- 
tions information following. 


The low drift 2.5 V reference output VREF is easily divided 
externally with fixed resistors or potentiometers to accurately 
establish the programmed heat/cool setpoints, independent of 
temperature. Alternatively, the setpoint voltages can be supplied 
by other ground-referenced voltage sources such as user- 
programmed DACs or controllers. The high and low setpoint 
voltages are compared to the temperature sensor voltage, thus 
creating a two-temperature thermostat function. In addition, the 
total output current of the reference (Iyprp) determines the 
magnitude of the temperature hysteresis band. The open- 
collector outputs of the comparators can be used to control a 
wide variety of devices. 


HYSTERESIS 
CURRENT 
' ENABLE 


WINDOW 
COMPARATOR 


HYSTERESIS 
VOLTAGE 


VOLTAGE 
REFERENCE 
(5) vPTAT 


Figure 1. Detailed Block Diagram 
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TMP01 


Temperature Hysteresis 


_ The temperature hysteresis is the. whiner of cane ond the | 


original setpoint temperature that must be sensed: by. the TMP0O1 
before the setpoint comparator will be reset and the output dis- 
abled. Figure 2 shows the -hysteresis profile. The hysteresis is. 
programmed by the user by setting a specific load on the refer- 
ence voltage output VREF. This output current Iypgr is also 
called the hysteresis current, which i iS mirrored internally and. 
fed to a buffer with an analog switch. . 


HYSTERESIS HYSTERESIS | 
‘LOW HIGH 


SS 


HYSTERESIS HIGH= .— 
_. HYSTERESISLOW. 


HI 


_ OUTPUT — 
“* VOLTAGE * [| 
OVER, UNDER 


“LO 


TEMPERATURE 


TseTHIGH 


Teeriow 


Figure 2. TMPO1 pigseees Profile. 


After a temperature setpoint has been exceeded and a compara- 
tor tripped, the buffer output is enabled. The output is a cur- 
rent of the appropriate polarity which generates a hysteresis 
offset voltage across an internal 1000 (0 resistor at the compara- 
tor input. The comparator output remains “on” until the voltage 
at the comparator input, now equal to the temperature sensor 
voltage VPTAT summed with the hysteresis offset, : has returned 
to the programmed setpoint voltage. The comparator then 
returns LOW, deactivating the open-collector output and dis- 
abling the hysteresis current buffer output. The scale factor for 
the prosratinied hysteresis current is: 


~—Tnys = Ivresr = 5 pALC + 7A 
Thus since VREF = 2.5 V, with a reference load resistance of 
357 kQ or greater (output current 7 wA or less), the tempera- 
ture setpoint hysteresis will be zero degrees. See the temperature 
programming discussion below. Larger values of load resistance 
will only decrease the output current below 7. A and will have 
no effect on the operation of the device. The amount of hystere- 
sis is determined by selecting a value of load resistance for 
VREF, as shown below. 
Programming the TMP01 — 
In the basic fixed-setpoint application utilizing a simple resistor 
ladder voltage divider, the desired temperature setpoints are 
programmed in the following sequence: 


1. Select the desired hysteresis temperature. 
2. Calculate the hysteresis current Iyer. 
3 Select the desired setpoint temperatures. 


4. Calculate the individual resistor divider ladder values needed 
to develop the desired comparator setpoint voltages at 
_SETHIGH and SETLOW. 


The hysteresis current is readily calculated, as shown above. For | 


example, for 2 degrees of hysteresis, Iypup = 17 wA. Next, the 
setpoint voltages Vspruicy and Vsreritow are determined using 
the VPTAT scale factor of 5 mV/K = 5 mV/°C + 273.15), 
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which is 1.49 V for +25°C. We then calculate the divider resis- 
tors, based on those setpoints. The equations used to calculate - 
the resistors are: a a 


Vsernicn = (TseraicH + 273. 15)(5 mV/°C ) 
Vsertow = (Tszriow + 273.15)(5 mVPC) 


Ri (RQ) = (Vyrer — VsernicuVIvrer = 
(2.5V — Vseraicy Iv VREF 
R2 (RQ) = (Vseruich — Vsgrtow)/Ivrer ~ 


R3 (RQ) = Vsetiow!Ivrer 


Vyrer = 2.5V 

~ (Vvrer — VsetHicn )/lvrer = R1 
VsETHIGH 

(VsetHicH - Vsettow)/Wrer = R2 
VseETLOw 


Vsettow /Ivrer = R3 
GND 


‘Figure 3. TMP01 Setpoint Programming 


The total Rl + R2 + R3 is equal to the load resistance needed 
to draw the desired hysteresis current from the. reference, or 


IvReF- 


The formulas shown above are ae > helpful in understanding the 
calculation.of temperature setpoint voltages in circuits other 
than the standard two-temperature thermostat. If a setpoint . 
function is not needed, the appropriate comparator should. be 
disabled. SETHIGH can be disabled by tying it to. V+, SET- 
Ow by tying it to GND. Either output can be left unconnected. 
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Figure 4. Temperature—VPTAT Scale 
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Understanding Error Sources 

The accuracy of the VPTAT sensor output is well characterized 
and specified, however preserving this accuracy in a heating or 
cooling control system requires some attention to minimizing the 
various potential error sources. The internal sources of setpoint 
programming error include the initial tolerances and tempera- 
ture drifts of the reference voltage VREF, the setpoint compara- 
tor input offset voltage and bias current, and the hysteresis 
current scale factor. When evaluating setpoint programming 
errors, remember that any VREF error contribution at the com- 
parator inputs is reduced by the resistor divider ratios. The 
comparator input bias current (inputs SETHIGH, SETLOW) 
drops to less than 1 nA (typ) when the comparator is tripped. 
This can account for some setpoint voltage error, equal to the 
change in bias current times the effective setpoint divider ladder 
resistance to ground. 


The thermal mass of the TMPO01 package and the degree of 
thermal coupling to the surrounding circuitry are the largest fac- 
tors in determining the rate of thermal settling, which ultimately 
determines the rate at which the desired temperature measure- 
ment accuracy may be reached. Thus, one must allow sufficient 
time for the device to reach the final temperature. The typical 
thermal time constant for the plastic package is approximately 
140 seconds in still air! Therefore, to reach the final temperature 
accuracy within 1%, for a temperature change of 60 degrees, a 
settling time of 5 time constants, or 12 minutes, is necessary. 


The setpoint comparator input offset voltage and zero hysteresis 

current affect setpoint error. While the 7 A zero hysteresis cur- 
rent allows the user to program the TMP01 with moderate resis- 
tor divider values, it does vary somewhat from device to device, 

causing slight variations in the actual hysteresis obtained in 


TMP01 


practice. Comparator input offset directly impacts the pro- 
grammed setpoint voltage and thus the resulting hysteresis 
band, and. must be included in error calculations. . 


External error sources to consider are the accuracy of the exter- 
nal programming resistors, grounding error voltages, comparator 
input noise, comparator input bias current, and the overall 
problem of thermal gradients. The accuracy of the external pro- 
gramming resistors directly impacts the resulting setpoint accu- 
racy. Thus in fixed-temperature applications the user should 
select resistor tolerances appropriate to the desired programming 
accuracy. Resistor temperature drift must be taken into account 
also. This effect can be minimized by selecting good quality | 
components, and by keeping all components in close thermal 
proximity. Applications requiring high measurement accuracy 
require great attention to detail regarding thermal gradients. 
Careful circuit board layout, component placement, and protec- 
tion from stray air currents are necessary to minimize common 
thermal error sources. 


Also, the user should take care to keep the bottom of the set- 
point programming divider ladder as close to GND (Pin 4) as 
possible to minimize errors due to IR voltage drops and cou- 
pling of external noise sources. In any ‘case,'a 0.1 F capacitor 
for power supply bypassing is always recommended at the chip. 


Safety Considerations In Heating And Cooling System Design 
Designers should anticipate potential system fault conditions 
which may result in significant safety hazards which are outside 
the control of and cannot be corrected by the TMP0O1-based cir- 
cuit. Governmental and industrial regulations regarding safety 
requirements and standards for such designs should be observed 
where applicable. 
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Figure 5. Supply Current vs. Supply Voltage 
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Figure 6. Minimum Supply Voltage vs. Temperature 


SENSORS AND SIGNAL CONDITIONERS ~ 19-63 


VPTAT ERROR - °C. 


75 -50 -25 0 25. 50 75° = 100 


TEMPERATURE -— °C 


Figure 7. VPTAT Accuracy vs. Temperature 
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Figure 8. VREF Accuracy vs. Temperature 
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Figure 9. Open-Collector Output (OVER, UNDER) Satura- 


tion Voltage vs. Output Current 
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Figure 10. VREF Long Term Drift Accelerated by Burn-in — 
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Baie 17. VREF Power Supply Rejection vs. Frequency 
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Figure 12. Set High, Set Low Input Offset Voltage vs. 
Temperature 
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Figure 13. Comparator Input Offset Distribution 
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Figure 14. Zero Hysteresis Current Distribution — 


APPLICATIONS INFORMATION | 


Self-Heating Effects 

In some applications the user should consider the effects of self- 
heating due to the power dissipated by the open-collector out- 
puts, which are capable of sinking 20 mA continuously. Under 
full load, the TMPO01 open-collector output device is dissipating 


Porss = 0.6 V X .020A = 12 mW 


which in a surface-mount SO package accounts for a tempera- 
ture increase due to self-heating of 


AT = Ppyrss X 074 = .012 W Xx 158°C/W = 1.9°C. 


This will of course directly affect the accuracy of the TMP01 
and will for example cause the device to switch the heating out- 
put “OFF” 2 degrees early. Alternatively, bonding the same 
package to a moderate heatsink limits the self-heating effect to 
approximately 


AT = Poyyss X 9%¢ = -012 W X 43°C/W = 0.52°C 


which is a much more tolerable error in most systems. The 
VREF and VPTAT outputs are also capable of delivering suffi- 
cient current to contribute heating effects and should not be 
ignored. 
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Buffering the Voltage Reference 

As mentioned above, the reference output VREF is used to gen- 
erate the temperature setpoint programming voltages for the 
TMP01 and also is used to determine the hysteresis temperature 
band by the reference load current Iyper. The on-board output 
buffer amplifier is typically capable of 500 A output drive into 
as much as 50 pF load (max). Exceeding this load will affect the 
accuracy of the reference voltage, could cause thermal sensing 
errors due to dissipation, and may induce oscillations. Selection 
of a low drift buffer functioning as a voltage follower with high 
input impedance will ensure optimal reference accuracy, and 
will not affect the programmed hysteresis current. Amplifiers 
which offer the low drift, low power consumption, and low cost 
appropriate to this application include the OP295, and members 
of the OP90, OP97, OP177 families, and others as shown in the 
following applications circuits. 


With excelient drift and noise characteristics, Verp offers a 
good voltage reference for data acquisition and transducer exci- 
tation applications as well. Output drift is typically better than 
—10 ppm/°C, with 315 nV/\/Hz (typ) noise spectral density at 
1 kHz. 


Preserving Accuracy Over Wide Temperature Range 
Operation 

The TMP01 is unique in offering both a wide-range temperature 
sensor and the associated detection circuitry needed to imple- 
ment a complete thermostatic control function in one monolithic 
device. While the voltage reference, setpoint comparators, and 
output buffer amplifiers have been carefully compensated to 
maintain accuracy over the specified temperature range, the user 
has an additional task in maintaining the accuracy over wide 
operating temperature ranges in his application. Since the 
TMP01 is both sensor and control circuit, in many applications 
it is possible that the external components used to program and 
interface the device may be subjected to the same temperature 
extremes. Thus it may be necessary to locate components in 
close thermal proximity to minimize large temperature differen- 
tials, and to account for thermal drift errors where appropriate, 
such as resistor matching tempcos, amplifier error drift, and 

the like. Circuit design with the TMP01 requires a sightly dif- 
ferent perspective regarding the thermal behavior of electronic 
components. 


Thermal Response Time 

The time required for a temperature sensor to settle to a speci- 
fied accuracy is a function of the thermal mass of, and the 
thermal conductivity between the sensor and the object being 
sensed. Thermal mass is often considered equivalent to capaci- 
tance. Thermal conductivity is commonly specified using the 
symbol Q, and can be thought of as thermal resistance. It is. 
commonly specified in units of degrees per watt of power trans- 
ferred across the thermal joint. Thus, the time required for the 
TMP01 to settle to the desired accuracy is dependent on the 
package selected, the thermal contact established in that particu- 
lar application, and the equivalent power of the heat source. In 
most applications, the settling time is probably best determined 
empirically. | 
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Switching Loads With The Open-Collector Outputs ~ 


In many temperature sensing and control applications some type 
of switching is required. Whether it be to turn on a heater when 


the temperature goes below a minimum value or to turn off a 
motor that is overheating, the open-collector outputs Over and 
Under can be used. For the majority of applications, the 
switches used need to handle large currents on the order of 

1 Amp and above. Because the TMP01 is accurately measuring 
temperature, the open-collector outputs should handle less than 
20 mA of current to: minimize self-heating. Clearly, the Over-. 
temp and Undertemp outputs should not drive the equipment 
directly. Instead, an external switching device is required to 
handle the large currents. Some examples of these are relays, 
power MOSFETs, thyristors, IGBTs, and Darlingtons. 


Figure 15 shows a variety of circuits where the TMP01 controls 
a switch. The main consideration in these circuits, such as the 
relay in Figure 15a, is the current required to activate the 
switch. | , | " 
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Figure 15a. Reed Relay Drive 


It is important to check the particular relay you choose to_ 

- ensure that the current needed to activate the coil does not 
exceed the TMP01’s recommended output current of 20 mA. 
This is easily determiried by dividing the relay coil voltage by 
the specified coil resistance. Keep in mind that the inductance 
of the relay will create large voltage spikes that can damage the 
TMP01 output unless protected ‘by a commutation diode across 
the coil, as shown. The relay shown has a contact rating of 


10 watts maximum. If a relay capable of handling more power is 


desired, the larger contacts will probably require.a commensu- 


rately larger coil, with lower coil resistance and thus higher trig- 


ger current. As the contact power handling capability increases, 
so does the current needed for the coil. In some cases an exter- 
~ nal driving transistor should be used to remove the current load 
on the TMP01 as explained in the next section. 


Power FETs are popular for handling a variety of high current 
DC loads. Figure 15b shows the TMPO1 driving a p-channel 
MOSFET transistor for a simple heater circuit. When the out- 


put transistor turns on, the gate of the MOSFET is pulled down 


to approximately 0.6 V, turning it on. For most MOSFETs a 
gate-to-source voltage or Vgs on the order of —2 V to —5 V is 
sufficient to turn the device on. Figure 15c shows a similar cir- 


cuit for turning on an n-channel MOSFET, except that now the 


gate to source voltage is positive. Because of this reason an. 


external transistor must be used as an inverter so that the MOS- 


FET will turn on when the “Under Temp” output pulls down. 
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Figure 15b. Driving a P-Channel MOSFET 
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Figure 15c. Driving a N-Channel MOSFET 


Isolated Gate Bipolar Transistors (IGBT) combine many of the 
benefits of power MOSFETs with bipolar transistors, and are 
used for a variety of high power applications. Because IGBTs 
have a gate similar to MOSFETs, turning on and off the devices - 
is relatively simple as shown in Figure 15d. The turn on voltage 
for the IGBT shown (IRGBC40S) is between 3.0 and 5.5 volts. 
This part has a continuous collector current rating of 50:A and a 
maximum collector to emitter voltage of 600. V, enabling it to 
work in very demanding applications. 
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Figure 15d. Driving an IGBT 
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The last class of high power devices discussed here are Thyris- 
tors, which includes SCRs and Triacs. Triacs are a useful alter- 
native to relays for switching ac line voltages. The 2N6073A 
shown in Figure 15e is rated to handle 4A (rms). The opto- 
isolated MOC3021 Triac shown features excellent electrical isola- 
tion from the noisy ac line and complete control over the high 
power Triac with only a few additional components. 


TEMPERATURE Peasy 
SENSOR & ra] in AC 
VOLTAGE 
RI REFERENCE 
R2 C WINDOW 
an 


2N6073A 


COMPARATOR 
: 
e 
y 


NC = NO CONNECT 


Figure 15e. Controlling the 2N6073A Triac 


High Current Switching 

As mentioned above, internal dissipation due to large loads on 
the TMP01 outputs will cause some temperature error due to 
self-heating. External transistors remove the load from the 
TMPO1, so that virtually no power is dissipated in the internal 
transistors and no self-heating occurs. Figure 16 shows a few 
examples using external transistors. The simplest case, using a 
single transistor on the output to invert the output signal is 
shown in Figure 16a. When the open-collector of the TMPO1 
turns “ON” and pulls the output down, the external transistor 
Q1’s base will be pulled low, turning off the transistor. Another 
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Figure 16a. An External Resistor Minimizes Self-Heating 
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transistor can be added to reinvert the signal as shown in Figure 
16b. Now, when the output of the TMPO1] is pulled down, the 
first transistor, Q1, turns off and its collector goes high, which 
turns Q2 on, pulling its collector low. Thus, the output taken 
from the collector of Q2 is identical to the output of the 
TMPO1. By picking a transistor that can accommodate large 
amounts of current, many high power devices can be switched. 
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Figure 16b. Second Transistor Maintains Polarity of 
TMP01 Output . , 


is 


2N1711 


An example of a higher power transistor is a standard Darling- 
ton configuration as shown in Figure 16c. The part chosen, 
TIP-110, can handle 2A continuous which is more than enough 
to control many high power relays. In fact the Darlington itself 
can be used as the switch, similar to MOSFETs and IGBTs. 
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Figure 16c. Darlington Transistor Can Handle Large Currents 


Buffering the Temperature Output Pin 

The VPTAT sensor output is a low impedance dc output volt- 
age with a 5 mV/K temperature coefficient, and is useful in a 
number of measurement and control applications. In many 
applications, this voltage needs to be transmitted to a central 
location for processing. The buffered VPTAT voltage output is 
capable of 500 «A drive into 50 pF (max). As mentioned in the 
discussion above regarding buffering circuits for the VREF out- 
put, it is useful to consider external amplifiers for interfacing 
VPTAT to external circuitry to ensure accuracy, and to mini- 
mize loading which could create dissipation-induced temperature 
sensing errors. An excellent general-purpose buffer circuit using 
the OP177 is shown in Figure 17 which is capable of driving 
over 10 mA, and will remain stable under capacitive loads of up 
to 0.1 wF. Other interfacing ideas are shown below. 


Differential Transmitter 


In noisy industrial environments, it is difficult to send an accu- - 


rate analog signal over a significant distance. However, by send- 
ing the signal differentially on a wire pair, these errors can be 
significantly reduced. Since the noise will be picked up equally 
on both wires, a receiver with high common-mode input rejec- 
tion can be used to cancel out the noise very effectively at the 
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_ Figure 17. Buffer VPTAT to Handle Difficult Loads — 


‘receiving end. Figure 18 shows two amplifiers being used to 


send the signal differentially, and an excellent differential 
receiver, the AMP03, which features a common mode rejection 
ratio of 95 dB at dc and very low input and drift errors. 


Figure 18. Send the Signal Differentially for Noise Immunity 
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4 mA-20 mA Current Loop . 
Another, very common method of transmitting a signal over 
long distances is to use a 4 mA-20 mA Loop, as shown in Fig- 
ure 19. An advantage of using a 4 mA-20 mA loop is that the 
accuracy of a current loop is not compromised by voltage drops 
across the line. One requirement of 4 mA-20 mA circuits is that 
the remote end must receive all of its power from the loop, 
meaning that the circuit must consume less than 4 mA. Operat- 
ing from +5 V, the quiescent current of the TMP01 is 500 pA 
max, and the OP90’s is 20 nA max, totaling less than 4 mA. 
Although not shown, the open collector outputs and tempera- 
ture setting pins can be connected to do any local control of 
switching. 


The current is proportional to the voltage on the VPTAT out- 
put, and is calibrated. to 4 mA at a temperature of —40°C, to 
20 mA for +85°C. The main equation governing the operation 
of this circuit gives the current as a function of VPTAT: 


ae 1 ( VPTAT x Rs _ VREF x R; RB 
OR R; R; + R, R; 


The resulting temperature coefficient of the output current is 
128 pA/°C. 
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Figure 19. 4-20 mA Current Loop 


To determine the resistor values in this circuit, first note that 
VREF remains constant over temperature. Thus the ratio of R5 
over R2 must give a variation of Io, from 4 mA to 20 mA as 
VPTAT varies from 1.165 V at —40°C to 1.79 V at +85°C. The 
absolute value of the resistors is not important, only the ratio. 
For convenience, 100 kQ, is chosen for R5. Once R2 is calcu- 
lated, the value of R3 and R1 is determined by substituting 

4 mA for Inyz and 1.165 V for VPTAT and solving. The final 
values are shown in the circuit. The OP90 is chosen for this cir- 
cuit because of its ability to operate on a single supply and its 
high accuracy. For initial accuracy, a 10 kO trim potentiometer 
can be included in series with R3, and the value of R3 lowered 
to 95 kQ. The potentiometer should be adjusted to produce an 
output current of 12.3 mA at 25°C. 
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Temperature-to-Frequency Converter 

Another common method of transmitting analog information is 
to convert a voltage to the frequency domain. This is easily done 
with any of the low cost monolithic Voltage-to-Frequency Con- 
verters (VFCs) available, which feature a robust, open-collector 
digital output. A digital signal is very immune to noise and volt- 
age drops because the only important information is the fre- 
quency. As long as the conversions between temperature and 
frequency are done accurately, the temperature data can be suc- 
cessfully transmitted. 


A simple circuit to do this combines the TMP01 with an AD654 
VFC, as shown in Figure 20. The AD654 outputs a square wave 
that is proportional to the dc input voltage according to the fol- 
lowing equation: 


Fonr = es eee 
oes 10 (Ry + R2) Cr 


By simply connecting the VPTAT output to the input of the 
AD654, the 5 mV/°C temperature coefficient gives a sensitivity 
of 25 Hz/°C, centered around 7.5 kHz at 25°C. The trimming 
resistor R2 is needed to calibrate the absolute accuracy of the 
AD654. For more information on that part, please consult the 
AD654 data sheet. Finally, the AD650 can be used to accurately 
convert the frequency back to a dc voltage on the receiving end. 
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Figure 20. Temperature-to-Frequency Converter 


Isolation Amplifier 

In many industrial applications the sensor is located in an envi- 
ronment that needs to be electrically isolated from the central 
processing area. Figure 21 shows a simple circuit that uses an 
8-pin optoisolator (IL300XC) that can operate across a 5,000 V 
barrier. IC1 (an OP290 single-supply amplifier) is used to drive — 
the LED connected between Pins 1 to 2. The feedback actually 
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_ Figure 21. Isolation Amplifier 


comes from the photodiode connected from Pins 3 to 4. The _ 

- OP290 drives the LED such that there is enough current gener- 
ated in the photodiode to exactly equal the current derived from 
the VPTAT voltage across the 470 kQ resistor. On the receiving 
end, an OP90 converts the current from the second: photodiode 
to a voltage through its feedback resistor R2. Note that the 
other amplifier in the dual OP290 is used to buffer the 2.5 .V | 
reference voltage of the TMP01 for an accurate, low drift LED 
bias level without affecting the programmed hysteresis current. 

A REF43 (a precision 2.5 V reference) provides an accurate bias 
level at the receiving end. - | a . 
To understand this circuit, it helps to examine the overall equa- 
tion for the output voltage. First, the current (11) in the photo- 
diode is set by: | : am Ae 


ae 2.5 V — VPTAT 

ou aa 470 kO | 
Note that the IL300XC has a gain of 0.73 (typical) with a min 
and max of 0.693 and 0.769 respectively. Since this is less than 
1.0, R2 must be larger than R1 to achieve overall unity gain. To 
show this the full equation is: 


y = 257 ipoacey 0.7 (25 —VPTAT Y 4 kO = VPTAT 
OUT ~ .4&- — 42482 = 2. ae te 470 kQ . = 


A trim is included for R2 to correct for the initial gain accuracy 
of the IL300XC. To perform this trim, simply adjust for an out- 
put voltage equal to VPTAT at any particular temperature. For 
example, at room temperature, VPTAT = 1.49 V, so adjust R2 
until Vour = 1.49 V as well. Both the REF43 and the OP90 
operate from a single supply, and contribute no significant error 
due to drift. 


In order to avoid the accuracy trim, and to reduce board space, 
complete isolation amplifiers are available, such as the high ac- 
curacy AD202. | | 
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Out-of-Range Warning | gi 
By connecting the two open collector outputs of the TMPO1 . 
together into a “wired-OR” configuration, a temperature “out- 
of-range” warning signal is generated. This can be useful in sen- 
sitive equipment calibrated to work over a limited temperature 
range. R1, R2, and R3 in Figure 22 are chosen to give a tem- 
perature range of 10°C around room temperature (25°C). Thus, 
if the temperature in the equipment falls below +15°C or rises 
above +35°C, the Undertemp Output or Overtemp Output 
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Figure 22. Out-of-Range Warning. 


| respectively will go low and turn the LED on. The LED may 


be replaced with a simple pull-up resistor to give a logic output 
for controlling the instrument, or any of the switching devices 
discussed above can be used. _ . ” 


REV. B 


TMP01 


Translating 5 mV/K to 10 mV/°C However, the gain from VPTAT to the output is two, so that 
A useful circuit is shown in Figure 23 that translates the | 5 mV/K becomes 10 mV/°C. Thus, for a temperature of +80°C, 
VPTAT output voltage, which is calibrated in Kelvins, into an the output voltage is 800 mV. Circuit errors will be due prima- 
output that can be read directly in degrees Celsius on a voltme- rily to the inaccuracies of the resistor values. Using 1% resistors 
ter display. To accomplish this, an external amplifier is config- the observed error was less than 10 mV, or 1°C. The 10 pF 
ured as a differential amplifier. The resistors are scaled so the feedback capacitor helps to ensure against oscillations. For bet- 
VREF voltage will exactly cancel the VPTAT voltage at 0.0°C. ter accuracy, a adjustment potentiometer can be added in series 


with either 100 k©) resistor. 


Translating VPTAT to the Fahrenheit Scale 

A very similar circuit to the one shown in Figure 23 can be used 

to translate VPTAT into an output that can be read directly in 

degrees Fahrenheit, with a scaling of 10 mV/°F. Only unity gain 
Vour (10mv/°C) or less is available from the first stage differentiating circuit, so 
” Vour = 0.0V @ T = 0.0°C) the second amplifier provides a gain of two to complete the con- 
version to the Fahrenheit scale. Using the circuit in Figure 24, a 
temperature of 0.0°F gives an output of 0.00 V. At room tem- 
perature (70°F) the output voltage is 700 mV. A —40°C to 
+85°C operating range translates into —40°F to +185°F. The 
Figure 23. Translating 5 mV/K to 10 mV/°C errors are essentially the same as for the circuit in Figure 23. 
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Figure 24. Translating 5 mV/K to 10 mV/°F 
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—TMP03/T MPO3L* 


FEATURES FUNCTIONAL BLOCK DIAGRAM. 
Modulated Serial Digital Output © "we — 


Proportional to Temperature 
+1.2°C Accuracy Over Temperature (typ) © ly : - 
Specified =40°C to +100°C, Operation to 150°C: ze | . |. SENSOR - 
Power Consumption 3.5 mW at 5 V ms : 
_ No External Components. ::.. 

Flexible Open Collector Output (TMP03). 
CMOS/TTL Compatible Output on TMPO3L. - 7 neers a . 
Low Voltage Operation (4.5 V to 7 bios eee | MODULATOR 
Low Cost 3-Pin Packages . | itt gh 


APPLICATIONS | 

Isolated Sensors _ 
Environmental Control Systems 
Thermal Protection 

industrial Process Control 
Power System Monitors 


GENERAL DESCRIPTION ses 7 ‘The PO3L is rated for operation over the —40°C to 
The TMP03/TMP03L is a monolithic temperature 5 ay ange in the low cost TO- 92, and SO-8: 
that generates a modulated serial digital output whick 58 If OP-8' 
direct proportion to the temperature of the device. An ‘onboat 
sensor generates a voltage precisely proportional to absolute ©. 
temperature which is input to a precision digital modulator. The “GE TYPES AVAILABLE 
ratiometric encoding format of the serial digital output is inde- | TO-92 7 SO-8 - -TSSOP-8 
pendent of the clock drift errors common to most serial modula-' » | 
tion techniques such as voltage-to-frequency converters. Overall 
accuracy is +1.2 degrees (typical) over the rated operating tem- 
perature range, with excellent transducer linearity. The digital 
output of the TMP03L is CMOS/TTL compatible and is easily . 
interfaced to the serial inputs of most popular microprocessors. 
The open collector output of the TMP03 is capable of sinking 

20 mA and is suitable for industrial systems including isolated 
circuits utilizing opto-couplers or isolation transformers. 


The TMP03 and the TMP03L are specified for operation at 


4 supply voltages from 4.5 V to 7 V. Operating from +5 V, supply 
s:\» Current (unloaded) is less than 700 WA (max). 


*Patent pending. 


This is a preliminary data sheet. To obtain the most recent version or | 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


This information applies to a product under. development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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TMP03/TMPO3L 


™ P03 E/TM P03 F-SPEC IF I CATI ONS (V+=+9V, -40°C <Th< +100°C unless otherwise noted) 
Parameter | Symbol Min Typ Max Units 


ACCURACY 


Scale Factor Deviation “E” 0°C < T, < 40°C! a @ 
Scale Factor Deviation “F” 0°C < T, < 40°C! i 
Scale Factor Deviation “E” Over Rated Temperature! i © 
Scale Factor Deviation “F” Over Rated Temperature’ °C 
Nominal Duty Cycle T, =0°C % 
Power Supply Rejection Ratio Over Rated Supply %/V 
OUTPUTS 
Output Low Voltage lonx = 1.6 mA V 
Output Low Voltage Tonk = 15 mA V 
Digital Output Capacitance (Note 3) pF 
Fall Time See Test Load ns 
Device Turn-On Time ms 
POWER SUPPLY 
Supply Range V 
Supply Current Ley Unloaded uA 
NOTES 


‘Maximum deviation from output duty cycle transfer function over specified temperatur: 
Does not consider errors caused by heating due to dissipation of output load curre 
*Guaranteed but not tested. 


Specifications subject to change without notice. 


TMPOSLE/TM PO3LF-S PECI mi) T 4 ) : | | si =+5V, -40°C se eee otherwise noted) 


Parameter Conditions Min Typ Max | Units 
ACCURACY 
Scale Factor Deviation “E” 0°C < T, < 40°C °C 
Scale Factor Deviation “F” 0°C < Ta < 40°C fe 
Scale Factor Deviation “E” Over Rated Temperature! oS 
Scale Factor Deviation “F” Over Rated Temperature! =e 
Nominal Duty Cycle T,=0°C % 
Power Supply Rejection Ratio Over Rated Supply %/V 
OUTPUTS 
Output High Voltage Ion = 800 LA Vv 
Output Low Voltage Tor, = 800 pA mV 
Digital Output Capacitance (Note 3) pF 
Fall Time See Test Load ns. 
Rise Time See Test Load ns 
Device Turn-On Time ‘ms 
POWER SUPPLY | 
Supply Range | Vv 
Supply Current | Isy Unloaded 700 uA 
NOTES 


'Maximum deviation from output duty cycle transfer function over specified temperature range. 
Does not consider errors caused by heating due to dissipation of output load currents. 
>Guaranteed but not tested. 

Specifications subject to change without notice. 


This information applies to a product under development. Its characteristics and specifications are subject to change MEENOUE notice. 
Analog Devices assumes no ee aauen regarding future manufacture unless otherwise agreed to in writing. 
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TMP03/TMPO3L 


GENERAL DESCRIPTION (continued ) . 

The TMP03/TMP03L is a powerful, complete temperature 

_ measurement system with digital output, on a single chip. The. 
onboard temperature sensor follows in the footsteps of the 
TMPO1 low power, programmable temperature controller, of- 


fering excellent accuracy and linearity over the entire rated tem-_ 


perature range without correction or calibration by the user. 


The sensor output is digitized by an advanced first order sigma- 
delta modulator, also known as the “charge balance” type : 
analog-to-digital converter. See Figure 1. This type of converter 
utilizes time domain oversampling and a high accuracy com- 
parator to deliver 12 bits of effective accuracy in an extremely 
compact circuit 


INTEGRATOR 


S/H AMP 


COMPARATOR 


ANALOG 
IN v DIGITAL 
OUT 


1-BIT DAC 


Figure 1. First-Order Sigma-Delta Modulator 


Basically, the sigma-delta modulator consists of an input 
sample-and-hold, a summing amplifier, an integrator, a com- 
parator, and a 1-bit DAC. Similar to the voltage-to-frequency 
converter, this architecture creates in effect a negative feedb 
loop whose intent is to minimize the integrator output 
ing the duty cycle of the comparator output in response. 
voltage changes. The comparator samples the output « } 
grator at a much higher rate than the input sampling frequet 
called oversampling. This spreads the quantization noise over a 
much wider band than that of the input signal, improving over- 
all noise performance and increasing accuracy. 7 


The modulated output of the comparator is encoded using a 
patented technique which results in a serial digital signal with a 
ratiometric duty cycle format which is easily decoded by any 
microprocessor into either degrees Centigrade or degrees Fahr- 
enheit values, and readily transmitted or modulated over a- 
single wire. Most importantly, this encoding method neatly 
avoids major error sources common to other modulation tech-_ 
niques, as it is clock independent. | 


Output Encoding 


'. Accurate sampling of an analog signal requires precise spacing 


of the sampling interval in order to maintain an accurate repre- 
sentation of the signal in the time domain. This dictates a mas- 
ter clock between the digitizer and the signal processor. In the 
case of compact, cost-effective data acquisition systems, the 
addition of a buffered high speed clock line can represent a sig- 
nificant burden on the overall system design. Alternatively, the 
addition of an onboard clock circuit with the appropriate accu- 
racy and drift performance to an integrated circuit can add sig- 
nificant cost. The modulation and encoding techniques utilized 
in the TMP03/TMP03L avoid this problem and allow the over- 
all circuit to fit into a compact, three-pin package. To achieve 
this, a simple, compact onboard clock and an oversampling digi- 
tizer which is insensitive to sampling rate variations are used. 


=< Most importantly, the digitized ‘signal is encoded into a , 
.- ratiometric format in which the exact frequency of the TMP03/ 


TMP03L’s clock is irrelevant; and the effects of clock variations 
at the counter are effectively cancelled upon decoding. 


The output of the TMP03/TMP03L is a square wave with a 


- nominal frequency of 45 Hz. The output format is readily de- 


coded by the user as follows: 


Figure 2. TMP03/TMPO03L Output Format 


Temperature (°C) = 260 — 450xT1 
T2 


w period) and T2 (high period) are 

a microprocessor input port, and 

‘formed in software. Since both peri- 
ively, using the same clock, perform- 3 


where the time period TI 
counter values easily.réad t 
the above calcul 


inating clock of the TMP03 or the 


12 bits, faster clocks will require commensurately eee registers 
to avoid overflow truncation errors. See the Applications section 
below which discusses a variety of hardware interfacing oe soft- 
ware ideas. 


Self-Heating Effects | 

Observing the thermal conductivity of the various TMP03/ 
TMPO3L packages, in some applications the user should con- 
sider the effects of self-heating due to the power dissipated by 
the digital output, which is capable of sinking 800 tA continu- 
ous. Under full load, the output may dissipate 


Ppyss = (0.6 V)(0.8 mA) = 0.48 mW 


which in a free-standing surface-mount TSSOP package 


- accounts for a temperature increase due to self-heating of 


AT = Poyigs X O54 = 0.48 mW x XXX °CIW = YYC. 


This will, of course, directly affect the accuracy of the TMP03/_ 
TMP03L relative to the true ambient temperature. Alterna- 
tively, when the same package has been bonded to measure a 
large plate or other thermal mass (effectively a large heatsink), 
the self-heating error might be limited to approximately 


AT = Prygs X Oye = 0.48 mW x10°C/W = 0.0048°C. 


which is a negligible error. 


This information applies to a product under development. Its characteristics and specifications are subject to change enon notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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Selection Tree — Signal Compression Components 


SIGNAL COMPRESSION 
COMPONENTS 


RE/VIDEO RE/VIDEO | 
LOG AMPS VIDEO VOLTAGE CONTROLLED | 


AMPLIFIERS 


AD640 (120 MHz, 50 dB) 

AD606 (50 MHz, 80 dB) AD600 (35 MHz, 0 to +40 dB) 
AD602 (35 MHz, -10 to +30 dB) 
AD603 (115 MHz, -10 to +30 dB) 


E-0€ SLNAINOdNOD NOISSIYdNOD TVNOIS 


selection Guide— Signal Compression Components 


Log 
Input Conformity BW Package Temp 
Model Range RTI kHz Options! Ranges” Comments Page 
AD640 0.75 mV-—200 mV +0.6 dB 120 MHz D,E,N,P C,I, M/pg 120 MHz, 45 dB, DC Demodulating Logarithmic Amplifier 20—40 
AD600 +2V +0.5 dB 30 MHz N,R C, I, M/ Dual 0 dB to +40 dB Variable Gain Amplifier 20-5 
AD602 +2V +0.5 dB 30 MHz N,R C, I, M/ Dual —10 dB to +30 dB Variable Gain Amplifier 20-5 
AD603 +2V +0.4 dB 100 MHz N,R I,M Single Channel Variable Gain Amplifier 20-17 
AD606 -80to +10 dBm (5002) +1dB 50 MHz N,R C 50 MHz, 80 dB Demodulating Logarithmic Amplifier with Limiter Output 20-29 


‘Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; J = J-Leaded Ceramic Package; 

M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline “SOIC” Package; RS = SSOP—Shrink Small Outline Package; S = Plastic 
Quad Flatpack; ST = Thin Quad Flatpack; T = TO-92; U = TSOP—Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In-Line “SIP” Package; Z = Ceramic Leaded Chip Carrier. 
Temperature Ranges: C = Commercial, 0°C to +70°C; I = Industrial, —40°C to +85°C (Some older products —25°C to +85°C); M = Military, —55°C to +125°C. If a device has military grade offerings, the M 
temperature designator will be followed by: / to indicate 883B, , for JAN, » for SMD, and , for space level. 

Boldface Type: Data sheet information in this volume. 
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ANALOG 
DEVICES 


Dual, Low Noise, Wideband 
Variable Gain Amplifiers 


~ AD600/AD602* 


FEATURES 
Two Channels with Independent Gain Control 
“Linear in dB” Gain Response 
Two Gain Ranges: 
AD600: 0 dB to +40 dB 
AD602: —10 dB to +30 dB 
Accurate Absolute Gain: +0.3 dB 
Low Input Noise: 1.4 nV/V/Hz 
Low Distortion: —60 dBc THD at +1 V Output 
High Bandwidth: DC to 35 MHz (—3 dB) 
Stable Group Delay: +2 ns 
Low Power: 125 mW (max) per Amplifier 
Signal Gating Function for Each Amplifier 
Drives High Speed A/D Converters 
MIL-STD-883 Compliant and DESC Versions Available 


APPLICATIONS 

Ultrasound and Sonar Time-Gain Control 

High Performance Audio and RF AGC Systems 
Signal Measurement 


PRODUCT DESCRIPTION 

The AD600 and AD602 dual channel, low noise variable gain 
amplifiers are optimized for use in ultrasound imaging systems, 
but are applicable to any application requiring very precise gain, 
low noise and distortion, and wide bandwidth. Each indepen- 
dent channel provides a gain of 0 to +40 dB in the AD600 and 


—10 dB to +30 dB in the AD602. The lower gain of the AD602 - 


results in an improved signal-to-noise ratio at the output. How- 
ever, both products have the same 1.4 nV/\/Hz input noise 
spectral density. The decibel gain is directly proportional to 
the control voltage, is accurately calibrated, and is supply- and 
temperature-stable. 


To achieve the difficult performance objectives, a proprietary 
circuit form—the X-AMP™—has been developed. Each channel 
of the X-AMP comprises a variable attenuator of 0 dB to 
—42.14 dB followed by a high speed fixed gain amplifier. In this 
way, the.amplifier never has to cope with large inputs, and can 
benefit from the use of negative feedback to precisely define the 
gain and dynamics. The attenuator is realized as a seven-stage 
R-2R ladder :network having an input resistance of 100 (), laser- 
trimmed to +2%. The attenuation between tap points is 6.02 dB; 
the gain-control circuit provides continuous interpolation be- 
tween these taps. The resulting control function is linear in dB. 


X-AMP is a trademark of Analog Devices, Inc. 
*Patented. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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FUNCTIONAL BLOCK DIAGRAM 


) 
GATING 
INTERFACE 
© A10P 


PRECISION PASSIVE 
INPUT ATTENUATOR 


SCALING 
REFERENCE 


GAIN CONTROL 
INTERFACE 


AILO QO fore = = = =F =F 3 
R- 2R LADDER NETWORK 


The gain-control interfaces are fully differential, providing an 
input resistance of ~15 MQ and a scale factor of 32 dB/V (that 
is, 31.25 mV/dB) defined by an internal voltage reference. The 
response time of this interface is less than 1 ys. Each channel 
also has an independent gating facility that optionally blocks 
signal transmission and sets the dc output level to within a few 
millivolts of the output ground. The gating control input is 
TTL and CMOS compatible. 


The maximum gain of the AD600 is 41.07 dB, and that of the 
AD602 is 31.07 dB; the —3 dB bandwidth of both models is 
nominally 35 MHz, essentially independent of the gain. The 
signal-to-noise ratio (SNR) for a 1 V rms output and a 1 MHz 
noise bandwidth is typically 76 dB for the AD600 and 86 dB for 
the AD602. The amplitude response is flat within +0.5 dB from 
100 kHz to 10 MHz; over this frequency range the group delay 
varies by less than +2 ns at all gain settings. 


FIXED GAIN O AICM 
AMPLIFIER 
41,07dB (AD600) 
31.07dB (AD602) 


Each amplifier channel can drive 100 Q load impedances with 
low distortion. For example, the peak specified output is 

+2.5 V minimum into a 500 © load, or +1 V into a 100 2 load. 
For a 200 () load in shunt with 5 pF, the total harmonic distor- 
tion for a +1 V sinusoidal output at 10 MHz is typically 

—60 dBc. 


The AD600J and AD602J are specified for operation from 0°C 
to +70°C, and are available in both 16-pin plastic DIP (N) and 
16-pin SOIC (R). The AD600A and AD602A are specified for 
operation from —40°C to +85°C and are available in both 16-pin 
Cerdip (Q) and 16-pin SOIC (R). 


The AD600S and AD602S are specified for operation from 
—55°C to +125°C and are available in a 16-pin Cerdip (Q) pack- . 
age and are MIL-STD-883 compliant. The AD600S and 

AD602S are also available under DESC SMD 5962-94572. 
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AD600/AD602—SPECIFICATIONS ‘cms c26 2 28% <a = 
noted. pribaisncclnaca for AD600 —— are ee TIONS aa mice nm a 0, = 8 a unis otherwise 


-_ os ee te _ ee AD6OOJ/ADSO2} | “ ADSOOA/ADSOZA 
Parameter oe 3 Conditions : | Min Typ Max 


INPUT CHARACTERISTICS | in 
Input Resistance ._. a: Pins 2 to 3; Pins 6 to 7 
Input Capacitance vs 
Input Noise Spectral Density’ 
Noise Figure Ry, = 50 9, Maximum Gain 
> a . -Rs = 200 2, Maximum Gain 
Common-Mode Rejection Ratio — | f = 100 kHz. 
OUTPUT CHARACTERISTICS 
~—3 dB Bandwidth | Vour = 100. mV rms 
Slew Rate 
Peak Output? — | R,; = 5000. 
‘Output Impedance | . f = 10 MHz 
Output Short-Circuit Current 
Group Delay Change vs. Gain ss | f = 3 MHz; Full Gain Range 
Group Delay Change vs. Frequency | Vg = 0 V; f = 1 MHz to 10 MHz 
Total Harmonic Distortion | Ry = 200 0, Vou; = +1 V peak, Rpd = 1kO 
ACCURACY 
AD600 — 
Gain Error . | 0 dB to 3 dB Gain 
3 dB to 37 dB Gain 
: a hn ots 37 dB to 40 dB Gain . 
Maximum Output Offset Voltage? | Vg = —625 mV to +625 mV 
Output Offset Variation Vg = —625 mV to +625 mV | 
AD602 
Gain Error | | -10 dB:to —7 dB Gain 
| a | —7 dB to 27 dB Gain 
27 dB to 30 dB Gain 
Maximum Output Offset Voltage? | Vg = —625 mV to +625 mV 
Output Offset Variation Vg = —625 mV to +625 mV 
GAIN CONTROL INTERFACE — ae a. a . me . 
Gain Scaling Factor | _ | 3 dB to 37 dB (AD600); —7 dB to 27 dB (AD602) 
Common-Mode Range | | - 


Input Bias Current 
Input Offset Current . 
Differential Input Resistance | Pins 1 to 16; Pins 8 to 9 
Response Rate... Full 40 dB Gain Change 
SIGNAL GATING INTERFACE a | Es | 
Logic Input “LO” (Output ON) - 
Logic Input “HI” (Output oe 
Response Time ‘| ON to OFF, OFF to ON 
Input Resistance : Pins 4 to 3; Pins 5 to6 | 
Output Gated OFF | 
Output Offset Voltage : 
Output Noise Spectral Density 
Signal Feedthrough @ 1 MHz 
AD600 
AD602 


POWER SUPPLY. : yt a LY op. aakars so | : oe oa 
Specified Operating Range yc. andes er oa +4, : +5.25 | +4.75 
Quiescent Current . 42 

_ NOTES | 

1Typical open or short-circuited input; noise is lower when system is set to maximum gain and input is short-circuited. This figure includes the effects of both 

voltage and current noise sources. 

2Using resistive loads of 500 © or greater, or with the addition of a 1 kO pull-down resistor when driving lower loads. 

>The dc gain of the main amplifier in the AD600 is X113; thus an input offset of only 100 »V becomes an 11.3 mV output offset. In the AD602, the amplifier’s 

gain is X35.7; thus, an input offset of 100 4 V becomes a 3.57 mV output offset. 


Specifications shown in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. 
All min and max specifications are guaranteed, although only those shown in boldface are tested on all prncuenen units. a 


_ Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS’ 


Supply Voliage SV q <4.¢¢4-c43 0 bet heaiee he +7.5 V 
Input Voltages 

Pins 1, 8,9, 16........... ere Pe ease aoe a tVy, 

PINS 25°95 Oy Fre. pack ect ow & eGo e ese BE es +2 V Continuous 

iy SaaS GN aap SON atcato Yat tos a BS We +V, for 10 ms 

Pins 465 ee ae a 4 iter hl sai 6S rah tee eB ace tV¢ 

Internal Power Dissipation? .................. 600 mW 


Operating Temperature Range (J) .......... 0°C to +70°C 


Operating Temperature Range (A) ........ —40°C to +85°C 
Operating Temperature Range (S) ....... —55°C to +125°C 
Storage Temperature Range ........... —65°C to +150°C 
Lead Temperature, Soldering 60 sec ............ + 300°C 


NOTES 

Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

?Thermal Characteristics: 16-Pin Plastic Package; 0,4 = 85°C/Watt 

16-Pin SOIC Package; 0,4, = 100°C/Watt 

16-Pin Cerdip Package; 6;, = 120°C/Watt. 


CAUTION 


ESD (electrostatic discharge) sensitive device. Permanent damage may occur on unconnected 
devices subject to high energy electrostatic fields. Unused devices must be stored in conductive ~ 
foam or shunts. The protective foam should be discharged to the destination socket before devices 


are removed. 


PIN DESCRIPTIONS 


Pin Function Description 


Pin Cl1LO CHI Gain-Control Input “LO” (Positive 
Voltage Reduces CH1 Gain). 

Pin2 AIHI CH1 Signal Input “HI” (Positive Voltage 
Increases CH1 Output). 

Pin3 AILO CHI Signal Input “LO” (Usually Taken to 

: CH1 Input Ground). 
Pin4 GAT1 CH1 Gating Input (A Logic “HI” Shuts Off 
a CH] Signal Path). 
Pin5 GAT2  CH2 Gating Input (A Logic ee Shuts Off 
: CH2 Signal Path). | 
Pin6 A2LO CH2 Signal Input “LO” (Usually Taken to 
| CH2 Input Ground). 
Pin7 A2HI CH2 Signal Input “HI” (Positive Voltage 
-. Increases CH2 Output). | 

Pin 8 C2LO.  CH2 Gain-Control Input “LO” (Positive 
Voltage Reduces CH2 Gain). , 

Pin9 C2HI CH2 Gain-Control Input “HI” (Positive _ 
Voltage Increases CH2 Gain). 

Pin 10 A2CM  CH2 Common (Usually Taken to CH2 

| | Output Ground). 
Pin11 A2ZOP  CH2 Output. | 
Pin 12 VNEG Negative Supply for Both Amplifiers. 
Pin 13 VPOS Positive Supply for Both Amplifiers. 
Pin 14 AlOP CH1 Output. 
Pin 15 AICM CHI Common (Usually Taken to CH1 
| Output Ground). 

Pin 16 CI1HI CH1 Gain-Control Input ay” (Positive 

Voltage Increases CH1 Gain). 


REV.A 


AD600/AD602 


ORDERING GUIDE 


Temperature 
Range 


—40°C to +85°C 


Package 


Model Option? 


AD600AQ 


Gain Range 
0 dB to +40 dB 


AD600AR ‘0 dB to +40 dB —40°C to +85°C R-16 
AD602AQ -10 dB to +30 dB | —40°C to +85°C Q-16 
AD602AR —10 dB to +30 dB | —40°C to +85°C R-16 
AD600JN 0 dB to +40 dB 0°C to +70°C N-16 
AD600JR 0 dB to +40 dB 0°C to +70°C R-16 
AD602JN —10 dB to +30 dB | 0°C to +70°C N-16 
AD602JR —10 dB to +30 dB | 0°C to +70°C R-16 
AD600SQ/883B? | 0 dB to +40 dB —55°C to +150°C | Q-16 
AD602SQ/883B? | —10 dB to +30.dB | —55°C to +150°C © 


NOTES 

IN = Plastic DIP; Q = Cerdip; R = Small Outline IC (SOIC). For outline infor- 
mation see Package Information section. 

Refer to AD600/AD602 Military data sheet. Also available as 5962-9457201MPA. 
Refer to AD600/AD602 Military data sheet. Also available as 5962-9457202MPA. 


WARNING! 
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ESD SENSITIVE DEVICE 


| 


CONNECTION DIAGRAM 


16-Pin Plastic DIP (N) Package 
16-Pin Plastic SOIC (R) Package 
16-Pin Cerdip (Q) Package 


a 
DBL 


oe 
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-AD6OO/ADEO2 


THEORY OF OPERATION | 

The AD600 and AD602 have the same general design and fea- 
tures. They comprise two fixed gain amplifiers, each preceded 
by a voltage-controlled attenuator of 0 dB to 42.14 dB with 
independent control interfaces, each having a scaling factor of 
32 dB per volt. The gain of each amplifier in the AD600:is laser 
trimmed to 41.07 dB (X113), thus providing a control range of 
—1.07 dB to 41.07 dB (0 dB to 40 dB with overlap), while the 
AD602 amplifiers have a gain of 31.07 dB (X35.8) and provide 
an overall gain of —11.07 dB to 31.07 dB (—10 dB to 30 dB 
with overlap). 


The advantage of this topology is that the amplifier can use neg- 
ative feedback to increase the accuracy of its gain; also, since the 
amplifier never has to handle large signals at its input, the dis- 
tortion can be very low. A further feature of this approach is 
that the small-signal gain and phase response, and thus the pulse 
response, are essentially independent of gain. 


The following discussion describes the AD600. Figure lisa 
simplified schematic of one channel. The input attenuator is a 

~ geven-section R-2R ladder network, using untrimmed resistors 
of nominally R = 62.5 (, which results in a characteristic resis- 
tance of 125 © +20%. A shunt resistor is included at the input - 


and laser trimmed to establish .a more exact input resistance of 


100 2 +2%, which ensures accurate operation (gain and HP 


corner frequency) when used i in conjunction with external resis- 


tors or capacitors. 


: all 


_ PRECISION PASSIVE Fae 


SCALING . 
_ INPUT ATTENUATOR laceaeece 


O A10P 


GAIN CONTROL 
INTERFACE 


¥ OU) - 
AILOO , . 
R - 2A LADDER NETWORK a 


Figure 1. Simplified Block Diagram of Single Channel 
of the AD600 and AD602 — 


FIXED GAIN ) ice 
AMPLIFIER 
41,07dB (AD600) _ 
31.07dB (AD602) 


The nominal maximum signal at input AlHI is 1 V rms 

(+1.4 V peak) when using the recommended +5 V supplies, 
although operation to +2 V peak is permissible with some 
increase in HF distortion and feedthrough. Each attenuator is 
provided with a separate signal “LO” connection, for use in 
rejecting common-mode, the voltage between input and output 
grounds. Circuitry is included to provide rejection of up to 
+100 mV. 


The signal applied at the input of the ladder network is attenu- 
ated by 6.02 dB by each section; thus, the attenuation to each of 
the taps is progressively 0, 6.02, 12.04, 18.06, 24.08, 30.1, 36.12 
and 42.14 dB. A unique circuit technique is employed to inter- 
polate between these tap points, indicated by the “slider” in 
Figure 1, providing continuous attenuation from 0 dB to 42.14 dB. 
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It will help, in understanding the AD600, to think in terms of a 


- mechanical means for moving this slider from left to right; in» 


fact, it is voltage controlled. The details of the control interface 
are discussed later. Note that the gain is at all times exactly 
determined, and a linear decibel relationship is automatically 
guaranteed between the gain and the control parameter which 


- determines the position of the slider. In practice, the gain devi- 


ates from the ideal law, by about +0.2 dB peak (see, for exam- 
ple, Figure 6). 


Note that the signal inputs are not fully differential: A1LO and 
A1ICM (for CH1) and A2LO and A2CM (for CH2) provide sepa- 
rate access to the input and output grounds. This recognizes the 
practical fact that even when using a ground plane, small differ- 
ences will arise in the voltages at these nodes. It is important 
that AlLO-and A2LO be connected directly to the input 
ground(s); significant impedance in these connections will 
reduce the gain accuracy. AICM and A2CM should be con- 
nected to the load ground(s). 


Noise Performance 

An important reason for using . this approach i is the superior . 
noise performance that can be achieved. The nominal resistance 
seen at the inner tap points of the attenuator is 41.7 (one 


third of 125 ©), which'exhibits a Johnson noise spectral density 
(NSD) of 0.84 nV/\/Hz (that is, V4kTR) at 27°C, which is a. 
large fraction of the total input noise. The first stage of the 


amplifier contributes a further 1.12 nV/\/ Hz, for a total oe 


— noise of 1.4 nV/\/Hz. 


The noise at the 0 dB tap depends on whether the input is _ . 
short-circuited or open-circuited: when shorted, the minimum 
NSD of 1.12 nV/\/Hz is achieved; when open, the resistance of © 
100 © at the first tap generates 1.29. nV/\/ Hz, so the noise in- 
creases to a total of 1.71 nV/\/Hz. (This last calculation would 
be important if the AD600 were preceded, for example, by a 
900 € resistor to allow operation from inputs up to +10 V rms. 
However, in most cases the low impedance of the source will 
limit the maximum noise resistance.) _ 


It will be apparent from the fareueiie that it is pecential to use a 
low resistance in the design of the ladder network to achieve low 
noise. In some applications this may be inconvenient, requiring | 
the use of an external buffer or preamplifier. However, very few 
amplifiers combine the needed low noise with low distortion at 
maximum input levels, and the power consumption needed to 
achieve this performance is fundamentally required to be quite 
high (due to the need to maintain very low resistance values 
while also coping with large inputs). On the other hand, there is 
little value in providing a buffer with high input impedance, 
since the usual reason for this—the minimization of loading of a 


high resistance source—is not compatible with low noise. 


Apart from the small variations just discussed, the signal-to- 
noise (S/N) ratio at the output is essentially independent of the 
attenuator setting, since the maximum undistorted output is 1 V 
rms and the NSD at the output of the AD600 is fixed at 113 ~ 
times 1.4 nV\/Hz, or 158 nV/\/Hz. Thus, in a 1 MHz band- © 
width, the output S/N ratio would ‘be 76 dB. The input NSD of. 
the AD600 and AD602 are the same, but because of the 10 dB © 
lower gain in the AD602’s fixed amplifier, its output S/N ratio 

is 10 dB better, or 86 dB in a 1 MHz bandwidth. | 
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The Gain-Control Interface 

The attenuation is controlled through a differential, high imped- 
ance (15 MQ) input, with a scaling factor which is laser 
trimmed to 32 dB per volt, that is, 31.25 mV/dB. Each of the 
two amplifiers has its own control interface. An internal band- 
gap reference ensures stability of the scaling with respect to 
supply and temperature variations, and is the only circuitry 
common to both channels. | 


When the differential input voltage Vg = 0 V, the attenuator 
“slider” is centered, providing an attenuation of 21.07 dB, thus 
resulting in an overall gain of 20 dB (= —21.07 dB + 41.07 dB). 
When the control input is —625 mV, the gain is lowered by 

20 dB (= 0.625 x 32), to 0 dB; when set to +625 mV, the gain 
is increased by 20 dB, to 40 dB. When this interface is over- 
driven in either direction, the gain approaches either — 1.07 dB 
(= —42.14 dB + 41.07 dB) or 41.07 dB ( = 0 + 41.07 dB), 
respectively. 


The gain of the AD600 can thus be calculated using the follow- 
ing simple expression: 


Gain (dB) = 32 Vg + 20 (1) 
where Vg is in volts. For the AD602, the expression is: 
Gain (dB) = 32 Vg + 10 (2) 


Operation is specified for V, in the range from —625 mV dc to 
+625 mV dc. The high impedance gain-control input ensures 
minimal loading when driving many amplifiers in multiple- 
channel applications. The differential input configuration pro- 
vides flexibility in choosing the appropriate signal levels and 
polarities for various control schemes. 


For example, the gain-control input can be fed differentially to 
the inputs, or single-ended by simply grounding the unused 
input. In another example, if the gain is to be controlled by a 
DAC providing a positive only ground referenced output, the 
“Gain Control LO” pin (either C1LO or C2LO) should be 
biased to a fixed offset of +625 mV, to set the gain to 0 dB 
when “Gain Control HT’ (C1HI or C2HI) is at zero, and to 

40 dB when at +1.25 V. 


It is a simple matter to include a voltage divider to achieve other 
scaling factors. When using an 8-bit DAC having a FS output » 
of +2.55 V (10 mV/bit) a divider ratio of 1.6 (generating 

6.25 mV/bit) would result in a gain setting resolution of 0.2 dB/ 
bit. Later, we will discuss how the two sections of an AD600 or 
AD602 may be cascaded, when various options exist for gain. 
control. 


Signal-Gating Inputs 

Each amplifier section of the AD600 and ‘AD602 is equipped 
with a signal gating function, controlled by a TTL or CMOS 
logic input (GAT1 or GAT2). The ground references for these 
inputs are the signal input grounds A1LO and A2L0O, respec- 
tively. Operation of the channel is unaffected when this input is 
LO or left open-circuited. Signal transmission is blocked when 
this input is HI. The dc output level of the channel is set to 
within a few millivolts of the output ground (AICM or A2CM), 
and simultaneously the noise level drops significantly. The — 
reduction in noise and spurious signal feedthrough is useful in 
ultrasound beam-forming applications, where many amplifier 
outputs are summed. rs 
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Common-Mode Rejection 

A special circuit technique is used to provide rejection of volt- 
ages appearing between input grounds (A1LO and A2LO) and 
output grounds (AICM and A2CM). This is necessary because 
of the “op amp” form of the amplifier, as shown in Figure 1. 
The feedback voltage is developed across the resistor RF1 
(which, to achieve low noise, has a value of only 20 1). The 
voltage developed across this resistor is referenced to the input 
common, so the output voltage is also referred to that node. 


To provide rejection of this common voltage, an auxiliary ampli- 
fier (not shown) is included, which senses the voltage difference 
between input and output commons and cancels this error com- 
ponent. Thus, for zero differential signal input between Al HI 
and A1LO, the output A1OP simply follows the voltage at 
AICM. Note that the range of voltage differences which can 
exist between Al1LO and AICM (or A2LO and A2CM) is lim- 
ited to about +100 mV. Figure 50 (one of the typical perfor- 
mance curves at the end of this data sheet) shows typical 
common-mode rejection ratio versus frequency. 


ACHIEVING 80 dB GAIN RANGE 

The two amplifier sections of the X-AMP can be connected in 
series to achieve higher gain. In this mode, the output of Al 
(A10P and A1CM) drives the input of A2 via a high-pass net- 
work (usually just a capacitor) that rejects the dc offset. The 
nominal gain range is now —2 dB to +82 dB for the AD600 or 
—22 dB to +62 dB for the AD602. 


There are several options in connecting the gain-control inputs. 
The choice depends on the desired signal-to-noise ratio (SNR) 

and gain error (output ripple). The following examples feature 

the AD600; the arguments generally apply to the AD602, with 
appropriate changes to the gain values. 


Sequential Mode (Maximum S/N Ratio) | 

In the sequential mode of operation, the SNR is maintained at 
its highest level for as much of the gain control range possible, _ 
as shown in Figure 2. Note here that the gain range is 0 dB to 
80 dB. Figure 3 shows the general connections to accomplish 
this. Both gain-control inputs, C1HI and C2HI, are driven in 
parallel by a positive only, ground referenced source with a 
range of 0 V to +2.5 V. 


S/N RATIO - dB 


Figure 2. S/N Ratio vs. Control! Voltage Sequential 
Control (1 MHz Bandwidth) 
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Figure 3. AD600 Gain Control Input Calculations for Sequential Control Operation 


The gains are. > offset (Figure 4) such that :A2’s gain is inateused 
only after Al’s gain has reached .its maximum value. Note that 
for a differential input of —700 mV -or less, the gain of a single | 
amplifier (Al or A2) will be at its minimum value of —1.07 dB; 
for a differential input of +700 mV or more, the gain will be at 
its maximum value of 41.07 dB. Control inputs beyond these 


limits will not affect the gain. and can be tolerated without dam-- 


age or foldover in the response. See the Specifications Section of 


this data sheet for. more details on the allowable voltage range. | 


The gain is now 


Gain (dB) = 32V. es | ee a 7 3), 


where V, is the applied control voltage. 


+41.07dB 


+1.07dB 


0.592 


7 : 1. 1.87 ; 
Sain 0 0.625 25 875 25 Ve) 


(dB) ~2.14 0 20 40 60 80 | 82.14 
*GAIN OFFSET OF 1 0748, OR 33. 44mV_ 


Figure 4. Explanation of Offset Calibration on Sequential 
Control | 


20-10 SIGNAL COMPRESSION COMPONENTS 


When V¢ is set to zero, Ve, = ~0.592 V and the gain of Ali is 
+1.07 dB (recall that the gain of each amplifier section is 0 dB 
for. Vg = —625 mV); meanwhile, Vg, = —1.908 Vso the gain 
of A2 is —1.07 dB.:The overall: gain is thus 0 dB (see: Figure 
3a). When Ve = +1.25 V, Vg, = 1.25 V — 0.592 V= | 
+0.658 V, which'sets the gain of Al to 40.56 dB, while 

Vg. = 1.25 V-— 1.908 V. = —0.658 V, which sets A2’s gain at 
—0.56 dB. The overall gain is now 40 dB (see Figure 3b). When 
Vo = +2.5 V, the gain of Al is 41.07 dB and that of A2 is 


38.93 dB, resulting in an overall gain of 80 dB (see Figure 3c). 


This mode of operation is further clarified by Figure 5, which is 
a plot of the separate gains of Al and A2 and the overall gain 
versus the control voltage. ‘Figure 6 is a plot of the gain error of | 
the cascaded amplifiers versus the control voltage. 


Parallel Mode (Simplest Gain-Control Interface) 7 

In this mode, the gain-control voltage is applied to both inputs 
in parallel — C1HI and C2HI are connected to the control volt- 
age, and C1LO and C2LO are optionally connected to an offset 
voltage of +.0.625 V. The gain scaling is then doubled to 64 dB/. 
V, requiring only 1.25 V for an 80. dB change of gain. The . 
amplitude of the gain ripple in this case,is also doubled, as 
shown in Figure 7, and the instantaneous signal-to-noise ratio 

at the output of. A2 decreases linearly as the gain is increased 
(Figure 8).. 


Low Ripple Mode iNiaiivite: Gain Ea 

As can be seen in Figures 6 and 7, the output saan is , periodic. 
By offsetting the gains of Al and A2 by half the period of the 
ripple, or 3 dB, the residual gain errors of the two amplifiers 
can be made to cancel. Figure 9 shows the. much lower gain rip- . 
ple when configured in this manner. Figure 10 plots the S/N 
ratio as a function of gain; it is very similar to that in the “Par- 
allel Mode.” 
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Figure 5. Plot of Separate and Overall Gains in Sequential Figure 8. SNR for Cascaded Stages — Parallel Control 
Control 
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APPLICATIONS 

The full potential of any high performance amplifier can only be 
_ realized by careful. attention to details in its applications. The 
following pages describe fully tested circuits in which many such 
details have already been considered. However, as is always true 
of high accuracy, high speed analog circuits, the schematic is - 
only part of the story; this is no less true for the AD600 and 
AD602. Appropriate choices in the overall board layout and 

the type and placement of power supply decoupling components 
_ are very important. As explained previously, the input grounds 
A1LO and A2LO must use the shortest possible connections. 


The following circuits show examples of time- gain control for 
ultrasound and for sonar, methods for increasing the output 
drive, and AGC amplifiers for audio.and RF/IF signal process- 
ing using both peak and rms detectors. These circuits also illus- 
trate methods of cascading X-AMPs for either maintaining the 
optimal S/N ratio or maximizing the accuracy of the gain-control 
voltage for use in signal measurement. These AGC circuits may 
be modified for use as voltage-controlled amplifiers for use in 
sonar and ultrasound applications by removing the detector and 
substituting a DAC or other voltage source for supplying the _ 
control voltage. 


Time-Gain Control (TGC) and Time-Variable Gain (TVG) 
Ultrasound and sonar systems share.a similar requirement: both 
need to provide an exponential increase in gain in response to a 
linear control voltage, that is, a gain control that is “linear in. 
dB.” Figure 11 shows the AD600/AD602 configured for a con- 
trol voltage ramp starting at —625 mV and ending at +625 mV 
for a gain-control range of 40 dB. For simplicity, only the Al 
connections are shown. The polarity of the gain-control voltage 
may be reversed and the control voltage inputs C1HI and C1LO 
reversed to achieve the same effect. The gain-control voltage can 
be supplied by a voltage-output DAC such as the AD7242, _ 
which contains two complete DACs, operates from +5 V sup- 
plies, has an internal reference of 3 V, and provides +3 V of 
output swing. As such it is well-suited for use with the AD600/ 
AD602, needing only a few resistors to scale the output voltage 
of the DACs to the levels needed by the AD600/AD602. 


CONTROL VOLTAGE, 


VOLTAGE-OUTPUT 


_ Figure 11. The pls Appiicstion of the X-AMP is as a 
TGC or TVG Amplifier in Ultrasound or Sonar. Only the 
Al Connections Are Shown for Simplicity. 
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Increasing Output Drive 


The AD600/AD602’s output stage has limited capability for 


negative-load driving capability. For driving loads less than 
500 , the load drive may be increased by about 5 mA by con- 
necting a 1 k© pull-down resistor from the output to the nega- 
tive supply (Figure 12).. 


Driving Capacitive Loads 

For driving capacitive loads of greater than 5 pF, insert a 10 0 
resistor between the output and the load, This lowers the Possi- 
bility of oscillation. ee 


‘GAIN-CONTROL 
VOLTAGE 


PULL-DOWN 
RESISTOR — 


Figure 12. Adding a 1 kf Pull-Down Resistor Increases 
the X-AMP’s Output Drive by About 5 mA. Only the A1 
Connections Are Shown for Simplicity. 


Realizing Other Gain Ranges 

Larger gain ranges can be accommodated by cascading amplifi- 
ers. Combinations built by cascading two amplifiers include 
—20 dB to +60 dB (using one AD602), —10 dB to +70 dB (1/2 
of an AD602 followed by 1/2 of an AD600), and 0 dB to 80 dB 
(one AD600). In multiple-channel applications, extra protection 
against oscillations can be provided by using Roe iee sections 
from different packages. | 


An Ultralow Noise VCA | 7 
The two channels of the AD600 or AD602 may be operated in 


parallel to achieve a 3 dB improvement in noise level, providing 
| nV/V/ Hz without any loss of gain accuracy or bandwidth. 


‘In the simplest case, as shown in Figure 13, the signal inputs 


Al1HI and A2HI are tied directly together, the outputs AIOP 
and A2OP are summed via R1 and R2 (100 2 each), and the 
control inputs C1HI/C2HI and C1LO/C2L0 operate in parallel. 
Using these connections, both the input and output resistances 
are 50 2. Thus, when driven from a 50 2 source and termi- 


‘nated in a 50 Q load, the gain is reduced by 12 dB, so the gain 


range becomes —12 dB to +28 dB for the AD600 and —22 dB 
to +18 dB for the AD602. The peak input capability remains 
unaffected (1 V rms at the IC pins, or 2 V rms from an 
unloaded 50 @ source). The loading on each output, with a 

50 ( load, is effectively 200 , because the load current is 


shared. between the two channels, so the overall amplifier still 


meets its specified maximum output and distortion levels for a 
200 2 load. This amplifier can deliver a maximum sine wave 
power of +10 dBm to the load. 
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Figure 13. An Ultralow Noise VCA Using the AD600 
or AD602 


A Low Noise, 6 dB Preamplifier 

In some ultrasound applications, the user may wish to use a 
high input impedance preamplifier to avoid the signal attenua- 
tion that would result from loading the transducer by the 100 0 
input resistance of the X-AMP. High gain cannot be tolerated, 
because the peak transducer signal is typically +0.5 V, while the 
peak input capability of the AD600 or AD602 is only slightly 
more than +1 V. A gain of two is a suitable choice. It can be 
shown that if the preamplifier’s overall referred-to-input (RTI) 
noise is to be the same as that due to the X-AMP alone (1.4 nV/_ 
\/Hz), then the input noise of a X2 preamplifier must be \/(3/ 
4) times as large, that is, 1.2 nV/\/Hz. 


49.92 2 HF 
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- Figure 14. A Low Noise Preamplifier for the AD600 
and AD602 . : | 
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An inexpensive circuit, using complementary transistor types 
chosen for their low r,,,-, is shown in Figure 14. The gain is 
determined by the ratio of the net collector load resistance to the 
net emitter resistance, that is, it is an open-loop amplifier. The 
gain will be X2 (6 dB) only into a 100 © load, assumed to be 
provided by the input resistance of the X-AMP; R2 and R7 are 
in shunt with this load, and their value is important in defining 
the gain. For small-signal inputs, both transistors contribute an 
equal transconductance, which is rendered less sensitive to sig- 
nal level by the emitter resistors R4 and RS, which also play a 
dominant role in setting the gain. 


This is a Class AB amplifier. As V,, increases in a positive 


direction, Q] conducts more heavily and its r, becomes lower 


while that of Q2 increases. Conversely, more negative values of 
Vin result in the r, of Q2 decreasing, while that of Q1 increases. 
The design is chosen such that the net emitter resistance is 
essentially independent of the instantaneous value of V,,, result- 
ing in moderately low distortion. Low values of resistance and 
moderately high bias currents are important in achieving the low 


_ noise, wide bandwidth, and low distortion of this preamplifier. 


Heavy decoupling prevents noise on the power supply lines from 
being conveyed to the input of the X-AMP. 


Table I. Measured Preamplifier Performance 


Measurement 


Gain (f = 30 MHz) dB 
Bandwidth (—3 dB) MHz 
Input Signal for 
1 dB Compression V p-p 
Distortion 
Vin = 200 mV p-p HD2 % 
| | HD3 % 
Vin = 500 mV p-p HD2 % 
HD3 % 
System Input Noise nV/\/Hz 
Spectral Density (NSD) 
(Preamp plus X-AMP) 
Input Resistance kQ 
Input Capacitance pF 
Input Bias Current pA . 
Power Supply Voltage Vv 
Quiescent Current mA 


A Low Noise AGC Amplifier with 80 dB Gain Range 

Figure 15 provides an example of the ease with which the 
AD600 can be connected as an AGC amplifier. Al and A2 are 
cascaded, with 6 dB of attenuation introduced by the 100 0 
resistor R1, while a time constant of 5 ns is formed by Cl and © 
the 50 © of net resistance at the input of A2. This has the dual 
effect of (a) lowering the overall gain range from {0 dB to 

80 dB} to {6 dB to 74 dB} and (b) introducing a single-pole low- 
pass filter with a —3 dB frequency of about 32 MHz. This 
ensures stability at the maximum gain for a slight reduction in 
the overall bandwidth. The capacitor C4 blocks the small dc 
offset voltage at the output of Al (which might otherwise satu- 
rate A2 at its maximum gain) and introduces a high pass corner 
at about 8 kHz, useful in eliminating low frequency noise and 
spurious signals which may be present at the input. 
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Figure 15. This Accurate HF AGC Amplifier Uses Just Three Active Components. 


A simple half-wave detector is used, based on Q1 and R2. The 
average current into capacitor C2 is just the difference between 
the current provided by the AD590 (300 yA at 300 K, 27°C) 
and the collector current of QI. In turn, the control voltage V, 


is the time integral of this error.current. When V, (and thus the 


gain) is stable, the rectified current in Q] must, on average, 
exactly balance the current in the AD590. If the output of A2 is 
too small to do this, V, will ramp up, causing the gain to 
increase, until Q1] conducts sufficiently. The operation of this 
control system will now be described in detail. 


First, consider the particular case where R2 is zero and the out- 
put voltage Vor is a square wave at, say, 100 kHz, that is, 


well above the corner frequency of the control loop. During the . 


time Vour 1S negative, Q1] conducts; when Voz is positive, it 
is cut off. Since the average collector current is forced to be 

300 wA, and the square wave has a 50% duty-cycle, the current 
when conducting must be 600 1A. With R2 omitted, the peak 
value of Voyr would be just the Vg of Q1 at 600 pA (typically 
about 700 mV) or 2 Vgg peak-to-peak. This voltage, hence the 
amplitude at which the output stabilizes, has a strong negative 
temperature coefficient (TC), typically —1.7 mV/°C. While this 
may not be troublesome in some applications, the correct value 
of R2 will render the output stable with temperature. 7 


To understand this, first note that the current in the AD590 is 
closely proportional to absolute temperature (PTAT). (In fact, . 
this IC is intended for use as a thermometer.) For the moment, 
continue to assume that the signal is a square wave. When Q]1 is 
conducting, Voyr is the now the sum of Vpz and a voltage 
which is PTAT and which can be chosen to have an equal but 
opposite TC to that of the base-to-emitter voltage. This is actu- 
ally nothing more than the “bandgap voltage reference” princi- 
ple in thinly veiled disguise! When we choose R2 such that the 
sum of the voltage across it and the Vg, of Q1] is close to the 


bandgap voltage of about 1.2 V, Vour will be stable over a wide 


range of temperatures, provided, of course, that Q1 and the 
AD590 share the same thermal environment. 
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Since the average emitter current is 600 »A during each half- 
cycle of the square wave, a resistor of 833 0 would add a PTAT 
voltage of 500 mV at 300 K, increasing by 1.66 mV/°C. In prac- 
tice, the optimum value of R2 will depend on the transistor 
used, and, to a lesser extent, on the waveform for which the 
temperature stability is to be optimized; for the devices shown | 
and sine wave signals, the recommended value is 806 ©. This 
resistor also serves to lower the peak current in Q1 and the 

200 Hz LP filter it forms with C2 helps to minimize distortion 
due to ripple in Vg. Note that the output amplitude under sine 
wave conditions will be higher than for a square wave, since the 
average value of the current for an ideal rectifier would be 0.637 
times as large, causing the output amplitude to be 1.88 
(=1.2/0.637) V, or 1.33 V rms. In practice, the somewhat non- 
ideal rectifier results in the sine wave output being regulated to 
about 1.275 V rms. 


An offset of +375 mV is applied to the inverting gain-control 
inputs C1LO and C2LO. Thus the nominal —625 mV to 

+625 mV range for Vg is translated upwards (at V,’) to . 
—0.25 V for minimum gain to +1 V for maximum gain. This 
prevents Q1 from going into heavy saturation at low gains and 


leaves sufficient “headroom” of 4 V for the AD590 to operate 


correctly at high gains when using a +5 V supply. 


In fact, the 6 dB interstage attenuator means that the overall. 
gain of this AGC system actually runs from —6 dB to +74 dB. 
Thus, an input of 2 V rms would be required to produce a 1 V 
rms output at the minimum gain, which exceeds the 1 V rms 
maximum input specification of the AD600. The available gain 
range is therefore 0 dB to 74 dB (or, X1 to X5000). Since the 
gain scaling is 15.625 mV/dB (because of the cascaded stages) 
the minimum value of V,’ is actually increased by 6 X | 

15.625 mV, or about 94 mV, to —156 mV, so the risk of satura- 
tion in Q] is reduced. 


The emitter circuit of Q] is somewhat. inductive (due its finite f, 
and base resistance). Consequently, the effective value of R2 
increases with frequency. This would result in an increase in the 
stabilized output amplitude at high frequencies, but for the 
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addition of C3, determined experimentally to be 15 pF for the 
2N3904 for maximum response flatness. Alternatively, a faster Ee de ae 
| Sri Sc 


transistor can be used here to reduce HF peaking. Figure 16 
shows the ac response at the stabilized output level of about 

1.3 V rms. Figure 17 demonstrates the output stabilization for 
sine wave inputs of 1 mV to 1 V rms at frequencies of 100 kHz, 
1 MHz and 10 MHz. 


RELATIVE OUTPUT - dB 


INPUT AMPLITUDE — Volts RMS 


Figure 17. Output Stabilization vs. RMS Input for 
Sine Wave Inputs at 100 kHz, 1 MHz, and 10 MHz 


AGC OUTPUT CHANGE - dB 


While the “bandgap” principle used here sets the output ampli- 
tude to 1.2 V (for the square wave case), the stabilization point 
can be set to any higher amplitude, up to the maximum output 
of + (Vs — 2) V which the AD600 can support. It is only nec- 


is PPC ENEVE steer up essary to split R2 into two components of appropriate ratio 
whose parallel sum remains close to the zero-TC value of 806 (. 
of 1.3 VA as Response at the Stabilized Output Level This is illustrated in Figure 18, which shows how the output 
fo) 


can be raised, without altering the temperature stability. 


Typical Performance Characteristics 
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Figure 21. AD600 and AD602 
_ Typical Group Delay vs. Vo 
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Figure 24. Input Impedance vs. 
Frequency — 7 


| AD600: G=20dB 
AD602: G=10dB 
BOTH: Voy =100mV RMS 
Vg=t5V | 
R,=500Q_ 
Ta=25°C 
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Figure 27. CMRR vs. Frequency 
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Figure 22. Third Order Intermodula- | 


tion Distortion, Vou; = 2 V p-p, 
R, = 5002 
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Figure 25. Output Offset vs. Gain 


Control Voltage (Control Channel — 
Feedthrough) 
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Figure 28. PSRR vs. Frequency 
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_ NEGATIVE OUTPUT VOLTAGE LIMIT - Volts _ 


"0 50 100° 200 500 1000 2000 
LOAD RESISTANCE-© 


Figure 23. Typical Output Voltage 
vs. Load Resistance (Negative Out- 
put Swing Limits First) — 


Figure 26. Gain Control Channel 
Response Time. Top: Output Volt- 
age, 2 V max; Bottom: Gain Control. 
Voltage V2 = +625mMV : 


AD600: CH1 G=40dB, Viy=0 

CH2 G=20dB, Viy=100mV 
AD602: CH1 G=30dB, Viy=0 

CH2 G=10dB, Viy=316mV 
2 BOTH: Voy7 =1V RMS, Rg =500, 

R ,=5000 

CH1 Vout 

CROSSTALK=20l0g | CH2 Vin, 
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Figure 29. Crosstalk Between A1 
and A2 vs. Frequency | 
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FEATURES 

“Linear in dB” Gain Control 

Pin Programmable Gain Ranges 
—11 dB to +31 dB with 90 MHz Bandwidth 
+9 dB to +51 dB with 9 MHz Bandwidth 

Any Intermediate Range, e.g., —1 dB to +41 dB with 
45 MHz Bandwidth 

Bandwidth Independent of Variable Gain 

1.3 nV/VHz Input Noise Spectral Density 

+0.5 dB Typical Gain Accuracy 

MIL-STD-883 Compliant and DESC Versions Available 


APPLICATIONS 

RF/IF AGC Amplifier 
Video Gain Control 
A/D Range Extension 
Signal Measurement 


PRODUCT DESCRIPTION 

The AD603 is a low noise, voltage-controlled amplifier for use 
in RF and IF AGC systems. It provides accurate, pin selectable 
gains of —11 dB to +31 dB with a bandwidth of 90 MHz or +9 
dB to +51 dB with a bandwidth of 9 MHz. Any intermediate 
gain range may be arranged using one external resistor. The 
input referred noise spectral density is only 1.3 nV/\/ Hz and 
power consumption is 125 mW at the recommended +5 V 
supplies. 


The decibel gain is “linear in dB,” accurately calibrated, and 
stable over temperature and supply. The gain is controlled at a 


*Patented. 
X-AMP is a trademark of Analog Devices, Inc. 


Low Noise, 90 MHz 
Variable-Gain Amplifier 
AD603* 


high impedance (50 MQ), low bias (200 nA) differential input; 
the scaling is 25 mV/dB, requiring a gain-control voltage of only 
1 V to span the central 40 dB of the gain range. An over- and 
under-range of 1 dB is provided whatever the selected range. 
The gain-control response time is less than 1 ys for a 40 dB 
change. 


The differential gain-control interface allows the use of either 
differential or single-ended positive or negative control voltages. 
Several of these amplifiers may be cascaded and their gain- _ . 
control gains offset to optimize the system S/N ratio. 


The AD603 can drive a load impedance as low as 100 © with. 
low distortion. For a 500 © load in shunt with 5 pF, the total 
harmonic distortion for a +1 V sinusoidal output at 10 MHz is 
typically —60 dBc. The peak specified output is +2.5 V mini- 
mum into a 500 C load, or +1 V into a 100 12 load. 


The AD603 uses a proprietary circuit topology—the X-AMP™. 
The X-AMP comprises a variable attenuator of 0 dB to —42.14 dB 
followed by a fixed-gain amplifier. Because of the attenuator, 
the amplifier never has to cope with large inputs and can use 
negative feedback to define its (fixed) gain and dynamic perfor- 
mance. The attenuator has an input resistance of 100 (, laser 
trimmed to +3%, and comprises a seven-stage R-2R ladder 
network, resulting in an attenuation between tap points of 
6.021 dB. A proprietary interpolation technique provides a con- 
tinuous gain-control function which is linear in dB. 


The AD603A is specified for operation from —40°C to +85°C 
and is available in both 8-pin SOIC (R) and 8-pin ceramic DIP 
(Q). The AD603S is specified for operation from —55°C to 

+ 125°C and is available in an 8-pin ceramic DIP (Q). The 
AD603 is also available under DESC SMD 5962-94572. 


FUNCTIONAL BLOCK DIAGRAM 


PRECISION PASSIVE 
INPUT ATTENUATOR 


GAIN 
CONTROL 
INTERFACE © 


+- 


FIXED GAIN 
AMPLIFIER 


“0dB | -6.02dB -12.04dB -18.06dB —-22.08dB -30.1dB -36.12dB —42.14dB 
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ADGO3—SPECIFICATIONS tina's dt hte 8 


“Model ey —_ 
Parameter.’ — Te foe, gen “a os ile Conditions. 


INPUT CHARACTERISTICS 
Input Resistance 
Input Capacitance 


Pins 3 to 4 


Input Short Circuited 


Input Noise Spectral Density’ 
Peak Input Voltage . 
OUTPUT CHARACTERISTICS - 
—3 dB Bandwidth Vour = 100 mV rms 
Slew Rate _ R, = 5000 
Peak Output” R, = 5000 
Output Impedance f < 10 MHz 


Output Short-Circuit Current 
Group Delay Change vs. Gain 
Group Delay Change vs. Frequency 
Differential Gain 


f = 3 MHz; Full Gain Range 
Vo = 0V; f = 1 to 10 MHz 


Differential Phase : 
Total Harmonic Peay -f = 10 MHz, Voyr = 1 V rms 
ACCURACY ¥ 
Gain Accuracy — —500 mV = V, = +500 mV dB 
Tm to Tax ee 
Output Offset Voltage? Vg =0V mV 
Tun to Tax a 
Output Offset Variation vs. Ve ~500 mV = Vg = +500 mV | mV 
Tmin to Tyax | ae mV | 
GAIN CONTROL INTERFACE so 
Gain Scaling Factor dB/V 
Tam t0Tyax dB/V 
Common-Mode Range v_ 
Input Bias Current . nA 
Input Offset Current | : nA 
Differential Input Resistance Pins1to2 | MOQ 
Response Rate ‘Full 40 dB Gain Change dB/s 
POWER SUPPLY __ 
Specified Operating Range V 
Quiescent Current mA 
Tuan to Taax mA 


NOTES 

1Typical open or short-circuited input; noise is lower when system is set to maximum gain and input is shortcincuired: This figure includes the effects of both 
voltage and current noise sources. . 

Using resistive loads of 500 ( or greater, or with the addition of a 1 KO pull-down resistor when driving lower loads. 

*The dc gain of the main amplifier in the AD603 is <35.7; thus, an input offset of 100 »V becomes a 3.57 mV output offset. 


Specifications shown in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. 
All min and max specifications are guaranteed, although only those shown in boldface are tested on all eeacee units. 


Specifications subject to change without notice. — 


CUT i 
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. Although | WAR NI N G! | 

the AD603 features proprietary ESD protection circuitry, permanent damage may occur on tt 
. devices subjected to high energy electrostatic discharges. Therefore, proper ESD precautions are. il 

‘recommended to avoid performance degradation or loss of functionality. ESD SENSITIVE DEVICE» 
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ABSOLUTE MAXIMUM RATINGS* 

Supply Voltage +Vg .. 0... ee ees +7.5V 

Input Voltage VINP (Pin 3) ........... +2 V Continuous 
Chie ARCS Soke ok Benes, Baty otek Cate dy gate, Boch areas +V, for 10 ms 


GNEG, GPOS (Pins 1,2) ..........2.0 0 eee eee +Voy 
Internal Power Dissipation! ................. 400 mW 
Operating Temperature Range 2 

ADO03 Acs seid cete ee eae eet Ve ke eae —40°C to +85°C 

A603 8. oie aii Va Si a Be aeea weed —55°C to +125°C 


Storage Temperature Range ........... —65°C to + 150°C 
Lead Temperature, Soldering 60 sec ............ +300°C 


*Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended rating conditions for 
extended periods may affect device reliability. 


1Thermal Characteristics: 

8-Pin SOIC Package: 8,4 = 155°C/Watt, 0,, = 33°C/Watt 

8-Pin Ceramic Package: 6,;, = 140°C/Watt, 0, = 15°C/Watt. 
PIN DESCRIPTION 


Description 


Gain-Control Input “HI” 
(Positive Voltage Increases Gain) 


Pin 2 


Gain-Control Input “LO” 
| (Negative Voltage Increases Gain) 
Pin 3 Amplifier Input 
Pin 4 Amplifier Ground 
Pin 5 Connection to Feedback Network 
Pin 6 Negative Supply Input 


Amplifier Output 
Positive Supply Input 


CONNECTION DIAGRAM 


8-Pin Plastic SOIC (R) Package 
8-Pin Ceramic DIP (Q) Package 


|'8 | VPOS 


GNEG [2] AD603 VOUT _ 


VINP TOP VIEW VNEG 
EE (Not to Scale) e 


comm [4| | FDBK 


ORDERING GUIDE 


Temperature Package 
Range Description 


—40°C to +85°C | 8-Pin SOIC 
—40°C to +85°C 8-Pin Ceramic DIP | Q-8 
~55°C to +125°C | 8-Pin Ceramic DIP | Q-8 


Package 


Part Number Option! 


AD603AR 
AD603AQ 
AD603SQ/883B? 


NOTES. | 

*R = SOIC; Q = Cerdip. For outline information see Package Information 
section. 

Refer to AD603 Military data sheet. Also available as 5962-9457203MPA. 
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THEORY OF OPERATION 

The AD603 comprises a fixed-gain amplifier, preceded by a 
broadband passive attenuator of 0 to 42.14 dB, having a gain- 
control scaling factor of 40 dB per volt. The fixed gain is laser- 
trimmed in two ranges, to either 31.07 dB (x35.8) or 50 dB 

(<x 358), or may be set to any range in between using one exter- 
nal resistor between Pins 5 and 7. Somewhat higher gain can be 
obtained by connecting the resistor from Pin 5 to common, but 
the increase in output offset voltage limits the maximum gain to 
about 60 dB. For any given range, the bandwidth is indepen- 
dent of the voltage-controlled gain. This system provides an 
under- an over-range of 1.07 dB in all cases; for example, the 
overall gain is —11.07 dB to 31.07 dB in the maximum- 
bandwidth mode (Pin 5 and Pin 7 strapped). 


This X-AMP structure has many advantages over former meth- 
ods of gain-control based on nonlinear elements. Most impor- 
tantly, the fixed-gain amplifier can use negative feedback to 
increase its accuracy. Since large inputs are first attenuated, the 
amplifier input is always small. For example, to deliver a +1 V 
output in the —1 dB/+41 dB mode (that is, using a fixed ampli- 
fier gain of 41.07 dB) its input is only 8.84 mV; thus the distor- 
tion can be very low. Equally important, the small-signal gain 
and phase response, and thus the pulse response, are essentially 
independent of gain. 


Figure 1 is a simplified schematic. The input attenuator is a — 


seven-section R-2R ladder network, using untrimmed resistors 
of nominally R= 62.5 0, which results in a characteristic resis- 
tance of 125 + 20%. A shunt resistor is included at the input 
and laser trimmed to establish a more exact input resistance of 
100 + 3%, which ensures accurate operation (gain and HP 
corner frequency) when used in conjunction with external resis- 
tors or capacitors. | 


The nominal maximum signal at input VINP is 1 V rms 
(+1.4 V peak) when using the recommended +5 V supplies, 
although operation to +2 V peak is permissible with some 
increase in HF distortion and feedthrough. Pin 4 (SIGNAL 
COMMON) must be connected directly to the input ground; signifi- 
cant impedance in this connection will reduce the gain accuracy. 


The signal applied at the input of the ladder network is attenu- 
ated by 6.02 dB by each section; thus, the attenuation to each of 
the taps is progressively 0 dB, 6.02 dB, 12.04 dB, 18.06 dB, 
24.08 dB, 30.1 dB, 36.12 dB and 42.14 dB. A unique circuit 
technique is employed to interpolate between these tap-points, 
indicated by the “slider” in Figure 1, thus providing continuous 
attenuation from 0 dB to 42.14 dB. It will help, in understand- 
ing the AD603, to think in terms of a mechanical means for 
moving this slider from left to right; in fact, its “position” is | 
controlled by the voltage between Pins 1 and 2. The details of 
the gain-control interface are discussed later. _ 


The gain is at all times very exactly determined, and a linear-in- 
dB relationship is automatically guaranteed by the exponential 
nature of the attenuation in the ladder network (the X-AMP 
principle). In practice, the gain deviates slightly from the ideal 
law, by about +0.2 dB peak (see, for example, Figure 16). . 
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PRECISION PASSIVE . 
INPUT ATTENUATOR 


GAIN 
CONTROL 
INTERFACE 


FIXED GAIN 
AMPLIFIER 


oge 6. 02dB -12.04dB -18.06dB ~22. osdB -30. tee -36.12dB ~42. 14dB 


R - 2R LADDER NETWORK 


*NOMINAL VALUES 


_ Figure 1. Simplified Block Disorai of the AD603 


Noise Performance : 

An important advantage of the X-AMP is its superior noise per- 
formance. The nominal resistance seen at inner tap points is 
41.7 (one third of 125 0), which exhibits a Johnson noise- — 
spectral density (NSD) of 0.83 nV/\/Hz (that is, \/4KTR) at 
27°C, which is-a large fraction of the total input noise. The first 
stage of the amplifier contributes a further 1 nV/\/Hz, fora — 


total input noise of 1.3 nV/\/Hz. It will be apparent that itis 
essential to use a low resistance in the ladder network to achieve 


the very low specified noise level. The signal’s source impedance 
forms a voltage divider with the AD603’s 100 © input resis- 
tance. In some applications, the resulting attenuation may be . . 
unacceptable, requiring the use of an external buffer or pream- 
plifier to match a high impedance source to the low yamipecance 
AD603. 


The noise at maximum gain (that is, at the 0 dB san) depends 
on whether the input is short-circuited or open-circuited: when 
shorted, the minimum NSD of slightly over 1 nV/\/Hz is | 
achieved; when open, the resistance of 100 © looking into the 
first tap generates 1.29 nV/\/Hz, so the noise increases to a tot 
of 1.63 nV/\/Hz. (This last calculation would be important if : 
the AD603 were preceded by, for example, a 900 © resistor to » 
allow operation from inputs up to 10 V rms.) As the selected tap 
moves away from the input, the dependence of the noise on 
source. impedance quickly diminishes. | 


Apart from the small variations just acaeed, the Sendbine 
noise (S/N) ratio at the output is essentially independent of the 
_ attenuator setting. For example, on the —11 dB/+31 dB range . 


ue _ the fixed gain of X35.8 raises the output NSD to 46.5 nV/\/Hz. 


Thus, for the maximum undistorted output of 1 V rms anda 
1 MHz:bandwidth, the output S/N ratio would DE 86.6 dB, that 
iS, 20 log ! V/46.5 pV). 


The Gain-Control Interface a : 

The attenuation is controlled through a aferental, high- 
impedancé (50 MQ) input, with a scaling factor which is laser- 
trimmed to 40:dB per volt, that is, 25 mV/dB. An internal . 
bandgap reference ensures stability of the scaling with neater’ to 
supply and temperature variations. 


When the differential input voltage V, = 0 V, the attenuator 
“slider” is centered, providing an attenuation of 21.07 dB. For 
the maximum bandwidth range, this results in an overall gain of 
10 dB (= —21.07 dB + 31.07 dB). When the control input is 
—500 mV, the gain is lowered by 20 dB (= 0.500 V x 40 dB/V), 


20-20 SIGNAL COMPRESSION COMPONENTS 


to —10 dB; when set to +500 mV, the gain is fictensea be: 

20 dB, to 30 dB. When this interface is overdriven in either 
direction, the gain approaches either — 11.07 dB (= —42.14dB + 
31.07 dB) or 31.07 dB (= 0 + 31.07 dB), respectively. The only 
constraint on the gain-control voltage is that it be kept within © 
the common-mode range (—1.2 V to +2.0 V assuming +5.V 
supplies) of the gain control interface. 

The basic gain of the AD603 can thus be calculated using the 
following simple expression: 


Gain (dB) = 40 Ve + 10 Eq. @ 


where V, is in volts. When Pins 5 and 7 are strapped aa next | 
section) the gain becomes 


Gain (dB) = 40 Ve + 20 for 0 to +40 dB 
and a ? | 
Gain (dB) = 40 Vo + 30 for +1010 +50dB Eq. (2) 


The high impedance gain-control input ensures minimal loading 
when driving many amplifiers in multiple channel or cascaded 
applications. The differential capability provides flexibility in 
choosing the appropriate appa levels and. polarities for various 
control schemes. : We . 


For example, if the gain is to ba sacieolicd by a DAC providing 
a positive only ground-referenced output, the “Gain Control 

LO” (GNEG) pin should be biased to a fixed offset of +500 mV, 
to set the gain to —10 dB when “Gain Control HI” (GPOS) is at 
zero, and to 30 dB when.at +1.00 V. 


It is a simple matter to include a voltage divider to achieve other 
scaling factors. When using an 8-bit DAC having a FS output of 
+2.55 V (10 mV/bit), a divider ratio of 2 (generating 5 mV/bit) 
would result in a gain-setting resolution of 0.2 dB/bit. The use 

of such offsets is valuable when two AD603s are cascaded, when. 
various options exist for optimizing the S/N profile, as will be 
shown later. 


Programming the Fixed-Gain Amplifier Using Pin Strapping 
Access to the feedback network is provided at Pin 5 (FDBK). .: 
The user may program the gain of the AD603’s output amplifier : 
using this pin, as shown in Figure 2. There are three modes: in 
the default mode, FDBK is unconnected, providing the range 


~ +9 dB/+51 dB; when Voyz and FDBK are shorted, the gain is 


lowered to —11 dB/+31 dB; when an external resistor is. placed 
between Voy and FDBK any intermediate gain can be 
achieved, for example, —1 dB/+41 dB. Figure 3 shows the 
nominal maximum gain versus external resistor for this mode. 
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(4)COMM FDBK(5) 


—_ T 18pF 


c. +10 dB to 50 dB; 9 MHz Bandwidth 


Figure 2. Pin Strapping to Set Gain 
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Figure 3. Gain vs. Rex7, Showing Worst-Case Limits 
Assuming Internal Resistors Have a Maximum Tolerance 
of 20% 


Optionally, when a resistor is placed from FDBK to COMM, 
higher gains can be achieved. This fourth mode is of limited 


value because of the low bandwidth and the elevated output off- 


sets; it is thus not included in Figure 2. 


REV. A 


AD603 


The gain of this amplifier in the first two modes is set by the 
ratio of on-chip laser-trimmed resistors. While the ratio of these 
resistors is very accurate, the absolute value of these resistors 
can vary by as much as +20%. Thus, when an external resistor 
is connected in parallel with the nominal 6.44 kQ + 20% inter- 
nal resistor, the overall gain accuracy is somewhat poorer. The 
worst-case error occurs at about 2 kf) (see Figure 4). 
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Figure 4, Worst-Case Gain Error, Assuming Internal Resis- 
tors Have a Maximum Tolerance of —20% (Top Curve) or 
+20% (Bottom Curve) 


While the gain-bandwidth product of the fixed-gain amplifier is 
about 4 GHz, the actual bandwidth is not exactly related to the 
maximum gain. This is because there is a slight enhancing of 
the ac response magnitude on the maximum bandwidth range, 
due to higher order poles in the open-loop gain function; this 
mild peaking is not present on the higher gain ranges. Figure 2 
shows how optional capacitors may be added to extend the fre- 
quency i die in high gain modes. 


CASCADING TWO AD603s 

Two or more AD603s can be connected in series to achieve 
higher gain. Invariably, ac coupling must be used to prevent the 
dc offset voltage at the output of each amplifier from overload- 
ing the following amplifier at maximum gain. The required high 
pass coupling network will usually be just a capacitor, chosen to 
set the desired corner frequency in conjunction with the well- 
defined 100 (1 input resistance of the following amplifier. 


For two AD603s, the total gain-control range becomes 84 dB 


(two times 42.14 dB); the overall —3 dB bandwidth of cascaded 


stages will be somewhat reduced. Depending on the pin- 
strapping, the gain and bandwidth for two cascaded amplifiers 


. .can range from —22 dB to +62 dB (with a bandwidth of about 


70 MHz) to +22 dB to +102 dB (with a bandwidth of about 
6 MHz). 


There are several ways of connecting the gain-control inputs in 
cascaded operation. The choice depends on whether it is impor- 
tant to achieve the highest possible Instantaneous Signal-to- 
Noise Ratio (ISNR), or, alternatively, to minimize the ripple in 
the gain error. The following examples feature the AD603 pro- 
grammed for maximum bandwidth; the explanations apply to 
other gain/bandwidth combinations with appropriate changes to 
the arrangements for setting the maximum gain. 
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Sequential Mode (Optimal S/N Ratio) 


In the sequential mode of operation, the ISNR is maintained at — 


its highest level for as much of the gain control range possible. 
Figure 5, shows the SNR over a gain range of —22 dB to +62 dB, 


assuming an output of 1 V rms and a 1 MHz bandwidth; Figure 


6 shows the general connections to accomplish this. Here, both 
the positive gain-control inputs (GPOS) are driven in parallel by 
a positive-only, ground-referenced source with a range of 0 V to 
+2 V, while the negative gain-control inputs (GNEG) are biased 
by stable voltages to provide the needed gain-offsets. These volt- 
ages may be provided by resistive dividers operating from a 
common in vOee reference. 


S/N. RATIO - dB _ 


Figure 5. SNR vs. Control Voltage — Sequential Control 
(1 MHz) Bandwidth) 


—40.00dB 
GPOS _ GNEG 


INPUT 


_ OdB GNEG 


~ |GPOS 


Vo = 1.25V 


(b) 


31.07dB 


GPOS __GNEG 
Pre a 


The gains are offset (Figure 7) such that A2’s gain is increased 
only after Al’s gain has reached its maximum value. Note that 
for a differential input of —600 mV or less, the gain of a single 
amplifier (Al or A2) will be at its minimum value of —11.07 dB; 
for a differential input of +600 mV or more, the gain will be at 
its maximum value of 31.07.dB. Control inputs beyond these 
limits will not affect the gain and can be tolerated without dam- 
age or foldover in the response. This is an important aspect of 
the AD603’s gain-control response. (See the Specifications sec- 
tion of this data.sheet for more details on the allowable voltage 
range). The gain is now 


Gain (dB) = 40Vg + Go Eq. (3) 


where V, is the applied control voltage and Go is determined 

by the gain range chosen. In the explanatory notes that follow, 
we assume the maximum-bandwidth connections are ee for 
which Go is —20 dB. : 


+31 708 


+28.96dB 


-8.93dB 
‘ ~11.07dB 
GAIN. 0 05 1.0 1.50 2.0 Vo (V) 
(dB) ~22.14 20 0 20 : 40 60 62, 14 


*GAIN OFFSET OF 1 Ride: or 26.75mV 


Figure 7. Explanation of Offset Calibration for Sequential 
Control 
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Figure 6. AD603 Gain Control Input Calculations for Sequential Control Operation. 
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With reference to Figure 6, note that Vg, refers to the differen- 
tial gain-control input to Al and V,, refers to the differential 
gain-control input to A2. When V, is zero, Vg, = —473 mV 15 
and thus the gain of Al is —8.93 dB (recall that the gain of each 
individual amplifier in the maximum-bandwidth mode is — 10 dB 


for Vg = —500 mV and 10 dB for Vg = 0 V); meanwhile, VG2 a ie 

= —1.908 V so the gain of A2 is “pinned” at —11.07 dB. The a 

overall gain is thus —20 dB. This situation is shown in Figure 6a. c 0.0 

When Vg = +1.00 V, Vg; = 1.00 V ~ 0.473 V = +0.526 V, ve 
Oo 


which sets the gain of Al to at nearly its maximum value of 
31.07 dB, while V,, = 1.00 V — 1.526 V = —0.526 V, which 1.0 
sets A2’s gain at nearly its minimum value —11.07 dB. Close 


analysis shows that the degree to which neither AD603 is com- a 

pletely pushed to its maximum or minimum gain exactly cancels 2.0 

in the overall gain, which is now +20 dB. This is depicted in Oe TOS Oe OAR OS 08. NOS Tas BOF R 2022 
Figure 6b. Ye 

When V,, = +2.0 V, the gain of Al is pinned at 31.07 dB and Figure 10. Gain Error for Cascaded Stages — Sequential 
that of A2 is near its maximum value of 28.93 dB, resulting in Control 


an overall gain of 60 dB (see Figure 6c). This mode of operation 
is further clarified by Figure 8, which is a plot of the separate 
gains of Al and A2 and the overall gain versus the control volt- 
age. Figure 9 is a plot of the gain error of the cascaded amplifi- 
ers versus the control voltage. Figure 10 is a plot of the gain 
error of the cascaded stages versus the control voltages. 


Parallel Mode (Simplest Gain-Control Interface) 

In this mode, the gain-control of voltage is applied to both 
inputs in parallel—the GPOS pins of both Al and A2 are con- 
nected to the control voltage and the GNEW inputs are | 
grounded. The gain scaling is then doubled to 80dB/V, requir- 
ing only a 1.00 V change for an 80 dB change of gain: 


Gain (dB) = 80 Vg + Go Eq. (4) 


where, as before Go depends on the range selected; for example, 
in the maximum-bandwidth mode, Go is +20 dB. Alternatively, 
the GNEG pins may be connected to an offset voltage of 
+0.500 V, in which case, Go is —20 dB. 


The amplitude of the gain ripple in this case is also doubled, as 
shown in Figure 11, while the instantaneous signal-to-noise ratio 
at the output of A2 now decreases linearly as the gain increased 
(Figure 12). 
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Figure 8. Plot of Separate and Overall Gains in Sequential 
Control 
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Figure 11. Gain Error for Cascaded Stages — Parallel 
Control 


Low Gain Ripple Mode (Minimum Gain Error) 

As can be seen from Figures 9 and 10, the error in the gain is 
periodic, that is, it shows a small ripple. (Note that there is also 
a variation in the output offset voltage, which is due to the gain 


Figure 9. SNR for Cascaded Stages — Sequential Control 
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Figure 12. ISNR for Cascaded Stages — Parallel Control 


interpolation, but this is not exact in amplitude.) By offsetting 
the gains of Al and A2 by half the period of the ripple, that is, 
by 3 dB, the residual gain errors of the two amplifiers can be 
made to cancel. Figure 13 shows that much lower gain ripple 
when configured i in this manner. Figure 14 plots the ISNR as a 
| function of gain; it is very similar to that i in the “Parallel Mode.” 
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Figure 13, Gain Error for Cascaded Stages — Low npr . 
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Figure 14. ISNR vs. Control Voltage —Low Ripple Mode 
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THEORY OF THE AD603 
A Low Noise AGC Amplifier | 
Figure 15 shows the ease with which the AD603 can Sie con- 


nected as an AGC amplifier. The circuit illustrates many of the 


points previously discussed: It uses few parts, has linear-in-dB 
gain, operates from a single supply, uses two cascaded amplifiers 
in sequential gain mode for maximum S/N ratio, and an external 
resistor _programs each amplifier’s gain. It also uses a simple’ 
temperature- compensated detector. 


The circuit operates from a single 10 V supply. Reon Rl, 
R2 and R3, R4 bias the common pins of Al and A2 at 5 'V.: 
This pin is a low impedance point and must have a low imped- 
ance path to ground, here provided by the 100 pF tantalum 


capacitors and the 0.1 wF ceramic capacitors. 7: 


~The cascaded amplifiers operate in sequential ate: the 


offset voltage between the pins 2 (GNEG) of Al and A2 is 1.05 V 
(42.14 dB x 25 mV/dB), provided by a voltage divider consist- 
ing of resistors R5, R6, and R7. Using standard values, the off- 
set is not exact but it is not critical for this application. 


The gain of both Al and A2 is programmed by resistors R13 
and R14, respectively, to be about 42 dB; thus the maximum 
gain of the circuit is twice that, or 84 dB. The gain-control 
range can be shifted up by as much as 20 dB by appropriate 
choices of RI3 and R14. 7 | 


The circuit operates as follows. Al and A2 are cascaded. Capaci- 
tor Cl and the 100 © of resistance at the input of Al form a 
time-constant of 10 ys. C2 blocks the small dc offset voltage at 
the output of Al (which might otherwise saturate A2 at its max- 
imum gain) and introduces a high-pass corner at about 16 kHz, 
eliminating low frequency noise. | 


A half-wave detector is used, based: on Q]1 and R8. The current 
into capacitor Cay is just the difference between the collector 
current of Q2 (biased to be 300 A at 300 K, 27°C) and the col- 
lector current of Q1, which increases with the amplitude of the 
output signal. The automatic gain control voltage, Vcc; is the 
time-integral of this error current. In order for Vagc (and thus 
the gain) to remain insensitive to short-term amplitude fluctua- 
tions in the output signal, the rectified current in Q1 must, on 
average, exactly balance the current in Q2. If the output of A2 
is too.small to do this, Vagc will increase, causing the gain to | 
increase, until Q1 conducts sufficiently. 


Consider the case where R8 is zero and the output voltage Voyy 
is a Square wave at, say, 455 kHz, that is, well above the corner 
frequency of the control loop. 


During the time Voyrt is negative with respect to the base volt- 
age of Q1, Q1 conducts; when Voyz is positive, it is cut off. 
Since the average collector current of Ql] is forced to be 300 pA, 
and the square wave has a duty-cycle of 1:1, Q1’s collector cur- 
rent when conducting must be 600 pA. With R8 omitted, the 
peak amplitude of Voy is forced to be just the Vgz of QI] at 
600 A, typically about 700 mV, or 2 Vgx peak-to- peak. This 
voltage, hence the amplitude at which the output stabilizes, has 
a strong negative temperature coefficient (TC), typically —1.7 
mV/°C. Although this may not be troublesome in some applica- 
tions, the correct value of R8 will render the output stable with 
temperature. 


To understand this, first note that the current in Q2 is made to 
be proportional to absolute temperature (PTAT). For the 
moment, continue to assume that the signal is a square wave. 
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When Q] is conducting, Voy is now the sum of Vp, and a 
voltage which is PTAT and which can be chosen to have an 
equal but opposite TC to that of the Vgz. This is actually noth- 
ing more than an application of the “bandgap voltage reference” 
principle. When R8 is chosen such that the sum of the voltage 
across it and the Vgp of Q1 is close to the bandgap voltage of 
about 1.2 V, Voury will be stable over a wide range of tempera- 
tures, provided, of course, that Q1 and Q2 share the same ther- 
mal environment. 


Since the average emitter current is 600 pA during each half- 
cycle of the square wave a resistor of 833 (2 would add a PTAT 
voltage of 500 mV at 300 K, increasing by 1.66 mV/°C. In prac- 
tice, the optimum value will depend on the type of transistor 
used, and, to a lesser extent, on the waveform for which the 
temperature stability is to be optimized; for the inexpensive 
2N3904/2N306 pair and sine wave signals, the recommended 
value is 806 ©. 


This resistor also serves to lower the peak current in Q1 when 
more typical signals (usually, sinusoidal) are involved, and the 
1.8 kHz LP filter it forms with Cay helps to minimize distor- 
tion due to ripple in VAGC. Note that the output amplitude 
under sinewave conditions will be higher than for a square 
wave, since the average value of the current: for an 1deal rectifier 
would be 0.637 times as large, causing the output amplitude to 
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be 1.88:(=1.2/0.637) V, or 1.33 V rms. In practice, the some- 
what nonideal rectifier results in the sine wave output being reg- 
ulated to about 1.4 V rms, or 3.6 V p-p. 


The bandwidth of the circuit exceeds 40 MHz. At 10.7 MHz, 
the AGC threshold is 100 ~V (—67 dBm) and its maximum gain 
is 83 dB (20 log 1.4V/100 V). The circuit holds its output at 
1.4 V rms for inputs as low as —67 dBm to +15 dBm (82 dB), 
where the input signal exceeds the AD603’s maximum input 
rating. For a —30 dBm input at 10.7 MHz, the second har- 
monic is 34 dB down from the fundamental and the third har- 
monic is 35 dB down. 


CAUTION 

Careful component selection, circuit layout, power-supply 
decoupling, and shielding are needed to minimize the AD603’s 
susceptibility to interference from radio and TV stations, etc. In 
bench evaluation, we recommend placing all of the components 
in a shielded box and using feedthrough decoupling networks 
for the supply voltage. Circuit layout and construction are also 
critical, since stray capacitances and lead inductances can form 
resonant circuits and are a potcnna source of circuit peaking, 
oscillation, or both. 
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Figure 15. A Low Noise AGC Amplifier 
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REF LEVEL /DIV MARKER 505 156.739Hz 
8.100dB 1.000dB MAG(UDF) 4.127dB 
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- Figure 17. Frequency and Phase — 
Response vs. Gain (Gain = —10 aB, 


Figure 16. Gain Error vs. Gain Con- 
trol Voltage at 455 kHz, 10.7 MHz, 


45 MHz, 70 MHz Pin = —30 dBm, Pin 5 eonnedted to” 
ar Pin 7) 
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Figure 19. Frequency and Phase 
Response vs. Gain (Gain = +30 aB, 

Pin, = —30 dBm, Pin 5 Connected to 
Pin 7) 
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Figure 18. Frequency and pages” 
Response vs. Gain (Gain = +10 dB, 
P.j = —30 dBm, Pin 5 Connected to 
Pin 7) | 
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Figure 23. Third Order Intermodula- 
tion Distortion at 10.7 MHz (10x 
Probe Used to HP3585A Spectrum 
Analyzer, Gain = 0 dB, Pix, = 0 dBm, 
Pin 5 Connected to Pin 7) 
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Figure 26. Input Impedance vs. Fre- 
quency (Gain = +10 dB) 
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Figure 29. Input Stage Overload 
Recovery Time, Pin 5 Connected to 
Pin 7 (Input Is 500 ns Period, 50% 
Duty-Cycle Square Wave, Output Is. 
Captured Using Tektronix 11402 
Digitizing Oscilloscope) 
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Figure 24. Typical Output Voltage’ 
Swing vs. Load Resistance (Nega- 
tive Output Swing Limits First) 
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Figure 27. Input Impedance vs. 
Frequency (Gain = +30 dB) 
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Figure 30. Output Stage Overload 
Recovery Time, Pin 5 Connected to 
Pin 7 (Input is 500 ns Period, 50% 
Duty-Cycle Square Wave, Output Is 
Captured Using Tektronix 11402 
Digitizing Oscilloscope) 


INPUT IMPEDANCE — Ohms 


GND 
500mV 


Ee is 


—1.5V 


te 4 
to heli 
zs 
“CCH 
“Coe 
100k 1M 10M 100M 


FREQUENCY -— Hz 


Figure 25. Input Impedance vs. 
Frequency (Gain = —10 dB) 


Figure 28. Gain-Control Channel 
Response Time 
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Figure 31. Transient Response, 

G = 0 dB, Pin 5 Connected to Pin 7 
(Input is 500 ns Period, 50% Duty- 
Cycle Square Wave, Output Is Cap- 
tured Using Tektronix 11402 
Digitizing Oscilloscope) 
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Figure 32. Transient Response, 

G = +20 dB, Pin 5 Connected to Pin 
7 (Input is 500‘ns Period, 50% Duty- 

Cycle Square Ware, Output Is Cap- 

tured Using Tektronix 11402 | 

Digitizing Oscilloscope) 
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Figure 33. PSRR vs. Frequency 
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ANALOG 
DEVICES 


FEATURES 
Logarithmic Amplifier Performance 
—75 dBm to +5 dBm Dynamic Range 
<1.5nV/VHz Input Noise 
Usable to >50 MHz 
37.5 mV/dB Voltage Output 
On-Chip Low-Pass Output Filter 
Limiter Performance 
+1 dB Output Flatness over 80 dB Range 
+3° Phase Stability at 10.7 MHz over 80 dB Range 
Adjustable Output Amplitude 
Low Power 
+5 V Single Supply Operation 
65 mW Typical Power Consumption 
CMOS Compatible Power-Down to 325 .W typ 
<5 ws Enable/Disable Time 


APPLICATIONS 

Ultrasound and Sonar Processing 
Phase-Stable Limiting Amplifier to 100 MHz 
Received Signal Strength Indicator (RSSI) 
Wide Range Signal and Power Measurement 


PRODUCT DESCRIPTION 

The AD606 is a complete, monolithic logarithmic amplifier 
using a 9-stage “‘successive-detection” technique. It provides 
both logarithmic and limited outputs. The logarithmic output is 
from a three-pole post-demodulation low-pass filter and provides 


50 MHz, 80 dB Demodulating 


Logarithmic Amplifier with Limiter Output 


a loadable output voltage of +0.1 V dc to +4 V dc. The loga- 
rithmic scaling is such that the output is +0.5 V for a sinusoidal 
input of —75 dBm and +3.5 V at an input of +5 dBm; over 
this range the logarithmic linearity is typically within +0.4 dB. 
All scaling parameters are proportional to the supply voltage. 


The AD606 can operate above and below these limits, with 
reduced linearity, to provide as much as 90 dB of conversion 
range. A second low-pass filter automatically nulls the input 
offset of the first stage down to the submicrovolt level. Adding 
external capacitors to both filters allows operation at input fre- 
quencies as low as a few hertz. 


The AD606’s limiter output provides a hard-limited signal out- 
put as a differential current of +1.2 mA from open-collector 
outputs. In a typical application, both of these outputs are 
loaded by 200 © resistors to provide a voltage gain of more than 
90 dB from the input. Transition times are 1.5 ns, and the 
phase is stable to within +3° at 10.7 MHz for signals from 

—75 dBm to +5 dBm. 


The logarithmic amplifier operates from a single +5 V supply 
and typically consumes 65 mW. It is enabled by a CMOS logic- 
level voltage input, with a response time of <5 jus. When dis- 
abled, the standby power is reduced to <1 mW within 5 ups. 


The AD606J is specified for the commercial temperature range 
of 0°C to +70°C and is available in 16-pin plastic DIPs or 
SOICs. Consult the factory for other packages and temperature 
ranges. 
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Model 
Parameter. - 


SIGNAL INPUT - 
Log Amp fax 

Limiter fax 

“ Dynamic Range 
Input Resistance ~ 
Input Capacitance 


SIGNAL OUTPUT | 
Limiter Flatness 


| Conditions. oe 


AC Coupled; Sinusoidal Input 
AC Coupled; Sinusoidal Input 


' Differential Input 


Differential Input 


~75.dBm.to +5 dBm Input Signal at 10.7 MHz 
With Pin 9 to Vpos via a 200 2) Resistor 


— and Pin 8 to Vase. via a 200 © Resistor 


Output Current 


Phase Variation with Input Level — 
LOG (RSSI ) OUTPUT 
Nominal Slope 


Slope Accuracy 

Intercept ent 
Logarithmic Conformance 
Nominal Output 


Accuracy over Temperature | 
Video Response Time > 


POWER-DOWN INTERFACE 
Power-Up Response Time 


Input Bias Current 


POWER SUPPLY 
Operating Range 
Powered-Up Current 


7 At Pins 8 or 9, Proportional to Vposs LADJ Grounded 
~LADJ Open Circuited 


—75 dBm to +5 dBm Input Signal at 10.7 MHz . 


At 10.7 MHz; (0.0075 x Vpos)dB 

At 45 MHz. 

Untrimmed at 10.7 MHz . 
Sinusoidal Input; Independent of Veceo 


#7) dBm to +5 dBm Input Signal at 10.7 MHz 
_ Input Level = —75 dBm 


Input Level =. —35 dBm 
Input Level = +5 dBm 
After Calibration at —35 dBm at 10.7 MHz 


— Tan to Tmax 


From Onset of Input Signal Until Obst Reaches 


95% of Final Value | 


Time Delay Following HI Transition Until. 
|. Device Meets Full Specifications 
AC Coupled with 100 pF Coupling Capacitors 
Logical HI Input (See Figure 12) 
Logical LO Input 


Zero Signal Input 


Tyan to Tmax 


Powered-Down Current 


Twin to Tyax 


Min” 


~ AD6O6Y © ) 


AD606 — -SPECIF ICATIONS a = +25°C and supply = +5 V unless otherwise noted; dBm assumes ag. Q) 


Specifications shown in boldface are e tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. 
All min and max specifications are guaranteed, although only: those shown in boldface are tested on all production units. 


Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS* 


Supply Voltage Vase scone eo ye Sen os aOR ie who ke +9V 
Internal Power Dissipation’ ...............20.. 600 mW 
Operating Temperature Range............. 0°C to +70°C 
Storage Temperature Range ........... —65°C to + 150°C 


Lead Temperature, Soldering 60 sec ............ +300°C 
NOTES 
*Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended rating conditions for 
extended periods may affect device reliability. 
‘Thermal Characteristics: 
16-Pin Plastic DIP Package: 6,4 = 85°C/W 
16-Pin SOIC Package: 8;, = 100° C/W 


ORDERING GUIDE 
Temperature 
Range 
0°C to +70°C 
0°C to +70°C 


*For outline information see Package Information section. 


Package* 


16-Pin Plastic DIP (N-16) 
16-Pin Narrow-Body SOIC (R-16A) 


AD606JN 
AD606JR 


CONNECTION DIAGRAM > 
| Plastic DIP (N) 
and 
Small Outline (R) 
Packages 


INHI 


INLO |1]@ 
comm[2| 15 | COMM 
“isum [3] 14 | PRUP 
Loa {4}; AD606 = 13] vos. 
sew [=] got, fa] rus 
 vioa | 6| | 41] FIL2 
open | 7 | 10} LADJ 
LMLO | 8 19 | LMHI 
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PIN FUNCTIONS 


Pin Mnemonic Function 


1 INLO DIFFERENTIAL RF INPUT © 

—75 dBm to +5 dBm, Inverting, AC ge 
POWER SUPPLY COMMON 

Connect to Ground. 


LOG DETECTOR SUMMING NODE 
LOG CURRENT OUTPUT 

Normally No Connection; 2 ~A/dB Output 
Current. 

BUFFER INPUT 

Optionally Used to Realize Low Breaucncy 
Post-Demodulation Filters. 

BUFFERED LOG OUTPUT 

37.5 mV/dB (100 mV to 4.5 V). 

OUTPUT COMMON 

Connect to Ground. 


DIFFERENTIAL LIMITER OUTPUT 
1.2 mA Full-Scale Output Current. Open 
Collector Output Must Be “Pulled” Up 
to VPOS with R = 4000. | 
DIFFERENTIAL LIMITER OUTPUT 
1.2:mA Full-Scale Output Current. Open 
Collector Output Must Be “Pulled” Up to 
VPOS with R:= 400 0... 

_ LIMITER LEVEL ADJUSTMENT 
Optionally Used to Adjust Limiter Output 
Current. 


OFFSET LOOP LOW-PASS FILTER . 
Normally No Connection; a-Capacitor Between : 
FIL] and FIL2 May Be Added to Lower:the 
Filter Cutoff Frequency. 

OFFSET LOOP LOW-PASS FILTER 
‘Normally No Connection; See Above. 
POSITIVE SUPPLY 

Connect to +5 V at 13 mA. 


POWER UP 
CMOS (5 V) Logical High = Device On 
(~ 65 mW). . : 
CMOS (0 V) Logical Low = Device Off 
(~ 325 pW). 
~ POWER SUPPLY COMMON 
Connect to Ground. — 
DIFFERENTIAL RF INPUT 
775 dBm to +5 dBm, Noninverting, AC Coupled. 


2 COMM 


3 ISUM 
4 ILOG 


5 BFIN 


6 VLOG 
7 OPCM 


8 LMLO 
9 LMHI 


10 LADJ 


1] FIL1 | 


12 FIL2 
13 VPOS 


14 PRUP_ 


15 COMM 


16 INHI 
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_ INPUT LEVEL CONVENTIONS 

RF logarithmic amplifiers usually have their input speched 3 in 
“dBm,” meaning “decibels with respect to 1 mW.” Unfortu- 
nately, this is not precise for several reasons. 


1. Log amps respond not to power but to voltage. In this 
respect, it would be less ambiguous to use “dBV” (decibels 
referred to 1 V) as the input metric. Also, power is depen- 
dent on the rms (root-mean-square) value of the signal, while 
log amps are not inherently rms responding. 


2. The response of a demodulating log amp depends on the. 
waveform. Convention assumes that the input is sinusoidal. 
However, the AD606 is capable of accurately handling any 
input waveform, including.ac voltages, pulses and square 
waves, Gaussian noise, and so on. See the AD640 data sheet, 
which covers the effect of waveform on logarithmic intercept, 
for more information. 


3. The impedance in which the specified power is measured is 
not always stated. In the log amp context it is invariably 
assumed to be 50 2. Thus, 0 dBm means “1 mW rms in 

- §0 0,” and corresponds to an rms voltage of \/(1 mW x 50), 
or 224 mV. 


Popular convention requires the use of dBm to simplify the 
comparison of log amp specifications. Unless otherwise stated, 
sinusoidal inputs expressed as dBm in 50 © are used to specify 
the performance of the AD606 throughout this data sheet. We 
will also show the corresponding rms voltages where it helps to’ 
clarify the specification. Noise levels will likewise be given in 
dBm; the response to Gaussian noise is 0.5 dB higher than for a 
sinusoidal input of the same rms value. 


Note that dynamic range, being a simple ratio, is always speci- © 
fied simply as “dB”, and the slope of the logarithmic transfer 
function is correctly Species Bs “mV/dB, ” NOT as “mV/dBm.” 


LOGARITHMIC SLOPE AND INTERCEPT 

A generalized logarithmic amplifier having an input voltage Vig 
and output voltage V; oq must satisfy a transfer function of the 
form | | 


Viog = Vy logio (Vin/Vx) 


where, in the case of the AD606, the voltage V;, is the differ- 
ence between the voltages on pins INHI and INLO, and the 
voltage V; oc is that measured at the output pin VLOG. Vy and 
Vx are fixed voltages that determine the slope and intercept of 
the logarithmic amplifier, respectively. These parameters are . 
inherent in the design of a particular logarithmic amplifier, 
although may be adjustable, as in the AD606. When V;, = Vx; 
the logarithmic argument is one, hence the logarithm is zero. 
Vx is, therefore, called the logarithmic intercept voltage because 
the output voltage V,_o, crosses zero for this input. The slope 
voltage Vy is can also be interpreted as the “volts per decade” 
when using base-10 logarithms as shown here. 


Note carefully that V; oq and VLOG in the above paragraph 
(and elsewhere in this data sheet) are different. The first is a 
voltage; the second is a pin designation. 


This equation suggests that the input V,, is a dc quantity, and,. 
if Vx is positive, that V,,,; must likewise be positive, since the 

_ logarithm of a negative number has no simple meaning. In fact, 
in the AD606, the response is independent of the sign of Vin - 
because of the particular way in which the circuit is built. This 
is Part of the demodulating nature of the ampules, which 
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results in an alternating input voltage being transformed into a 
quasi-de (rectified and filtered) output voltage. : 


The single supply nature of the AD606 results in common-mode 
level of the inputs INHI and INLO being at about +2.5 V 
(using the recommended +5 V supply). In normal ac operation, 
this bias level is developed internally and the input signal is cou- 
pled in through dc-blocking capacitors. Any residual dc offset 
voltage in the first stage limits the logarithmic accuracy for small 
inputs. In ac operation, this offset is automatically and continu- 
ously nulled via a feedback path from the last stage, provided 
that the pins INHI and INLO are not shorted together, as would 
be the case if transformer coupling were used for the signal. 


While any logarithmic amplifier must eventually conform to the 
basic equation shown above, which, with appropriate elabora- 
tion, can also fully account for the effect of the signal waveform 
on the effective intercept,’ it is more convenient in RF applica- 
tions to use a simpler expression. This simplification results . 


from first, assuming that the input is always sinusoidal, and sec- 


ond, using a decibel representation for the input level. The stan- 
dard representation of RF levels is (incorrectly, in a log amp 
context) in terms of power, specifically, decibels above 1 milli- 
watt (dBm) with a presumed impedance level of 50 0. That 
being the case, we can rewrite the transfer function as 


Vioc= Vy (Pin-Px) 


where it must be understood that P;,; means the sinusoidal — 
input power level in a 50 © system, expressed in dBm, and P, 
is the intercept, also expressed in dBm. In this case, Pj, and Px 
are simple, dimensionless numbers. (P, is sometimes called the 
“logarithmic offset,” for reasons which are obvious from the 
above equation.) Vy is still defined as the logarithmic slope, 
usually specified as so many millivolts per decibel, or mV/dB. 


In the case of the AD606, the slope voltage, Vy, is nominally 
750 mV when operating at Vpos = 5 V. This can also be 
expressed as 37.5 mV/dB or 750 mV/decade; thus, the 80 dB 
range equates to 3 V. Figure 1 shows the transfer function of © 
the AD606. The slope is closely proportional to Vpos, and can 
more generally be stated as Yy = 0.15 X Vpos. Thus, in those 
applications where the scaling must be independent of supply 
voltage, this must be stabilized to the required accuracy. In 
applications where the output is applied to an A/D converter, 


VLOG - Volts DC 


INTERCEPT 
AT -88.33dBm 


-100 -80 -60 —40 -20 0 +20 
INPUT SIGNAL - dBm 


Figure 1. Nominal Transfer Function 


See, for example, the. AD640 data sheet, which is published in Section 3 of 
the Special Linear Reference Manual or Section 9.3 of the 1992 Amplifi ter 
Applications Guide. 
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the reference for that converter should be a fractional part of 
Vros: if possible. The slope is essentially independent of 
temperature. 


The intercept P, is essentially independent of either the supply 
voltage or temperature. However, the AD606 is not factory- 
calibrated, and both the slope and intercept may need to be 
externally adjusted. Following calibration, the conformance to 
an ideal logarithmic law will be found to be very close, particu- 
larly at moderate frequencies (see Figure 14), and still accept- 
able at the upper end of the frequency range (Figure 15). 


CIRCUIT DESCRIPTION | 

Figure 2 is a block diagram of the AD606, which is a complete 
logarithmic amplifier system in monolithic form. It uses a total 
of nine limiting amplifiers in a “successive detection” scheme to 
closely approximate a logarithmic response over a total dynamic 
range of 90 dB (Figure 2). The signal input is differential, at 
nodes INHI and INLO, and will usually be sinusoidal and ac 
coupled. The source may be either differential or single-sided; 
the input impedance is about 2.5 kD) in parallel with 2 pF. 
Seven of the amplifier/detector stages handle inputs from —80 
dBm (32 »V rms) up to about —14 dBm (45 mV rms). The 
noise floor is about —83 dBm (18 »V rms). Another two stages 
receive the input attenuated by 22.3 dB, and respond to inputs 
up to +10 dBm (707 mV rms). The gain of each of these stages 
is 11.15 dB and is accurately stabilized over temperature by a 
precise biasing system. 


The detectors provide full-wave rectification of the alternating © 
signal present at each limiter output. Their outputs are in the 
form of currents, proportional to the supply voltage. Each cell 
incorporates a low-pass filter pole, as the first step in recovering 
the average value of the demodulated signal, which contains 
appreciable energy at even harmonics of the input frequency. A 
further real pole can be introduced by adding a capacitor 
between the summing node ISUM and VPOS. The summed 
detector output currents are applied to a 6:1 reduction current 
mirror. Its output at ILOG is scaled 2 »A/dB, and is converted 
to voltage by an internal load resistor of 9.375 kN. between 


ILOG and OPCM (output common, which is usually grounded). 


INHI COMM PRUP vPOS 


HIGH-EN 
DETECTORS 


INLO COMM ISUM ILOG 


AD606 


The nominal slope at this point is 18.75 mV/dB (375 mV/ 
decade). 


In applications where V,_o, is taken to an A/D converter which 
allows the use of an external reference, this reference input 
should also be connected to the same +5 V supply. The power- 
supply voltage may be in the range +4.5 V to +5.5 V, provid- 
ing a range of slopes from nominally 33.75 mV/dB (675 mV/ 
decade) to 41.25 mV/dB (825 mV/decade). 


A buffer amplifier, having a gain of two, provides a final output 
scaling at V; og of 37.5 mV/dB (750 mV/decade). This low- 
impedance output can run from close to ground to over +4 V 
(using the recommended +5 V supply) and is tolerant of resis- 
tive and capacitive loads. Further filtering is provided by a con- 
jugate pole pair, formed by internal capacitors which are an 
integral part of the output buffer. The corner frequency of the 
overall filter is 2 MHz, and the 10%-90% rise time is 150 ns. 
Later, we will show how the slope and intercept can be altered 
using simple external adjustments. The direct buffer input 
BFIN is used in these cases. 


The last limiter output is available as complementary currents 
from open collectors at pins LMHI and LMLO. These currents 
are each 1.2 mA typical with LADJ grounded and may be con- 
verted to voltages using external load resistors connected to 
VPOS; typically, a 200 2 resistor is used on just one output. 
The voltage gain is then over 90 dB, resulting in a hard-limited 
output for all input levels down to the noise floor. The phasing 
is such that the voltage at LMHI goes high when the input 
(INHI to INLO) is positive. The overall delay time from the 
signal inputs to the limiter outputs is 8 ns. Of particular impor- 
tance is the phase stability of these outputs versus input level. 
At 50 MHz, the phase typically remains within +4° from 

—70 dBm to +5 dBm. The rise time of this output (essentially a 
square wave) is about 1.2 ns, resulting in clean operation to 
more than 70 MHz. 


Offset-Control Loop 

The offset-control loop nulls the input offset voltage, and sets 
up the bias voltages at the input pins INHI and INLO. A full 
understanding of this offset-control loop is useful, particularly 
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. Figure 2, AD606 Simplified Block Diagram 


REV. 0 


SIGNAL COMPRESSION COMPONENTS 20-33 


-ADGO6 


when using — input coupling capacitors and an external fil- 
ter capacitor to lower the minimum acceptable operating fre- 
quency. The loop’s primary purpose is to extend the lower end 


of the dynamic range in the case where the offset voltage of the - 


first stage should be high enough to cause later stages to prema- 
turely enter limiting, because of the high dc gain (about 8000) 
of the main amplifier system. For example, an offset voltage of 
only 20 pV would become 160 mV at the output of the last 
stage in the main amplifier (before the final limiter section), “_ 
driving the last stage well into. limiting. In the absence of. noise, 
this limiting. would simply result in the logarithmic output ceas- 
ing to. become any lower below a certain signal level at the. 
input. The offset would. also degrade the logarithmic conform- 
ance in this region. In practice, the finite noise of the first stage. 
also plays a role in this regard, even if the dc offset were zero. 


Figure 3 shows a representation of this loop, reduced to essen- 
tials. The figure closely corresponds to the internal circuitry, 
and correctly shows the input resistance. Thus, the forward gain 
of the main amplifier section is 7°x 11.15 dB, but the loop gain 
is lowered because of the attenuation in the network formed by 


Figure 3. Offset Control Loop 


RB1 and RB2 and the input resistance RA. The connection 
polarity is such as to result.in negative feedback, which reduces 
the input offset voltage by the dc loop gain, here about 50 dB, 
that is, by a factor of about 316. We use a differential represen- 
tation, because later we will examine the consequences to the 
power-up response time in the event that the ac coupling capaci- 


tors C,, and Cc, do not exactly match. Note that these capaci- 


tors, as well as forming a high-pass filter to the signal in the - 
forward path, also introduce a pole in the feedback path. 


Internal resistors RF1 and RF2 in conjunction with grounded 


capacitors CF1 and CF2 form a low-pass filter at 15 kHz. This - 


frequency can optionally be lowered by the addition of an exter- 
nal capacitor Cz, and in some cases a series resistor Rz. This, in 
conjunction with the low-pass section formed at the input cou- 
pling, results in a two-pole high-pass response, falling of at’ 

40 dB/decade below the corner frequency. The damping factor. 
of this filter depends on the ratio Cz/C, (when a =e and 
also on the value of R;z. 


The inclusion of this control loop has no effect on ie kok Regiensy : 


response of the AD606. Nor does it have any effect on the low fre-— 
quency response when the input sid eal is aes above the 
input offset voltage. 


The loop’s effect i is felt only at the lower anit of he dynamic 
range, that is, from about —80 dBm to — 
signal frequency is near the lower edge of the passband. Thus, 
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—70 dBm, and when the _ 


the small signal results which are obtained, using the suggested 
_ model are not indicative of the ac response at moderate to high 


signal levels. Figure 4 shows the response of this model for the 
default case (using C, = 100 pF and Cz = 0) and with Cz = 

150 pF. In general, a maximally flat ac response occurs when Cz 
is roughly twice C. (making due allowance for the internal 


— 30 pF capacitors). Thus, for audio applications, one can use 
Co=27 w.F and C, = 4. 7 pF to achieve a high- Dass corner © 


(-3 dB) at 25 fiz. 


TOES 
i 


——- a CA 


10k 100k |) 100M 
_ INPUT FREQUENCY - Hz - 74 


Figure 4, Frequency Response of Offset Control Loop for. 
C> = OpF and Cz = 150 pF (Cc = 100 pF) . 


However, the maximally flat ac response is not optimal in two: — 
special cases. First, where the RF input level is: rapidly pulsed, 
the fast edges will cause the loop filter to ring. Second, ringing: . 
can also occur when using the power-up feature, and the ac cou- | 
pling capacitors do not exactly match in value. We will examine 
the latter case in a moment. Ringing in a linear amplifier is . 
annoying, but in a log amp, with its much enhanced sensitivity 
to near zero signals; it can be very disruptive. é 


To optimize the low level accuracy, that is, achieve a highly- 
damped pulse response in this filter, it is recommended to 
include a resistor Rz in series with an increased value of Cz. 
Some experimentation may be necessary, but for operation in — 
the range 3 MHz to 70 MHz, values of C, = 100 pF, Cz = 

1 nF and R, = 2 kO are near optimal. For operation down to 
100: kHz use C, = 10 nF, Cz, = 0.1 wF and Rz = 13 kO. Fig- 
ure 5 shows typical connections for the AD606 with these filter 
components added. 


Figure 5. Use of C, and 
Loop Compensation - | 


For operation above 10 MHz, it is not necessary to add the 


~ external capacitors CF1, CF2, and Cz, although an improve- 


ment in low frequency noise can be achieved by so doing (see 
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APPLICATIONS). Note that the offset control loop does not 
materially affect the low-frequency cutoff at high input levels, 
when the offset voltage is swamped by the signal. 


Power-Up Interface 

The AD606 features a power-saving mode, controlled by the 
logic level at Pin 14 (PRUP). When powered down, the quies- 
cent current is typically 65 A, or about 325 pW. A CMOS log- 
ical HIGH applied to PRUP activates both internal references, 
and the system becomes fully functional within about 3.5 ps. 
When this input is a CMOS logical LOW, the system shuts 
down to the quiescent level within about 5 ps. 


The power-up time is somewhat dependent on the signal level 
and can be degraded by mismatch of the input coupling capaci- 
tors. The explanation is as follows. When the AD606 makes the 
transition from powered-down to fully active, the dc bias voltage 
at the input nodes INHI and INLO (about +2.5 V) inevitably 
changes slightly, as base current in the input transistors flows in 
the bias resistors. In fact, first-order correction for this is 
included in the specially designed offset buffer amplifier, but 
even a few millivolts of change at these inputs represents a sig- 
nificant equivalent “dBm” level. 


Now, if the coupling capacitors do not match exactly, some frac- 
tional part of this residual voltage step becomes coupled into the 
amplifier. For example, if there is a 10 % capacitor mismatch, 
and INHI and INLO jump 20 mV at power-up, there is a 2 mV 
pulse input to the system, which may cause the offset control 
loop to ring. Note that 2 mV is roughly 40 times greater than | 
the amplitude of a sinusoidal input at -75 dBm. As long as the 
ringing persists, the AD606 will be “blind” to the actual input, © 
and V; og will show major disturbances. 


The solution to this problem is first, to ensure that the loop fil- 
ter does not ring, and second, to use well-matched capacitors at 
the signal input. Use the component values suggested above to. 
minimize ringing. 


RF INPUT: 
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APPLICATIONS ‘. 

Note that the AD606 has more than 70 MHz of input band- 
width and 90 dB of gain! Careful shielding is needed to realize 
its full dynamic range, since nearly all application sites will be . 
pervaded by many kinds of interference, radio and TV stations, 
etc., all of which the AD606 faithfully hears. In bench evalua- 
tion, we recommend. placing all of the components in a shielded 
box and using feedthrough decoupling networks for the supply 
voltage. In many applications, the AD606’s low power drain 
allows the use of a 6 V battery inside the box. 


Basic RSSI Application 

Figure 6 shows the basic RSSI (Receiver Signal Strength Indica- 
tor) application circuit, including the calibration adjustments, 
either or both of which may be omitted in noncritical applica- 
tions. This circuit may be used “as is” in such measurement 
applications as the log/IF strip in a spectrum or network ana- 
lyzer or, with the addition of an FM or QPSK demodulator fed 
by the limiter outputs, as an IF strip in such communications 
applications as a GSM digital mobile radio or FM receiver. 


The slope adjustment works in this way: the buffer amplifier 
(which forms part of a Sallen-Key two-pole filter, see Figure 2) © 
has a dc gain of plus two, and the resistance from BFIN (buffer 
in) to.OPCM (output common) is nominally 9.375 kQ. This 
resistance is driven from the logarithmic detector sections with a 
current scaled 2 »A/dB, generating 18.75 mV/dB at BFIN, 
hence 37.5 mV/dB at V,; og. Now, a resistor (R4 in Figure 6) 
connected directly between BFIN and VLOG would form a con- 
trolled positive-feedback network with the internal 9.375 kOQ 
resistor which would raise the gain, and thus increase the slope 
voltage, while the same external resistor connected between 
BFIN and ground would form a’'shunt across the internal resis- 
tor and reduce the slope voltage. By connecting R4 to a potenti- 
ometer R2 across the output, the slope may be adjusted either © 
way; the value for R4 shown in Figure 6 provides approximately 


. 10% range, with essentially no effect on the slope at the 


midposition. 


The intercept may be adjusted by adding a small current into 
BFIN via R1 and R3. The AD606 is designed to have the nomi- 
nal intercept value of -88 dBm when RI! is centered using this 


‘network, which provides a range of +5 dB. 
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Figure 6. Basic Application Circuit Showing Optional Slope and Intercept Adjustments 
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Adjustment Procedure : | 

_ The slope and intercept adjustments interact; this can be mini- 
mized by reducing the resistance of R1 and R2, chosen here to 
minimize power drain. Calibration can be achieved in several 
ways: The simplest is to apply an RF input at the desired oper- 
ating frequency which is amplitude modulated at a relatively low 
frequency (say 1 kHz to 10 kHz) to a known modulation index. 

- Thus,-one might choose a ratio of 2 between the maximum and 
minimum levels of the RF amplitude, corresponding to a 6 dB 
(strictly, 6.02 dB) change in input level. The average RF level — 
should be set to about —35 dBm (the midpoint of the AD606’s 
range). R2 is then adjusted so that the 6 dB input change results 
in the desired output voltage anes for example, 226 mV at 
37.5 mV/dB. 


A better choice would be a 4:1 ratio a2. 04 4B), to spread the 
residual error out over a larger segment of the whole transfer 
function. If a pulsed RF generator is available, the decibel incre- 
ment might be enlarged to 20 dB or more. Using just a fixed- 

level RF generator, the procedure is more time consuming, but 
is carried out in just the same way: manually change the level by 

_a known number of decibels and adjust R2 until Voc varies by 
the corresponding voltage. | 


Having adjusted the slope, the intercept may now be simply 
adjusted using a known input level. A value of —35 dBm (397.6 
mV rms, or 400 mV to within 0.05 dB) is recommended, and if 
the standard scaling is used (P; = — 88.33 dBm, Vy = 37.5 
mV/dB), then Vi og should be set to +2 V at this input level. 

A Low Cost Audio Through RF Power Meter 

Figure 7 shows a simple power meter that uses the AD606 and 
an ICL7136 3-1/2 digit DMM IC driving an LCD readout. The 
circuit operates from a single +5 V supply and provides direct 
readout in dBm, with a resolution of 0.1 dBm. 


In contrast to the limited dynamic range of the diode and 
thermistor-styled sensors used in power meters, the AD606 can 
measure signals from below —80 dBm to over +10 dBm. An 
optional 50 (2, termination is included in the figure; this could 
form the lower arm of an external attenuator to accommodate 
larger signal levels. By the simple expedient of using a 13 dB. . 
attenuator, the LCD reading now becomes dBV (decibels above | 
1 V rms). This requires a series resistor of 174 Q, presenting an 
input resistance of 224 . Alternatively, the input resistance can 
be raised to 600 2 using 464 © and 133 ©. It is important to 
note that the AD606 inputs must be ac coupled. To extend the 
low frequency range, use larger coupling capacitors and an 
external loop filter, as outlined earlier. 


The nominal 0.5 V to 3.5 V output of the AD606 (for a —75 dBm 
to +5 dBm input) must be scaled and level shifted to fit within 
the +1 V to +4.5 V common-mode range of the ICL7136 for. 
the +5 V supply used. This is achieved by the passive resistor 
network of Rl, R2, and R3 in conjunction with the bias net- 
works of R4 through R7, which provide the ICL7136 with its ~ 
reference voltage, and R9 through R11, which set the intercept. 
The ICL7136 measures the differential voltage between IN HI 
and IN LO, which ranges from —75 mV to +5 mV for a 

—75 dBm to +5 dBm input. — 


To calibrate the power meter, first adjust R6 for 100 mV 
between REF HI and REF LO. This sets the initial slope. Then 
adjust R10 to set IN LO 80 mV higher than IN HI. This sets 
the initial intercept. The slope and intercept may now be — | 
adjusted using a calibrated signal generator as outlined in the - 
previous section. 


To extend the low frequency limit of the: system to sidic fre- 
quencies, simply change C1, C2, and C3 to 4.7 pF. 


The limiter output of the AD606 may be used to drive the high- 
impedance input of a frequency counter. — 
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Figure 8. Circuit for Low Frequency Measurements 


Low Frequency Applications 

With reasonably sized input coupling capacitors and an optional 
input low-pass filter, the AD606 can operate to frequencies as low 
as 200 Hz with good log conformance. Figure 8 shows the sche- 
matic, with the low-pass filter included in the dashed box. This 
circuit should be built inside a die cast box and the signal 
brought in through a coaxial connector. The circuit must also 
have a low-pass filter to reject the attenuated RF signals that 
would otherwise be rectified along with the desired signal and 
be added to the log output. The shielded and filtered circuit has 
a 90 dB dynamic range, as shown in Figure 9. 


In this circuit, R4 and R5 form a 20 dB attenuator that extends 
the input range to 10 V rms. R3 isolates loads from VLOG. 
Capacitors Cl] and C2 (4.7 wF each), Rl, R2, and the AD606’s 
input resistance of 2.5 kQ form a 100 Hz high-pass filter that is 
before the AD606; the corner frequency of this filter must be 
well below the lowest frequency of interest. In addition, the 
offset-correction loop introduces another pole at low signal levels 
that is transformed into another high-pass filter because it is in a 
feedback path. This indicates that there has to be a gradual 
transition from a 40 dB roll off at low signal levels to a 20 dB 
roll off at high signal levels, at which point the feedback low 
pass filter is effectively disabled since the incoming signal 
swamps the feedback signal. 


REV. 0 


This low-pass filter introduces some attenuation due to R1 and 
R2 in conjunction with the 2.5 k(O input resistance of the 
AD606. To minimize this effect, the value of Rl and R2 should 
be kept as small as possible-100 12 is a good value since it bal- 
ances the need to reduce the attenuation as mentioned above 
with the requirement for Rl and R2 to be much larger then the 
impedance of C1 and C2 at the low-pass corner frequency, in 
our case about 1 MHz. 
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Figure 9. Performance of Low Frequency Circuit at 100 Hz 
and 1 kHz to 10 MHz (Note Attenuation) 
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Figure 10. Normalized Limiter — 


Amplitude Response vs. Input Level — 


at 10.7 MHz, 45 MHz and 70 MHz 
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Figure 13. V,og Plotted vs. Input 
Level at 10.7 MHz as a Function of 
Power Supply Voltage 
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Figure 16. Limiter Response at 
Onset of 10.7 MHz Modulated Pulse 
at —75 dBm Using 200 pF Input 
Coupling Capacitors. 
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Figure 11. Normalized Limiter 
Phase Response vs. Input Level at 
10.7 MHz, 45 MHz, and 70 MHz 
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Figure 14. Logarithmic Conform- 


ance as a Function of Input Level at . 
10.7 MHz at —25°C, +25°C, and 


+70°C 


Figure 17. V.og Response to a 

10.7 MHz CW Signal Modulated by 
a 25 ws Wide Pulse with a 25 kHz 
Repetition Rate Using 200 pF Input 
Coupling Capacitors. The Input Sig- 
nal Goes from +5 dBm to —75 dBm 
in 20 dB Steps. 
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POWER SUPPLY CURRENT — mA : 


LOGARITHMIC ERROR — dB 


005 115 2 25 3 35 4 45 5 
PRUP VOLTAGE - Volts 


Figure 12. Supply Current vs. PRUP- 
Voltage at +25°C 


-80 -60 -40 -20 0 10 
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Figure 15. Logarithmic Conform-. _ 
ance as a Function of Input Level at 
45 MHz at —25°C, +25°C, and +70°C 


Figure 18. Limiter Response at 
Onset of 70 MHz Modulated Pulse 
at —55 dBm Using 200 pF Input 
Coupling Capacitors. 


~ REV.0 


AD606 


Figure 19. V,og Output for a Pulsed Figure 20. Example of Test Signal Figure 21. V,og Output for 
10.7 MHz Input; Top Trace: Used for Figure 19 10.7 MHz CW Input with PRUP Tog- 
—35 dBm to +5 dBm; Middle Trace: gled ON and OFF; Top Trace: 


—15 dBm to —55 dBm; Bottom +5 dBm Input; Middle Trace: —35 


Trace: —35 dBm to —75 dBm dBm Input; Bottom Trace: —75 
dBm; PRUP Input from HP8112A: 0 


to 4 V, 10 ws Pulse Width with 
10 kHz Repetition Rate 
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Figure 22. Test Setup for Characterization Data 
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ANALOG 
DEVICES 


FEATURES | me 
Complete, Fully Calibrated Monolithic System. — 
Five Stages, Each Having 10dB Gain, 350MHz BW" 
Direct Coupled Fully Differential Signal Path = 
Logarithmic Slope, Intercept and AC Response are 
- Stable Over Full Military Temperature Range __ 
Dual Polarity Current Outputs Scaled 1mA/Decade 
Voltage Slope Options (1V/Decade, 100mV/daB, etc.) 
Low Power Operation (Typically 220mW at +5V) 
Low Cost Plastic Packages Also Available 


APPLICATIONS 

Radar, Sonar, Ultrasonic and Audio Systems 
Precision Instrumentation from DC to 120MHz 
Power Measurement with Absolute Calibration 
Wide Range High Accuracy Signal Compression 
Alternative to Discrete and Hybrid IF Strips 
Replaces Several Discrete Log Amp ICs 


PRODUCT DESCRIPTION 

The AD640 is a complete monolithic logarithmic amplifier. A 
single AD640 provides up to 50dB of dynamic range for fre- 
quencies from dc to 120MHz. Two AD640s in cascade can pro- 
vide up to 95dB of dynamic range at reduced bandwidth. The 
AD640 uses a successive detection scheme to provide an output 
current proportional to the logarithm of the input voltage. It is 
laser calibrated to close tolerances and maintains high accuracy 
over the full military temperature range using supply voltages 
from +4.5V to +7.5V. | 


The AD640 comprises five cascaded dc coupled amplifier/limiter 
stages, each having a small signal voltage gain of 10dB and a 
—3dB bandwidth of 350MHz. Each stage has an associated full- 
wave detector, whose output current depends on the absolute 
value of its input voltage. The five outputs are summed to pro- 
vide the video output (when low pass filtered) scaled at 1mA per 
decade (504A per dB). On chip resistors can be used to convert 
this output current to a voltage with several convenient slope 
options. A balanced signal output at +50dB (referred to input) 
is provided to operate AD640s in cascade. 


The logarithmic response is absolutely calibrated to within 
+1dB for dc or square wave inputs from +0.75mV to +200mV, 
with an intercept (logarithmic offset) at lmV dc. An integral 


DC Coupled Demodulating 


__120MHz Logarithmic Amplifier 


X10 attenuator provides an alternative input range of + 7.5mV 
to +2V dc. Scaling is also guaranteed for sinusoidal inputs. — 


The AD640B is specified for the industrial temperature range of | 


—40°C to +85°C and the AD640T, available processed to MIL- 


_STD-883B, for the military range of —55°C to +125°C. Both are = 


available in 20-pin side brazed ceramic DIPs or leadless chip _ 


_ carriers (LCC). The AD640J is specified for the commercial 


temperature range of 0 to +70°C, and is available in both 20-pin 
plastic DIP (N) and PLCC (P) packages. 


This device is now available to Standard Military Drawing © 
(DESC) number 5962-9095501MRA and 5962-9095501M2A. 


PRODUCT HIGHLIGHTS 

1. Absolute calibration of a wideband logarithmic amplifier is 
unique. The AD640 is a high accuracy measurement device, 
not simply a logarithmic building block. 


2. Advanced design results in unprecedented stability over the 
full military temperature range. 


3. The fully differential signal path greatly reduces the risk of 
instability due to inadequate power supply decoupling and 
shared ground connections, a serious problem with com- 
monly used unbalanced designs. 


4. Differential interfaces also ensure that the appropriate ground 
connection can be chosen for each signal port. They further 
increase versatility and simplify applications. The signal 
input impedance is ~500k0 in shunt with ~2pF. 


5. The de coupled signal path eliminates the need for numerous 
interstage coupling capacitors and simplifies logarithmic con- 
version of subsonic signals. 7 


6. The low input offset voltage of 501V (200V max) ensures 
good accuracy for low level dc inputs. | 


7. Thermal recovery “‘tails,”” which can obscure the response 
when a small signal immediately follows a high level input, 
have been minimized by special attention to design details. 


8. The noise spectral density of 2nV/V. Hz results in a noise 
floor of ~23.V rms (—80dBm) at a bandwidth of 100MHz. 
The dynamic range using cascaded AD640s can be extended 
to 95dB by the inclusion of a simple filter between the two 
devices. 


FUNCTIONAL BLOCK DIAGRAM 
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This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


20-40 SIGNAL COMPRESSION COMPONENTS 


a] fag 


fos TT p> TT 


| AMPLIFIER/LIMITER | | AMPLIFIER/LIMITER | | AMPLIFIER/LIMITER | | 


; [a ee ees A 
in ‘FULL-wave! A “FULL-WAVE! | in “FULL-WAVE | 
DETECTOR | | YN DETECTOR | | a DETECTOR | 
ra Ea ee ||4— | 
| 


INTERCEPT POSITIONING BIAS 12} +Vs 
Ga 


TA] runawave! [x] Puncwavel 
YN DETECTOR | | YN DETECTOR | 
ed a nae | 


Dae a 


111 | SIG + OUT 


10 | SIG- OUT 


| AMPLIFIER/LIMITER | | AMPLIFIER/LIMITER | 


9 | BL2 
ITC 


REV. A 


SPECIFICATIONS AD640 
DC SPECIFICATIONS (V; = +5V, T, = +25°C, unless otherwise noted) 


Model AD640T 
Transfer Function! Iour=ly LOG |V,,/Vx| for Vin=+0.75mV to +200mV dec 
Parameter Conditions i Typ Max Min Typ Max Min Typ Max 
SIGNAL INPUTS (Pins 1, 20) 

Input Resistance Differential 

Input Offset Voltage Differential 


vs. Temperature 
Over Temperature 
vs. Supply 
Input Bias Current 
Input Bias Offset 
Common Mode Range 


INPUT ATTENUATOR 
(Pins 2, 3, 4, 5 & 19) 
Attenuation” Pin 5 to Pin 19 
Input Resistance Pins 5 to 3/4 


SIGNAL OUTPUT (Pins 10, 11) 
Small Signal Gain* 
Peak Differential Output? 
Output Resistance Either Pin to COM 
Quiescent Output Voltage Either Pin to COM 


LOGARITHMIC OUTPUT? (Pin 14) 
Voltage Compliance Range 
Slope Current, I, 
Accuracy vs. Temperature 


Tdi to es 
Accuracy vs. Supply +V,=4.5V to 7.5V 
Intercept Voltage’, Vx 
vs. Temperature 
Over Temperature Tyrin tO Trax 
vs. Supply +V,=4.5V to 7.5V 
Logarithmic Offset 
(Alt. Definition of Vx) -61.5 -60.0 —60.5 -60.0 
vs. Temperature 0.004 0.004 
Over Temperature Deere cd (a 
vs. Supply +V.=4.5V to 7.5V 0.017 0.017 
Intercept Voltage Using Attenuator 8.25 10.0 11.75 9.0 10.0 
Zero Signal Output Current? —0.2 —0.2 


ITC Disabled Pin 8 to COM —0.27 —0.27 
Maximum Output Current 2.3 2.3 


DC LINEARITY 
Vin=+lmV to +100mV 


TOTAL ABSOLUTE DC 


2.3 
APPLICATIONS RESISTORS | | 
(Pins 15, 16, 17) | 1.000 0.995 1.000 1.005 0.995 1.000 1.005 | ko 


ACCURACY 
Vin=+lmV to +100mV° 
Over Temperature Tinin tO Trax 
Over Supply Range +V,=4.5V to 7.5V 


Vin= +0.75mV to +200mV 
Using Attenuator 
Vin=+10mV to +1V 
Over Temperature 
Vin=+7.5mV to 2V 


POWER REQUIREMENTS 
Voltage Supply Range 
Quiescent Current? 
+V, (Pin 12) Te tO To 
—-Vs (Pin 7) TeetO. Ties 
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AD640 
AC SPECIFICATIONS (V5 = +5V, m= = +25°C, unless otherwise noted) 


Model i 


SIGNAL INPUT (Pins 1, 20) 


Input Capacitance Either Pin to COM 
Noise Spectral Density ~~ 1kHz to 10MHz 
Tangential Sensitivity BW=100MHz 
3dB BANDWIDTH 
Each Stage 350 MHz 
All Five Stages Pins 1 & 20 to 10 & 11 145 145 145 ; MHz . 
LOGARITHMIC OUTPUTS® 
Slope Current, L, 
f<=1MHz 0.98 1.0 0.98 1.0 | mA © 
f=30MHz 0.91 0.94 0.97 0.91 0.94 0.97 | mA 
f=60MHz 0.86 0.90 0.94 0.86 0.90 0.94 mA 
f=90MHz 0.88 0.88 mA 
f=120MHz 0.85 0.85 mA - 
Intercept, Dual AD640s!” ! 
f<=1MHz | —89.6 —88.6 —89.6 —88.6 dBm 
f=30MHz —87.6 —87.6 dBm 
f=60MHz — 86.3 — 86.3 dBm 
f=90MHz —83.9 —~83.9 dBm 
f=120MHz —80.3 —80.3 dBm 
AC LINEARITY 
—40dBm to —2dBm?? | f=1MHz 
-—35dBm to —10dBm’” . f=1MHz 
—75dBm to 0dBm!° f=1MHz 
—70dBm to —10dBm!° f=1MHz 
~—75dBm to +15dBm?? f=10kHz 
PACKAGE OPTION” 
20-Pin Ceramic DIP Package (D) AD640BD > AD640TD 
20-Pin Leadless Ceramic Chip Carrier (E) AD640BE AD640TE 
20-Pin Plastic DIP Package (N)° ~ AD640JN . 
20-Pin Plastic Leadless Chip Carrier (P) AD640JP AD640BP 
NUMBER OF TRANSISTORS a SN SON SN. _Sce Aa Se 
NOTES 


‘Logarithms to base 10 are vised throughout. The response is independent of the sign of V,,. 

Attenuation ratio trimmed to calibrate intercept to 10mV when in use. It has a temperature coefficient of +0.3%/°C. 

3The zero-signal current is a function of temperature unless internal temperature compensation (ITC) pin is grounded. 

‘Overall gain is trimmed using a +200yV square wave at 2kHz, corrected for the onset of compression. 

°The fully limited signal output will appear to be a square wave; its amplitude is proportional to absolute temperature. 

Currents defined as flowing into Pin 14. Se FUNDAMENTALS OF LOGARITHMIC CONVERSION for full explanation of 
scaling concepts. Slope is measured by linear regression over central region of transfer function. 

’The logarithmic intercept in dBV (decibels relative to 1V) is defined as 20 LOG,, (V;/1V). 

8Operating in circuit of Figure 24 using +0.1% accurate values for R, , and R,,. Includes slope and nonlinearity errors. Input offset errors also included for 
Vin >3mV de, and over the full input range in ac applications. os 
Essentially independent of supply voltages. 

Using the circuit of Figure 27, using cascaded AD640s and offset nulling. Input is sinusoidal, dBm in 500 =223mV rms. 

For a sinusoidal signal (see EFFECT OF WAVEFORM ON INTERCEPT). Pin 8 on second AD640 must be grounded to ensure temperature Sability 
of intercept for dual AD640 system. . 

Using the circuit of Figure 24, using single AD640 and offset nulling. Input i is sinusoidal, 0dBm in 500 = 223mV rms. 

3Using the circuit of Figure 32, using cascaded AD640s and attenuator. Square wave input. 

4For outline information see Package Information section. 

All min and max specifications are guaranteed, but only those i in boldface are 100% tested on all production units. Results from those tests are used 

to calculate outgoing quality levels. 

Specifications subject to change without notice. 


THERMAL CHARACTERISTICS 


20-Pin Ceramic DIP Package (D-20) 
20-Pin Leadless Ceramic Chip Carrier (E-20A) 
-20-Pin Plastic DIP Package (N-20) 

20-Pin Plastic Leadless Chip Carrier (P-20A) 
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Typical Performance AD640 


ABSOLUTE MAXIMUM RATINGS* ORDERING GUIDE 


SUDDlY VONaRES. Soc Soo ee RRR ek See +7.5V Temperature Package 

Input Voltage (Pin 1 or Pin 20 to COM) .... —3V to +300mV Range Description 

Attenuator Input Voltage (Pin 5 to Pin 3/4) ..... steed = gi AD640JN 0°C to +70°C Plastic DIP 

Storage Temperature Range D,E........ —65°C to +150°C AD640JP 0°C to +70°C Plastic Leaded Chip P-20A 

Storage Temperature Range N,P........ —65°C to +125°C Giese 

Ambient Temperature Range, Rated Performance AD640BD 40°C to +85°C | Side Brazed Ceramic DIP|D-20 
Industrial, AD640B ................ —40°C to +85°C AD640BE ~40°C to +85°C |Ceramic Leadless Chip |E-20A 
Military 5 ADG40T 2c 4ees RS eA R aK —55°C to +125°C Carrier 
Commercial, AD640J «1... 2.2... 22.2 eee Oto +70°C AD640BP —40°C to +85°C. | Plastic Leaded Chip P-20A 

Lead Temperature Range (Soldering 60sec) ........ +300°C Carrier 


*Stresses above those listed under “Absolute Maximum Ratings” may cause AD640TD/883B —55°C to +125°C | Side Brazed Ceramic DIP | D-20 
permanent damage to the device. This is a stress rating only; functional 5962-9095501MRA 
operation of the device at these or any other conditions above those indicated AD640TE/883B 
in the operational section of this specification is not implied. Exposure to 5962-9095501M2A 
absolute maximum rating conditions for extended periods may adversely affect 

AD640TCHIP 


device reliability. 


—55°C to +125°C| Ceramic Leadless Chip |E-20A 


—55°C to +125°C | Chip 


*For outline information see Package Information section. 


CONNECTION DIAGRAMS 


20-Pin Ceramic DIP (D) Package 20-Pin PLCC (P) Package 20-Pin LCC (E) Package 
20-Pin Plastic DIP (N) Package $0223 ets 
gees FE oot 
sic -In [1] © SIG +IN Sees ~ aa 1 20 19 


aio Fe] fa] armour 
t 
ATN COM {3 | js} cxt.com ATN COM 4 [] 2. PIN, 118 cxt com ATN COM 4 18 CKT COM 


17 RG1 
16 RGO 
15 RG2 


ATN.COM | 4 | 117] RGt ATNIN 5 [] N17 RG1 ATNIN 5 


ATNIN | 5 | 116] RGO BL1 6 [I] AD640 rJ16 RGO BL1 6 


TOP VIEW 
2 TOP VIEW -V, 7 
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Figure 1. AC Response at 30MHz, 60MHz, 90MHz and Figure 2. Logarithmic Response and Linearity at 60MHz, 
120MHz, vs. dBm Input (Sinusoidal Input) T, for T, = —55°C, +25°C, +125°C 
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Figure 3. Slope Current, |, vs. Figure 4. Intercept Voltage, Vx, vs. 
Temperature Temperature 
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Selection Tree — Special Function Components 


SPECIAL FUNCTION 
COMPONENTS 


BALANCED > RGB TO = 
MODULATORS NTSC/PAL 


AD630 (2 MHz) AD720 
| AD721 (w/triple Op Amp) 


RECEIVER IF 
SUBSYSTEMS 


AD607 (Mixer, AGC, RSSI) 
AD608 (Mixer, Limiter, RSS] 


AD831 (500 MHz) 


MIXERS | 
SSM2160 | 


| 
rr 


Delay Generators 


AD9500 (ECL, 2.5 ns to 10 us) 
AD9501 (TTL, 2.5 ns to 10 us) 


DIRECT DIGITAL | 
SYNTHESIS 


AD7008 (IF Modulator 35 MHz, 
On-Board 10-Bit D/A) 

AD9955 (85 MHz, 12-Bit) 

AD9901 (70 MHz, “No Dead Zone,” 


Phase Frequency Discriminator)” 


E-L€ SLNANOdWNOJD NOLLINNA 1VlD4dS 


selection Guides— Special Function Components 


Frequency Synthesis 


Bus Interface Package Temp 

Model Bits Options’ Ranges” Page® Comments 
AD7008 8/16, pP S Oe 21-35 DDS IF Modulator with 32-Bit Phase Accumulator and 10-Bit DAC, 20 MHz Output 

Capability, Single 5 V Supply, Low Power 
AD9901 E, P, Q C, M/ 21-53 Ultrahigh Speed Digital Phase/Frequency Discriminator, No “Dead Zone,” 

Linear Transfer Function up to 200 MHz, for PLLs 
AD9955 32, pP S C 21-56 85 MHz Direct Digital Synthesizer; 32-Bit Phase Accumulator 

12-Bit Sine Output 
AD9955/PCB Board C D Evaluation Board which contains AD9955 and AD9713B or AD9721 DAC 
RF/IF Products 

Max 
Gain Frequency Package Temp 
Model Function dB Range Options’ Ranges” Page® Comments 
AD607 IF Subsystem Mixer/AGC/RSSI 109 25-450 MHz RS I 21-5 Monoceiver™ —Complete Receiver on a Chip 
AD608 IF Subsystem Mixer/RSSI 110 5-450 MHz R I 21-9 +3 V Supply, 90 dB RSSI Range 
AD831 Low Distortion Mixer 0 5-500 MHz P I 21-23 +5 V Supply, 24 dBm 3rd-Order Intercept 
Special Function Components 
Package Temp 
Model Function Performance Options' Ranges* Page* Comments 
AD630_—C Balanced Modulator/Demodulator 2 MHz Bandwidth, Signal Recovery to -100dB D,E,N C,I,M_ 21-13 _ Precision Gain +1 or +2 
AD720 RGB to NTSC/PAL Converter Comiplete Function with Internal Delay Line P C 21-16 RGB, Clock In, Luminance, 
Chrominance, Composite Out 

AD9500. ECL Digitally Programmable Delay Generator 10 ps Resolution, 2.5 ns to 10 ys Full Scale E,P,Q &LM 21-45 Pulse Deskewing, Phase Control 
AD9501 TTL/CMOS Digitally Programmable 10 ps Resolution, 2.5 ns to 10 ps Full Scale N,P,Q C,M 21-49 +5 V Supply, 50 MHz Pulse Rate 


Delay Generator 


1Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; J = J-Leaded Ceramic Package; 

M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline “SOIC” Package; RS = SSOP—Shrink Small Outline Package; S$ = Plastic 
Quad Flatpack; ST = Thin Quad Flatpack; T = TO-92; U = TSOP—Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In-Line “SIP” Package; Z = Ceramic Leaded Chip Carrier. 
?Temperature Ranges: C = Commercial, 0°C to +70°C; I = Industrial, —40°C to +85°C (Some older products —25°C to +85°C); M = Military, —55°C to +125°C. If a device has military grade offerings, the M 
temperature designator will be followed by: / to indicate 883B, , for JAN, » for SMD, and g for space level. 

3D = Data Sheet. All other entries refer to this volume. 

‘Operates to +25°C. 

Monoceiver is a trademark of Analog Devices, Inc. 

Boldface Type: Data sheet information in this volume. 
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ANALOG 
DEVICES 


Low Power Mixer/AGC/RSS| 
3 V Receiver IF Subsystem 


AD607 


FUNCTIONAL BLOCK DIAGRAM 


FEATURES 
Complete Receiver on a Chip: Monoceiver™ 
Interfaces to AD7015 GSM Baseband Converter 
Mixer 
-15 dBm 1 dB Compression Point 
>450 MHz Input Bandwidth 
-16 dBm LO Input 
Linear IF Amplifier 
100 dB of Linear-in-dB Gain Control 
Internal AGC with RSSI Output or External MGC 
Any IF Below 25 MHz 
Quadrature Demodulator 
On-Board Phase-Locked Quadrature Oscillator 
90 + 1.5° Phase Quadrature at 10.7 MHz 
Can Also Demodulate AM, FM, CW, SSB 
Low Power 
25 mW at3 V 
CMOS-Compatible Power-Down to 300 n».W 


APPLICATIONS 
GSM, CDMA, PHP, TDMA Receivers 
Infrared Data Receivers 
Battery-Powered Communications Receivi 


GENERAL DESCRIPTION Q 

The AD607 is a 3 V low power receiver RF/IF suibsysr fr 
operation at IF or RF input frequencies as high as 450 MHz and 
IFs to 25 MHz. It consists of a mixer, IF amplifiers, an I/Q de- 


modulator, a phase-locked quadrature oscillator, AGC detector, | 


and a biasing system with external power-down. In a typical 
DMR application, the AD607 accepts a 240 MHz IF input and 
downconverts it to a 10.7 MHz IF where it is filtered, amplified 
with internal AGC (or external MGC), and demodulated into | 
and Q baseband outputs. ! 


The AD607’s low noise, high intercept mixer is a doubly bal- 
anced “Gilbert-Cell” type and operates linearly for RF inputs 
spanning —95 dBm to —15 dBm. It has a nominal —5 dBm third- 
order intercept. The mixer section of the AD607 also includes a 
local oscillator (LO) preamplifier, which lowers the required LO 
drive to -16 dBm (50 mV sine wave amplitude). 


Fully differential access to the RF input increases the versatility 
of this front end for such applications as interfacing to differen- 
tial output SAW filters. The mixer’s single-sided IF current out- 
put can directly drive a bandpass filter with an impedance of 
200 Q or greater. An optional second IF filter can be included 
to limit wideband noise and provide additional selectivity. The 
output for the second IF filter can optionally be used to drive an 
A/D converter or the AD607’s PLL, as will be described below. 


Monoceiver is a trademark of Analog Devices, Inc. 


This is a preliminary data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


n 12 form an AGC loop that holds the I and Q out- 
at about +300 mV. The voltage across this eApAcior 


Hien provides an RSSI output. 


An I/Q demodulator provides in-phase and sigs ieatines 
baseband outputs to interface with such baseband converters as 
the Analog Devices’ AD7002, AD7005, AD7013, or AD7015. 
A unique quadrature VCO that is phase-locked to a low level or 
CMOS-compatible input at the intermediate frequency drives 
the I and Q demodulator. 


The I/Q demodulator can also demodulate AM or FM when its 
oscillator is phase locked to the received signal; in this mode, 
the In-Phase and Quadrature demodulators become detectors 
for AM and FM, respectively. The oscillator can also be phase- 
locked to an external oscillator and the demodulator will act as a 
product detector for CW or SSB reception. 


The AD607 uses supply voltages from 2.7 V to 6 V over the 
temperature range of -25°C to +85°C. Operation is enabled by 
a CMOS logical level; response time is typically <3 us. When 
disabled the standby power is reduced to 300 uW. The AD607 
comes in a 20-pin Small-Shrink Outline (SSOP) surface-mount 
package. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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SPECIAL FUNCTION COMPONENTS 21-5 


| AD607-SPEC | FI CATI ONS (@ T, = +25°C, Supply = 3.0 V, IF = 10.7 MHz unless otherwise noted} 


Model Be 4 ae AD607 
; | : Conditions Min Typ 
DYNAMIGPERFORMANCE | SSOS™~—~“—~S~“—~sSSSS 


MIXER | | 
RF and LO Frequency Range 


0< Vo $2 V, Zy =165 Q, far = 240 MHz 15 to 26.5 


Conversion Gain Range 
Voltage Noise Spectral Density | RF Input AC Short Circuited, LO to VP 7 ee , | Hz 
Current Noise Spectral Density RF Input AC Short Circuited, LO to VP TBD pA/NHz 
Nominal RF Input Range | —95 to-15 
Input Third-Order Intercept | 5 
Input 1 dB Compression Point | 15 
RF Input Resistance . QO<VG<2V,f<1MHz 2.7 to 5.5 
RF Input Capacitance . 0< Vo s2 V, f< 450 MHz 2.4 to 2.7 
_ Maximum IF Output Voltage ZIF = 165 Q 2 : 
IF Output Bandwidth —3 dB, ZIF = 165 Q | | 100 
Mixer LO Drive Level | -16 
IF AMPLIFIERS | 
IF Filter Impedance (For Example, Murata SFE10.7) 
Bandwidth —3 dB | 
Gain Range 
GAIN CONTROL | 
Overall Gain Range Mixer + IF Section, 0 < Vg < 2 V, GRE 
Connected to 1.5 V 
Gain Scaling . GREF Connected to 1.5 
GREF Connected to ¢ 
Voltage Vp 
Gain Error 0< V6 82 V5 


Bias Current at GAIN (Pin 12) 
Bias Current at GREF (Pin 7) 
Resistance at GAIN, GREF ~ 


I AND Q DEMODULATORS 
Input Resistance | From DMIP to VMID 
Input Bias Current | | 3 | 
Demodulation Gain - Sine Wave Input, Baseband Output 
Maximum Output Voltage R, 2 10 kQ 
Demodulation Nonlinearity Full Output Voltage 
Output Bandwidth — Sine Wave Input, Baseband Output 
CARRIER-RECOVERY PLL 
Frequency Range | 
Required Input Drive Level. ~ Sine Wave Input at Pin 1. 
Quadrature Error | IF = 10.7 MHz 
Acquisition Time to 3° — IF = 10.7 MHz. 
POWER-DOWN INTERFACE | 
Logical Threshold 
Input Current for Logical High 
Turn-On Response Time | . 
Turn-Off Response Time _ To 200 pA Supply Current 
Standby Current 
POWER SUPPLY 
Supply Range | 
Supply Current Mid-Gain, IF = 10.7 MHz 


OPERATING TEMPERATURE | ae | 
Twn to Tyax . —25 . +85 ig & 


Specifications subject to change without notice. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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ABSOLUTE MAXIMUM RATINGS' 


AD607 


eesti cone ae PIN CONNECTION 
ee NE ee ee eee ree + 

fecal See Dissipation” ...............----- 600 mW aces ats 
Operating Temperature Range ............. —25°C to +85°C 
Storage Temperature Range ............. -65°C to +150°C FDIN [1] 20] vPst 
Lead Temperature, Soldering (60 sec) ............. +300°C com: [2] 9] FLTR 
Ones . PRUP | 3 | 118] 1OUT 
pomiuen Gea este ts ene een a deca el ere 

operation of the device at these or any other conditions above those indicated in RFLO [5 | TOP VIEW }16| vPS2 

the operational section of this specification is not implied. Exposure to absolute RFHI 6 | (Not to Scale) 15 | DMIP 

maximum rating conditions for extended rating conditions for extended periods GREF ra] IFOP 

may affect device reliability. 
°Thermal Characteristics: 20-pin SSOP package; Oj), = TBD. MXOP | 8 | 113} Com2 

vmip [9 | 112| GAIN 
IFHI | 10] 111] IFLO 
PIN DESCRIPTION 

Pin Function 

l Frequency Demodulator Input 

2 Common #1 

3 Power-Up 

4 Local Oscillator Input 

5 RF “Low” Input 

6 RF “High” Input 

7 Gain Reference 

8 Mixer Output | ait .ce, single-sided voltage output, +5 dBm max. 
9 Mid-Supply Bias Volta: pu of the mid-supply bias generator (VPOS/2). | 
10 IF “High” Input put, +5 dBm (+56 mV) max. 
11 IF “Low” Voltage - Reference node for IF input; auto-offset null. 
12 Gain Control Input High impedance input, 0 V—2 V, max gain at V = 0. 
13 Common #2 Supply common for IF stages and demodulator. 
14 IF Output Low impedance, single-sided voltage output, +5 dBm max. 
15 Demodulator Input Signal input to I and Q demodulators. 
16 VPOS Supply #2 Supply to high level IF, PLL, and demodulators. 
17 Quadrature Output Low impedance Q baseband output, +1.23 V full scale. 
18 In-Phase Output Low impedance I baseband output, +1.23 V full scale. 
19 PLL Loop Filter Series RC PLL Loop filter connected to ground. 
20 VPOS Supply #1 Supply to mixer, low level IF, PLL, and gain control. 
CAUTION 


ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the AD607 features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 


WARNING! 


epi 48 


ESD SENSITIVE DEVICE 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD607 


LOIP 


IFLO . 


MXOP 


IFHI 


COM2 VPS2- VMID 


Figure 1. AD607 Functional Block Diagram 


+3V 


DEMODULATION 
CARRIER INPUT 


PLL LOOP FILTER* 
1kQ 470pF 


vPSi 


-FLTR 


POWER-UP 
(LOGICAL HIGH) 


LO INPUT O— 


REFOUT 


“VALUES SHOWN ARE FOR MURATA SFE10.7 BPF 
FOR OPERATION AT A 10.7 MHz IF 


pieiine) 2. AD607 Connections to AD7015 Baseband Converter. The AUX DAC Output from the AD7015 Controls the Gain 


in the AD607 7 | ae 
a. e 
PLL LOCKED TO IF ~__ La a yeas [Bs Bag oaERaTER: 
| | | | tka 4700 
. FLTR }19| 
POWER-UP ay is 
(LOGICAL HIGH) © ou [3 }PRUP 10UT [18 g - DEMODULATED AM 
LO INPUT O—|[-—— a > DEMODULATED FM 
n : ‘ 
RFLO 
ing LS 16 ie 
RF INPUT O—| ar 15 | — 
n _— 
IF OUTPUT LPF 
RSSI OUTPUT 
20mV/dB 
OV TO 2v 


*VALUES SHOWN ARE FOR A Z=3302.10.7 BPF VP/2 
FOR OPERATION AT A 10.7 MHz !F 


Figure 3. AD607 Connections for AM or FM Demodulation. The PLL Recovers the Received Carrier via the Connection 
(Darker Line) Between Pins 1 and 15. The AD607’s Internal AGC Circuit Controls the Gain and Provides an RSS! Output at 
Pin 12 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. | ag 
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ANALOG Low Power Mixer/Limiter/RSS| 
DEVICES 3 V Receiver IF Subsystem 


AD6O8 


FEATURES The RF and LO bandwidths both exceed 450 MHz. In a typical 
Mixer IF application, the AD608 will accept the output of a 240 MHz 
-15 dBm, 1 dB Compression Point SAW filter and downconvert it to a nominal 10.7 MHz IF 
-5 dBm IP3 with a conversion gain of 26 dB (Zjp = 165 Q). The AD608’s 
26 dB Conversion Gain logarithmic/limiting amplifier section handles any IF from LF to 
>450 MHz Input Bandwidth as high as 50 MHz. 


Logarithmic/Limiting Amplifier 

- 90 dB RSSI Range 
+3° Phase Stability c over 80 dB Range 

Low Power 
21 mW at 3 V Power Consumption 
CMOS-Compatible Power-Down to 200 uW typ 
150 ns Enable/Disable Time 


The mixer is a doubly balanced “Gilbert-Cell” type and oper- 
ates linearly for RF inputs spanning —95 dBm to —-15 dBm. It 
has a nominal —5 dBm third-order intercept. An on-board LO 
preamplifier requires only -6 dBm of LO drive. The mixer’s 
current output drives a reverse-terminated, industry-standard 
10.7 MHz, 330 Q filter and can drive reverse-terminated filter 
impedances as low as 220 Q. 


APPLICATIONS The nominal logarithmic scaling is such that the output is 
Low Power PHP, GSM, TDMA, FM, or PM Receivers 7 


Battery-Powered Instrumentation 


GENERAL DESCRIPTION 

The AD608 provides both a low power, low 
noise mixer and a complete, monolithic log 
amplifier using a “successive-detection” technique 


both a high speed RSSI (Received Signal Strength Indicator) 

output with 90 dB dynamic range and a hard-limited output. enabled by a CMOS logic-level voltage input, with a 

The RSSI output is from a two-pole post demodulation low- esponse time of 150 ns. When disabled, the standby power is 
pass filter and provides a loadable output voltage of +0.2 V to reduced to 200 WW within 400 ns. 

+2 V. The AD608 operates from a single 2.7 V to6 V supply at ©The AD608 is specified for the industrial temperature range of 
a typical power level of 21 mW at 3 V. ~25°C to +85°C and is available in 16-pin plastic SOICs. 


FUNCTIONAL BLOCK DIAGRAM 


— 26dB MIXER GAIN | 3dB NOMINAL a2! aaa 100dB LIMITER GAIN aaa 
INSERTION LOSS 90dB RSSI 


RSS! OUTPUT 
IF INPUT Dini 
0.2V TO 2.0V 
RFHI (5) ~75dBm TO 
RF INPUT +15dBm 
-95 TO | 
~15dBm LIMITER 
RFLO (6) (5) OUTPUT 
S-STAGE IF AMPLIFIER | 


(16dB PER STAGE) 


VPS1 COM1 LOIP COM2 PRUP 


This is a preliminary data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD608-SPEC | Fl CATI 0 sia (@ T, = +25°C, Supply = 3 V, dBm is referred to 50 Q unless otherwise noted) 


Conditions . | Min® | 1x ‘Units 


Parameter _ 


MIXER PERFORMANCE 


Conversion Gain 

* Input Referred Noise 
Equivalent Noise Resistance 
Third-Order Intercept 
Input Resistance 

Input Capacitance 


LIMITER PERFORMANCE _ 


Gain 

Input Referred Noise 
Input Resistance 
Input Capacitance 
Phase Variation 

DC Level 

Output Level 

Rise and Fall Times 


RSSI PERFORMANCE _ 
Nominal Slope 

Nominal Intercept 
Minimum RSSI Voltage 
Maximum RSSI Voltage 
Logarithmic Linearity Error 
RSSI Response Time ~ 
Output Impedance 


POWER-DOWN INTERFACE 
~ Logical Threshold 

Input Current 

Power-Up Response Time 
Power-Down Response Time 
Power-Down Current 


POWER SUPPLY 
Operating Range 
Powered Up Current 


OPERATING TEMPERATURE 


Tin to Tax 


fpr = 240 MHz, fio = 229.3 “MHz 
Doubly Terminated 330 Q IF Filter dB 
AC Short-Circuited Input Ns ee nVNHz 
| | 7 Q. 
dBm | 
kQ, 
pF 


Full Temperature and Supply Range 100. Site oy yee 
AC Short-Circuited Input | Hh nV/VHz 
| : kQ | 
| | | pF 
-75 dBm to +15 dBm Input Signal at 10.7 MHz | 7 Degree _ 
Center of Output Swing (VPOS-1) hoe 7 | V- 
| 4 mV p-p 
Driving a 5 pF Load 


At 10.7 MHz 
Proportional to VPOS — 


-75 dBm Input Signal 
+15 dBm Input Signal _ 
—~75 dBm to +15 dBm, In 
10% to 90% 

At Mid 


System Active. 6n Logi 

For Logical High 
Active Limiter Output 

To 200 pA Supply Current 


VPOS =3 V 


Specifications subject to change without notice. 


This information applies to a product under development. Its characteristics and specifications are subject to change ve notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD608 


ABSOLUTE MAXIMUM RATINGS' PIN DESIGNATIONS 
Supply Voltage VPOS cee da ba deee beg neigadeeds +6V | 

Internal Power Dissipation? ................000 600 mW 

Operating Temperature Range ............. —25°C to +85°C 

Storage Temperature Range ............. —65°C to +150°C 

Lead Temperature, Soldering (60 sec) ............. +300°C 

NOTES , 


'Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those indicated in 
the operational section of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended rating conditions for extended periods 
may affect device reliability. 

?Thermal Characteristics: 16-pin SOIC package; Oj, = TBD. 


ORDERING GUIDE PIN DESCRIPTION 


Temperature Range 


—25°C to +85°C 


*For outline information see Package Information section. 


Package Option* 


Description 


AD608AR 16-Pin Narrow-Body 


Positive Supply Input 
SOIC (R-16A) hae oe 


Common 
._}: Local Oscillator Input Connection 
+<Common 


Mm & OW bd 


RF Input, Noninverting 
“) RF Input, Inverting 
“Mixer Output 
Midpoint Supply Bias Output 
IF Input, Noninverting 
IF Input, Inverting 
Received Signal Strength Indicator Output 
Output Common 
Feedback Loop Output 
Limiter Positive Supply Input 
Limiter Output 
Power-Up 


CAUTION 

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. WARNING! . S| 
Although the AD608 features proprietary ESD protection circuitry, permanent damage may PTT Ag: 

occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 

precautions are recommended to avoid performance degradation or loss of functionality. 


ESD SENSITIVE DEVICE . 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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= 26dB MIXER GAN —P}<— 3dB NOMINAL >}+—_— 100dB LIMITER GAIN ees 
INSERTION LOSS 90dB RSS! 


-RSSI OUTPUT 
20mV/dB 

IF INPUT 0.2V TO 2.0V 

-75dBm TO , 
a - 
BANDPASS 
FILTER (14) 

LIMITER 
OUTPUT 
400mV),. —p 


: 7 FINAL 
5-STAGE IF AMPLIFIER 
(16dB PER STAGE) LIMITER 


VPS1 COM1 LOIP COM2 PRUP 


Figure 1. AD608 Functional Block Diagram 


UPPLY 


C1 Y 27V TO SV 


c2 
| tae LIMITER OUTPUT 
LO INPUT LOHI f O vPOS 
“1edBm OT -1V + 200mv 
-RFINPUT —sRFHI 
~97dBm TO 
-17dBm ca RSSI OUTPUT 
100pF O +0.2V TO +2.0V 
cS (20mV/dB) 
"BIAS POINT 
AT VPOS/2 ag. ‘OOPF 
C7 
MURATA SFE10.7 Hor, 
10.7MHz BPF Z = 3302 bee 
e@ @ @ _ OFFSET-CONTROL 
C6 
BPF REVERSE T our BPF - 
TERMINATION a 1. TERMINATION 
IF BIAS POINT 
_ DECOUPLING 


Figure 2. AD608 Application Circuit. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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ANALOG 
DEVICES 


FEATURES 

Recovers Signal from +100dB Noise 

2MHz Channel Bandwidth 

45V/ys Slew Rate 

— 120dB Crosstalk @ 1kHz 

Pin Programmable Closed Loop Gains of +1 and +2 
0.05% Closed Loop Gain Accuracy and Match 

100x2V Channel Offset Voltage (AD630BD) 

350kHz Full Power Bandwidth 

Chips Available 


PRODUCT DESCRIPTION 

The AD630 is a high precision balanced modulator which combines 
a flexible commutating architecture with the accuracy and tem- 
perature stability afforded by laser wafer trimmed thin film 
resistors. Its signal processing applications include balanced 
modulation and demodulation, synchronous detection, phase 
detection, quadrature detection, phase sensitive detection, lock-in 
amplification and square wave multiplication. A network of on- 
board applications resistors provides precision closed loop gains 
of +1 and +2 with 0.05% accuracy (AD630B). These resistors 
may also be used to accurately configure multiplexer gains of 
+1, +2, +3 or +4. Alternatively, external feedback may be 
employed allowing the designer to implement his own high gain 
or complex switched feedback topologies. 


The AD630 may be thought of as a precision op amp with two 
independent differential input stages and a precision comparator 
which is used to select the active front end. The rapid response 
time of this comparator coupled with the high slew rate and fast 
settling of the linear amplifiers minimize switching distortion. 
In addition, the AD630 has extremely low crosstalk between 
channels of — 100dB @ 10kHz. 


The. AD630 is intended for use in precision signal processing 
and instrumentation applications requiring wide dynamic range. 
When used as a synchronous demodulator in a lock-in amplifier 
configuration, it can recover a small signal from 100dB of inter- 
fering noise (see lock-in amplifier application). Although optimized 
for operation up to 1kHz, the circuit is useful at frequencies up 
to several hundred kilohertz. 


Other features of the AD630 include pin programmable frequency 
compensation, optional input bias current compensation resistors, 
common mode and differential offset voltage adjustment, and a 
channel status output which indicates which of the two differ- 
ential inputs is active. This device is now available to Standard 
Military Drawing (DESC) numbers 5962-8980701RA and 
5962-—89807012A. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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Balanced Modulator/Demodulator 
AD630 


FUNCTIONAL BLOCK DIAGRAM 


PRODUCT HIGHLIGHTS 

1. The configuration of the AD630 makes it ideal for signal 
processing applications such as: balanced modulation and 
demodulation, lock-in amplification, phase detection, and 
square wave multiplication. | 


2. The application flexibility of the AD630 makes it the best 
choice for many applications requiring precisely fixed gain, 
switched gain, multiplexing, integrating-switching functions, 
and high-speed precision amplification. 

3. The 100dB dynamic range of the AD630 exceeds that of any 


hybrid or IC balanced modulator/demodulator and is com- 
parable to that of costly signal processing instruments. 


_ 4, The op-amp format of the AD630 ensures easy implementation 


of high gain or complex switched feedback functions. The 
application resistors facilitate the implementation of most 
common applications with no additional parts. 

5. The AD630 can be used as a two channel multiplexer with 
gains of +1, +2, +3 or +4. The channel separation of 
100dB @ 10kHz approaches the limit which is achievable 
with an empty IC package. 

6. The AD630 has pin-strappable frequency compensation (no 
external capacitor required) for stable operation at unity gain 
without sacrificing dynamic performance at higher gains. 

7. Laser trimming of comparator and amplifying channel offsets 
eliminates the need for external nulling in most cases. 
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AD630-SPECIFICATIONS (@ +25°C and +V, = +15V wes otherwise noted) 


Model AD630J/A 
GAIN 
eas Loop Gain 
+ 2 Closed Loop Gain Error 
| ae Loop Gain Match 
Closed Loop Gain Drift 
CHANNEL INPUTS 
_ Vin Operational Limit! (—Vs +4V)to(+Vs —1V) 
Input Offset Voltage 500 
Input Offset Voltage 
Trin to 4 800 
Input Bias Current 300 
~ Input Offset Current 50 
Channel Separation @ 10kHz 
COMPARATOR 
Vin Operational Limit! (—Vs + 3V) to(+Vs —1. $v) 
Switching Window +1.5 
Switching Window 
Tinin tO Tmax” . +2.0 
Input Bias Current ' 300 


Response Time (— 5mV to + 5mV step) 
Channel Status 
Isink @ VoL = —Vs + 0.4V? 


Pull-Up Voltage — (=Vs + 33V) 


DYNAMIC PERFORMANCE 
Unity Gain Bandwidth 
Slew Rate‘ _ 
Settling Time to 0.1% (20V step) 


OPERATING CHARACTERISTICS 
Common-Mode Rejection 
Power Supply Rejection 
Supply Voltage Range 
Supply Current 
OUTPUT VOLTAGE, @ Ry; = 2k 
Twin to Tear 
Output Short Circuit Current 
TEMPERATURE RANGES 


Rated Performance —N Package 
D Package - 


NOTES 


AD630K/B 
Min Typ Max 


(—Vs +4V)to(+ Vs —1V) 
100 


160 


300 
50 


(—Vs +3V)to(+ Vs —1.5V) 
+1.5 


+2.0 
300 


(—Vs + 33V) 


~ AD630S © 
Min 


(—Vs +4V)to(+Vs —1V) 
500 


1000 
300 
50 


(—Vs +3V)to(+Vs5 —1.3V) 
+1.5 


+2.5 
300 


(—Vs +33V) 


If one terminal of each differential channel or comparator input is kept within these limits the other terminal may be taken to the positive supply. 
These parameters are guaranteed but not tested for J and K gradés. For A, Band S grades they are tested. 


3Isink @ Voy = (~Vs + 1) voltis typically 4mA. 
‘Pin 12 Open. Slew rate with Pins 12 & 13 shorted is typically 35V/us. 


Specifications subject to change without notice. 


Specifications shown in.boldface are tested on all production units at final electri- 
cal test: Results from those tests are used to calculate outgoing quality levels. All 
min and max specifications are guaranteed, although only those shown in 
boldface are tested on all production units. 
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REV. A 


ABSOLUTE MAXIMUM RATINGS 


Stpply Voltage: 6.64. ac & A EE es ES +18V 
Internal Power Dissipation .............. 600mW 
Output Short Circuit toGround .......... Indefinite 


Storage Temperature, Ceramic Package . . . 
Storage Temperature, Plastic Package... . 


Lead Temperature, 10 sec. Soldering 
Max Junction Temperature 


— 65°C to + 150°C 
— 55°C to + 125°C 


THERMAL CHARACTERISTICS 


20-Pin Plastic DIP (N) 
20-Pin Ceramic DIP (D) 
20-Pin Leadless Chip 

Carrier (E) 


61°C/W 
120°C/W 


120°C/W 


CHIP METALIZATION AND PINOUT 


Dimensions shown in inches and (mm). 


PIN CONFIGURATIONS 


20-Pin Plastic DIP (N-20) 
20-Pin Side Brazed DIP (D-20) 


CH A+ | 2 | 119] CH B- 
DIFF OFF ADJ | 3 | 118] CH B+ 
DIFF OFF ADJ | 4 | Ry B 
CM OFF ADJ | 5 | AD630 a Ra 
TOP VIEW 
CM OFF ADJ |6 | (Not to Scale) Re 
CHANNEL STATUS [71 = Re 
Vg {8 | 113} Vour 
SELB | 9| COMP 
SEL A |10| +Vg 
20-Contact LCC (E-20A) 


AD630 


Contact factory for latest dimensions 


= 
Q 
<q 
i. 
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ue 
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Riis ity _ ; 
18 17 16 < Bo <q a 
mr e£-rc2 
as one o Oo 
2 1 20 19 
DIFF OFF ADJ 4 18 CH B+ 
CM OFF ADJ 5 AD630 17 Ry B 
CM OFF ADJ 6 TOP VIEW 16 Ra 
CHANNEL STATUS B/A 7 (Not to Scale) 15 Re 
eae 7 
= Vs 8 14 Rp 
At 2 =o 
i ) | 
aes —_ 9 10 11 12 13 
: ; ao <« oa amd 
>s 2 
naw t*o 2 
no n 1S) 


CHIP AVAILABILITY 


The AD630 is available in laser trimmed, passivated chip form. 
The figure shows the AD630 metalization pattern, bonding pads 
and dimensions. AD630 chips are available; consult factory for 


details. 


AD630KN 0°Cto + 70°C 
AD630AD ~25°C to + 85°C 
AD630BD —25°C to + 85°C 
AD630SD —55°Cto + 125°C 
AD630SD/883B | —55°Cto + 125°C 
5962-8980701RA| — 55°C to + 125°C 
AD630SE/883B | —55°Cto + 125°C 
5962-89807012A | —55°Cto + 125°C» 
AD630JChip _| 0°C to +70°C 
AD630SChip | —55°Cto + 125°C 


AD630JN 


ORDERING GUIDE 


0°C to + 70°C 


. Temperature Package 
Range Description 


Plastic DIP 
Plastic DIP 

Side Brazed DIP 
Side Brazed DIP 
Side Brazed DIP 
Side Brazed DIP 
Side Brazed DIP 
LCC 

Chip 

Chip 


N-20 
D-20 
D-20 
D-20 
D-20 
D-20 
| E-20A 
E-20A 


*For outline information see Package Information section. 
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SY ANALOG 
@DEVICES _ 


RGB to NTSC/PAL Encoders 
AD720/AD721_ 


FEATURES 

Composite Video Output 

Chrominance and Luminance (S-Video) Outputs 

No External Filters or Delay Lines Required 

Drives 75 2 Reverse-Terminated Loads ji 

Compact 28-Pin PLCC | 

Logic Selectable NTSC or PAL Encoding: Modes 

Automatically Selects Proper Chrominance Filter 
Cutoff Frequency for Encoding Standard 

Logic Selectable. Encode or Power-Down Mode (AD720 
Only) | 

Logic Selectable Encode or Bypass Mode (AD721 Only) 

Low Power: 200 mW typical 


APPLICATIONS 
RGB to NTSC or PAL Encoding 
Drive RGB Signals into 75 2 Load (AD721 Only) 


PRODUCT DESCRIPTION _. 

The AD720 and AD721 RGB to. NTSC/PAL Encoders convert 
red, green and blue color component signals into their corre- 
sponding luminance (baseband amplitude) and chrominance 
(subcarrier amplitude and phase) signals in accordance with 

_ either NTSC or PAL standards. These two outputs are also 
combined to provide a composite video output. All three out- 
puts are available separately at voltages of twice the standard 

_ signal levels as required for driving 75 Q reverse terminated 
cables. The AD721 also features a bypass mode, in which the 
RGB inputs may bypass the encoder section of the IC via three 
gain-of-two amplifiers suitable for driving 75 Q reverse termi- 
nated cables. 


The AD720. and AD721 provide a complete, fully. calibrated 
function, requiring only termination resistors, bypass capacitors, 
a clock input at four times the subcarrier frequency, and a com- 
posite sync pulse. There are two control inputs: one input 
selects the TV standard (NTSC/PAL) and the other (ENCD) 
powers down most sections of the chip when the encoding func- 
tion is not in use (AD720) or activates the triple bypass buffer to 
drive the RGB signals when RGB encoding is not required 
(AD721). All logical inputs are CMOS compatible. The chip 
operates from +5 V supplies. 


All required low-pass filters are on chip. After the input signals 
pass through. a precision RGB to YUV encoding matrix, two on- 
chip low-pass filters limit the bandwidth of the U and V color 
difference signals to 1.2 MHz prior to quadrature modulation of 
the color subcarrier; a third low-pass filter at 3.6 MHz (NTSC) 
or 4.4 MHz (PAL) follows the modulators to limit the harmonic 
content of the output. 


Delays in the U and V chroma filters are ppimectied by an on-chip 
sampled data delay line in the Y sigrial path; to prevent aliasing, 
prefilter at 5 MHz is included ahead of the delay line and a post 
filter at 5 MHz is added after the delay line to suppress harmon- | 
ics in the output. These low-pass filters are optimized for mini- 
mum pulse overshoot. The overall delay is about 170 ns, which 
precompensates for delays in the filters used to decode the 

NTSC or PAL signal-in a television receiver. (This precompen- 
sation delay is already present in TV broadcasts. } 


The AD720 and AD721 are. available in a 28-pin plastic leaded 


chip carrier for the orc to +70°C commercial enptaute range. 


FUNCTIONAL BLOCK DIAGRAM 


C-SYNC 

DELAY | wrsc/PAL 
+180° 

(PAL ONLY) 


'- NTSC/PAL 
SYNC 
RONG DECODER 
C-SYNC 


SC 90°/270° 


SC 90° NTSC/PAL 
4FSC QUADRATURE 
BURST 


Y ’ SMHz 
4-POLE LP. 
PRE-FILTER 


RGB-TO-YUV 
ENCODING 
MATRIX 


| ahh 
> ROUT | “NOTE: 
AD721 
: : aver. (ONLY) ) 
> GOUT | 
| 1.5Vp-p | 
| | 
| | 
| 
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CLOCK 
AT 8FSC 


_ SAMPLED- 
DATA 
DELAY LINE. 


BALANCED 
- MODULATORS 


DELAYED C-SYNC 


POWER AND GROUNDS 

+5V —— > LOGIC 
_ 450 > ANALOG: 
5y ———P ANALOG ONLY 
AGND ——* ANALOG 
DGND —— LOGIC 


Dc | SMHz 


| | ‘* 
metrons bol raue Lp [a> “aaaroraoviee 
AND C-SYNC LP POST- , 3 
-0.6V TO 1.4V PAL 


INSERTION FILTER 


COMPOSITE OUTPUT* 
—0.572V TO 2V NTSC 
-0.6V TO 2V PAL 


3.6MHz (NTSC) 


4.4MHz (PAL) > CHROMINANCE OUTPUT* 
3-POLE LPF 572mVp-p NTSC 


600mVp-p PAL 


THE LUMINANCE, COMPOSITE, AND CHROMINANCE | 
OUTPUTS ARE AT TWICE NORMAL LEVELS FOR 
DRIVING 75Q REVERSE-TERMINATED LINES. | 
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SPEC | FI CATI 0 NS (T, = +25°C and supplies = +5 V unless otherwise noted) 


Parameter 


SIGNAL INPUTS (RDIN, GRIN, BLIN) 
Input Amplitude 


Input Resistances! 
RDIN with Respect to AGND 
GRIN with Respect to AGND 
BLIN with Respect to AGND 
Input Capacitance 


LOGIC INPUTS (C-SYNC, 4FSC, ENCD, NTSC) 


Logic LO Input Voltage 
Logic HI Input Voltage 
Logic LO Input Current (DC) 
Logic HI Input Current (DC) 


BYPASS AMPLIFIERS ene} Only) 
Gain Error 
Small Signal -3 dB Bandwidth 
Output Offset Voltage (Active State) 
Output Voltage (Inactive State) 


VIDEO OUTPUTS? (LUMA, CRMA, CMPS) 


Luminance (LUMA) Output 
Bandwidth 
Gain Error 
Linearity 
Sync Level 


Chrominance (CRMA) Output 
Bandwidth 


Color Burst Amplitude 


Absolute Gain Error 
Absolute Phase Error 
Chroma/Luma Time Alignment* 
Composite Output 
Absolute Gain Error 
Differential Gain 
Differential Phase 
Output Offset Voltage 
Chroma Feedthrough 


POWER SUPPLIES (APOS, DPOS, VNEG) 
Recommended Supply Range 
Full Output Current? 


Zero Signal Quiescent Current 


Bypass Mode Quiescent Current 
(AD721 Only) 


NOTES 


AD720/AD721 
Ca 


NTSC 
PAL 


Nominal Gain of x2? 


With Respect to Chroma Channel 
With Respect to Chroma Channel 

Chroma, Luma, or Composite Oumuts: 
Monochrome Input 


Dual Supply 
—5 V Supply 
+5 V Supply 
—5 V Supply 
+5 V Supply 
—5 V Supply 
+5 V Supply 


‘Input scaling resistors provide best scaling accuracy when source resistance is 37.5 Q (75 Q reverse-terminated input). 


*Required for driving a 75 Q double reverse terminated load. 


3All outputs are measured at a reverse-terminated load; voltages at IC pins are twice those specified here. 
*This is a predistortion (per FCC specifications) that compensates for the chroma/luma delay in the low-pass filter that separates the luminance and chrominance 


signals in a television receiver. 


>CRMA, LUMA, and CMPS outputs are all connected to 75 Q reverse-terminated loads; full-white signal for entire field. 
Specifications shown in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. All min 
and max specifications are guaranteed, although only those shown in boldface are tested on all production units. 


Specifications subject to change without notice. 
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AD720/AD721 


ABSOLUTE MAXIMUM RATINGS* 


Supply Voltage Vs 

Internal Power Dissipation ...... ere ee ee a ere eee 600 mW 
Operating Temperature Range .............. 0°C to +70°C 
Storage Temperature Range ............ —65°C to +150°C 
Lead Temperature, Soldering 60sec .............. +300°C 
NOTE 


*Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those indicated in the 
operational section of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended rating conditions for extended periods 
may affect device reliability. 

Thermal characteristics: 28-pin plastic package: 0,4 = 100°C. 


ORDERING GUIDE 


- Temperature 

_ Range Package 
0°C to +70°C 28-Pin PLCC 
‘0°C to +70°C 28-Pin PLCC 


*For outline information see Package Information section. 


Package 
Option* 


AD720JP 
AD721JP 


PIN CONNECTIONS 
28-Lead Plastic Leaded Chip Carrier (PLCC) Package 
P-28A 


: g 
g : 
4 | 28 


25 | DGND 
124] SYNC 
|23| ppos 
122 | ASNC 
|21| DPOS 
4FSC 
19 | DGND | 


ENCD | 5 | 
RDIN | 6 | 


AGND AD720/AD721 
anita RGB TO NTSC/PAL 

ENCODER 
AGND | 9 | 


BLIN |10 | 
STND |11, 


EES | REM | | EA | EEN Ea EE 
fo) < n Nn DV oS 
gfe: 5 z 


< 
= 
> 
- 


NOTE 
CONNECTIONS IN () PERTAIN ONLY TO AD720 


CAUTION 


ESD (electrostatic discharge) sensitive device. Blecerosiadé aes as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the AD720/AD721 features proprietary ESD protection circuitry, permanent damage ane 
may occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD ~ 
precautions are recommended to avoid performance degradation or loss of functionality. 
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eta gaint stent Te nee £6V. 


= 3 i 


PIN DESCRIPTIONS 


(No Connection) Green Bypass Buffer 

(No Connection) Analog Positive Supply; +5 V + 5% 

(No Connection) Red Bypass Buffer | 

Analog Ground Connection’ .~. 

A Logical High Enables the NTSC/PAL Encode 

Mode (A Logical Low Powers Down the Chip) 

A Logical Low Enables the RGB Bypass Mode 

Red Component Video Input . 
0 mV to 714 mV for NTSC 

0 mV to 700 mV for PAL . 

Analog Ground Connection 

Green Component Video Input 

0 mV to 714 mV for NTSC 

0 mV to 700 mV for PAL ©» 

Analog Ground Connection 

Blue Component Video Input 

0 mV to 714 mV for NTSC 

0 mV to 700 mV for PAL 

A Logical High Input Selects NTSC eee 

A Logical Low Input Selects PAL pnenaing:: 

CMOS Logic Levels - 

Analog Ground Connection 

Chrominance Output; Subcarrier Only** | 

572 mV Peak-to-Peak for NTSC 

600 mV Peak-to-Peak for PAL 

Analog Positive Supply; +5 V + 5% 

Composite Video Output** 

-572 mV to 2 V for NTSC 

-—600 mV to 2 V for PAL 

Analog Positive Supply; +5 V + 5%. .. 

Luminance Plus SYNC Output** 

-572 mV to 1.43 V for NTSC 

—600 mV to 1.4 V for PAL 

System Negative Supply; -5 V t 5% 

Digital Ground Connection 

Clock Input at Four Times the Subcarrier Frequency 

14.318 180 MHz for NTSC 

17.734 480 MHz for PAL 

CMOS Logic Levels 

Digital Positive Supply; +5 V + 5% 

A Logical High Input Resets the Subcarrier Phase 

Every Frame 

A Logical Low Input Resets the Subcarrier Phase 

Every Fourth Frame Pai 

CMOS Logic Levels ; 

Digital Positive Supply; +5 V + 5% 

Input for Composite Television 

Synchronization Pulses | 

Negative Sync Pulses 

CMOS Logic Levels 

Digital Ground Connections (One of Two) 

System Negative Supply; -5 V + 5% 

(No Connection) Blue Bypass Buffer 

Analog Positive Supply; +5 V + 5% 


| (Nc) GOUT 
(NC) APOS 
(NC) ROUT 
AGND 
ENCD 


a PWD 


27 |(NC) BOUT 
28 | APOS 


#C) pertain only to AD720. 
**The luminance, chrominance, and composite outputs are at twice normal 
levels for cous 75 Q Reverse teeminated lines. 


s WARNING! 
TTT a 


ESD SENSHIVE DEVICE : 


wa 
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Typical Characteristics—AD720/AD721 


COMROSITE VIDEO BT VOLTS | IRE:FLT FRAMES SELECTED: 1 2; APL = 45.8% 


COMPOSITE 


SYNC 
TEKTRONIX TSG 300 AD720/AD721 SONY 


COMPONENT VIDEO RGB TO NTSC/PAL MONITOR 
WAVEFORM GENERATOR ENCODER MODEL 1342 


525 LINE NTSC; NO FILTERING 
SLOW CLAMP TO 0.00V AT 6.6318 
PRECISION MODE OFF 
SYNC = SOURCE 


100.0 


TEKTRONIX 1910 
COMPOSITE VIDEO PIXEL-CLOCK TEKTRONIX VM700A 
WAVEFORM GENERATOR GENERATOR WAVEFORM MONITOR 


Figure 1. AD720/AD721 Evaluation Setup 


DG DP(NTSC) (SYNC = EXT) 
FIELD = 1 LINE = 21 
DIFFERENTIAL GAIN (%) MIN = —0.10; MAX = 0.00; p-p/MAX = 0.10 


0.00 -0.04 0.00 ~0.01 —0.04 -0.10 


20.0 30.0 40.0 50.0 60.0 70.0 
MICROSECONDS 


0.10 
0.05 Figure 4. 100% Color Bars, NTSC 


0.00 ane — Se —— a —— cee eel 


0.05 


VOLTS | IRE:FLT FRAMES SELECTED: 1 2; APL = 11.3% 


525 LINE NTSC; NO FILTERING 
SLOW CLAMP TO 0.00V AT 6.638 
PRECISION MODE OFF 

SYNC = SOURCE 


~0.10 


DIFFERENTIAL PHASE (°) MIN = 0.00; MAX = 0.07; p-p = 0.07 


0.00 0.05 0.05 0.04 0.07 0.01 100.0 
0.10 
0.05 
0.00 0.5 
—0.05 50.0 
-0.10 i! 
; Bl | 
1ST 2ND 3RD 4TH 5TH 6TH Ly : fh 


Figure 2. Composite Output Differential Phase and Gain, 2 | 15 


NTSC (Nulled to Chroma Output) | a 
VOLTS | IRE:FLT NOISE REDUCTION: 15.05dB ae (ANE AO see eee ee, SO 


APL = 49.6% : MICROSECONDS 
525 LINE NTSC; NO FILTERING 


SLOW CLAMP TO 0.00V AT 6.63:s 


. SYNC = SOURCE Figure 5. Multipulse, NTSC 
soa FRAMES SELECTED: 1 2 
H TIMING MEASUREMENT RS-170A (NTSC) 
05 | FIELD =1 LINE = 22 | a 
50.0 | CYCLES 
5.35,s 
; ‘an . 
: Mu i} 4.82us 
ome ! F ne <8 oy oe ate sata tenet art al eran Paneer 3 
Zz i , 
5 ” 85ns | 
z= H 39.4 IRE 39.2 IRE 
eee 
0.0. 10.0 20.0 300 40.0 50.0 600 700 | _ Te Aiea Ae Aas “0 
MICROSECONDS/PRECISION MODE OFF AVERAGE 32 TO 32 
Figure 3. Modulated Pulse and Bar, NTSC Figure 6. Horizontal Timing, NTSC 
H TIMING (PAL) 
LINE = 17 | 1.981s 
5.52us 
4.82us 

‘ : 

| ns 

| 302.2mV See 

82ns 
AVERAGE 32 TO 32 


Figure 7. Horizontal Timing, PAL 
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AD720/AD721 


THEORY OF OPERATION | 

Referring to. the AD720/AD721 block diagram (Figure 8), the 
RGB inputs (each 0 mV to 714 mV in NTSC or 0 mV to 

700 mV in PAL) are first encoded into luminance and color 
difference signals. The luminance signal is called the “Y” 
signal and the color-difference signals are called U and V. The 
RGB inputs are encoded into the YUV format using the 
transformation 


Y = 0.299R + 0.587G + 0.114B 
U = 0.493 (B-Y) 
V = 0.877 (R-Y) 


For NTSC operation, the chroma amplitude is increased by the 
factor 1.06 prior to summation with the luminance output. The 
burst signal is inserted into the Y channel in the encoding matrix. 


The three outputs of the encoding matrix, now transformed into Y, 
U, and V components, take two paths. The Y (luminance) signal is 
passed through a delay line consisting of a prefilter, a sampled-data 
delay line, and a post filter. The pre- and post-filters prevent 
aliasing of harmonics back into the baseband video. The overall de- 
lay is a nominal —170 ns relative to the chrominance signal, in 
keeping with broadcast requirements to compensate for delays in- 
troduced by the filters in the decoding process. 


The U and V components pass through 4-pole modified Bessel 
low-pass filters with a 1.2 MHz —3 dB frequency to prevent 
aliasing in the balanced modulators, where they modulate a 
3.579 545 000 MHz (NTSC) or 4.433 618 750 MHz (PAL) 
signal via a pair of balanced modulators driven in quadrature by 
the color subcarrier. 


The AD720/AD721 4FSC input drives a digital divide-by-4 cir- 
cuit (two flip-flops) to create the quadrature signal. The refer- 
ence phase 0° is used for the U signal. In the NTSC mode, the 
V signal is modulated at 90°, but in the PAL mode, the V 
modulation input alternates between 90° and 270° at half the 
line rate as required by the PAL standard. The outputs of the 
balanced modulators are summed and low-pass filtered to re- 
move harmonics. 


The filtered output is summed with the luminance signal to cre- 
ate a composite video signal. The separate luminance, chromi- 
nance, and composite video signals are amplified by gain-of-two 
amplifiers for driving 75 Q reverse-terminated lines. The sepa- 
rate luminance and chrominance outputs noe are known as 
“S-Video.” 


The digital section of the AD720/AD721 is clocked by the 
4FSC input. It measures the width of pulses in the composite 
sync input to separate vertical, horizontal, and serration pulses 
and to insert the subcarrier burst only after a valid horizontal 
sync pulse. 


Asserting the ENCD pin to a logical low routes the AD721’s 
RGB inputs through three gain-of-two bypass buffers for driving 
75 Q reverse-terminated lines, bypassing the encoder section of 
the AD721. The triple bypass amplifier is utilized to overcome 
the loading effects of a “I'V-out” connection on the RGB moni- 
tor output. When a video encoder is connected to outputs of a 
current-out video RAMDAC or VGA controller, the R, G, and 
B signals to the monitor are loaded-down. This requires the use 
of a gain block to properly drive the monitor. 


NTSC/PAL DELAYED C-SYNC 
oe 4 C-SYNC POWER AND GROUNDS 
ASNC Sec ence DELAY | NTSC/PAL nae 
i 
ante +5V LOGIC 
+5V ——P ANALOG) 

SC 90° | (PAL ONLY) NTSC/PAL AGND —— ANALOG 

4FSC QUADRATURE | cLock DGND ——* LOGIC 

ENCD ——>| DECODER AT 8FSC 


BURST 


LUMINANCE OUTPUT* 


pc 5MHz 
RED 4-POLE LP DATA AND C-SYNC LP POST- —0.572V TO 1.43V NTSC 
| PRE-FILTER DELAY LINE INSERTION FILTER —0.6V TO 1.4V PAL 
COMPOSITE OUTPUT* 
RGB-TO-YUV () -0.572V TO 2V.NTSC 
GREEN ENCODING -0.6V TO 2V PAL 
MATRIX 3.6MHz (NTSC) 
BALANCED 4.4MHz (PAL) CHROMINANCE OUTPUT* 
MODULATORS 3-POLE LPF ; 572mVp-p NTSC : 


BLUE 


600mVp-p PAL 


; | 
| ROUT | oe 
ey AD721 |. THE LUMINANCE, COMPOSITE, AND CHROMINANCE 
| a es (ONLY) OUTPUTS ARE AT TWICE NORMAL LEVELS FOR 
| | DRIVING 75Q REVERSE-TERMINATED LINES. 
GOUT | 
| 1.5Vp-p | 
| 
: > BOUT a 
1.5Vp-p | 


Figure 8. AD720/AD721 Functional Block Diagram 
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APPLYING THE AD720/AD721 

Figure 9 shows the application of the AD720 and Figure 10 
shows the application of the AD721. Note that the AD720 and 
AD721 differ from other analog encoders because they are dc 
coupled. This means that, for example, the expected RGB 
inputs are 0 mV to 714 mV in NTSC and 0 mV to 700 mV in 
PAL. The luminance, chrominance, and composite outputs 
are also dc coupled. These outputs can drive a 75 Q reverse- 
terminated load. Unused outputs should be terminated with 
150 Q resistors. 


+5V FROM © 
ANALOG SUPPLY 
0.1,F JG 
V, 
ENCODE INPUT 4 | 3 Fi A 
ENCODE = CMOS HIGH Oo 
POWER DOWN = CMOS LOW z 


VIDEO STANDARD 

SELECTION INPUT © 
NTSC = CMOS HIGH 

PAL = CMOS LOW 


ANALOG SUPPLY 


28 | 
71) 
o 
a. 
< 


12] [13] [14] [15] [16] [17] [19] 
Vv, 
+5V FROM o 


AD720/AD721 


The RGB data must be supplied to the AD720/AD721 at 
NTSC or PAL rates, interlaced format. Various VGA chip set 
vendors support this mode of operation. Most computers supply 
RGB outputs in noninterlaced format at higher data rates than 
NTSC and PAL, which means that “outboard” encoders must 


supply some form of timing conversion before the RGB data 
reaches the AD720/AD721. 


O -5V FROM 
ANALOG SUPPLY 


G 0.1pF 


COMPOSITE SYNC INPUT 


smc fs} 0 Ae tb 
23) 0 +5V FROM 
RAM-DAC AD720 Our DIGITAL SUPPLY 
ADVATX §10G GRIN RGBTONTSC/PAL SNC v 
—_ ENCOUEN v O +5V FROM 
DIGITAL SUPPLY 


O 4X SUBCARRIER INPUT 
CMOS LOGIC LEVELS 
NTCS = 14.318 180MHz 
PAL = 17.734 480MHz 


DGND |19 
7 0.1F 
VNEG 


O -5V FROM ANALOG SUPPLY 


75Q. 
WO LUMINANCE OUTPUT 

75Q. 
O COMPOSITE OUTPUT 

75Q 


O CHROMINANCE OUTPUT 


Figure 9. AD720 Application 


0.1F 


ENCODE INPUT 
ENCODE = CMOS HIGH 
BYPASS = CMOS LOW © 


75Q 
RED OUTPUT 


75Q 


O GREEN OUTPUT 


O +5V FROM 75Q 
ANALOG SUPPLY -O BLUE OUTPUT 
-~5V FROM 
ANALOG SUPPLY 


COMPOSITE SYNC INPUT 


smc [23] $0 Se 
23) O +5V FROM 
RAM-DAC AD721 0.1NF DIGITAL FUPPLY 
ae ye GRIN RGBTONTSC/PAL “SNC v 
ADV71XX ENCODER’ \/ eer 
DIGITAL SUPPLY 


© 4X SUBCARRIER INPUT 
CMOS LOGIC LEVELS 


DGND [19] 
V7 OTE NTCS = 14.318 180MHz 


VIDEO STANDARD VNEG aa 
SELECTION INBLT ria rag AGT PAL = 17.734 480MHz 
NTSC = CMOS HIGH }12| [13] 17 
PAL = CMOS LOW L © -5V FROM ANALOG SUPPLY 
75Q 
arr ae ‘Ww? LUMINANCE OUTPUT 
ANALOG SUPELY © COMPOSITE OUTPUT 
: va 0.1UF wea 


O CHROMINANCE OUTPUT 


Figure 10. AD721 Application 
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-AD720/AD721 


Note also that the AD720/AD721 does not have internal dc res- When the horizontal sync pulses are too long or too short, a dc 
toration and does not accept sync on green. The composite sync offset voltage (due to charge storage) increases on the output of 
input is a separate, CMOS logical-level input and must be syn- the sampled data delay line’s auto-zero amplifier. Normally, this . 
chronized with the 4FSC input, which serves as the master clock offset voltage is removed at the beginning of every line, as signi- 
for the AD720/AD721. | : fied by the horizontal sync pulse. Without the horizontal sync. 
The AD720/AD721 does not implement two elements of the pulse, the dc offset on the epnainone amplifier increases Over 
PAL and NTSC standards. In NTSC operation, it does not time (usually about three to five minutes) until it overrides the 
support the 7.5 IRE unit setup (1 IRE unit = 7.14 mV)—this oe information. The end result is a slow fade to black or 
white 


must be added via software using the RGB inputs. Many RAM- : | 

DACs, such as the Analog Devices ADV471 and ADV478, offer Color Pijckcrine-Aapncheolus Operation 

a logic-selectable setup mode. In PAL operation, the AD720/ The AD720/AD721 requires that its 4FSC and composite sync 
AD721 does not implement a 25 Hz subcarrier offset. signals be synchronized. In most systems, when the two signals 
are synchronized, the composite sync signal is generated using a 
AFSC signal as the reference. After every four frames, the 
AD720/AD721 resets the phase quadrature generator. When the 
CSYNC and 4FSC are synchronized, this reset is transparent to 
the system because the reference phase does not change. When 
the CSYNC and 4FSC are not synchronized, the difference 
between the reference phase and its new value upon reset causes 


The most sensitive input of the AD720/AD721 is the 4FSC pin: —_an instantaneous color shift, which appears as a flickering in the 
any noise on this pin directly affects the subcarrier and causes color: 


degradation of the picture. Digital and analog grounds should 
be kept separate and brought together at a single point. 


Decoupling and Grounding 

Referring to the pin descriptions, the AD720/AD721 uses mul- 
tiple analog grounds, digital grounds, digital positive supply in- 
puts, analog positive supply inputs, and analog negative supply 
inputs in order to maximize isolation between analog and digital 
signal paths. | 


Adding NTSC sata 
The easiest way to add the 7.5 IRE unit’ setup is to use a 
All power supply pins should be decoupled using 0.1 UF ceramic ADV471/478 or ADV477/475 or ADV473 type RAM-DAC, 


capacitors located as close to: the AD720/AD721 as possible. In which have a logic-selectable setup (called “pedestal” on some 
addition, ferrite beads may be slipped over the power supply data sheets and “setup” on others). 
leads to reduce high frequency noise. | : 
Color Fidelity 

If a high speed RAM-DAC is used (e.g., capable of 80 MHz op- A source impedance other than 37.5 Q (75 Q\|75 Q—a 
eration with subnanosecond rise times), care must be taken to reverse-terminated 75 Q input) can cause errors in the YUV 
properly terminate the input printed-circuit-board traces tothe encoding matrix, which is basically resistive and depends on the 
AD720/AD721. Otherwise, ringing on these traces may occur correct source impedance for accuracy. Figures 9 and 10 show 
and cause degradation of the picture. the correct interface between a RAM-DAC and the AD720 and > 

| AD721 respectively, using 75 Q reverse-terminated connections. 
APPLICATIONS HINTS 
In applying the AD720/AD721, problems may arise due to in- store 
correct input signals. A few common situations follow. ITRE unit = 7.14 mV. 


Fade to Black or White—Invalid Horizontal Sync Pulses | 
Some systems produce sync pulses that are longer or shorter 
than the NTSC and PAL standards specify. The digital sync 
separator in the AD720/AD721 ignores horizontal sync pulses 
that are too long or too short. Figure 11 shows the timing win- 
dows for valid NTSC and PAL horizontal sync pulses. 


NTSC: 5.30us 
PAL: 5.46us 


. YER BURST Yj 


COMPOSITE SYNC PULSE 


NTSC: 2.51us 
PAL: 2.25us 


NTSC: 2.79us. 
PAL: 3.2111s 


NTSC: 2.51us 
PAL: 2.25us 


IF THE TRAILING EDGE OF A COMPOSITE SYNC PULSE IS WITHIN 

THIS WINDOW, THE PULSE IS TREATED AS A HORIZONTAL SYNC PULSE. 

IF THE TRAILING EDGE IS OUTSIDE THIS WINDOW, THE PULSE IS TREATED 
AS AN EQUALIZING OR BLANKING PULSE. 


Figure 11. NTSC and PAL Timing for Valid Horizontal 
Sync Pulses 
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ANALOG 
DEVICES 


Low Distortion Mixer 


AD831 


FEATURES 
Doubly-Balanced Mixer 
Low Distortion 
+24 dBm Third Order Intercept (IP3) 
+10 dBm 1 dB Compression Point 
Low LO Drive Required: -10 dBm 
Bandwidth 
500 MHz RF and LO Input Bandwidths 
250 MHz Differential Current IF Output 
DC to >200 MHz Single-Ended Voltage IF Output 
Single or Dual Supply Operation 
DC Coupled Using Dual Supplies 
All Ports May Be DC Coupled 
No Lower Frequency Limit—Operation to DC 
User-Programmable Power Consumption 


APPLICATIONS 

High Performance RF/IF Mixer 
Direct to Baseband Conversion 
Image-Reject Mixers 

1/Q Modulators and Demodulators 


PRODUCT DESCRIPTION 

The AD831 is a low distortion, wide dynamic range, monolithic 
mixer for use in such applications as RF to IF down conversion 
in HF and VHF receivers, the second mixer in DMR base 
stations, direct-to-baseband conversion, quadrature modula- 
tion and demodulation, and doppler-shift detection in ultra- 
sound imaging applications. The mixer includes an LO driver 
and a low-noise output amplifier and provides both user- 
programmable power consumption and 3rd-order intercept 
point. 


The AD831 provides a +24 dBm third-order intercept point for — 


-10 dBm LO power, thus improving system performance and 
reducing system cost compared to passive mixers, by eliminating 
the need for a high power LO driver and its attendant shielding 
and isolation problems. 


The RF, IF, and LO ports may be dc or ac coupled when the 
mixer is operating from +5 V supplies or ac coupled when 
operating from a single supply of 9 V minimum. The mixer 
operates with RF and LO inputs as high as 500 MHz. 


The mixer’s IF output is available as either a differential current 
output or a single-ended voltage output. The differential output 
is from a pair of open collectors and may be ac coupled via a 
transformer or capacitor to provide a 250 MHz output band- 
width. In down-conversion applications, a single capacitor 
connected across these outputs implements a low-pass filter to 
reduce harmonics directly at the mixer core, simplifying output 
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FUNCTIONAL BLOCK DIAGRAM 


filtering. When building a quadrature-amplitude modulator or 
image reject mixer, the differential current outputs of two 
AD831s may be summed by connecting them together. 


An integral low noise amplifier provides a single-ended voltage 
output and can drive such low impedance loads as filters, 50 (2 
amplifier inputs, and A/D converters. Its small signal bandwidth 
exceeds 200 MHz. A single resistor connected between pins 
OUT and FB sets its gain. The amplifier’s low dc offset allows 
its use in such direct-coupled applications as direct-to-baseband 
conversion and quadrature-amplitude demodulation. 


The mixer’s SSB noise figure is 12 dB using its.output amplifier 
and optimum source impedance. Unlike passive mixers, the 
AD831 has no insertion loss and does not require an external 
diplexer or passive termination. 


A programmable-bias feature allows the user to reduce power 
consumption, with a reduction in the 1 dB compression point 
and third-order intercept. This permits a tradeoff between 
dynamic range and power consumption. For example, the 
AD831 may be used as a second mixer in cellular and two-way 
radio base stations at reduced power while still providing a 
substantial performance improvement over passive solutions. 


PRODUCT HIGHLIGHTS 
1. -10 dBm LO Drive for a +24 dBm Output Referred Third 
Order Intercept Point 


2. Single-Ended Voltage Output 
3. High Port-to-Port Isolation 
4. No Insertion Loss 


5. Single or Dual Supply Operation 
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AD831—SPECIFICATIONS stiassnaonsuncinsieas™™*"* 


Parameter 


RF INPUT 
Bandwidth 


Maximum Input Level 
Common-Mode Range 
Bias Current 
Resistance 
Capacitance 


IF OUTPUT | 
Bandwidth 


Conversion Gain 
Output Offset Voltage 
Slew Rate | 
Output Voltage Swing 
Short Circuit Current 


LO INPUT 
Bandwidth 


Maximum Input Level 
Common Mode Range 
Minimum Switching Level | 
Bias Current 

Resistance 

Capacitance 


ISOLATION BETWEEN PORTS 
LO to RF 
LO to IF 
RF to IF 


DISTORTION AND NOISE 
3rd Order Intercept 
2rd Order Intercept 
1 dB Compression Point 
Noise Figure, SSB 


POWER SUPPLIES 
Recommended Supply Range 


Quiescent Current’ 


NOTES 
‘Quiescent current is programmable. 


[Genditons——SSSCS~*dC 


-10 dBm Signal Level, IP3 > +20 dBm 
10.7 MHz IF and High Side Injection 
See Figure 1 . 


DC Coupled 
Differential or Common Mode 


Single-Ended Voltage Output, —3 dB 
Level = 0 dBm,R, = 100 Q 

Terminals OUT and VFB Connected 
DC Measurement; LO Input Switched +1 


R, = 100 Q, Unity Gain 


-—10 dBm Input Signal Level 
10.7 MHz IF and High Side Injection 


Differential Input Signal 
DC Coupled . 
Differential or Common Mode 


LO = 100 MHz, R, = 50 Q, 10.7 MHz IF 
LO = 100 MHz, R, = 50 Q, 10.7 MHz IF 
RF = 100 MHz, R, = 50 Q, 10.7 MHz IF 


LO = -10 dBn, f = 100 MHz 

Output Referred, +100 mV LO Input 
Output Referred, +100 mV LO Input 
R, = 100 Q, Ras = 

For Optimum Source Impedance 


Dual Supply 

Single Supply | 

For Best 3rd Order Intercept Point Performance 
BIAS Pin Open Circuited 


Specifications subject to change without notice. 
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Max 


Units 


MHz 
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ABSOLUTE MAXIMUM RATINGS' PIN CONFIGURATION 
Supply Voltage? Veu.-.43. 24 case yikawa Peas dhe +5.5V 20-Lead PLCC 
Input Voltages 

REET RELO! ci cS eo setae aren med 2etee Was oe +3V 

POH LOO. 4 sheets fhe Sh OES ae cea oes +1V zZzEiséia 
Internal Power Dissipation’. ................... 1200 mW -a|[ 21 | [e0l [ral 
Operating Temperature Range 

AIDBIEAG, Aceh Serato ee Seema oe -40°C to +85°C GND | 4| coM 
Storage Temperature Range ............. -~65°C to +150°C VN | 5| AD831 VFB 
Lead Temperature Range (Soldering 60 sec) ........ +300°C RFP | 6] TOP VIEW 16] OUT 
NOTES Beh (Not to Scale) ir os 
‘Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional s Ps 14 Si 
operation of the device at these or any other conditions above those indicated in the 
operational section of this pe dheaton is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. > 600% 2 
°Thermal Characteristics: aia ng 


20-Pin PLCC Package: 0,, = 110°C/Watt; 8, = 20°C/Watt. 

Note that the 6,, = 110°C/W value is for the package measured while suspended 
in still air; mounted on a PC board, the typical value is 6,,= 90°C/W due to the PIN DESCRIPTION 
conduction provided by the AD831’s package being in contact with the board, 
which serves as a heat sink. 


Description 
ORDERING GUIDE ] Positive Supply Input 
2 Mixer Current Output 
Package ‘ 3 Amplifier Negative Input 
Range Description 
4 Ground 
AD831AP P-20A Negative Supply Input 
*For outline information see Package Information section. 6 RF Input 
| 7 RF Input 
8 Negative Supply Input 
9 Positive Supply Input 
10 Local Oscillator Input 
11 Local Oscillator Input 
12 Positive Supply Input 
13 Ground 
14 Bias Input 
15 Negative Supply Input 
16 Amplifier Output 
17 Amplifier Feedback Input 
18 Amplifier Output Common 
19 Amplifier Positive Input 
20 Mixer Current Output 


CAUTION _— 

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. WARNING! S| 
Although the AD831 features proprietary ESD protection circuitry, permanent damage may til Ag 

occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 

precautions are recommended to avoid performance degradation or loss of functionality. 


ESD SENSITIVE DEVICE 
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AD831 —_ alll 


THIRD ORDER INTERCEPT — dBm 
SECOND ORDER INTERCEPT — dBm 


10 100 200 400 1000 
FREQUENCY ~— MHz FREQUENCY - MHz 


Figure 1. Third-Order Intercept vs. Frequency _. Figure 4. Second-Order Intercept vs. Frequency. 


ISOLATION — dB 


| 100 100 
FREQUENCY - MHz FREQUENCY — MHz 


Figure 2 IF-to-RF Isolation vs. Frequency Figure 5. LO-to-RF Isolation vs. Frequency 
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Figure 3. LO-to-IF Isolation vs. Frequency Figure 6. RF-to-IF Isolation vs. Frequency 
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1dB COMPRESSION POINT - dBm 


100 
FREQUENCY — MHz FREQUENCY ~— MHz 


Figure 7. 1 dB Compression Point vs. Frequency, Gain = 1 Figure 9. Gain Error vs. Frequency for Figure 7, Gain = 1 
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Figure 8. 1 dB Compression Point vs. Frequency, Gain = 2 Figure 10. 1 dB Compression Point vs. Frequency, Gain = 4 


THIRD ORDER INTERCEPT - dBm 


RADIO FREQUENCY INPUT — MHz 


Figure 11. Third-Order Intercept vs. Frequency, LO Held Constant at 241 MHz 
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AD831 
THEORY OF OPERATION 


The AD831 consists of a mixer core, a limiting amplifier, a low 
noise output amplifier, and a bias circuit (Figure 12). 


The mixer’s RF input is converted into differential currents by a 
highly linear, Class A voltage-to-current converter, formed by 
transistors Q1, Q2 and resistors Rl, R2. The resulting currents 
drive the differential pairs Q3, Q4 and Q5, Q6. The LO input is 
through a high gain, low noise limiting amplifier that converts 
the -10 dBm LO input into a square wave. This square wave | 
drives the differential pairs Q3, Q4 and Q5, Q6 and produces a 
high level output at IFP and IFN—consisting of the sum and 
difference frequencies of the RF and LO inputs—and a series of 
lower level outputs caused by odd harmonics of the LO fre- 
quency mixing with the RF input. 


An on-chip network supplies the bias current to the RF and LO 
inputs when these are ac coupled; this network is disabled when 
the AD831 is dc coupled. 


ap (is) (3) AN 
IFP (20) (2) IFN 


18mA TYP 


al my] fan 
INPUT Q2 
RI R2 
RFN 202 =. 200 
VP BIAS 
@ CIRCUIT 
BIAS 


18mA TYP 


Lop 
‘atte Speco [4 
OSCILLATOR > aa os | Q6 
ae Go) LIMITING 
LON AMPLIFIER 
~ Je Tel 
© 


_ When the integral output amplifier is used, pins IFN and IFP 


are connected directly to pins AFN and AFP; the on-chip load 
resistors convert the output current into a voltage that drives the 
output amplifier. The ratio of these load resistors to resistors 
R1, R2 provides nominal unity gain (0 dB) from RF to IF. The 
expression for the gain, in decibels, is 


cas wrest 3)(8 


4. 
73 the amplitude of the fundamental component of a square wave 


Equation 1 


where 


"sale 2 : 
a is the conversion loss 


e is the small signal dc gain of the AD831 when the LO input 


is driven fully positive or negative. 


2022 202 


VFB 
i Beas (18) COM 
i 
CURRENT 
[ABR | v 


362 


12 mA TYP 27 mA TYP 


Figure 12. AD831 Simplified Schematic Diagram 
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IF OUTPUT 


LIMITING 
AMPLIFIER 


R1 ‘R2 
202 =. 202 


BIAS 
7 


VN 36 mA TYP 


Figure 13. Connections for Transformer Coupling to the IF 


Output 


The mixer has two open-collector outputs (differential cur- 
rents) at pins IFN and IFP. These currents may be used to 
provide nominal unity RF-to-IF gain by connecting a center- 
tapped transformer (1:1 turns ratio) to pins IFN and IFP as 
shown in Figure 13. 


Programming the Bias Current 

Because the AD831’s RF port is a Class-A circuit, the maxi- 
mum RF input is proportional to the bias current. This bias 
current may be reduced by connecting a resistor from the BIAS 
pin to the positive supply (Figure 14). For normal operation, 
the BIAS pin is left unconnected. For lowest power consump- 
tion, the BIAS pin is connected directly to the positive supply 
The range of adjustment is 100 mA for normal operation to 

45 mA total current at minimum power consumption. 


NOTE ADDED RESISTOR 


Figure 14. Programming the Quiescent Current 


Low-Pass Filtering 
A simple low-pass filter may be added between the mixer and 
the output amplifier by shunting the internal resistive loads (an 
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AD831 


equivalent resistance of about 14 Q with a tolerance of 20%) 
with external capacitors; these attenuate the sum component in 
a down-conversion application (Figure 15). The corner fre- 
quency of this one-pole low-pass filter (f = (2m RC,)”’) should 
be placed about an octave above the difference frequency IF. 
Thus, for a 70 MHz IF, a -3 dB frequency of 140 MHz might 
be chosen, using C, = (2 x tx 14.2 x 140 MHz)" = 82 pF, the 
nearest standard value. 


Ce =_1_=_1 
2nfR 989.7f 


Figure 15. Low-Pass Filtering Using External Capacitors 


Using the Output Amplifier | 

The AD831’s output amplifier converts the mixer core’s dif- 
ferential current output into a single-ended voltage and provides 
an output as high as +1 V peak into a 50 Q load (+10 dBm). 
For unity gain operation (Figure 16), the inputs AN and AP 
connect to the open-collector outputs of the mixer’s core and 
OUT connects to VFB. 


For gains other than unity, the amplifier’s output at OUT is 
connected via an attenuator network to VFB; this determines 
the overall gain. Using resistors Rl and R2 (Figure 17), the gain 
setting expression is 


Equation 2 


Figure 16. Output Amplifier Connected for Unity Gain 
Operation 
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Figure 17. Output Amplifier Feedback Connections for 
Increasing Gain 


Driving Filters . . 

The output amplifier can be used for driving reverse-terminated 
loads. When driving an IF bandpass filter (BPF), for example, 
proper attention must be paid to providing the optimal source 
and load terminations so as to achieve the specified filter 
response. The AD831’s wideband highly linear output amplifier 
affords an opportunity to increase the RF-to-IF gain to compen- 
sate for a filter’s insertion and termination losses. 


Figure 18 indicates how the output amplifier’s low impedance 
(voltage source) output can drive a doubly-terminated bandpass 
filter. The typical 10 dB of loss (4 dB of insertion loss and 6 dB 
due to the reverse-termination) be made up by the inclusion of a 
feedback network that increases the gain of the amplifier by 

10 dB (x3.162). When constructing a feedback circuit, the 
signal path between OUT and VFB should be as short as 
possible. — ; , 


Higher gains can be achieved, using different resistor ratios, but 
with concomitant reduction in the bandwidth of this amplifier 
(Figure 19). Note also that the Johnson noise of these gain- 
setting resistors, as well as that of the BPF terminating resistors, 
is ultimately reflected back to the mixer’s input; thus they 
should be as small as possible, consistent with the permissible 
loading on the amplifier’s output. | 
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Figure 18. Connections for Driving a Doubly-Terminated 
Bandpass Filter 3 


1dB COMPRESSION POINT - dBm 


“10 . 100 én x 1000 
FREQUENCY — MHz 


Figure 19. Output Amplifier 1 dB Compression Point for 
Gains of 1, 2, and 4 (Gains of 0 dB, 6 dB, and 12 AB, 
respectively) | Pas 7 : 
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APPLICATIONS 

Careful component selection, circuit layout, power supply 
decoupling, and shielding are needed to minimize the AD831’s 
susceptibility to interference from radio and TV stations, etc. In 
bench evaluation, we recommend placing all of the components 
in a shielded box and using feedthrough decoupling networks 
for the supply voltage. 


Circuit layout and construction are also critical, since stray 
capacitances and lead inductances can form resonant circuits 


and are a potential source of circuit peaking, oscillation, or. both. 


Dual-Supply Operation 

Figure 20 shows the connections for dual supply operation. 
Supplies may be as low as +4.5 V but should be no higher than 
+5.5 V due to power dissipation. 


LO INPUT 
-10 dBm 


AD831 


The RF input to the AD831 is shown connected single-ended to 
pin RFP with 51.1 Q input termination resistor with an assumed 
source impedance of 50 Q. The 82 pF capacitors (C,) con- 
nected from IFN and JFP to VP provide a low-pass filter with a 
cutoff frequency of approximately 140 MHz in down-conversion 
applications (see the Theory of Operation section of this data 
sheet for more details). The LO input is connected single-ended 
because the limiting amplifier provides a symmetric drive to the 
mixer. To minimize intermodulation distortion, connect pins 
OUT and VFB by the shortest possible path. The connections 
shown are for unity-gain operation. 


At LO frequencies less than 100 MHz, the AD831’s LO power 
may be as low as —20 dBm for satisfactory operation. Above 
100 MHz, the specified LO power of -10dBm must be used. 


Figure 20. Connections for +5 V Dual-Supply Operation 
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Single Supply Operation 
Figure 21 is similar to the dual supply circuit in Figure 19. 


Supplies may be as low as 9 V but should not be higher than — 
11 V due to power dissipation. As in Figure 19, both the RF © 


and LO ports are driven single-ended and terminated. 


nur (9 


In single supply operation, the COM terminal is the “ground” 
reference for the output amplifier and must be biased to 1/2 the | 
supply voltage, which is done by resistors Rl and R2. The OUT 
pin must be ac-coupled to the load. 


5 IF 
OUTPUT 


_Lo-tvF | o.1pF 


+9V = 


LO INPUT 


= -10dBm — 


Figure 21. Connections for+9 V Single-Supply Operation 
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Connections Quadrature Demodulation | ture (Q) outputs. The mixers’ inputs may be connected in 
Two AD831 mixers may have their RF inputs connected in parallel and a single termination resistor used if the mixers are 


parallel and have their LO inputs driven in phase quadrature located. in close proximity on the PC board. 
(Figure 22) to provide demodulated in-phase (I) and quadra- 


4 DEMODULATED 
QUADRATURE 


DEMODULATED 
0 IN-PHASE 
OUTPUT 


0 -SV 


0.1pF 


LO INPUT 
AT 0° 
-10 dBm 


Figure 22. Connections for Quadrature Demodulation 
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VU 
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| 

| 
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| 

| DISK DRIVE 
| 


MCL 
ZFSC-2-1 


HP 8656B 
SYNTHESIZED 
SIGNAL GENERATOR 


HP 8561E 
SPECTRUM 
ANALYZER 


MCL 
ZFSC-2-1 & 
COMBINER 


HP 6632A 
PROGRAMMABLE 
POWER SUPPLY 


HP 6632A 
PROGRAMMABLE 


POWER SUPPLY 


+5V 


AD831 
PER 
FIGURE 20 


Ky) 


AD831 
PER 
FIGURE 20 


HP 8656B 
' SYNTHESIZED 


SIGNAL GENERATOR | 


FLUKE 6082A 
SYNTHESIZED 
SIGNAL GENERATOR 


HP 6632A © 
PROGRAMMABLE 
POWER SUPPLY 


“HP 6632A 
PROGRAMMABLE 


POWER SUPPLY 


HP 8561E 
SPECTRUM 
ANALYZER 


HP 8656B 
SYNTHESIZED | 
SIGNAL GENERATOR | 


§02 


USED FOR 

IF TO RF, LO 

LO TO RF 

MOVE SPECTRUM 
ANALYZER FOR iF 
MEASUREMENTS 


Figure 24. IF to RF Isolation Characterization Setup 
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ANALOG 
DEVICES ~ 


CMOS 
DDS Modulator 


AD7008 


FEATURES 

Single +5 V Supply 

32-Bit Phase Accumulator 

On-Chip COSINE and SINE Look-Up Tables 
On-Chip 10-Bit DAC 

Frequency, Phase and Amplitude Modulation 
Parallel and Serial Loading 

Software and Hardware Power Down Options 
20 MHz and 50 MHz Speed Grades 

44-Pin PLCC 


APPLICATIONS 

Frequency Synthesizers 

Frequency, Phase or Amplitude Modulators 
DDS Tuning 

Digital Demodulation 


GENERAL DESCRIPTION 

The AD7008 direct digital synthesis chip is a numerically con- 
trolled oscillator employing a 32-bit phase accumulator, sine and 
cosine look-up tables and a 10-bit D/A converter integrated on a 


single CMOS chip. Modulation capabilities are provided for 
phase modulation, frequency modulation, and both in-phase and 
quadrature amplitude modulation suitable for SSB generation. 


Clock rates up to 20 MHz and 50 MHz are supported. Fre- 
quency accuracy can be controlled to one part in 4 billion. Mod- 
ulation may be effected by loading registers either through the 
parallel microprocessor interface or the serial interface. A 
frequency-select pin permits selection between two frequencies 
on a per cycle basis. 


The serial and parallel interfaces may be operated independently 
and asynchronously from the DDS clock; the transfer control 
signals are internally synchronized to prevent metastability prob- 
lems. The synchronizer can be bypassed to reduce the transfer 
latency in the event that the microprocessor clock is synchro- 
nous with the DDS clock. 


A power-down pin allows external control of a power-down 
mode (also accessible through the microprocessor interface). The 
AD7008 is available in 44-pin PLCC. 


FUNCTIONAL BLOCK DIAGRAM 


FSELECT ( ) 
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TC3. LOAD TEST RESET SLEE 
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AD7008 — ~SPECIF ICATIONS cha (ur is i salle eae ae 
Parameter - Test Conditions/Comments " 


SIGNAL DAC SPECIFICATIONS 
Resolution 
No. of Channels 
Update Rate (fyax) 
IOUT Full Scale — 
Output Compliance 
DC Accuracy 
Integral Nonlinearity _ 
Differential Nonlinearity 


DDS SPECIFICATIONS? 
Dynamic Specifications 
Signal-to-Noise Ratio 
Total Harmonic Distortion 
Spurious Free Dynamic Range (SFDR)* 
Narrow Band (+50 kHz) 
Wide Band (+2.MHz) 
Power-Down Option 


VOLTAGE REFERENCE 
Internal Reference @ +25°C 
Tum to Tyax | 2/1. 1.2/1. Volts min/max 
Reference TC | 7 ppm/°C typ 


LOGIC INPUTS 
Viny> Input High Voltage 
Vin i> Input Low Voltage 
line, Input Current 
Cyn, Input Capacitance 


forx = fmax > —_— = 2 MHz 
forx = fax > four = = 2 MHz | 


forx = 6.25 MHz, four = 2.11 MHz 


POWER SUPPLIES — 7 —— 
Ve. a 1475/5. 4.75/5.25 
Ts *. 1 26 Repr = 3902 
Ts | 22 + 1.5/MHz|22 + 1.5/MHz - 
es oe 1800 125 SLEEP = 0 V; CR2 = 0 (AM Disabled) 
7 7 0 160 | ee ae 
10 2002~CO” mai SLEEP = Vpp 
NOTES 


‘Operating temperature ranges as follows: A Version: —40°C to +85°C; J Version: 0°C to +70°C, | 

All dynamic specifications are measured using IOUT. 100% Production tested. 

7forn = 6.25 MHz, Frequency Word = 5671C71C HEX, foy; = 2.11 MHz. 

“With AM enabled (CR2 = 1), Tax should be limited as follows: AD7008AP20, Tyax = +70°C; AD7008JP50, Tax = = +55°C. 


Specifications subject to change without notice. 
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TIMING CHARACTERISTICS (Van = Vop +5 V = 5%; Ty = Tray tO Tray, unless otherwise noted) 


ty CLOCK Period 
t CLOCK High Duration 
ts CLOCK Low Duration 
ty CLOCK to Control Setup Time 
te CLOCK to Control Hold Time 
ts LOAD Period | 
ty LOAD High Duration 
tg LOAD High to TCO-TC3 Setup Time 
ty LOAD High to TCO-TC3 Hold Time 
tg WR Rising to CS Low Setup Time 
an WR Rising to CS Low Hold Time 
tio Minimum WR Low Duration 
ti Minimum WR High Duration 
ty WR to D0-D15 Setup Time 
tig WR to D0-D15 Hold Time 
lis SCLK Period 
ty SCLK High Duration 
tis SCLK Low Duration | 
tis SCLK Rising to SDATA Setup Time 
too SCLK Rising to SDATA Hold Time 
cs 
CLOCK | + bo tn 
WR 
FSEL, LOAD, 


TC3-TCO 


penis ZZ va bata V/A WD BATA 


Figure 1. Clock Synchronization Timing Figure 3. Parallel Port Timing 


ts > 
‘ t7 
SCLK 
LOAD : tie 
te t, | tio , 
roores Y/R va LLL LL sonra L/ZK 0881 YA ALLL © WLLLLLZ 
Figure 2. Register Transfer Timing Figure 4. Serial Port Timing 
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ABSOLUTE MAXIMUM RATINGS* 
(T, = +25°C unless otherwise noted) . 


. Vaap Vopp to GND ; eeewe a ee ew eo ; —0.3 V to. +7 V 


<i 32-BIT PARALLEL ASSEMBLY REGISTRY ——> 
MSB LSB 


AGND toDGND .............0005 —0.3 V to +0.3 V ae ae 
Digital I/O Voltage to DGND ...... -—0.3 Vto Vpp + 0.3 V 


Analog I/O Voltage to AGND 
Operating Temperature Range 
Industrial (A Version)................ —40°C to +85°C 
Commercial (J Version)............00085 0°C to +70°C 
Storage Temperature Range ........... —65°C to + 150°C 


oe ewe —0.3 V to Vop a 0.3 V 


A WORD B WORD D15—D0 < B WORD 


Figure 5. 16-Bit Parallel Port Loading Sequence 


Lead Temperature (Soldering, TO S668) see i RS +300°C 
Junction Temperature... 2... ee eee ee ee ee +11S°C 4g go it PARALLEL ASSEMBLY REGISTRY > 
PLCC 0,;, Thermal Impedance ............... +55°C/W MSB LSB 


*Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


ORDERING GUIDE 


Temperature © | Package 
Range Description 
AD7008AP20 —40°C to +85°C 44-Pin PLCC | 
AD7008JP50 0°C to +70°C 44-Pin PLCC |: 


*For outline information see Package Information section. 


Package 
Option* 


CAUTION 


D7-D0 <— A BYTE 


ABYTE | 


| #£EEL D7-D0 — C BYTE 


Figure 6. 8-Bit Parallel Port Loading Sequence 


i ie BC a 
oe sve | 


D7-D0 <- D BYTE 


ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 


accumulate on the human body and test equipment and can: discharge without detection. 
Although the AD7008 features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. . 


WARNING! 


ie 


ESD SENSITIVE DEVICE 


_ PIN CONFIGURATION 
PLCC 


|_| | iout 


|_| | FS ADJUST 


— VReF 

| |_| COMP 
TI V,5 
|_| lOUT 
-T] AGND 
[-T-] penp 
|_| | SDATA 
|_| | SCLK 


o 


=~] 
| 


PIN NO. 1 IDENTIFIER 


AD7008 PLCC 
TOP VIEW 
(NOT TO SCALE) 
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Mnemonic 


AD7008 


PIN DESCRIPTION 


Function 


POWER SUPPLY 


VaA 


AGND 


Vpp 


DGND 


Positive power supply for the analog section. A 0.1 ~F decoupling capacitor should be connected between V4, and 
AGND. This is +5 V + 5%. 


Analog Ground. 


Positive power supply for the digital section. A 0.1 .F decoupling capacitor should be connected between Vpp and 
DGND. This is +5 V + 5%. Both V,, and Vpy should be externally tied together. 


Digital Ground; both grounds should be externally tied together. 


ANALOG SIGNAL AND REFERENCE 


IOUT, IOUT 


FS ADJUST 


VREF 


COMP 


Current Output. This is a high impedance current source. A load resistor should be connected between IOUT and 

AGND. IOUT should be either tied directly to AGND or through an external load resistor to AGND. 

Full-Scale Adjust Control. A resistor (Rg) is connected between this pin and AGND. This determines the 

magnitude of the full-scale DAC current. The relationship between Rg, and the full-scale current is as follows: 
IOUT Futt-scate (mA) = 6233 X Vrgr (V)/Rser (Q) 

Soltis Reference Input. A 0.1 wF decoupling ceramic capacitor should be connected Vpper and V,,. There is an 

internal 1.27 voltage reference which can over driven by an external reference if required. 

Compensation pin. This is a compensation pin for the internal reference amplifier. A 0.1 wF decoupling ceramic 

capacitor should be connected between COMP and V,,q. 


DIGITAL INTERFACE AND CONTROL 


CLOCK 
FSELECT 
LOAD 


TC3-TCO 
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Digital Clock Input. DDS output frequencies are expressed as a binary fraction of the frequency of this clock. 
Hence, the output frequency accuracy and phase noise is determined by this clock. 

Frequency Select Input. FSELECT controls which frequency register, FREQO or FREQI, is used in the phase 
accumulator. Frequency selection can be done on a cycle-per-cycle basis. 

Register load, active high digital Input. This pin, in conjunction with TC3-TO0, cone OE of internal registers 
from either the parallel or serial assembly registers. 

Transfer Control address bus, digital inputs. This address determines the source and destination registers that are 
used during a transfer. The source register can either be the parallel assembly register or the serial assembly register. 
The destination register can be any of the following: COMMAND REG, FREQO REG, FREQ1 REG, PHASE REG 
or IQMOD REG. TC3-TCO should be valid prior to LOAD rising and should not ee until LOAD falls. _ 

Chip Select, active low digital input. This input in conjunction with WR is used when writing to the parallel 
assembly register. | 

Write, active low digital input. This input in conjunction with CS is used when writing to the parallel assembly 
register. 

Data bus, digital inputs. This represent the low byte of the 16-bit data input port used to write to the 32-bit parallel 
assembly register. The databus can configured for either a 8-bit or 16-bit MPU/DSP ports. 

Data Bus, Digital Inputs. This represent the high byte of the 16-bit data input port used to write to the 32-bit 
parallel assembly register. The databus can configured for either a 8-bit or 16-bit MPU/DSP ports. When the 

databus is configured for 8-bit operation, D8—D15 should be tied to DGND. 

Serial Clock, digital input. SCLK is used, in conjunction with SDATA, to clock data into the 32-bit serial assembly 
register. 

Serial Data, digital input. Serial data is eigcesa: on the rising edge of SCLK, Most Significant Bit (MSB) first. 

Low power sleep control, active high digital input. SLEEP puts the AD7008 into a low power sleep mode. Internal | 
clocks are disable while also turning off the DAC current sources. A SLEEP bit is also provided in the COMMAND 2] 
REG to put the AD7008 into a low power sleep mode. 

Register Reset, active high digital input. ‘RESET clears the COMMAND REG and all the modulation registers to 
zero. 

Test Mode. This used for factory test only and should be left as a No Connect. 
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CIRCUIT DESCRIPTION 

In contrast to previous direct digital synthesizer devices, iv 
AD7008 provides an exciting new level of integration for the 
RF/Communications system designer. The AD7008 combines 
the numerical controlled oscillator (NCO), SIN/COSINE look- 
up tables, frequency, phase and IQ modulators, and a digital- 
to-analog converter on a single integrated circuit. 


The internal circuitry of the AD7008 consists of four main sec- 
tions. These are _ 


Numerical Controlled Oscillator (NCO) + Phase Modulator ; 


SIN and COSINE look up tables 
In Phase and Quadrature Modulators 
Digital-to-Analog Converter 


Numerical Controlled Oscillator + Phase Modulator 

This consists of two frequency select registers, a phase accumu- 
lator and a phase offset register. The main component of the | 
NCO is a 32-bit phase accumulator which accumulates a phase 
step on every clock cycle. The value of the phase step deter- 
mines how many clocks cycles are required for the phase accu-. 
mulator to count 27 radians (i.e., one cycle of the output 
frequency). The output freduesicy; four; is given by: 


A Phase 
CLOCK = a 


Phase Step 


four = —3—— CLOCK 


0 < A Phase < 2 -1. 
The input to the phase accumulator (i.e., the phase step) can be 


selected either from the FREQO Register or FREQ] Register 
and this is controlled by the FSELECT pin. This allows binary 


frequency shift keying to be easily implemented. The two FSK 


frequencies can be loaded into FREQO and FREQ] and selected 
using the FSELECT pin. NCOs inherently generate continuous 
phase signals, thus avoiding any output discontinuity when 


switching between frequencies. More complex frequency modu- — 


lation schemes, such as GMSK, can be implemented by updat- 
ing the contents of these registers. 


Following the NCO, a phase offset can be added to perform 
phase modulation using the 12-bit PHASE Register. The con- 


tents of this register are added to the most significant bits of the 


NCO. 


Sin and Cosine Look-Up Tables (LUT) 
The output of the phase accumulator is converted to an ampli- 
tude signal by means of an Sine/Cosine ROM LUT. Although 


TC3. TC2. TCI 

xX xX oX X 0 
0 0 X Xx l 
] —60 0 1 l 
] 0 1 0 1 
] | a 1 1 1 
1 1 0 0 1 
1 1 0 1 ] 
1 1 1 0 1 
1 1 1 1 1 
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the NCO contains a 32-bit phase accumulator, the output of the 


NCO is truncated to 12-bits. Using the full resolution of the 
phase accumulator is both impractical and unnecessary as this 
would require a look-up table of 232 entries. = 


It is necessary only to have sufficient phase resolution in the 
LUTs such that the dc error of the output waveform is domi- 


_nated by the quantization error in the DAC. This requires the 


look-up tables to have two more bits of phase resolution than 
the 10-bit DAC. 


In Phase and Quadrature Modulators | 


Two 10-bit amplitude multipliers are provided allowing the easy 
implementation of either Quadrature Amplitude Modulation 
(QAM) or Amplitude’ Modulation (AM). The 20-bit IQMOD. 
Register. is used to control the amplitude of the I (cosine) and Q 
(sine) signals. IQMOD[9-0] controls the I amplitude and 
IQMOD[19-10] controls the Q amplitude. 


The user should ensure that when summing the I and Q signals 
the result should not exceed 10-bits, as there is no internal clip- . 
ping logic to: prevent overflow. - 


When amplitude modulation is not required, the IQ multipliers 


can be bypassed (CR2 = 0). The sine output is Pay sent to 


the 10-bit DAC. 


Digital-to-Analog Converter 


The AD7008 include a high impedance current source 10-bit 
DAC, capable of driving wide range of loads at different speeds. 


- Full-scale output current can be adjusted, for optimum power 


and external load requirements, ree the use of a single 
external resistor (Rszr)- | 


The DAC can be configured for single or differential ended 


operation. Igy7 can be either tied directly to AGND for single 


ended operation or through external load resistor. 


MPU Interface 


The chip contains two 32-bit assembly registers, one for parallel 
bus data, and one for serial input data. Each of the modulation 

registers can be loaded from either assembly register under con- 
trol of the LOAD pin and the Transfer-Control (TC) pins (See 

Table I). The Command register can only be loaded from the 


Parallel assembly register. 


Table I. Source and Destination eee: 


TCO LOAD __ Destination Register 


| N/A N/A 

. Parallel ~~ | COMMAND 
‘Parallel -FREQO 
Parallel FREQ1 

_ Parallel PHASE 
Parallel IQMOD. 
Serial FREQO 
Serial FREQI1 
Serial PHASE 
Serial IQMOD 
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Table IH. AD7008 Control Registers 


Command Register. This is written to using the parallel assembly register. 


Frequency Select Register 0. This defines the output frequency, when 
FSELECT = 0, as a fraction of the CLOCK frequency. 


Frequency Select Register 1. This defines the output frequency, when 
FSELECT = 1, as a fraction of the CLOCK frequency. 


Phase Offset Register. The contents of this register is added to the 
output of the phase accumulator. 


I and Q Amplitude Modulation Register. This defines the amplitude of 
the I and Q signals as 10-bit two complement binary fractions. DB[19:10] 
is multiplied by the Quadrature (sine component and DB[9:0] is multiplied 
by the In-Phase (cosine) component. 


COMMAND REG | 4 Bits CR3—CRO All Zeros 
FREQO REG 32 Bits DB31-DBO | All Zeros 
FREQ! REG 32 Bits DB31-DBO | All Zeros 
PHASE REG 12 Bits DB11—DBO | All Zeros 
IQMOD REG . 20 Bits DB19-DBO | All Zeros 
Table III. Command Register Bits 
CRO 


CRI Normal Operation. 


CR2 


CR3 


TC3-TCO should be set up and stable before LOAD rises, and 
should not change until after LOAD falls. 


The microprocessor asserts both WR and CS to load the parallel 
assembly register. At the end of each write, the parallel assem- 
bly register is shifted left by 8 or 16 bits (depending on CRO), 
and the new data is loaded into the low bits. Hence, two 16-bit 
writes or four 8-bit writes are used to load the parallel assembly 
register. When loading parallel data destined for the phase or IQ 
registers, it is only necessary to write as much data as will be 
used by that register. For instance, the Command Register 
requires only one write to the parallel assembly register. 


Serial data is input'to the chip on the rising edge of SCLK, 
most significant bit first. The data in the assembly registers can 
be transferred to the modulation ‘registers by means of the trans- 
fer control pins. 
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Eight-Bit Databus. Pins D15—D8 are ignored and the parallel assembly register shifts eight places left on each write. 
Hence four successive writes are required to load the 32-bit parallel assembly register, Figure 6. 


Sixteen-Bit Databus. The parallel assembly register shifts 16 places left on each write. Hence two successive writes 
are required to load the 32-bit parallel assembly register, Figure 5. 


Low Power Sleep Mode. Internal Clocks and the DAC current sources are turn off. 


Amplitude Modulation Bypass. The output of the sine LUT is directly sent to the DAC. 
Amplitude Modulation Enable. IQ modulation is enabled allowing AM or QAM to be performed. 


‘Synchronizer Logic Enabled. The FSELECT, LOAD and TC3-TCO signals are passed through a ‘ -stage pipeline 
- to synchronize them with the CLOCK frequency, avoiding metastability problems. 


Synchronizer Logic Disabled. The FSELECT, LOAD and TC3-TCO signals bypass the synchronization logic. This 
allows for faster response to the control signals. 


APPLICATIONS 

The AD7008 can be used in a wide range of communication 
applications ranging from digital mobile radio, to frequency 
agile Wireless Local Area Networks (WANs), to SSB telephony. 


For digital mobile radio applications the chip provides direct 
synthesis and phase modulation capabilities to 20 MHz in a sin- 
gle low power, low cost part. 


For WANs a wide range of modulation capabilities allow a sys- 
tem developer to optimize modulation bandwidth and noise 
immunity. 

In the area of SSB telephony (military, commercial and ama- 
teur), the chip provides the first single chip implementation of a 
phasing type SSB generator. Combined with a single chip DSP 
(ADSP-2101) implementing the speech input and Hilbert trans- 
form, the AD7008 forms a two-chip direct SSB generation capa- 
bility to over 20 MHz. 
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REF 4.3 dBm OFFSET 3 330 000.0 Hz . REF43dBm OFFSET 6 320 000.0 Hz 
-636dB . dB 


RBW 3 kHz VBW 10 kHz ST 2.4 SEC RBW3kHZ VBW 10 kHz ST 2.4 SEC 
Figure 7. fork = 20 MHz, four = 1.1 MHz oe Figure 10. fan = 20 MHz, four = 2.1 MHz 
REF 4.3 dBm : | OFFSET 4 500 000.0 Hz REF 5.0 dBm aa ' OFFSET ph ae Hz 


START 0 Hz - STOP ore oe ap 0 Hz START 0 Hz ; STOP 10000000.0 Hz. 
RBW 3 kHz VBW 10 kHz RBW 3 kHz VBW 10 kHz ST2.4SEC. 
Figure 8. fork = 20 MHz, fouy = 3.1MHZ Figure 11. for« =,20 MHz, four = 4.1 MHz 
aoa Mf “ ‘vial , OFFSET 4 eed a 0 Hz | | ; REF 5.0 dBm : OFFSET 1 680 000.0 Hz . 
RANGE 5.0dBm _ . Se 10 dB/DIV Bm -§2, 


Ea 
eS 
a 
Lal 
alll 


4 


START 0 Hz : : STOP 10 yy 000.0 Hz , START 0 Hz STOP 10 000 000.0 Hz 
RBW 3 kHz VBW 10 kHz ST 2.4 SEC RBW 3 kHz VBW 10 kHz ST 2.4 SEC 


Figure 9. fea = 20 MHz, four = 5.1 MHz Figure 12. — 20 MHz, foyr = 6.1 MHz 
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REF 4.3 dBm OFFSET 500 000.0 Hz 


CENTER 6 500 000.0 Hz SPAN 10 000 000.0 Hz 
RBW 3 kHz VBW 10 kHz ST 2.4 SEC 


Figure 13. forx = 20 MHz, four = 6.5 MHz 


REF 4.3 dBm CFFSEr. 6 304 000.0 
1 


START O Hz STOP 16 000 000.0 Hz 
RBW 3 kHz VBW 10 kHz ST 3.6 SEC 


Figure 14. fox = 50 MHz, four = 2.1 MHz 


REF 4.3 dBm OFFSET 14 500 000.0 Hz 
10 dB/OIV RANGE 5.0 dBm ~52.4 dB 


ee ee 
A AN TY AEA a TN 
cn Oa ER a al 

(oa eee a a 


. CENTER 16 000 000.0 Hz SPAN 25 000 000.0 Hz 
BW 3 kHz VBW 10 kHz ST 5.6 SEC 


Figure 15. fou = 50 MHz, four = 7.1 MHz 


REV. A 
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REF 5.0 dBm OFFSET —1 280 000.0 Hz 
DIV 0 dBm -51.8 dB 


10 dB 


= 
= | 


RBW 3 kHz VBW 10 kHz 


Figure 16. for, = 20 Mi, foyy = 7.1 MHz 


REF 4.3 dBm OFFSET 15 300 000.0 Hz 
10 dB, m B 


START 0 Hz STOP a bed 000.0 Hz 
. RBW3 kHz VBW 10 kHz 6SEC 


Figure 17. for, = 50 MHz, four = 5.1 MHz 


REF 5.0 dBm OFFSET 4 500 000.0 Hz 
0 dB/DIV Bm —54.7 dB 


START 0 Hz STOP 25 000 000.0: Hz 
RBW 3 kHz VBW 10 kHz ST 5.6 SEC 


Figure 18. for. = 50 MHz, four = 9.1 MHz 
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REF 5.0dBm “OFFSET 11 100 000.0 Hz 
Od -54.1 dB 


TOTAL CURRENT |, + I, —-mA 


START 0 Hz 


ABW 3 kHz vewtoktz «-STOPgB eo. gNg0 Hz MASTER CLOCK ~ MHz 
Figure 19. for = 50 MHz, Pte = 11.1 MHz Figure 22. Typical Current Consumption vs. Frequency 
REF 5.0 dBm | 


; OFFSET 10 675 000.0 Hz -~40 
10 dB/DIV RANGE 5.0 d8m -47.0 dB 


—45 
m -50 
© 
O _55 
” 
2 
< -60 
a 
> -65 
' 
| -70 
-75 : 7 , 
CENTER 13 100 000.0 Hz eet SPAN 25 000 000.0 Hz ie 10 20 ~ , Ag . oe 
RBW 3 kHz VBW 10 kHz . ST 5.6 SEC MASTER CLOCK-MHz 
Figure 20. fon = 50 MHz, four = 13.1 MHz | Figure 23. Typical Plot of SFDR vs. Master Clock Frequency 
When four = 1/3fo.x, Frequency Word = 5671C71C HEX 
REF pd dBm RANGE 5.0 dBm OFFSET 500 000.0 Hz : 


CENTER 16 500 000.0 Hz 
RBW 3 kHz 


‘ SPAN 25 000 000.0 Hz 
VBW 10 kHz ST 5.6 SEC 
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ANALOG 
DEVICES 


Digitally Programmable 
Delay Generator 


_ 7 ~ ADISOO 


FEATURES 

10ps Delay Resolution 

2.5ns to 10s Full-Scale Range 

Fully Differential Inputs 

Separate Trigger and Reset Inputs 

Low Power Dissipation — 310mW 
MIL-STD-883 Compliant Versions Available 


APPLICATIONS 

ATE 

Pulse Deskewing 

Arbitrary Waveform Generators 
High-Stability Timing Source 
Multiple Phase Clock Generators 


GENERAL DESCRIPTION 

The AD9500 is a digitally programmable delay generator, which 
provides programmed delays, selected through an 8-bit digital 
code, in resolutions as small as 10ps. The AD9500 is constructed 
in a high-performance bipolar process, designed to provide 
high-speed operation for both digital and analog circuits. 


The AD9500 employs differential TRIGGER and RESET inputs 
which are designed primarily for ECL signal levels but function 
with analog and TTL input levels. An on-board ECL reference 
midpoint allows both of the inputs to be driven by either single 
ended or differential ECL circuits. The AD9500 output is a 
complementary ECL stage, which also provides a parallel Qr 
output circuit to facilitate reset timing implementations. 


The digital control data is passed to the AD9500 through a 
transparent latch controlled by the LATCH ENABLE signal. In 
the transparent mode, the internal DAC of the AD9500 will 
attempt to follow changes at the inputs. The LATCH ENABLE 
is otherwise used to strobe the digital data into the AD9500 
latches. 


The AD9500 is available as an industrial temperature range 
device, — 25°C to +85°C, and as an extended temperature range 
device, —55°C to +125°C. Both grades are packaged in a 24-pin 
ceramic “Skinny” DIP (0.3” package width), as well as 28-pin _ 
surface mount packages. The AD9500 is available in versions 
compliant with MIL-STD-883. Refer to the Analog Devices 
Military Products Databook or current AD9500/883B data sheet 
for detailed specifications. 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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AD9500— SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS! 


Positive Supply Voltage (+Vs) ...........24- +7V Offset Adjust Current (Sinking). ...... Lee Sy ama 
Negative Supply Voltage (—Vs)..... eee ee ee -7V--__ Operating Temperature Range | — 

ECL COMMON to Ground Differential . . —2.0V to +5.0V _ ADISOOBP/BQ 2 oak eb Ge eS —25°C to + 85°C 
Digital Input Voltage Range ........ —3.5V to +5.0V AD9SOOTE/TQ ....... Sie etl are —55°C to + 125°C 
Trigger/Reset Input Voltage Range .......... . +£5.0V Storage Temperature Range. ........ —65°C to +150°C 
Trigger/Reset Differential Voltage ............ 5.0V = Junction Temperature. ............... . 175°C 
Minimum Rspr ...........2.000. ee ee 2200 Lead Soldering Temperature (10sec) .......°.. + 300°C 
Digital Output Current (QandQ) ........... 30mA ; . 


Digital Output Current (Qr) .........20 0c ee 2mA 


(Supply Voltages +V_ = +5.0V, —Ve = —5.2V; Coy, = ODF; Reg; = 5000, 


ELECTRICAL CHARACTERISTICS unless otherwise noted) 


25°C to +85°C —55°C to +125°C 
AD9S00BP/BQ AD9500TE/TQ 
Parameter 


RESOLUTION 


ACCURACY? 
Differential Linearity 
Integral Linearity 
Monotonicity Guaranteed : _ Guaranteed 


DIGITAL INPUT 
Logic “1” Voltage — 
Logic “0” Voltage 
Logic “1” Current — 
Logic ‘‘0” Current 
Digital Input Capacitance 
Data Setup Time* 
Data Hold Time® 
Latch Pulse Width (t; pw) 


RESET/TRIGGER INPUTS® 
TRIGGER Input Voltage Range 
RESET Input Voltage Range 
Differential Switching Voltage 
Input Bias Current 


Input Resistance 
Input Capacitance 
Minimum Input Pulse Width 


tppw, trew 


DYNAMIC PERFORMANCE” | 
Maximum Trigger Rate 
Minimum Propagation Delay (tpp)* 
Minimum Propagation Delay a 

- Full-Scale Range TC? 
Delay Uncertainty (Jitter) 
Reset Propagation Delay (tg,)'° 
Reset-to-Trigger Holdoff (tyy39)"" ~ 
Trigger-to-Reset Holdoff (tgy30)!” 
Minimum Output Pulse Width 
Output Rise Time’ 
Output Fall Time’ 
Delay Coefficient Settling Time (tp,-)"” 
Linear Ramp Settling Time (t; ps) 


IV 
I 
ees 
Vv. 
V 
I 
‘IV 
IV 
V 
I 
I 
V 
V 
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Parameter | Level | Temp 


SUPPORT FUNCTIONS 
ECLper 
ECLegr Voltage Drift! 
Offset Adjust Range 


DIGITAL OUTPUTS’ 
Logic “‘l’’ Voltage 
Logic ‘‘0” Voltage 


POWER SUPPLY” 
Positive Supply Current (+5.0V) 


Negative Supply Current (—5.2V) 


Nominal Power Dissipation 
Power Supply Rejection Ratio’® 
Full-Scale Range Sensitivity 
Minimum Propagation Delay 

Sensitivity 


NOTES 
‘Absolute maximum ratings are limiting values, to be applied individually, 
and beyond which serviceability of the circuit may be impaired. Functional 
operability under any of these conditions is not necessarily implied. 
Exposure to absolute maximum rating conditions for extended periods. 
may affect device reliability. 
Typical thermal impedance 
24-Pin Ceramic Oya = 56°C/W; 8yc = 16°C/W 
28-Pin PLCC (Plastic)  8j, = 60°C/W; 0)¢ = 22°C/W 
28-Pin Ceramic LCC Oya = 69°C/W; 8c = 25°C/W 

3Reet = 10kN (Full-scale delay = 100ns). 

‘The digital data inputs must remain stable for the specified time prior to 
the LATCH ENABLE signal. 

*The digital data inputs must remain stable for the specified time after the 
LATCH ENABLE signal. 

The TRIGGER and RESET inputs are differential and must be driven 
relative to one another. Both of these inputs are ECL compatible, but 
can also be used with TTL logic families in a limited fashion. 

7Outputs terminated through 500 resistors to — 2.0V. 


Min 


AD9500 


—55°C to +125°C 
AD9500TE/TQ 
Typ Max 


—25°C to +85°C 
AD9S500BP/BQ 
Typ Max 


| Min 


8Program Delay = 0.0ps (Digital Data = 00,;). In Operation, any 
programmed delays are in addition to the Minimum Propagation Delay. 
°Change in total delay through AD9500, exclusive of changes in minimum- 
propagation delay tpp. 
10Measured from the 50% transition point of the reset signal input, to the 
50% transition point of the resetting output. 
'! Minimum time from falling edge of RESET to triggering input, to insure a 
valid output event. 
'2 Minimum time from triggering event to rising edge of RESET, to insure a 
valid output event. . 
'3 Measured from the LATCH ENABLE input to the point when the 
AD9500 becomes 8-bit accurate again, after a full-scale change i in 
the programmed delay. 
14Standard 10K and 1OKH ECL families operate with a 1.ImV/°C 
drift by design. 
'Supply voltages should remain stable within + 5% for normal operation. 
16 Measured at + 5% of — Vsand + Vs. 


Specifications subject to change without notice. 


EXPLANATION OF TEST LEVELS 


Test Level 


I 100% production tested. 


II 100% production tested at + 25°C, and sample tested at 


specified temperatures. 


Periodically sample tested. 


Parameter is guaranteed by design and Shaitacterizition | 

testing. 
- Parameter Is a typical value only. 

All devices are 100% production tested at + 25°C. 100% 

production tested at temperature extremes for extended 

temperature devices; sample tested at temperature 

extremes for commercial/industrial devices. 
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_ ORDERING GUIDE 


7 | | - Package 
Temperature Range | Description | Options* 
AD9500BP | — 25°C to + 85°C 28-Pin PLCC (Plastic), Industrial Temperature _ P-28A 
AD9500BQ — 25°C to + 85°C 24-Pin “Skinny” DIP, Industrial Temperature Q-24 | 
AD9S500TE — 55°C to + 125°C 28-Pin LCC, Extended Temperature . E-28A 


AD9500TQ | ena 55°C to + 125°C 24-Pin “Skinny’”’ DIP, Extended Temperature 


*E = Leadless Ceramic Chip Carrier; P = Plastic Leaded Chip Carrier; Q = Cerdip. For outline information see Package Information section: 


FUNCTIONAL DESCRIPTION 


PIN NAME DESCRIPTION 

D.-Ds | — One of eight digital inputs used to set the programmed delay. | 

D; (MSB) — One of eight digital inputs used to set the programmed delay. D7 (MSB) is the most significant bit of 
the digital input word. | 

ECLrer — ECL midpoint reference, nominally —1.3V. Use of the ECLrgr, allows either of the BOCES or 

| the RESET inputs to be configured for single-ended ECL inputs. 

OFFSET ADJUST — The OFFSET ADJUST is used to adjust the minimum ‘Propagation delay (tpp), by paling or 

| | pushing a small current out of or into the pin. 
Cs ~ Cg allows the full-scale range to be extended by using an external timing capacitor. The value of 


Crexr, connected between Cs and + Vs, may range from no external capacitance to O.luF+. 
| See Rs (Cinrernat = 10pF). 
+Vs = Positive supply terminal, nominally +5.0V. 
TRIGGER ~— Noninverted input of the edge-sensitive differential trigger input stage. The output at Q will be. 
delayed by the programmed delay, after the triggering event. The programmed delay is.set by the . 
- ‘digital input word. The TRIGGER input must be driven in conjunction with the TRIGGER input. 
TRIGGER | — Inverted input of the edge-sensitive differential trigger input stage. The output at Q will be delayed 
by the programmed delay, after the triggering event. The programmed delay is set by the digital | 
_ input word. The TRIGGER input must be driven in conjunction with the TRIGGER input. 
RESET | es — Inverted. input of the level-sensitive differential reset input stage. The output at Q will be reset 
Os | after a signal is received at the reset inputs. In the “minimum configuration,”’ the minimum output | 
pulse width wiil be equal to the “reset propagation me trp. The RESET input must be driven in 
conjunction with the RESET input. 
RESET | : — Noninverted input of the level-sensitive differential reset input stage. The output at Q will ibe reset 
after a signal is received at the'reset inputs. In the “minimum configuration,” the minimum output — 
pulse width will be equal to the “reset propagation delay,” tap. The RESET input must be 
driven in conjunction with the RESET input. 


Q | — One of two complementary ECL outputs. A ‘ ‘triggering” event at the inputs will produce a logic 
HIGH on the Q output. A tins Nd event at the iets will eprecice a logic LOW on the 
Q output 


— One of two complementary ECL outputs. AS ‘riggering” event at the inputs will produce a logic 
LOW on the Q output. A “resetting” event at the inputs will produce a logic HIGH on the 
Q Q output. 
Qk | — Qk output is parallel to the re) output. The Qe output is typically used to drive delaying circuits — 
for extending output pulse widths. A “ “triggering” event at the inputs will produce a logic 
LOW on the. Q output. A “resetting” event at the inputs will produce a logic HIGH on the 


Qp output. 
ECL COMMON - The collector common for the ECL output stage. The collector common may be tied to +5.0V, 
( but normally it is tied to the circuit ground for standard ECL outputs. 
—-Vs; — Negative supply terminal, nominally —5.2V. 
Rs ~ Rs is the reference current setting terminal. An external setting resistor, Rsp-y+, connected between 
Rs and — Vg determines the internal reference current. See Cs (2500 =Rop7=50K0). 
GROUND — The ground return for the TTL and analog inputs. 
LATCH ENABLE — Transparent TTL latch control line. A logic HIGH on the LATCH ENABLE freezes the digital 


code at the logic inputs. A logic LOW on the LATCH ENABLE allows the internal current levels to 
be continuously updated through the logic inputs Do thru D7. 


Do (LSB) — One of eight digital inputs used to set the programmed delay. Dp (LSB) is the least significant bit of 
the digital input word. 


D;3-D, — One of eight digital inputs used to set the programmed delay. 
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ANALOG 
DEVICES 


Digitally Programmable 
Delay Generator 


AD9501 


FEATURES 

Single +5 V Supply 

TTL and CMOS Compatible 

10 ps Delay Resolution 

2.5 ns to 10 ws Full-Scale Range 

Maximum Trigger Rate 50 MHz 
MIL-STD-883-Compliant Versions Available 


APPLICATIONS 
Disk Drive Deskewing 
Data Communications 
Test Equipment 
Radar | & Q Matching 


GENERAL DESCRIPTION 

The AD9501 is a digitally programmable delay generator which 
provides programmed time delays of an input pulse. Operating 
from a single +5 V supply, the AD9501 is TTL- or CMOS- 
compatible, and is capable of providing accurate timing adjust- 
ments with resolutions as low as 10 ps. Its accuracy and 
programmability make it ideal for use in data deskewing and 
pulse delay applications, as well as clock timing adjustments. 


Full-scale delay range is set by the combination of an external 
resistor and capacitor, and can range from 2.5 ns to 10 ps for a 
single AD9501. An eight-bit digital word selects a time delay 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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FUNCTIONAL BLOCK DIAGRAM 


OFFSET 
ADJUST Ager Cexy 


)—(7)—(5) 
ns 
a 


CIRCUIT ate 


OUTPUT 


DIA |‘ DIACONVERTER => 


bee 
To | TmuarcHes | 
D, co 9 9 ot © S e 
(MSB} (LSB) ouTPuT 


LATCH 


() 


GND GND +V, +V, 


within the full-scale range. When triggered by the rising edge of 
an input pulse, the output of the AD9501 will be delayed by an 
amount equal to the selected time delay (tp) puss an inherent 
propagation delay (tp). . 


The AD9501 is available for a commercial temperature range of 
0°C to +70°C in a 20-pin plastic DIP, 20-pin ceramic DIP, and 
a 20-lead plastic leaded’chip carrier (PLCC). Devices fully com- 
pliant to MIL-STD-883 are available in ceramic DIPs. Refer 
to the Analog Devices Military Products Databook or current 
AD9501/883B data sheet for detailed specifications. 
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AD9501 —SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS! ai 


Positive Supply Voltage .......... 0.2.0.0. +7V 
Digital Input Voltage Ranged. Gace kks 2.2. 70.5 Vto+Vs - 
Trigger/Reset Input Volt. Range .......... .-0.5 V to +Vs 
Minit Rigged site's: 2 08'S ead deat le w alantelou len 30 0 

_ Digital Output Current (Sourcing) ........ wee... 10mA 
Digital Output Current (Sinking) ......6....0....50mA 


Operating Temperature Range 


AD9S01JN/JP/JQ- 


oe © © © © © © © © © © © © oe © © © 


AD9S0ISQ.......... Oe ee 


Storage Temperature Range 


Junction Temperature’ 


Lead Soldering Temperature (10 sec) 


eo © © © © ® © © 


eo ee © © © © © © © © © © © © © © © 8 ew 


o © © © © © © © © © & @ 


“OC to +70°C 
-§5°C to + 125°C 
~65°C to +150°C | 
+175°C 
_ +300°C 


[+V,= +5 V; C,,,= Open; Ree = 3090 CQ (Full-scale range=100 i Pin 8 grounded; 


ELECTRICAL CHARACTERISTICS -and device output connected to Pin 4 RESET input unless otherwise noted) 


_—55°C to +125°C 
| AD9501SQ 
Typ 


Parameter 
RESOLUTION 


ACCURACY 
Differential Nonlinearity 
Integral Nonlinearity 
Monotonicity 


DIGITAL INPUTS 
Latch Input “1” Voltage 
Latch Input “0” Voltage 
Logic “1” Voltage. 

_ Logic “0” Voltage — 
Logic “1” Current — 
Logic “0” Current 
Digital Input Capacitance 
Data Setup Time (t,)’ 
Data Hold Time (t,;)* 
Latch Pulse Width (tL) . 
Reset/Trigger Pulse Width (tes tr) 


DYNAMIC. PERFORMANCE 
Maximum Trigger Rate” 
Minimum Propagation Delay (tpp)° 
Propagation Delay Tempco’ 
Full-Scale Range Tempco 
Delay Uncertainty 
Reset Propagation Delay (trp)® 
Reset-to-Trigger Holdoff (tyy40)” 
Trigger-to-Reset Holdoff (try) 
Minimum Output Pulse Width?! 
Output Rise Time! 
Output Fall Time’? 
DAC Settling Time (t; »)! 
Linear Ramp Settling Time (t, ps)** 


DIGITAL OUTPUT 
Logic “1” Voltage (Source 1 mA) 
Logic “0” Voltage (Sink 4 mA) 


~ POWER SUPPLY”° 

Positive Supply Current (+5.0 V) 

Power Dissipation 

Power Supply Rejection Ratio’® 
Full-Scale Range Sensitivity 
Minimum Prop Delay Sensitivity 
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0°C to +70°C 


AD9501JN/JP/JQ 


Typ | 


Guaranteed 


Max 


Min | 


Guaranteed 


_ Max 


MHz 


ps/°C 
ps/°C 


REV. A 


AD9501 


NOTES 
‘Absolute maximum ratings are limiting values, to be applied individually, and beyond which the serviceability of the circuit may be impaired. Functional oper- 


ability is not necessarily implied. Exposure to absolute maximum rating conditions for an extended period of time may affect device reliability. 

Typical thermal impedances: 20-lead plastic leaded chip carrier 6,,=73°C/W; 6,-=29°C/W. 20-pin ceramic DIP 6,,=65°C/W; 6,,=20°C/W. 

20-pin plastic DIP 6,,=65°C/W; 6,,=26°C/W. 

Digital data inputs must remain stable for the specified time prior to the positive transition of the LATCH signal. 

‘Digital data inputs must remain stable for the specified time after the positive transition of the LATCH signal. 

°Programmed delay (t,)=0 ns. Maximum self-resetting trigger rate is limited to 6.9 MHz with 100 ns programmed delay. If t,=0 ns and external RESET sig- 


nal is used, maximum trigger rate is 23 MHz. 
‘Programmed delay (t,)=0 ns. In operation, any programmed delays are in addition to the minimum propagation delay (tpp). 


’Programmed delay (t,)=0 ns. [Minimum propagation delay (tpp)] 

8Measured from 50% transition point of the RESET signal input to the 50% transition point of the falling edge of the output. 

>Minimum time from the falling edge of RESET to the triggering input to insure valid output pulse, using external RESET pulse. 

10Minimum time from triggering event to rising edge of RESET to insure valid output event, using external RESET pulse. Extends to 125 ns when programmed 
delay is 100 ns. 

When self-resetting with a full-scale programmed delay. 


12Measured from +0.4 V to +2.4 V; source = 1 mA; sink = 4 mA. 
13Measured from the data input to the time when the AD9501 becomes 8-bit accurate, after a full-scale change in the program delay data word. 


14Measured from the RESET input to the time when the AD9501 becomes 8-bit accurate, after a full-scale programmed delay. 
15Supply voltage should remain stable within +5% for normal operation. 
16Measured at +V, = +5.0 V +5%; specification shown is for worst case. 


Specifications subject to change without notice. 


EXPLANATION OF TEST LEVELS 


Test Level 

I — 100% production tested. 

II -— 100% production tested at +25°C, and sample tested at 
specified temperatures. 

III - Sample tested only. 

IV -—- Parameter is guaranteed by design and a a 
testing. ! 

V = —_ Parameter is a typical value only. 

VI - _ All devices are 100% production tested at +25°C. 


100% production tested at temperature extremes for 
extended temperature devices; sample tested at temp- 
erature extremes for commercial/industrial devices. 


ORDERING GUIDE 


Package 
Option* 


Device 


AD9501JN 
AD9501JP 
AD9501JQ 
AD9501SQ 


~*N = Plastic DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip. For out- 
line information see Package Information section. 


Temperature Description 


0°C to +70°C 20-Pin Plastic DIP 
0°C to +70°C 20-Lead PLCC 

0°C to +70°C 20-Pin Ceramic DIP 
—55°C to +125°C | 20-Pin Ceramic DIP 


P-20A 
Q-20 
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ADS501 


DIE LAYOUT AND MECHANICAL INFORMATION 


1 ti tt i 
ora 8 48 ia #& MECHANICAL INFORMATION 
D, (MSB) ——. gy Pee wm — D, (LSB) 
GND —— gy ae Woe En er aa | i ; 
eee Die Dimensions ............... 89 x 153 x 15 (+2) mils 
7 Pad Dimensions..............02eee0e08 -, 4X 4 mils 
oe ae Metalization<.. 800.45 ws Sh ew et Ses . . Aluminum 
aria Backing ......... ianlenaghin, Gries et Ge fete al carnage ae .None 
——GND Substrate Potential.......... Pe ee re Ground 
TRIGGER —— Passivation... 0... 0. ccc cee eee ee eee Oxynitride 
| | | DIC ATRCR ya stiscte 2 4-0, wo herp dec paracrine aree Gold Eutectic 
BS g 3 bg Bond Wire. ....... 1.25 mil, Aluminum; Ultrasonic Bonding 
z# 5 ° Ea or 1 mil, Gold; Gold Ball Bonding | 
: | 
AD9501 PIN DESCRIPTIONS 
Pin No. Name Function 
1 +V¢5 Positive voltage supply; nominally +5 V. 
2 LATCH TTL/CMOS register control line. Logic HIGH latches inipitt data D,.-D,. Register is transparent 
for logic LOW. 
3 TRIGGER TTL/CMOS- compauble input. Rising edge triggers the internal ramp generator, and begins the 
delay cycle. 
4 RESET TTL/CMOS-compatible input. Logic HIGH resets the ramp voltage and OUTPUT. 
5 DAC OUTPUT Output voltage of the internal digital-to-analog converter. 
6 Cex Optional external capacitor connected to + Vg; used with Rgpr and 8.5 pF internal capacitor to 
determine full-scale delay range (tprs). | 
Rser External resistor to ground, used to determine full-scale delay range (tprs). | 
OFFSET ADJUST Normally connected to GROUND. Can be used to adjust minimum propagation delay (tp); see 
Theory of Operation text. 
9 GROUND Circuit ground return. 
10 OUTPUT TTL-compatible delayed output pulse. 
11 +Vz Positive voltage supply; nominally #5. 
12-19 D,.-D, TTL/CMOS-compatible inputs, used to set the programmed delay of the AD9501 delayed output. 
Dy is LSB and D, is MSB. 
20 GROUND Circuit ground return. 
+g +Vs 
+Vs +Vs5 
1280 
D,-D 
LATCH ! n---45 
TRIGGER DAC INTERNAL ' 
RESET | reer OUTPUT . ~_ DAC J 


OFFSET 
ADJUST 


AD9501 Equivalent Circuits 


21-52 SPECIAL FUNCTION COMPONENTS | REV. A 


ANALOG 
DEVICES 


Ultrahigh Speed 
Phase/Frequency Discriminator 


aD9901 


FEATURES 

Phase and Frequency Detection 
ECL/TTL/CMOS Compatible 

Linear Transfer Function 

No “Dead Zone” 

MIL-STD-883 Compliant Versions Available 


APPLICATIONS 

Low Phase Noise Reference Loops 
Fast-Tuning “Agile” IF Loops 

Secure “Hopping” Communications 
Coherent Radar Transmitter/Receiver Chains 


GENERAL DESCRIPTION 

The AD9901 is a digital phase/frequency discriminator ceaaible 
of directly comparing phase/frequency inputs up to 200MHz. 
Processing in a high speed trench-oxide isolated process, com- 
bined with an innovative design, gives the AD9901 a linear de- 
tection range, free of indeterminate phase detection zones 
common to other digital designs. 


With a single +5V supply, the AD9901 can be configured to 
operate with TTL or CMOS logic levels; it can also operate with 
ECL inputs when operated with a —5.2V supply. The open- 
collector outputs allow the output swing to be matched to post- 
filtering input requirements. A simple current setting resistor 
controls the output stage current range, permitting a reduction 
in power when operated at lower frequencies. 


PHASE-LOCKED LOOP 


REFERENCE 
INPUT 


OSCILLATOR 
OUTPUT 


ADs901 


OPTIONAL 1/N PRESCALER 
TYPICAL OF DIGITAL PLLs 


A major feature of the AD9901 is its ability to compare phase- 
/frequency inputs at standard IF frequencies without prescalers. 
Excessive phase uncertainty which is common with standard 
PLL configurations is also eliminated. The AD9901 provides 
the locking speed of traditional phase/frequency eecanInatOrs: 
with the phase stability of analog mixers. 


The AD9901 is available as a commercial temperature range de- 
vice, 0°C to +70°C, and as a military temperature device, —55°C 
to +125°C. The commercial versions are packaged in a 14-pin 
ceramic DIP and a 20-pin PLCC. 


The AD9901 Phase/Frequency Discriminator is available in ver- 
sions compliant with MIL-STD-883. Refer to the Analog De- 
vices Military Products Databook or current AD9901/883B data 
sheet for specifications. 


FUNCTIONAL BLOCK DIAGRAM 


REFERENCE 
INPUT 


FLIP-FLOP 


REFERENCE 
INPUT 


OSCILLATOR 


OSCILLATOR FLIP-FLOP 
INPUT 


This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 


REV.A 


D Q 
REFERENCE 
FREQUENCY 

DISCRIMINATOR 
FLIP-FLOP 


OSCILLATOR 
FREQUENCY 
DISCRIMINATOR 
FLIP-FLOP 


a 
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AD3901— SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS! Operating Temperature Range. ~ 3 ; : 
Positive Supply Voltage (+Vs for TTL Operation) - +7V ~ ADO90IKQ/KP .....: 2.0.0... cece 0c to +70°C 
Negative Supply Voltage (=Vs for ECL Operation) . <4 :.~7V Storage Temperature Range oe ee eatas ee. 65°C to +150°C 
Input Voltage Range (TTL Operation)........ OV to +5.5V ‘Junction Temperature? | 
Differential Input Voltage (ECL Operation).......... 4.0V PIAS. ao 28-0. bie Sosa oi Sd Ae es +150°C 
Ise, Current ... Sei eee Pe ee ee ee ee .. 12mA Ceramic: vx ian. a on oe BEN oem ee ee +175°C 
- Output Current o-4.4 Seis 4 Ew hid So nets eh meee ee 30mA Lead Soldering Temperature (10sec) ee yee ae . +300°C 
ELECTRICAL CHARACTERISTICS (2M, = +5.0V [for TL] or ~5.2V [for ECL, unless otherwise noted). 
Commercial Temperature 
0°C to +70°C 
AD9901KQ/KP 
Test , a | | 
Typ | Units 


INPUT CHARACTERISTICS 
TTL Input Logic “‘1”’ Voltage 
TTL Input Logic “0” Voltage 
TTL Input Logic “1” Current? 
TTL Input Logic “0” Current? 
ECL Differential Switching Volt. -_ 
ECL Input Current | 


OUTPUT CHARACTERISTICS 
Peak-to-Peak Output Voltage Swing* 
TTL Output Compliance Range 
ECL Output Compliance Range 
Iour Range 
Internal Reference Voltage 


AC CHARACTERISTICS 
Linear Phase Detection Range* 
40kHz 
30MHz 
70MHz 
Functionality @ 70MHz 
POWER SUPPLY CHARACTERISTICS 
TTL Supply Current (+5.0V)* ° 


360 
- 320 
270 
Pass/Fail 


ECL Supply Current (—5.2V)* ° 


ZB 


Nominal Power Dissipation 


NOTES 
‘Absolute maximum ratings are limiting values, to be applied individually, and beyond which the serviceability of the circuit may be impaired. Functional 
operability is not necessarily implied. Exposure to absolute maximum rating conditions for an extended period of time may affect device reliability. 
Bina junction temperature should not exceed +175°C for ceramic ee +150°C for plastic ee Junction temperature can be calculated by: 
= PD (6;,) +t, = PD (jc) +t 


sinre 
PD = power dissipation’ ; | : ‘ 
- 8;4 = thermal impedance from junction to air CCW ) : . ORDERING GUIDE 


®;c = thermal impedance from junction to case (°C/W) 
t, = ambient temperature (°C) 

tc = case temperature (°C) 

typical thermal impedances: 


AD9901 Ceramic DIP = 0;, = 74°C/W3; 6,,. = 21°C/W ° 0, "p; ; 
AD9901 LCC = @,, = B0°CIW; ic = 1 oy eae a to oe | 14 Pin Ceramic DIP 
AD9901 PLCC = 04 = 88.2°C/W3 @;¢ = 45.2°C/W _ D9901K 0°C to +70°C 20-Pin PLCC P-20A 


3V, = +0.4V; Vy = +2.4V. | * AD9901TQ/8837 
*Rsgr = 47.50; Ry = 1820. AD9901TE/8837 
Includes load current of 10mA (load resistors = 1820). _ 
®Supply should remain stable within +5% for normal operation. NOTES 
Specifications subject to change without notice. af 1E = Leadless Ceramic Chip Carrier; P = Plastic Leaded Chip Carrier; Q = Cerdip. 
For outline information see Package Information section. 
For specifications, refer to Analog Devices Military Products Databook. 


—55°C to +125°C | 14-Pin Ceramic DIP 
—55°C to +125°C | 20-Contact Ceramic LCC | E-20A 
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Test Level . . 
100% production tested. 
100% production tested at +25°C, and sample tested at 
specified temperatures. 
Sample tested only. 
Parameter is guaranteed by design and characterization 
testing. 


V 
VI 


AD9901 


EXPLANATION OF TEST LEVELS 


Parameter is a typical value only. 

All devices are 100% production tested at +25°C. 
100% production tested at temperature extremes for 
extended temperature devices; sample tested at 
temperature extremes for commercial/industrial 
devices. 


PIN CONFIGURATIONS 


TTL DIP Pinouts 


GRouND| 1] 


BIAS | 2 | 
GROUND | 3 | 


GROUND | 4 | 


AD9901 


TOP VIEW 


Not 
vco INPUT [ 5 | (Not torscale} 


OUTPUT | 6 | 19 | Reser 
+Vs5 | 8 |GROUND 
TTL LCC Pinouts 
a a a 
2 22 
23.88 
<faeoceé 
oO 26 0 
3 2 1 20 19 
GROUND 4. 18 REFERENCE INPUT 
NC 5 17 NC 
AD9901 
NC 7 (Not to Scale) 15 NC 
VCO INPUT 8 14 OUTPUT 


_ 
= 
oy 

Rser Ww 


10 
y oO 
> 

> 2 


GROUND 3 


0 


ie) 
o 
2 
2 
m 
ie) 
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TTL PLCC Pinouts 


o 
2 
1 


GROUND | 4 | 18] REFERENCE INPUT 
GROUND Nc 
ADg9901 
VCO INPUT | 6 | TOP VIEW +Vs 
(Not to Scale) 
OUTPUT 15] NC 
Nc 8) v4] OUTPUT 
oywoo & 
NC =NOCONNECT = 3 © € of 
4 
o 
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ECL DIP Pinouts 


14 | REFERENCE INPUT 


| 13 | REFERENCE INPUT 


VCO INPUT | 3 | -Vs 
AD9901 
veoinpuT| 4} = op view _[.11.| GROUND 
(Not to Scal a 
-Vs orto Seale) 39] OUTPUT 


ECL LCC Pinouts 


ke 
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a 
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w 
oO 
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ii 
x 
ui 
re 
ui 
a 
20 


® REFERENCE INPUT 


VCO INPUT 4 18 —V, 
NC 5 17 NC 
AD9901 
VCO INPUT 6 TOP VIEW 16 GROUND 
; NC 7 . (Not to Scale) 15 NC 
~Vs 8 14 OUTPUT 


OUTPUT 
GROUND 5 
NC = 

—Vs 8 
Rser & 


NC = NO CONNECT 


ECL PLCC Pinouts 


3 | REFERENCE INPUT 
|| REFERENCE INPUT 
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< 
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VCO INPUT | 4 | -~V, 
VCO INPUT NC 
i AD9901 
-Vs [6 | TOP VIEW 16] GROUND 
OUTPUT TF] (Not to Scale) rs] hic 
NC | 8 | 14] OUTPUT 
9 f{ro} [44] 
a ” bk 
NC = NOCONNECT 2 = 2 7 
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ANALOG —s—> 85 MHz Direct 
DEVICES _ Digital Synthesizer 


7 ADS999 


FEATURES | GENERAL DESCRIPTION 

85 MHz Minimum Clock Rate oe The AD9955 is a 85 MHz direct digital seatiesbed for fre- 
32-Bit Phase Accumulator quency synthesis applications. It comprises a 32-bit phase accu- 
' 12-Bit Sine Output | mulator and a 15-bit phase-to-12-bit sine amplitude converter. 

>90 dB Spurious Free Dynamic Range The control logic is CMOS compatible, and the clock input is | 

Continuous Frequency Update FTL. CMOS outputs are latched on board, and a data ready 

On-Board Data Ready Signal . signal is provided. 

APPLICATIONS Designed for applications in communications, instrumentation, 

Frequency Synthesizers | a and military systems, the AD9955 can be combined with a clock 

DDS Tuning reference and a DAC such as the AD9713B or AD9721 to form 

Digital Demodulation a digitally-controlled analog frequency reference. 


FM Modulators The AD9955 is available in an 80-lead plastic quad flatpack 


(PQFP) for commercial (0°C to +70°C) temperature range appli- 
cations. Contact the factory for information concerning the avail- 
ability of a military temperature range device. _ 


FUNCTIONAL BLOCK DIAGRAM 
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SPECIFICATIONS = AD9955 
ELECTRICAL CHARACTERISTICS (+V, = +5 Vs fox = 40 MHz; C, = 20 pF, unless otherwise noted) 


Test AD9955 
Parameter (Conditions) Temperature Level Min Typ Max Units 


CMOS INPUTS! 


Logic “1” Voltage V 
Logic “0” Voltage V 
Logic “1”? Current pA 
Logic ‘0’? Current pA 
Input Capacitance pF 
CMOS OUTPUTS 
Logic “1” Voltage (V,;;) V 
Logic “0” Voltage (V1; ) V 
Logic “1” Current mA 
Logic “0” Current mA 
Output Capacitance pF 
TTL INPUTS? 
Logic “1” Voltage V 
Logic ‘‘0”’ Voltage V 
Logic ‘‘1” Current pA 
Logic “0” Current pA 
Input Capacitance pF 
POWER SUPPLIES 
+V. Current? : 
CLK = 50 MHz mA 
CLK = 100 MHz mA 
Nominal Power Dissipation 
CLK = 50 MHz. mW 
CLK = 100 MHz W 
Relative to Frequency mW/MHz 
AC SPECIFICATIONS* 
Clock Update Rate (CLK)° — MHz 
Frequency Update Rate (BRCLK)® MHz 
Clock Pulse Width 
CLK Digital “1” ns 
CLK Digital “0” | ns 
Frequency Update Pulse Width 
BRCLK Digital “1” ns 
BRCLK Digital “0” ns 
Input Rise/Fall Times 
CLK Rise Time. ns 
CLK Fall Time ns 
BRCLK Rise Time ns 
BRCLK Fall Time ns 
BRCLK Input Timing 
Setup Time (tes, tes)’ ns 
Hold Time (tc335 tay)” ns 
CLK Input Timing 
Setup Time (t, ,)° ns 
Hold Time (t; ;;)® ns 
RESET 0 Timing 
Setup Time (tps)” ns 
Hold Time (tpy3)” ns 
Output Timing Characteristics 
Data Output Delay (top)? ns 
DRDY Output Delay (tpp)’° ns 
Output Data Setup Time (tgs)"" ns 
Carry Output Delay’? | ns 
Spurious-Free Dynamic Range (SFDR) 
Worst Case Spur!? dBc 
Latency of Initial Data’* Clock Cycles 
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AD9955 


_ NOTES: 


‘Includes F[0: 31], PSEL, BREN, FCLD, CIN, TGLE, BRCLK, TCMS, and RSTO. 


2Only the clock (CLK) is TTL compatible. 

*four = 1/2 foux. See performance curves.. 

*Nominal conditions (Vj; =-3.4 V3.Vy, = 0. 4V). . 

>Based on minimum clock pulse width duty cycle (68% HIGH @ 85 MHz). 


This specification defines the maximum rate at which the output frequency tuning word (F[0:31]) can be updated. 


7Referenced to 2.5 V point of. rising edge of BRCLK, specified for F[0:31], BREN. 
8Referred to rising edge of CLK, specified for FCLD. CIN setup time is typically 1.2 ns, specified for, FCLD, CIN. 


Referred to 1.6 V point of the rising edge of CLK. See Timing Diagram. 


1Referenced to 1.6 V point of the rising edge of CLK for 1.6 V point of the vising/falling edge of SIN [0: 11); or the falling eds of DRDY. ‘Load i is s shown 


below. 


Referenced from 1.6 V point of the rising/falling edge of SIN[0: My] to 1.6 V point of the falling edge of DATA READY. Specified sialon ADST13B; no race: 


tional capacitive load. 


12Referenced from 1.6 V point of rising edge of CLK to 1.6 V point of the rising/falling edge of COUT. 


13Based on proprietary phase-to-sine algorithm, TGLE HIGH. 
4Referred to CLK for FCLD: high. See Timing Diagram. 


EXPLANATION OF TEST LEVELS 
Test Level | | 


I — 100% production tested. 

II — 100% production tested at +25°C; parameter is 
guaranteed by design and characterization at temp- 
erature extremes. 

III — Sample tested only. 

IV — Parameter is guaranteed by design and characterization 
testing. 

V  — Parameter is a typical value only. 


Parameters based on characterization testing have limits based on 6 sigma of © 
a normal distribution; typical values are the mean of the distribution. 


ABSOLUTE MAXIMUM RATINGS’ 


Supply Voltage (+Vs) .. 0.0... eee eee —0.5 Vto +7 V 
Input Voltage ............... 3. -0.5 V to +V, +0.5 V 
Output Voltage Swing .......... . 70.5 V to +V, +0.5 V 
Operating Temperature Range (Ambient) .....0°C to +70°C 
Maximum Junction Temperature? ............. .. +150°C 
Storage Temperature Range ........... —65°C to +150°C 
Lead Temperature (soldering, 10 seconds) ..... ew ace FZIOCE 
NOTES 


1Absolute maximum ratings are limiting values to be applied individually, and 
beyond which the serviceability of the circuit may be impaired. Functional 
operability is not necessarily implied. Exposure to absolute maximum rating 
conditions for an extended period of time may affect device reliability. 
Typical thermal impedance; part soldered in place: 

8yq = 62°C/W 

Bic = 7°C/W. 
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-AD9955/PCB |N/A 


ORDERING GUIDE | 
Package. 


Temperature | are | 
Range Package Description | 


| Option? 
AD9955KS-667 | 0°C to +70°C | 80-Terminal Plastic 
| Quad Flatpack 
0°C to +70°C | 80-Terminal Plastic 
Quad Flatpack 
DDS Evaluation Board - 


AD9955KS-6° /|S-80° 


NOTES . 
1For outline information see Package Information section: 


-?Model AD9955KS-66 units are shipped in a standard ase tray; mini- 


mum order quantity is 66 units (1 full tray). 


-3AD9955KS-6 units are shipped in a nonstandard tray; minimum after sf 
_ quantity is 6 units (1 full tray). Three nonstandard trays will fit in 4 stan- 


dard JEDEC tray outline, allowing use with standard assembly equipment. 
Contact factory for details. 

NOTE: All units are dry packed to inhibit moisture. absorption. Units which 
are exposed to air for more than 48 hours should be baked for 24 hours at. 
+125°C prior to assembly. 


Aap97198 
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AD9955 Load Circuit — 
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Name 


GND 
+Vg 
BRCLK 


CLK 


F(0:31] 


BREN 


FCLD 


DRDY 


CIN 


TGLE 


 TCMS- 


SIN(0:11] 


AD9955 


AD9955 PIN DESCRIPTIONS 


Description 


Ground Reference Voltage Connection. 
Positive voltage power connection, nominally +5 V. 


_ Buffer Register Clock. Datg inputs are loaded into 


the Frequency Control Word Buffer Register on the 
rising edge of BRCLK when register‘. is enabled 
(BREN input at Logic “1”). 

System Clock. Continuous TTL signal for 
synchronizing all internal operations, except loading 
of Frequency Control Word Buffer nee rising 
edge initiates synchronization. 


32 parallel data inputs for loading frequency tuning 
word. | 


Buffer Load Enable Signal. Enables loading of data 
into the Frequency Control Word Buffer Register. 
If BREN is logic “0,” register retains its contents. If 
BREN is Logic “1,” theFrequency Control Word 
Buffer Register either (1) parallel loads the data 
present at F[0:31] inputs (PSEL = HIGH) or (2) 
serially shifts data present at F[31] input (PSEL =. 
LOW). 

Frequency Control Load Enable Signal. FCLD = 
HIGH enables loading of data from Frequency 
Control Word Buffer Register into Frequency 
Control Register. Loading takes place on next rising 
edge of CLK signal. FCLD = LOW disables 
loading of data. 


Data Ready Signal. Output data (SIN [0:11]) is 
valid on the rising edge of DRDY, which tracks 
propagation delay variations of the output data vs. 
temperature. The duty cycle of DRDY is dependent 
on the duty cycle of the CLK input. The DRDY 
signal should be used only for applications which 
have a very high clock rate (85 Msps) and require 
operation over a wide temperature range. Nena. 
allowed to float. 


Carry-In signal is provided as the carry input to the 


least significant bit (LSB) of the 32-bit adder in the 


phase accumulator. This signal is used as the carry 
input only if the TGLE signal is a logic zero; carry 
has 1 LSB weight, and is used for stacking units ot 
64-bit DDS. Normally tied to ground. 


Carry Toggle Enable. When HIGH, the CIN signal 


is disabled, and the Carry-In toggles internally 
between HIGH and LOW on each’ clock (CLK) 


‘cycle to reduce the worst case spurious response. of 


the digital carpet aay by 3.92 dB. Normally tied 


_ to ground. 
Twos GoupiencaUMaeitude Mode Select. Selects 


binary output format of data on SIN[0:11] outputs. 
If TCMS is a Logic “1,” format of output data at 
SIN[0:11] is in twos complement format. If TCMS 
is a Logic “0,” data is binary unsigned magnitude. 
format. Normally tied to ground. 

12 parallel data bits comprising the sine data output. 
Frequency of the sine data outputs is defined by the 
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Name. 


RSTO 


COUT 


PSEL 


Description . 


Frequency Control Register (A phase) as 


A phase 
four = feik (S| 
Binary data format of 12-bit samples is either twos 
complement or unsigned magnitude, determined by 
TCMS signal. 


Reset Phase to Zero Signal. Activates synchronous 
reset of the Phase Accumulation Register to a 
binary value of “0,” or zero radians. Reset is 
enabled when RSTO is a Logic “1” and takes place 
on rising edge of system clock (CLK). Normally 
low. 


Carry-Out signal output of the 32-bit adder in the 
phase accumulator; used for stacking two AD9955 
units for 64-bit DDS. Normally allowed to float. 


Parallel/Serial Frequency Control Word Buffer 
Input Selector. Selects mode for loading the Buffer 
Register. If a load is enabled (BREN = “1’’), and 
PSEL is a Logic “1,” data is parallel loaded into the 
Frequency Control Word Buffer Register from the 
F0:31] inputs on the next rising edge of BRCLK. If 
a load is enabled and PSEL is a Logic “0,” data is 
serially shifted into the Frequency Control Word 
Buffer Register from the F{31] input on rising edge of 
poems 


PIN DESIGNATIONS 


AD9955 


TOP VIEW 
(Not to Scale) 


F31 (LSB) 
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c uot gp Ohm 900. 4 : af 20,4 
; PRES 55S STTS S252 8ST 
‘DIE INFORMATION . ee Pe oh ae es A 1 oad 
Die Dimensions ............. 215 x 199 x 20.7 (+1) mils jielt te | | 4 vig ls ; 
Pad Dimensions .....:...........08. wee ee 4X 4 mils ——— SS Se | 
ee . , ; — . GND —3 =: | = . ‘H+ 62- DRDY 
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Bond Wire ..... 0... cc cece eee eee tenet ene Gold aH SING 
5 SIN7 
5 +Vs 
=e SINS 
—_ j SINS 
“1 SIN10 
——— a SIN11 (LSB) 
bik dy ot GND 
Piatt st}— V5 
424 ics _-+Vs5 
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ee 
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AD9955 Chip Layout 
FIXED 
FREQUENCY. GENERATES SAMPLES 
- . REFERENCE OF A SINE WAVE 
, CONVERTS SINE _ 
SAMPLES INTO 
4 _ ANALOG SIGNAL 
DIGITAL CIRCUIT ; if 
= SINE ir a 
A PHASE PHAS AMPLITUDE dntod fo 
ae a cide nk CONVERTER OUTPUT 
SPECIFIES OUTPUT 
- FREQUENCY AS © | . 
FRACTION OF CLOCK | all 
FREQUENCY wil 
Figure 1. Block Diagram of DDS Generator é 
DDS the signal 1S defined by eheas as 


Direct digital synthesis (DDS) is a method of deriving a wide- 
band, digitally controlled frequency (sine wave) synthesizer from 
a single reference frequency (system clock). 


The circuit has three major components: 


1. Phase accumulator 
2. Phase-to-amplitude converter 
3. Digital-to-analog converter 


These major stages and their relationships to one another are 
illustrated in the block diagram shown above. 


The phase accumulator is a digital device which generates the 
phase increment of the output waveform. Its input is a digital 

_ word which (with the reference oscillator) determines the fre- 
quency of the output waveform. The output of the phase accu- 
mulator stage represents the current phase of the generated 
waveform. In effect, the accumulator serves as a variable- 
frequency oscillator generating a digital ramp. The frequency of 
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Aphase 
Aphaseya 


' Aphase 
~ fa CLOCK = 2N 


” four = fCLocK 


Translating phase a from the phase accumulator into 
amplitude data takes place in the phase-to-amplitude converter. 
This is most commonly accomplished by means of a look-up 
table (LUT) stored in memory, but may be calculated instead — 
using a digital algorithm to minimize circuit complexity and/or 
increase the update rate. 


In the final step of frequency ariene: é@npiinide data is con- 
verted into an analog signal. This is done by a digital-to-analog 
(D/A) converter which must have good linearity; low glitch 
impulse; and fast, symmetrical rise and. fall times. When it does, 
the frequency synthesizer is able to produce a spectrally pure 
waveform. : 
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AD9999 


i ah 
BRCLK 
= NT , 
BREN a J ae 
$—__—<———__$$$$S——$ 


5 CLOCK CYCLES —- 


CLK J AY XS 
~@—— 9 CLOCK CYCLES 
FCLD | 
$>——$ 
a a ao re 
tag RESET SETUP TIME 
tay RESET HOLD TIME 
Figure 2. Reset Timing 

AD9955 DIRECT DIGITAL SYNTHESIZER The accumulator incorporates carry input and output pins (CIN 
The AD9955 is a digital device which integrates.a 32-bit phase and COUT) to enable stacking of devices to achieve greater than 
accumulator and 15-bit phase to 12-bit sine amplitude converter 32-bit resolution. In normal operation, CIN will be connected to 
(see block diagram). The circuit is fabricated in a CMOS pro- . ground, and COUT allowed to float. _ 
eee and designed to minimize the number of exter- An additional feature of the AD9955 accumulator is controlled 
nal devices necessary to implement a high speed DDS system. by the TGLE pin. With this pin tied HIGH, the CIN pin is 
Phase Accumulator Architecture . disabled and the carry input is internally toggled on successive 
The phase accumulator is comprised of 8 pipelined, 4-bit adder clock cycles. The toggling of the carry input has two major ben- 
cells to achieve the typical 100-MHz operation. The pipelined efits. The theoretical worst case spur is reduced by 3.92 dB, 
accumulator requires the use of input data alignment registers making the worst case spurious free dynamic range of the — 
between the frequency control register and the accumulator to SIN[0:11] outputs 90.3 dBc. In addition, the DDS spur " 
maintain the phase-coherent switching characteristics of the performance is made more consistent versus frequency due to 
DDS. The alignment registers on the 16 least significant bits of the randomizing of the errors introduced by possible DAC 
the accumulator were eliminated to save power and reduce the nonlinearities. 
number of pipeline delays; this results in a maximum phase dis- Resetting the AD9955 


The synchronous reset function (RSTO) resets s the output of the 
phase accumulator to zero radians, allowing the user to initialize 
— the AD9955 from a known state. A reminder: the RSTO signal 
Voc = +5V; C, = 20pF; | | does not affect the contents of the alignment registers on either 
TEMP = +25°C . side of the adders. To properly reset the AD9955 to zero radians 
(SIN[0:11] = 1000 0000 0000), perform the following steps in 
the order listed: 


continuity of 0.005°. 


1. Frequency input should be preloaded to zero (FLO: 31] = 0; | 
see loading the AD9955). 


2. Four clock cycles must pass to clear the prealigniicnt 
registers. 


3. The RSTO signal should go HIGH for at least 12 ns, and 
meet required setup (tgs) and hold (tp;;) times. 


’ POWER SUPPLY CURRENT (mA) 


4. Nine additional clock cycles must pass to clear the post- 
alignment registers and allow the new tuning word (0 radi- © 
ans) to propagate through the phase to sine amplitude 

(oie conversion circuitry. , 


OUTPUT FREQUENCY (foe 
CLOCK 


Critical timing and pipeline delays required for resetting the 
AD9955 are illustrated in the reset timing diagram. After the 


Fig e 3. Power Supply Current vs. Output Frequency RSTO signal is returned to LOW, a new frequency can be 
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AD9955 


F[O:31} 


|. FREQUENCY1 | FREQUENCY 2. 
BRCLK 


FCLD 


DRDY , 


tos eo ; 
RESET RESET 
CONDITION CONDITION 
tes FREQUENCY CONTROL WORD SETUP TIME 


te, FREQUENCY CONTROL WORD HOLD TIME 
- tes BUFFER REGISTER ENABLE SETUP TIME 


top 
RESET ~“ 
CONDITION 


SIN[0:11] RESET 


RESET 
CONDITION 
te, BUFFER REGISTER ENABLE HOLD TIME 


t., FREQUENCY CONTROL WORD LOAD SETUP TIME 
t.4 FREQUENCY CONTROL WORD LOAD HOLD TIME 


FREQUENCY 1 


RESET 
CONDITION FREQUENCY 1 FREQUENCY 2 
ton DATA READY DELAY 
top OUTPUT DATA DELAY 
tos OUTPUT DATA SETUP TIME 


Figure 4, Parallel Mode Timing. 


loaded into the fesieary control register; the SIN[0:11] outputs 
will remain at the midscale value for 14 clock cycles while the 
new tuning word propagates through the AD9955. 


Loading the Frequency Control Word: ae 

For convenience, the frequency control register is double buff- 
ered at the inputs to allow asynchronous loading of a new fre- 
quency control word. The frequency control word buffer 
register can be loaded in either parallel (PSEL = HIGH) or 
serial (PSEL = LOW) mode. The data is clocked on the rising 
edge of the BRCLK signal when the BREN pin ‘is held HIGH. — 
In serial mode, the data is fed through the LSB (F[31]) and | 
requires multiple clock edges to shift in data. 


Once new frequency data is loaded into the frequency control 
word buffer, it is passed into the frequency control register on 
the next rising edge of the CLK signal following a HIGH signal 
on the FCLD pin. The new frequency control word i iS then used 
as the input to the phase accumulator and it begins to accumu- 
late at the new rate. The Parallel Mode Timing diagram illus- 
trates the critical timing relationships for loading new frequency 
data into the AD9955 from the reset condition; these relation- 
ships remain the same for any arbitrary condition. 

Phase to Sine Architecture ae 

The phase to sine amplitude converter calculates the sine ampli- 
tude using a proprietary algorithm for the first 90° of the sine 


cycle, and takes advantage of the symmetry of the waveform to 


calculate the remaining quadrants. Only the 15 most significant, 
bits of the phase accumulator output are needed to achieve the 
12-bit accuracy of the SIN[O: 11] outputs. 


In normal operation (TGLE = LOW), the frequency tuning 
word may take on both odd and even values. Odd frequency 
input words will result in a spurious free dynamic range (SFDR) 
of 90.3 dBc, while even frequency words may have spurious fre- 
quency content as high as 86.4 dBc. The carry toggle feature 
discussed above guarantees a worst case SFDR of the frequency 
tuning words of 90.3 dBc. 
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The architecture and implementation of the phase to sine algo- 
rithm uses several compression techniques to reduce the amount 
of internal memory required, and to guarantee a minimum 
throughput rate of 85 MHz, a new benchmark for CMOS DDS: 
circuits. Accordingly, the CLK input is TTL logic compatible, 
and buffered internally to minimize input capacitance. Although 
most devices will operate with a 50% duty cycle on CLK input, 
guaranteed operation at 85 MHz will require adjustment of 
clock duty cycle (see specification table). All other a ae ane 
outputs are CMOS logic compan: a i 


SIN Outputs 

The SIN[0:11] outputs of the phase to-sine conversion circuitry 
are latched at the output to minimize data skew. The TCMS 
control signal specifies the format of the output data as either — 
binary unsigned magnitude or two’s complement format. The 
output data is valid on the rising edge of the data ready signal 
(DRDY), and is designed to track the temperature variation of 
the output data. The DRDY signal is not recommended for 
clocking the DAC because of phase uncertainty (jitter). The par- 
allel mode timing diagram also illustrates the timing relation- 
ships relevant to capturing the output data, and also the pipeline 
delays associated with loading a new frequency word. The 
curves below show the typical propagation delays of oe: 11) 
and DRDY vs. temperature. 


SERIAL MODE OPERATION | 

Serial data is shifted into Pin F31 on the rising edge of fist 
BRCLK. The setup and hold.times shown in Figure 4 (Parallel 
Mode Timing) apply to loading serial data as well. Thirty-two 
cycles of the BRCLK are needed to shift the entire frequency 
control word into the Frequency Control Word Buffer Register. 
Bits are clocked in ascending order, F[31], F[30], F[29].. . 
with the MSB clocked in last. A HIGH signal on the FCLD pin 
allows all 32 bits to pass to the Frequency Control Register on 
the next rising edge of the CLK. | 
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AD9955 


Applications Information 

The AD9955 can be used in digital demodulation applications to 
provide a digital frequency reference, or combined with a DAC 
to provide an analog frequency reference. In the latter applica- 
tion, a DAC with exceptional ac performance is required. The 
diagram below gives a recommended hookup for a complete 
direct digital synthesizer employing the AD9955 and the 
AD9721, a 10-bit 100 Msps DAC. 


As in all high speed applications, proper layout is critical; it is 
particularly important when both analog and digital signals are 
involved. Analog signal paths should be kept as short as possi- 
‘ble, and properly terminated to avoid reflections. 


DATA READY DELAY - ns 


Digital signal paths should also be kept short, and run lengths 


Be io 20 30 40 50 = - matched to avoid propagation delay mismatch. In the diagram, 
AMBIENT TEMPERATURE - °C series resistors (130 ohms) are inserted in the connections 
between the SIN[0:9] outputs of the AD9955 and the data 
Figure 5. Data Ready Delay vs. Ambient Temperature inputs of the AD9721 (D,-D,,) to reduce data feedthrough 


effects and to insure that the setup and hold times of the 
AD9721’s input register are met over the commercial tempera- 
ture range (0°C to +70°C). 


Layout of the ground circuit is a critical factor. A single, low 
impedance ground plane will reduce noise on the circuit ground. 
Power supplies should be capacitively coupled to the ground 
plane to reduce noise in the circuit. Multilayer boards allow 
designers to lay out signal traces without interrupting the 

ground plane, and provide low impedance power planes. 


Evaluation Board ; : 
An evaluation board is available which combines the AD9955 
and either the AD9713B, an 80 Msps 12-bit DAC, or the 
AD9721, a 10- bit 100 Msps DAC, both of which are supplied 
with the board. This simplifies the task of evaluating and char- 
acterizing the DDS synthesizer. The block diagram shown in 

: Figure 9 illustrates its operation.’ For more information, please 
Figure 6. Output Delay vs. Ambient Temperature consult the AD9955/PCB data sheet. — 


SIN [0:11] OUTPUT DELAY ~- ns 
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AMBIENT TEMPERATURE - °C 
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Figure 7. AD9955/AD9721 DDS Synthesizer 
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—-AD9955 


MAGNITUDE - dBc | 


0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 
NORMALIZED FREQUENCY - foyq/forx 


--Figure 8. AD9955 Output Spectrum — 
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AD9955 
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CMOS DDS 


SPECTRUM ANALYZER 


Figure 9. AD9955 DDS Evaluation Board Setup 


Table I. Recommended Operation 


Input Voltage 


Parameter . 


+Vs 5.25 
CLK: +Vs5 
-BRCLK, PSEL, BREN, +Vs 


FCLD, CIN, TGLE, 
_ TCMS, RSTO, F[0:31] 
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AD9955/AD9721 20 MSPS 2.10 MHz 
10dB/ 


2.114 MHz 
-69.10 dB 
REF ~—2.6 dBm 


START 200 kHz STOP 10.000 MHz 


Figure 10. AD9955/AD9721 Output Spectrum 


—72.35 dB 
REF —2.6 dBm 


START 200 kHz STOP 10.000 MHz 


Figure 11. AD9955/AD9721 Output Spectrum 


AD9955/AD9721 20 MSPS 6.60 MHz 
10dB/ 


CENTER 6.500 MHz SPAN 2.50 MHz 


Figure 12. AD9955/AD9721 Output Spectrum 
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AD9955 


AD9955/AD9721 50 MSPS 5.10 MH 
10dB/ 


N 


START 200 kHz STOP 25.00 MHz 
Figure 13. AD9955/AD9721 Output Spectrum 


CENTER 12.500 MHz SPAN 2.50 MHz 


Figure 14. AD9955/AD9721 Output Spectrum 


AD9955/AD9721 50 MSPS 16.60 MHz 
~ ETT TT ca 


Ses 
ptt tT ET TT 
lected IE ae 


CENTER 16.670 MHz SPAN 2.50 MHz 
Figure 15. AD9955/AD9721 Output Spectrum 
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AD9959 


AD9955/AD9721 80 MSPS 8.10 MHz 
10dB/ 


a 
Toe 


START 200 kHz STOP 40.00 MHz 


Figure 16. AD9955/AD9721 Output Spectrum 


AD9955/AD9721 80 MSPS 20.10 MHz 
10dB/ 


AMKR 
~396 kHz 
—68.50 dB 

REF —2.6 dBm 


Bit 


CENTER 20.00 MHz SPAN 2.50 MHz 


Figure 17. AD9955/AD9721 Output Spectrum 


AD9955/AD9721 80 MSPS 26.60 MHz 
10dB/ 


AMKR 
204 kHz 
—60.97 dB 
REF —2.6 dBm 


CENTER 26.500 MHz SPAN 2.50 MHz 


Figure 18. AD9955/AD9721 Output Spectrum 
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yer 100 MSPS 10.10 MHz 


START 200 kHz STOP 50.00 MHz 


Figure 19. AD9955/AD9721 Output Spectrum 


ae 100 MSPS 25.10 MHz 


SPAN 2.50 MHz 


CENTER 25.00 MHz 


Figure 20. AD9955/AD9721 Output Spectrum 


pir tga ds 100 MSPS 33.30 MHz 
10dB/ 


AMKR 
200 kHz 
66.80 dB 

REF -2.6 dBm . 


CENTER 33.00 MHz . SPAN 2.50 MHz 
Figure 21. AD9955/AD9721 Output Spectrum 
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Power Supplies 
Modular AC/DC Power Supplies 


GENERAL DESCRIPTION GENERAL SPECIFICATIONS 

Analog Devices offers a broad line of modular ac/dc power sup- Power Requirements 

plies that provide both OEMs and designers a reliable, easy to Input Voltage Range: 105 V ac to 125 V ac 
use, low-cost solution to their power requirements. Models are Frequency: 50 Hz to 250 Hz 
available in PC mountable and chassis mountable designs with Electrical Specifications 


5 volt to 15 volt (single, dual, triple) outputs and current ratings Temperature Coefficient: 0.02%/°C 
from 100 mA to 5 amps. Since these modular supplies are fully 
encapsulated, no trimming or external component selection is See Specifications Table 
necessary; simply mount the unit, connect power and output Breakdown Voltage: 500 V rms, min 

leads, and you’re on the air! Most Analog Devices’ power sup- iediation Resictances 50 MO 

plies are available from stock in both large and small quantities 
with substantial discounts being applied to large quantity orders. 


Output Voltage Accuracy: +2%, max 


Short Circuit Protection: All ac/dc power supplies 
employ current limiting. 


They can withstand sub- 
AC/DC POWER SUPPLY FEATURES stantial overload including 


@ Current Limit Short Circuit Protection direct short. Prolonged 

@ PC Mounted and Chassis Mounted Versions 

@ Single (+5 V), Dual (+15 V), and Triple 
(+15 V/+5 V) Output Supplies 

@ Current Outputs: 


operation should be avoided 
since excessive temperature 
rises will occur. 


100 mA to 500 mA for Dual and Triple Output Supplies Environmental Requirements 
1000 mA to 5000 mA for Single Output Supplies Operating Temperature 
Range: —25°C to +71°C 


@ Wide Input Voltage Range 

@ Low Output Ripple and Noise | 

@ Excellent Line & Load Regulation Characteristics 

@ High Temperature Stability 

@ Free-Air Convection Cooling; No External Heat Sink Required 


Storage Temperature 
Range: —25°C to + 85°C 


SPECIFICATIONS — Typical @ +25°C and 115 V ac 60 Hz unless otherwise noted* 


Output Output Line Reg. Load Reg. Output Ripple & 
Voltage Current max max Voltage Noise Dimensions 
Type Model Volts mA % % Error max mVrms max Inches 
902 +15 +100 0.02 0.02 +300 mV___si0s.5 3.5X2.5X1.25 
-0 mV 
3 Dual 902-2 +15 +100 0.02 0.02 +300 mV_si0..S 3.5X2.5x0.875 
= Output -OmV 
5 920 +15 +200 0.02 0.02 +300 mV___siOs. 3.5x2.51.25 
= -0 mV 
z 925 +15 +350 0.02 0.02 +1% | 0.5 3.5X2.5X1.62 
@ 
ae Single 905 5 1000 0.02 0.05 +1% ] 3.5x2.5x1.25 
9 Output 922 5 2000 0.02 0.05 +1% 1 3.5X2.5X1.62 
Triple 923 +15 +100 0.02 0.02 +1% 0.5 3.5X2.5X1.25 
| Output +5 500 0.02 0.05 +1% 0.5 
Dual 970 +15 +200 0.05 0.05 +2% 1 4.4X2.7X 1.45 
a3 Output 975 +15 +500 0.05 0.05 +2% 1 4.4x2.7x2.00 
Oo 
q 
E 5 Sine! 955 5 1000 0.05 0.15 +2% v4 4.4X2.7X1.45 
Os oe € 976 5 3000 0.05 0.10 +2% 100 (p-p typ) 4.752.7x1.45 
MIPUE: 077 5 5000 0.05 0.10 +2% 100 (p-p typ) 4.75x2.7x1.45 


*Consult Analog Devices Power Supplies Catalog for additional information. 
Specifications subject to change without notice. 
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Power Supplies 
Modular DC/DC Converters — 


GENERAL DESCRIPTION 
Analog Devices’ line of compact dc/dc converters offers system _ 
designers a means of supplying a reliable, easy to use, low cost 
solution to a variety of floating (analog and digital) power appli- 
cations. These devices provide high accuracy, short circuit pro- 
tected, regulated outputs with very low output noise and ripple . 
characteristics. 


Nine models are offered in four power levels of 1 watt, 

1.8 watts, 4.5 watts and 6 watts. Input voltage versions include 
5 volt, 12 volt and 28 volt with output ranges as follows: 

+5 volt, +12 volts and +15 volts at +40 mA to 1000 mA 
output current capability. 


Most models are high efficiency (typically over 60% at full load) 
and feature complete 6-sided continuous shielding for EMI/RFI 
protection. A 7-type input filter is contained, in some models, 
which virtually eliminates the effects of reflected input ripple 
current. Most Analog Devices’ dc/dc converters are available 
from stock in both large and small quantities with substantial 
discounts being applied to large quantity orders. 


DC/DC POWER SUPPLY FEATURES 
@ Inaudible (>20 kHz) Converter Switching Frequency 
® Continuous, Six-Sided EMI/RFI Shielding Except on 1 Watt 
and 1.8 Watt Models 
@ Output Short Circuit Protection (Either Output to Common) 
@ Automatic Restart After Short Condition Removed 
@ Automatic Starting with Reverse Current Injected into 
Outputs 
© Low Output Ripple and Noise 
e@ High Temperature Stability 
@ Free Air Convection Cooling 
No external heat sink or specification derating is required 
over the operating temperature range. | 


GENERAL SPECIFICATIONS FOR 1 W AND 1.8 W 
MODELS | 
Line Regulation — Full Range: +0.3% (+1% max, 949) 
Load Regulation — No Load to Full Load: +0.4% 
(+0.5% max, 949) 
Output Noise and Ripple: 20 mV p-p, with 15 wF tantalum 
capacitor across each output (2 mV rms max, 949) 
Breakdown Voltage: 300 V dc min (500 V de min, 949) 
Input Filter Type: 7 
Operating Temperature Rance —25°C to +71°C 
Storage Temperature Range: —40°C to +125°C 
(+100°C, 949) 
Fusing: If input fusing is desired, we recommend the use of a 
slow blow type fuse that is rated at 150%-200% of the 
dc/de converter’s full load input current. 


GENERAL SPECIFICATIONS FOR 4.5 W AND 6 W 
MODELS 
Line Regulation — Full Rance: +0, 07% max (+0.02% max, 
960 Series) (+0.1% max, 943) 
Load Regulation — No Load to Full Load: +0.07% max 
(+0.02% max, 960 Series) (+0.1% max, 943) 
Output Noise and Ripple: 1 mV rms max | 
Breakdown Voltage: 500 V dc min 
Input Filter Type: 7 
Operating Temperature Range: —25°C to +71°C 
Storage Temperature Range: —40°C to +125°C 
Fusing: If input fusing is desired, we recommend the use of a 
slow blow type fuse that is rated at 150%-200% of the 
dc/de converter’s full load input current. 


SPECIFICATIONS — Typical @ +25°C at nominal input voltage unless otherwise noted* | 


Input" . | 

Output Output Input Voltage Input | Output Temperature Efficiency 

Voltage Current Voltage Range Current Voltage Coefficient Full Load Dimensions 
Model Volts mA Volts Volts Full Load = Error max /°C max min Inches 
943 5 1000. 5 4.75/5.25 152A +1% +0.02% 62% 2.0X2.0x0.38 
958 5 100 5 4.5/5.5 200 mA +5% +0.01% (typ) 50% 1.25x0.8x0.4 — 
941 aad +150 5 4.75/5.25 117A +1% +0.01% 58% 2.0X2.0x0.38 
960 +12 +40 5 4.5/5.5 384 mA +5% +0.01% (typ) 50% — 1.25x0.8Xx0.4 
962 +15 +33 > 4.5/5.5 396 mA +5% +0.01% (typ) 50% 1.25x0.8x0.4 
966 #15 +190 12 11.2/13.2. 710mA +1% ~£0.005% (typ) 62% (typ) 2.0x2.0x0.38 
949 +15 +60** 5 4.65/5.5. 0.6A +2% +0.03% 58% | 2.0X1.0X0.375 
940 +15 +150 5 4.75/5.25 1.35 A +1% +0.01% 62% 2.0X2.0x0.38 
945 +15 +150 ~—s 28 23/31 *250 mA +0.5% +0.01% 61% 2.0X2.0x0.38 
NOTES 


1Models 940 and 941 will deliver up to 120 mA output current (and Model 943 will deliver up to 600 mA) over an input voltage range 


of 4.65 V de and 5.5 V de 
*Consult Analog Devices Power Supplies Catalog for additional information. 


**Single-ended or unbalanced operation is permissible such that total output current load does not exceed a total of 120 mA. 


Specifications subject to change without notice. 


22-2 POWER SUPPLIES 


Package Information 
Contents 


MIL-M38510 

ADI Letter PMI Letter Package Applicable 
Designator : Designator Description Configuration Page 
Side Brazed DIP (Ceramic) 
D-8 8-Lead 23-5 
D-14 YB* 14-Lead D1-3 23-5 
D-16 QB* 16-Lead D2-3 23-5 
D-18 XB* 18-Lead D6-3 23-5 
D-20 20-Lead D8-3 23-5 
D-22 RB* 22-Lead 23-5 
D-24 VB* 24-Lead 23-5 
D-24A 24-Lead (Single Width) 23-5 
D-28 TB* 28-Lead D10-3 23-5 
D-28A 28-Lead (Single Width) 23-5 
D-40 40-Lead 23-5 
D-48 48-Lead 23-5 
Side Brazed DIP for Hybrids (Ceramic) 
DH-24A 24-Lead 23-5 
DH-28 28-Lead 23-5 
Bottom Brazed DIP (Ceramic) 
DH-40A 40-Lead . 23-6 
DH-48A 48-Lead 23-6 
Leadless Chip Carrier (Ceramic) 
E-20A RC 20-Terminal C-2 23-6 
E-28A TC 28-Terminal C-4 . 23-6 
E-44A 44-Terminal 23-6 
E-68A 68-Terminal C-7 . 23-6 
Flatpack (Ceramic) 
F-2A 2-Lead 23-7 
Pin Grid Array (Ceramic) 
G-68A 68-Lead 23-7 
G-100A 100-Lead 23-7 
G-223 223-Lead 23-7 
Pin Grid Array (Plastic) 
223-PPGA | 223-Lead 23-7 
Metal Can 
H-02A 2-Lead 23-8 
H-03A 3-Lead (TO-52) 23-8 
H-03B 3-Lead (TO-5 Style) 23-8 

| H 6-Lead (TO-78) 23-8 
H-08A J 8-Lead (TO-99) 23-8 
H-10A K 10-Lead (TO-100) A-2 23-8 
H-12A 12-Lead (TO-8 Style) 23-8 


*Special order only. 


PACKAGE INFORMATION 23-1 


, ’ MIL-M38510 
ADI Letter | PMI Letter Package Applicable 


Designator Designator Description Configuration Page 
Plastic 

TO-92 3-Lead © 23-8 
J-Leaded Chip Carrier 

J-28 . 28-Lead 23-9 . 
J-44 . 44-Lead 23-9 
J-68 68-Lead 23-9 | 
Metal Platform (DIP) _ 

M-40 40-Lead | 23-9 © 
M-46 '  -46-Lead 23-9 - 
Plastic DIP 

N-8 P 8-Lead i 23-10 
N-14 P 14-Lead 23-10 © 
N-16 P 16-Lead 23-10 
N-18 P 18-Lead — 23-10 | 
N-20 P 20-Lead 23-10 
N-22 P 22-Lead . 23-10 
N-24 P 24-Lead 23-10 
N-24A P 24-Lead (Double Width) 23-10 
N-24B 24-Lead — 23-10 
N-28 P 28-Lead ~ 23-10 
N-28A . P 28-Lead 23-10 
N-40A P 40-Lead - 3 23-10 
N-48 P 48-Lead 23-10 
Plastic Leaded Chip Carrier (PLCC) , 
P-20A PC 20-Lead 23-10 
P-28A PC 28-Lead 23-10 
P-44A 44-Lead 23-10 
P-68A 68-Lead : 23-10 
Plastic Quad Flatpack | _ 
P-100 | 100-Lead 23-11 
Cerdip . 

Q-8 Z 8-Lead D4-1 | 23-11 
Q-14 Y 14-Lead D1-1 23-11 
Q-16 Q 16-Lead D2-1 23-11 
Q-18 xX 18-Lead D6-1 23-11 | 
Q-20 R 20-Lead D8-1 23-11 
Q-22 22-Lead 23-11 
Q-24 W 24-Lead D3-1 23-11 
Q-24A 24-Lead (Wide Body) 23-11 
Q-28 T 


28-Lead D10-1 23-11 


23-2 PACKAGE INFORMATION 


MIL-M38510 


ADI Letter PMI Letter Package Applicable 
Designator Designator Description Configuration Page 
Small Outline (SO) 
R-8 8-Lead 23-12 
SO-8 8-Lead 23-12 
R-14 SO-14 14-Lead 23-12 
R-16A SO-16 16-Lead 23-12 
R-16 SOL-16 16-Lead (Wide Body) 23-12 
R-18 SOL-18 18-Lead 23-12 
R-20 SOL-20 20-Lead 23-12 
R-24 SOL-24 24-Lead 23-12 
R-24A 24-Lead 23-12 
R-28 SOL-28 28-Lead 23-12 
Shrink Small Outline Package (SSOP) 
RS-20 20-Lead 23-12 
RS-24 24-Lead 23-12 
RS-28 28-Lead 23-12 
Plastic Quad Flatpack (PQFP) 
S-44 44-Terminal 23-13 
S-52 52-Terminal 23-13 
S-64 64-Terminal 23-13 
S-80 80-Terminal 23-13 
S-160 160-Terminal 23-13 
Thin Quad Flatpack (TQFP) 
ST-48 48-Lead 23-13 
ST-64 64-Lead 23-13 
Thin Small Outline Package (TSOP) 
U-32 32-Lead 23-14 
Leaded Chip Carrier (Ceramic) 
Z-8A 8-Lead 23-14 
Z-16A 16-Lead 23-14 
Z-16B 16-Lead 23-14 
Z-16C 16-Lead 23-14 
Z-28 28-Lead 23-14 
Z-40 40-Lead 23-1 4 
Z-68 68-Lead 23-14 | 


PACKAGE INFORMATION 


23-3 


| 23-4 PACKAGE INFORMATION 


G-Ef NOILVWYOANI JOVHIVd 


Package Information— Outline Dimensions 


: III F 
Side Brazed DIP (Ceramic) ~<a Leb >| 

0.100 (2.54) BSC 
ADI Letter PMI Letter Product a* 
Designator Designator Description Min Max Min 
D-8 0.512 (13.005) 0.528 (14.41) 0.280 (7.11) 
D-14 YB** , 0.785 (19.94) | 0.290 (7.37) 
D-16 QB** 0.840 (21.34) 0.290 (7.37) 
D-18 XB** — 0.960 (23.38) 0.290 (7.37) 
D-20 1.060 (26.92) 0.290 (7.37) 
D-22 _ RB** 1.111 (28.22) 0.290 (7.37) 
D-24 VB** 24-Lead 1.290 (32.77) 0.590 (14.99) 
D-24A 24-Lead (Single Width) 1.280 (32.51) 0.290 (7.37) 
D-28 TB** 28-Lead 1.490 (37.85) 0.590 (14.99) 
D-28A 28-Lead (Single Width) 1.480 (37.59) | 0.290 (7.37) 
D-40 . | 40-Lead 2.096 (53.24) 0.521 (13.23) 
D-48 © 48-Lead 2.376 (60.35) 2.424 (63.57) 0.520 (13.21) 


*For complete package dimensions see reference manual or data sheet. 
**Special order only 


PIN 1 


Side Brazed DIP for Hybrids (Ceramic) 


ADI Letter PMI Letter Product a* 

Designator Designator Description 

DH-24A 24-Lead 1.212 (30.79) 
DH-28 28-Lead 1.414 (35.92) 


*For complete package dimensions see reference manual or data sheet. 


NO 
Oo 


0.590 (14.99) 
0.590 (14.99) 


0.320 (8.13) 
0.320 (8.13) 
0.320 (8.13) 


0.320 (8.13) 
0.320 (8.13) 
0.320 (8.13) 
0.620 (15.75) 
0.320 (8.13) 

0.620 (15.75) 
0.320 (8.13) 
0.630 (16.00) 
0.630 (16.00) 


0.620 (15.75) 
0.610 (15.49) 


c* 


c* 


Max 


0.210 (5.33) 
0.200 (5.08) 
0.200 (5.08) 
0.200 (5.08) 
0.200 (5.08) 
0.200 (5.08) 
0.225 (5.72) 
0.200 (5.08) 
0.225 (5.72) 
0.200 (5.08) 
0.225 (5.72) 
0.225 (5.72) 


Max 


0.225 (5.72) 
0.225 (5.72) 


NOILVINYOSANI JOVNIVd 9-EZ 


Package Information—Outline Dimensions 


PIN 1 


0.100 (2.54) BSC 


Bottom Brazed DIP (Ceramic) 


ADI Letter | PMI Letter | Product __a® b* c* d* 


Designator | Designator | Description Min Max Min Max Min Max 


DH-40A 40-Lead 2.074 (52.68) 2.116 (53.75) | 0.89 (22.61) 0.91 (23.11) 0.225 (5.72) | 1.08 (27.41) 1.10 (27.97) 
DH-48A 48-Lead 


2.450 (62.23) 2.500 (63.50) | 0.990 (25.15) 1.010 (25.65) | 0.177 (4.50) 0.233 (5.92) | 1.287 (32.69) 1.313 (33.35) 
*For complete package dimensions see reference manual or data sheet. | 


Leadless Chip Carrier (Ceramic) 


ADI Letter 
Designator 


PMI Letter 
Designator 


Product a* b* c* 
Description Max i Max 


E-20A 20-Terminal 0.342 (8.69) 0.358 (9.09) 0.342 (8.69) 0.358 (9.09) _|- 0.064 (1.63) 0.100 (2.54) 
E-28A 28-Terminal 0.442 (11.23) 0.458 (11.63) | 0.442 (11.23) 0.458 (11.63) | 0.064 (1.63) 0.100 (2.54) — 
E-44A - 44-Terminal 0.640 (16.26) 0.662 (16.82) | 0.640 (16.26) 0.662 (16.82) | 0.064 (1.63) 0.100 (2.54) 
E-68A 68-Terminal 0.940 (23.88) 0.965 (24.51) | 0.940 (23.88) 0.965 (24.51) | 0.065 (1.65) 0.103 (2.62) 


_ *For complete package dimensions see reference manual or data sheet. 


L-E¢ NOILVINYOANI JOVNIVd 


POSITIVE LEAD 


INDICATOR fea a <= 
5 aE ee 
0.055 (1.40) 
0.045 (1.14) 
ro 
Flatpack (Ceramic) 
a* b* 
ADI Letter PMI Letter Product : 


Designator Designator eee 


*For complete package dimensions see reference manual or data sheet. 


/ 


0.044 (1.12) 


0.066 (1.68) 


CERAMIC PLASTIC 
0.105 (2.67) 0.112 (2.84) 
0.095 (2.41) 0.088 (2.24) 
—— [+ a+ 
Sa rata o8 3° 1p 0.112.284) 
ce pee Ae Waa i} cee Serer 
oo oof 4 °° 13 
oo “ow 00/5 soos sooo) i 
2 rorwew 53) b Jiey Torvew Hyp 
00 o 0/8 0000 o000f7 
ome Rees ‘ 08 o ita ie onee: ; 
eoecesess |i SHEE 
LKJHGFEDCBA 
; ac UUUtC™~*Cee 1 4 ABCDE FGHJKLMNPRSTU 
Pin Grid Array (Ceramic) rl ri IF TITEINTTITGTTOU + 
ADI Letter PMI Letter Product a* b* c* 
Designator Designator Description Min Max Min Max Min Max 
G-68A 68-Lead 1.080 (27.43) 1.110 (28.19) 1.080 (27.43) 1.110 (28.19) 0.123 (3.12) 0.164 (4.17) 
G-100A — 100-Lead 1.308 (33.22) 1.332 (33.83) 1.308 (33.22) 1.332 (33.83) 0.169 (4.29) 
G-223 223-Lead. 1.844 (46.84) 1.876 (47.65) 1.844 (46.84) 1.876 (47.65) 0.138 (3.51) 0.164 (4.17) 


*For complete package dimensions see reference manual or data sheet. 


Pin Grid Array (Plastic) 


PMI Letter Product a* b* 
Designator Description 


223-Lead 1.856 (47.14) 1.864 (47.35) 1.856 (47.14) 1,864 (47.35) 


*For complete package dimensions see reference manual or data sheet. 


ADI Letter 
Designator 


223-PPGA 


INO 
Go 


0.130 (3.30) 


c* 


0.166 (4.22) 


NOILVINYOANI JADVNIVd 8-E7 


Package Information—Outline Dimensions 


2-LEAD 3 _ 3-LEAD —_ 6-LEAD 
. 0.100 (2.54) BSC 
0.050 (1.27) T.P. j<— b 
be b >| a + b >| > kK TH 
Ka (a ~ = 
| 0.100 f/f  * eS aid 
_, wh a — a, et 
se" . 
= tL BASE & SEATING PLANE moo Bags i BASE & SEATING PLANE 
L__ neFERENCE PLANE 
8-LEAD 10-LEAD 12-LEAD 
0.100 (2.54) BSC 
<b ral | | *-b sa , +b “| 
| — | ————f 5 _-O~. > | ——— 
| — \ — . | / \, . ! _— 
= 0.100 0.115 ' } — 
| — (2.54) | — (2.92) | — | 
Ss BSC =a | BSC eet 
iL BASE & SEATING PLANE Bs BASE & SEATING PLANE ; L Saab WREKIN LANE: 
REE neNer Crane 45° BSC REFERENCE PLANE 36° BSC REFERENCE PLANE 
Metal Can | | 
ADI Letter PMI Letter Product _a* b* 


Designator Designator Description . /Min = Max Min Max 


H-02A 2-Lead | | 0.209 (5.31) 0.230 (5.84) 1.125 (3.17) 0.150 (3.81) 
H-03A 3-Lead (TO-52) 0.209 (5.31) 0.230 (5.84) 0.115 (2.92) 0.150 (3.81) 
H-03B 3-Lead (TO-5 Style) 0.335 (8.51) 0.370 (9.40) 0.165 (4.19) 0.185 (4.70) 
H 6-Lead (TO-78) 0.335 (8.51) 0.370 (9.40) 0.175 (4.45) 0.230 (5.84) 
H-08A J 8-Lead (TO-99) 0.335 (8.51). 0.370 (9.40) 0.175 (4.45) 0.230 (5.84) | 
H-10A K 10-Lead (TO-100) 0.335 (8.51) 0.370 (9.40) 0.175 (4.45) 0.230.(5.84) 
H-12A | 12-Lead (TO-8 Style) | 0.592 (15.04) 0.615 (15.62) | 0.148 (3.76) 0.226 (5.74) 


*For complete package dimensions see reference manual or data sheet. 


0.055 (1.39) 
0.045 (1.15) 


Plastic 


ADI Letter PMI Letter Product b* ct 


TO-92 0.170 (4.32) 0.210 (5.33) | 0.175 (4.45) —-0.205(5.21) ‘| 0.125 (3.18) —0.165 (4.19) 


*For complete package dimensions see reference manual or data sheet. 


6-Ef NOILVINYOANI JOVAIVd 


J-Leaded Chip Carrier 


ADI Letter | PMI Letter Product a* b* 
Designator Designator Description Max 
J-28 28-Lead 0.498 (12.65) 0.491 (12.47) 0.489 (12.42) 0.491 (12.47) 
J-44 44-Lead 0.680 (17.27) 0.700 (17.78) 0.680 (17.27) 0.700 (17.78) 0.100 (2.54) 
J-68 68-Lead 0.980 (24.89) 1.000 (25.4) 0.980 (24.89) 1.000 (25.4) 0.100 (2.54) 
*For complete package dimensions see reference manual or data sheet. 
>| ke 

0.102 (2.59) 

0.098 (2.49) 
Metal Platform (DIP) 
ADI Letter | PMI Letter Product a* b* 
Designator Designator Description Min Max Min Max | Min 
M-40 40-Lead 2.145 (54.483) 1.145 (29.083) 
M-46 46-Lead 2.380 (60.45) 


*For complete package dimensions see reference manual or data sheet. 


I RO 
ww 


1.580 (40.13) 


c* 
Max 
0.125 (3.18) 


0.135 (3.43) 
0.135 (3.43) 


c* 
Max 


0.19 (4.83) 
0.231 (5.87) 


NOILVWHOINI FOVNIVd OL-EZ 


Package Information—Outline Dimensions 


0.300 (7.62) 
0.300 (7.62) 
0.300 (7.62) 


0.300 (7.62) 
0.300 (7.62) 
0.300 (7.62) 
0.300 (7.62) 


0.600 (15.24) 
0.330 (8.40) 

0.600 (15.24) 
0.594 (15.09) 


Plastic DIP 

0.100 (2.54) BSC 
ADI Letter PMI Letter Product a* 
Designator Designator Description : Min Max 
N-8 P . 0.348 (8.84) 0.430 (10.92) 
N-14 P 0.725 (18.42) 0.795 (20.19) 
N-16 P 0.745 (18.92) 0.840 (21.34) 
N-18 P 18-Lead 0.845 (21.46) 0.925 (23.49) 
N-20 P 20-Lead 0.925 (23.50) 1.060 (26.90) 
N-22 P 22-Lead 1.020 (25.91) 1.080 (27.43) 
N-24 P 24-Lead 1.125 (28.58) 1.275 (32.39) 
N-24A P 24-Lead (Double Width) | 1.150 (29.21) 1.290 (32.77) 
N-24B 24-Lead 1.185 (30.10) 1.205 (30.60) 
N-28 P 28-Lead 1.380 (35.10) 1.565 (39.75) 
N-28A P 28-Lead 1.440 (36.58) 1.450 (36.83) 
N-40A P 40-Lead 2.080 (52.83) 


*For complete package dimensions see reference manual or data sheet. 


PIN 1 
IDENTIFIER 


0.580 (14.73) 
0.590 (14.99) 


TOP VIEW 


Plastic Leaded Chip Carrier (PLCC) TooSToT 


ADI Letter PMI Letter Product a* 


Designator Designator Description Min 

P-20A 20-Lead 0.385 (9.78) 0.395 (10.03) 0.385 (9.78) 
P-28A 28-Lead 0.485 (12.32) 0.495 (12.57) 0.485 (12.32) 
P-44A 44-Lead 0.685 (17.40) 0.695 (17.65) 0.685 (17.40) 
P-68A 68-Lead 0.885 (22.48) 0.995 (25.27) 0.885 (22.48) 


*For complete package dimensions see reference manual or data sheet. 


b* 


Max 


0.325 (8.26) 
0.325 (8.26) 
0.325 (8.26) 


0.325 (8.26) 
0.325 (8.26) 
0.325 (8.26) 
0.325 (8.26) 


0.625 (15.88) 
0.346 (8.80) 

0.625 (15.88) 
0.606 (15.39) 


0.620 (15.75) 
0.630 (16.0) 


b* 


Max 


0.395 (10.03) 
0.495 (12.57) 
0.695 (17.65) 
0.995 (25.27) 


0.142 (3.60) 


0.165 (4.19) 
0.165 (4.19) 
0.165 (4.19) 
0.169 (4.29) 


c* 


Max 


0.210 (6.33) 
0.210 (5.33) 
0.210 (5.33) 


0.210 (5.33) 
0.210 (5.33) 
0.210 (5.33) 
0.210 (5.33) 
0.250 (6.35) 
0.162 (4.10) 
0.250 (6.35) 
0.200 (5.08) 
0.200 (5.08) 
0.250 (6.35) 


c* 


Max 


0.180 (4.57) 
0.180 (4.57) 
0.180 (4.57) 
0.175 (4.45) 


IDENTIFIER 


TOP VIEW 


fox 


IOUAEUAUAEAEUUCEH AEA AE 
9 | 63 


LL-Ef NOLLVINHYOANI FOVAIVd 


Plastic Quad Flatpack SasT Ty 
ADI Letter PMI Letter Product a* : b* c* 
Designator Designator Description Max Min Max 
P-100 100-Lead 0.897 (22.78) 0.903 (22.94) 0.897 (22.78) 0.903 (22.94) 0.160 (4.06) 0.180 (4.57) 
*For complete package dimensions see reference manual or data sheet. 
Cerdip > 
0.100 (2.54) BSC 

ADI Letter PMI Letter Product a* b* c* 
Designator Designator Description Max Min Max Max 
Q-8 8-Lead 0.405 (10.29) 0.290 (7.37) 0.320 (8.13) 0.200 (5.08) 
Q-14 Y 14-Lead 0.785 (19.94) 0.290 (7.37) 0.320 (8.13) 0.200 (5.08) 
Q-16 ! Q 16-Lead 0.840 (21.34) | 0.290 (7.37) 0.320 (8.13) 0.200 (5.08) 
Q-18 x 18-Lead 0.960 (24.38) 0.290 (7.37) 0.320 (8.13) 0.200 (5.08) 
Q-20 20-Lead 1.060 (26.92) 0.290 (7.37) 0.320 (8.13) 0.200 (5.08) 
Q-22 22-Lead 1.175 (29.85) 0.390 (9.09) 0.420 (10.67) 0.200 (5.08) 

24-Lead 1.280 (32.51) 0.290 (7.37) 0.320 (8.13) 0.200 (5.08) 
Q-24A 24-Lead (Wide Body) 1.280 (32.51) 0.590 (15.00) 0.620 (15.75) 0.200 (5.08) 
Q-28 T 28-Lead 1.490 (37.85) 0.590 (14.99) 0.620 (15.75) 0.225 (5.72) 


*For complete package dimensions see reference manual or data sheet. 


Lp) 
Co 


NOILVINYOANI ADVAIVd ClL-ES 


Package Information—Outline Dimensions 


Small Outline (SO) 


0.0500 (1.27) BSC 


ADI Letter PMI Letter Product a* b* c* 
Designator Designator Description Min Max Min Max 
R-8 0.1890 (4.80) 0.1968 (5.00) | 0.1497 (3.80) 0.1574 (4.00) 0.094 (2.39) 0.102 (2.59) 
SO-8 0.1890 (4.80) 0.1968 (5.00) | 0.1497 (3.80) 0.1574 (4.00) 0.0532 (1.35) 0.0688 (1.75) 
R-14 SO-14 0.3367 (8.55) —- 0.3444 (8.75) | 0.1497 (3.80) 0.1574 (4.00) | 0.0532 (1.35) 0.0688 (1.75) 
R-16A 16-Lead 0.3859 (9.80) 0.3937 (10.00) | 0.1497 (3.80) 0.1574 (4.00) 0.0532 (1.35) 0.0688 (1.75) 
R-16 16-Lead (Wide Body) | 0.3977 (10.10) 0.4133 (10.50) | 0.2914 (7.40) 0.2992 (7.60) 0.0926 (2.35) 0.1043 (2.65) 
R-18 18-Lead 0.4469 (11.35) 0.4625 (11.75) | 0.2914 (7.40) 0.2992 (7.60) 0.0926 (2.35) 0.1043 (2.65) 
R-20 SOL-20 0.4961 (12.60) 0.5118 (13.00) | 0.2914 (7.40) —_ 0.2992 (7.60) 0.0926 (2.35) 0.1043 (2.65) 
R-24 SOL-24 0.5985 (15.20) 0.6141 (15.60) | 0.2914 (7.40) 0.2992 (7.60) 0.0926 (2.35) 0.1043 (2.65) 
R-24A 0.586 (14.88) 0.606 (15.39) | 0.205 (5.21) 0.221 (5.61) 0.067 (1.70) 0.089 (2.25) 
R-28 SOL-28 0.6969 (17.70) 0.7125 (18.10) | 0.2914 (7.40) —- 0.2992 (7.60) 0.0926 (2.35) 0.1043 (2.65) 


*For complete package dimensions see reference manual or data sheet. 


PIN 1 


Shrink Small Outline Package (SSOP) 


ADI Letter PMI Letter — Product c* 7 
RS-20 0.271 (6.90) 0.295 (7.50) 0.205 (5.21) 0.212 (5.38) 0.068 (1.73) _ 0.078 (1.98) | 
RS-24 0.318 (8.08) 0.328 (8.33) 0.205 (5.21) 0.212 (5.38) 0.068 (1.73) 0.078 (1.98) 
RS-28 0.397 (10.08) 0.407 (10.34) 0.205 (5.21) 0.212 (5.38) 0.068 (1.73) 0.078 (1.98) 


*For complete package dimensions see reference manual or data sheet. 
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ATT 


Plastic Quad Flatpack (PQFP) 0.033 (0.84) 


0.029 (0.74) 


ADI Letter 
Designator 


PMI Letter 
Designator 


Product a* | b* c* 
Description 


S-44 44-Terminal 0.390 (9.91) 0.398 (10.11) 0.390 (9.91) 0.398 (10.11) 0.096 (2.44) 
S-52 52-Terminal 0.390 (9.91) 0.398 (10.11) 0.390 (9.91) 0.398 (10.11) 0.084 (2.13) 0.094 (2.39) 
S-64 64-Terminal 0.787 (20.0) 0.551 (14.0) 0.122 (3.10) 
S-80 80-Terminal 0.7834 (19.90) 0.7913 (20.10) | 0.6948 (17.65) 0.7145 (18.15) 0.1338 (3.40) 
160-Terminal 1.098 (27.89) 1.106 (28.09) 1.096 (27.84) 1.106 (28.09) 0.160 (4.06) 


*For complete package dimensions see reference manual or data sheet. 


TOP VIEW 


Thin Quad Flatpack (TQFP) 


ADI Letter | PMI Letter Product a* b* c* 
Designator Designator Description Min Max Min Max 

ST-48 48-Lead 0.272 (6.91) 0.280 (7.11) 0.272 (6.91) 0.280 (7.11) 0.067 (1.70) 
ST-64 64-Lead 0.547 (13.89) 0.556 (14.12) 0.547 (13.89) 0.556 (14.12) 0.063 (1.60) 


*For complete package dimensions see reference manual or data sheet. 
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Package Information—Outline Dimensions 


Thin Small Outline Package (TSOP) 


ADI Letter 


Designator 


U-32 


Leaded Chip Carrier (Ceramic) | 


ADI Letter 
Designator 
Z-8A 

Z-16A 
Z-16B 
Z-16C 

Z-28 

Z-40 

Z-68 


PMI Letter 
Designator 


Product 
Description 


TOP VIEW 


= 


y 0.0197 


(0.50) 
BSC 


b* 


32-Lead 0. 720 as. aye 0.728 ne eae 0. 307 (7.80) 0.323 (8.20) 0.037 (0.94) 


*For complete package dimensions see reference manual or data Bees 


Z-08, Z-16A,BC, Z-28 


0.055 (1.40) 


0.045 (1.14) 


PMI Letter 
Designator 


Product 
Description 


8-Lead 
16-Lead 
16-Lead 
16-Lead 
28-Lead 
40-Lead 
68-Lead 


TOP VIEW . 


0.250 (6.35) 
0.442 (11.23) 

0.542 (13.77) 

0.391 (9.93) 
0.710 (18.03) - 
2.074 (52.68) . 
0.940 (23.88) 


*For complete package dimensions see reference manual or data sheet. 


0.260 (6.60) 

0.458 (11.63) 
0.558 (14.17) 
0.405 (10.29) 


0.730 (18.54) 


2.116 (53.75) 
0.960 (24.38) 


| 0.2 (6.3) 


0.250 (6.35) 
0.442 (11.23) 
0.542 (13.77) 


0.490 (12.45) 
1.079 (27.41) 
0.940 (23.88) 


os 


4 


2 
- 


b* 


0.260 (6.60) 
0.458 (11.63) 
0.558 (14.17) 
0.260 (6.60) 
0.510 (12.95) 
1.101 (27.97) 
0.960 (24.38) 


>| 
0.050 (1.27) BSC 


Min 


0.018 (0.46) 
0.103 (2.62) 
0.113 (2.87) 
0.018 (0.46) 


0.092 (2.34) 


c* 


Max 
0.0410 (1.04) 


c* 


Max. 


0.098 (2.49) 
0.133 (3.38) 
0.143 (3.63) © 
0.098 (2.49) 


0.217 (5.51) 
0.118 (2.997) 
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APPENDIX 24-1 


Ordering Guide 


INTRODUCTION 
This Ordering Guide should make it easy to order Analog Devices preauce: Tt will help you: 


1. Find the correct part number for the options you want. 
2. Geta price quotation and place an order with us, or one of our authorized distributors. 
3. Know our warranty for components and subsystems. | 


For answers to further questions, call the nearest sales office (listed on pages 24-16 and 24~17) or our main office in Norwood, 
Massachusetts U.S.A. (617-329-4700). , : 


MODEL NUMBERING 

In this reference manual many of the data sheets for products having a number of standard options contain an Ordering Guide. Use 
it to specify the correct part number for the exact combination of options you want. Two model numbering schemes are used by 
Analog Devices. The first model numbering scheme is used for designating standard Analog Devices monolithic and hybrid products. 
The second scheme is used by our Precision Monolithics Division (formerly PMI) as designators for its product line. 


Figure 1 shows the form of model number used for our proprietary standard monolithic ICs and many of our hybrids. It consists of 
-an “AD” (Analog Devices) prefix, a 3-to-5-digit number,* an alphabetic performance/temperature-range designator and a package 
designator. One or two additional letters may immediately follow the digits (“A” for second-generation redesigned ICs, “DI” for 
dielectrically isolated CMOS switches, e.g., AD536AJH, AD7512DIKD). 


Figure 2 shows a different numbering scheme used by our Precision Monolithics Division. This numbering seheme starts with a pre- 
fix which designates the device type and model number. It is then followed by a suffix consisting of alpnabeue designators (as appli- 
cable) to indicate additional functional designations or options and packaging options. 


- [NANN] 
AD XXXX A Y Z 


ANALOG DEVICES 
PREFIX 
THREE-TO-FIVE 
DIGIT NUMBERS 


!1 OR 2 LETTERS PROVIDE 
ADDITIONAL GENERAL INFORMATION 
A: SECOND GENERATION 


Di: DIELECTRICALLY ISOLATED 
Z: OPERATION ON + 12V SUPPLIES 


PERFORMANCE TEMPERATURE . 
RANGE DESIGNATOR! 
INCREASING 


I PARAMETRIC 
PERFORMANCE 


o°C TO +70°C < K 
L 


M BEST OVERALL 
PERFORMANCE 


A INCREASING 
5 PERFORMANCE 


C BEST OVERALL 
PERFORMANCE 


INCREASING 
PERFORMANCE 


U BEST OVERALL 
PERFORMANCE 


~25°C OR -40°C 
TO +85°C 


-55°C TO +125°C 


PACKAGE OPTIONS: 


HERMETIC DIP, CERAMIC OR METAL 
CERAMIC LEADLESS CHIP CARRIER 
CERAMIC FLATBACK 

CERAMIC PIN GRID ARRAY 

HERMETIC METAL CAN 

J-LEADED CERAMIC 

HERMETIC METAL CAN DIP 

PLASTIC OR EPOXY SEALED DIP 
PLASTIC LEADED CHIP CARRIER 
CERDIP 

SMALL OUTLINE "SO" PACKAGE 
SHRINK SMALL OUTLINE PACKAGE (SSOP) 
PLASTIC QUAD FLATPACK 

THIN QUAD FLATPACK (TQFP) 

TO-92 STYLE PACKAGE 

THIN SMALL OUTLINE PACKAGE (TSOP) 
NONHERMETIC CERAMIC/GLASS DIP 
SINGLE-IN-LINE "SIP" PACKAGE 
CERAMIC LEADED CHIP CARRIER 


D 
E 
F 
G 
H 
J 
M 
N 
P 
Q 
R 
RS 
Ss 
ST 
T 
U 
Ww 
Y 
z 


EXAMPLES: 
AD521KCHIPS 
AD7524AD 
AD536ASH/883B 
AD7512DIKD 


' MONOLITHIC CMOS CHIPS IN THE AD75xx SERIES 


WERE FORMERLY DESIGNATED AD75xx/COM/CHIPS 
AND AD75xx/MIL/CHIPS AND MAY APPEAR ON PRICE 
LISTS WITH THOSE DESIGNATIONS. CONSULT ANALOG 
DEVICES FOR CURRENT PRICING OF AD75xx CHIPS. 


Figure 1. Model-Number Designations for Standard Analog Devices Monolithic and Hybrid IC Products. S, T and U 
Grades Have the Added Suffix /883B for Devices that Qualify to the Latest Revision of MIL-STD-883, Level B. 


*For some models, the combination [digit] [letter] [two or three digits] is used instead of ADXXXX, e.g., 2880. 


24-2 APPENDIX 


DAC-XX BI E Q /883 


DEVICE TYPE AND MODEL NUMBER 


DEVICE TYPE: 


ADC ANALOG-TO-DIGITAL CONVERTER 
AMP INSTRUMENTATION AMPLIFIER 

BUF BUFFER (VOLTAGE FOLLOWER) 

CMP COMPARATOR 

DAC  DIGITAL-TO-ANALOG CONVERTER 
JAN = MIL-M-38510 SLASH SHEET 

LIU HIGH SPEED SERIAL DATA RECEIVER 
MAT MATCHED TRANSISTOR 

MUX MULTIPLEXER 

OP PROPRIETARY OPERATIONAL AMPLIFIER 
PKD PEAK DETECTOR 


MIL-STD-883, CLASS B, REV C OPTION 


PMI -55°C TO +125°C DEVICES ARE AVAILABLE 

WITH MIL-STD-883, CLASS B SCREENING AS 
STANDARD PRODUCTS. TO ORDER AN 883 PART, 
SIMPLY ADD THE DESIGNATION /883 TO THE PART 
NUMBER. FOR EXAMPLE, THE DAC-08AQ, SCREENED 
TO THE 883 REQUIREMENTS WOULD BE ORDERED 
AS A DAC-08AQ/883. CONTACT FACTORY FOR 883 
DEVICE SPECIFICATIONS. 


PACKAGE TYPE: 


PM  SECOND-SOURCE, INDUSTRY SPECIFICATIONS H 6-LEAD TO-78 CAN 
REF VOLTAGE REFERENCE J 8-LEAD TO-99 CAN 
RPT PCM LINE REPEATER K 10-LEAD TO-100 CAN 
SMP SAMPLE-AND-HOLD AMPLIFIER 0 -=—-NOTUSED 
Sw ANALOG SWITCH p EPOXY DIP 
SSM SOLID STATE MUSIC PRODUCT PC _—- PLASTIC LEADED CHIP CARRIER 
TEMPERATURE SENSOR Q _—-16-LEAD CERAMIC DIP 
R _—s«-.20-LEAD CERAMIC DIP 
RC _—-20-POSITION LCC* 
BURN-IN OPTION S SMALL OUTLINE PACKAGE 
PMI OFFERS MOST 0°/70°C, -25°/+85°C AND ~40°/+85°C T 28-LEAD CERAMIC DIP 
DEVICES WITH BURN-IN, PARTS WITH THIS OPTION ARE TC _-28-POSITION LCC* 
SPECIFIED WITH THE LETTERS BI ADDED BETWEEN THE U NOT USED 
MODEL NUMBER AND THE ELECTRICAL GRADE. FOR Vv 24-LEAD CERAMIC DIP 
EXAMPLE, TO ORDER DAC-08EQ WITH BURN-IN, THE x 18-LEAD CERAMIC DIP 
PART NUMBER IS DAC-O8BIEQ. Y 14-LEAD CERAMIC DIP 
Z 8-LEAD CERAMIC DIP 


AVAILABLE WITH MIL-STD-883 PROCESSING ONLY. 


ELECTRICAL GRADE 
SELECT ELECTRICAL GRADE FROM DATA SHEET. 


Figure 2. Precision Monolithics Division’s Product Designations 


ORDERING FROM ANALOG DEVICES 

When placing an order, please provide specific information regarding model type, number, option designations, quantity, ship-to and 
bill-to address. Prices quoted are list; they do not include applicable taxes, customs, or shipping charges. All shipments are F.O.B. 
factory. - 


Eligible customers may place their orders through our regional customer service centers by dialing 1-800-262-5645 (U.S.A. only) or 
through our representatives or authorized distributors. (The telephone numbers for our representatives or authorized distributors are 
listed on pages 24-16 and 24-17.) Analog Devices’ minimum order value is $500.00. 


WARRANTY AND REPAIR CHARGE POLICIES 

All Analog Devices, Inc., products are warranted against defects in workmanship and materials under normal use and service for one 
year from the date of their shipment by Analog Devices, Inc., except that components obtained from others are warranted only to the 
extent of the original manufacturers’ warranties, if any, except for component test systems, which have a 180-day warranty. This war- 
ranty does not extend to any products which have been subjected to misuse, neglect, accident, or improper installation or applica- 
tion, or which have been repaired or altered by others. Analog Devices’ sole liability and the Purchaser’s sole remedy under this 
warranty is limited to repairing or replacing defective products. (The repair or replacement of defective products does not extend the 
warranty period. This warranty does not apply to components which are normally consumed in operation or which have a normal life 
inherently shorter than one year.) Analog Devices, Inc., shall not be liable for consequential damages under any circumstances. 


THE FOREGOING WARRANTY AND REMEDY ARE IN LIEU OF ALL OTHER REMEDIES AND ALL OTHER 


WARRANTIES, WRITTEN OR ORAL, STATUTORY, EXPRESS, OR IMPLIED, INCLUDING ANY WARRANTY 
OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. | | 


APPENDIX 24-3 


- Product Families Still Available 


The information published it in this Reference Manual i is intended to assist the 1 user in choosing components for the design of new 
equipment, using the most cost-effective products available from Analog Devices. The popular product types listed below may have 
been designed into your circuits in the past, but they are no longer likely to be the most economic choice for your new designs. Never- 
theless, we recognize that it is often a wise choice to refrain from redesigning proven equipment, and we are cOnunUIns to make these 


products avaiable for u use in ceeuae eeeens Data sheets on these products are avavelle: neem ECauest: 
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“Model 


Model | 


Model : : Model Model 
AC1226 7 AD532 AD2700 AD7576 ADC1130 
AC2626 | AD533 AD2701 AD7578.. ADC1131 
AD2S44 AD535. AD2702 AD7579. | ADC1140 
AD2S47 — AD545 AD2710 AD7580 ADC1143 
AD2S65 AD545A’ | AD2712 “AD7581 .° AD DAC08 
AD2S66 AD561 AD5200 Series AD7582 ... AD DAC71 | 
AD2S75 AD562 | 2 AD5210 Series AD7586 AD DAC72 
AD2S110 AD5S63° AD7001 AD7590DI ADEB770 
AD203 AD567 - AD7002 AD7592DI ADG221 
AD230 _ AD572_ AD7010 - AD7672 ADG222 
AD231 AD578 . AD7011 AD7716 ADG445 
AD231A AD579" AD7110 _. AD7769 | ADG506A 
AD232 AD582.—* AD7118 | ~ AD7773 ADG507A 
AD232A AD611 AD7228 ~ ADT7774 ADG526A 
-AD233 AD632. AD7237 — AD7775 © ADG527A 
AD233A — -AD639. AD7240 -AD7820 ADG528A 
AD234 AD651. AD7245 . ~ AD7848 ~ ADG529A 
AD235 AD675 AD7247 AD7850 AD OP07 
AD236 AD730 AD7248 . AD9003 AD OP27 
AD237 ~ AD741 AD7341 AD9003A AD OP37 
AD238 AD773 AD7371 AD9005A ADSP-1008A 
AD239 © AD774 AD7501 _ AD9007 © - ADSP-1009A 

— AD241 Bs  AD796 AD7502.— ~ AD9014 . ADSP-1010A: 
AD246 «| ~ AD803 AD7503 ~AD9034 - ADSP-1010B 
AD346 AD805 AD7506 AD9502 ADSP-1012A 
AD363 | AD880 AD7507. —_ — AD9505 ADSP-1016A 
AD363R ~AD890 _ AD7510DI - AD9560 ADSP-1024A 
AD364 AD891 AD7511DI _. AD9610— ADSP-1080A 
AD364R AD891A AD7512DI ” AD9611 ADSP-1081A 
AD365 AD892T/E AD7520 AD9686 ADSP-1101 
AD380 AD896 AD7522 © AD9703 ADSP-1110A 
AD386_ ~ AD897 ~AD7523 ~AD22001. -ADSP-1401 

— -AD389 | -AD899_ AD7525 AD22050 | _ ADSP-1402_ 

~ AD390 ~ AD1139 AD7533 AD22150 > ADSP-1410 
AD394 _ - ADI154 AD7534 _. AD75019 ADSP-3128A 

— AD395 AD1170_ * AD7535._ ~ AD75069 ~ ADSP-3201 

AD396 AD1315 ~AD7536° AD75089 | ~ ADSP-3202 
AD503_—C AD1317 ~AD7541 AD75090 ADSP-3210 
AD504 ~ ‘AD1320 AD7541A AD79024_ ~ ADSP-3211 © 
AD506 AD1324 — AD7542 . AD ADC71 | — ADSP-3212 _ 
AD507 | AD1334 © _ AD7543 AD ADC72_ SADSP-3220 | 
‘AD507SH/883B | AD1341 AD7545 _ - AD ADC80 . _ADSP-3221 
AD510 AD1362 AD7545A ~ AD ADC84 ADSP-3222, 
AD515 AD1376 AD7546 AD ADC85 ADVI101 | 
AD515A _ AD1377 AD7548 ADC170 ADV453 
AD517 _ AD1378 AD7549 ADC908 ADV471 
AD518 AD1380 AD7572 ADC910 ADV473 
AD521 AD1403 AD7572A ADC912 ADV475 
AD522 AD2026 AD7574 ~ADC912A ADV476 


Model | 


* Model 


Model 


| Model Model 
ADV477 ~.DRC1745 OP227 PM7628 1B41 
ADV478 DRC1746 OP260 PM7645 1B51 
ADV7120 HDS1240E OP421 REF03 1874 
ADV7121 HDS1250A OSC1758 REF05 2B20 
ADV7122 HOS050/050A/050C PKDO1 REF08 2B22 
ADV7128 HOS060/060A PM108/208/308 REF10 — 2B23 
ADV7141 HTC0300A PM111/211 RPT82 2B24 
ADV7146 HTS0010 PM119 RPT83 2B31 
ADV7148 HTS0025 PM139 RPT85 2B34 
ADV7150 IPA1764 PM148/248 | RPT86 2B50 
ADV7151 JM38510/11301/11302 PM155 RPT87 2B52 
ADV7152 LIUO1 PM155A SDC1740/RDC1740 2B53 
ADVFC32 MUX88 PM156 SDC1741/RDC1741 2B54 
AMP03 | OPO1 PM156A SDC1742/RDC1742 2B55 
AMP05 OP02 PM157 SMP10 2B56. 
BUF03 OP04 PMI157A SMP11 | 2B57 
CAV1210 OP05 PM219 SMP81 2B58 
CMP01 OP06 PM239 SSM2013. — 2B59 
CMP02 OP08 PM248 SSM2014 2850 
CMP05 OP09 PM308 SSM2015 - 2S80A 
CMP08 OP10 PM355 SSM2016 2S81A 
CMP404 | OP11 PM356 SSM2018 2S82A 
DACO1 OP12 | PM562 SSM2044 3B Series 
DAC02/03 OP14 PM725 SSM2045 AB Scries 
DAC05/06 OP15 PM741 SSM2047 5B Series 
DAC10 OP16 PM747 SSM2100 ' 6B Series 
DAC20 OP17 PM0820 SSM2110 . 7B Series 
DAC86 OP20 — PM0828 SSM2120 277 | 
DAC88 OP21 PM1008 SSM2122 281. 
DAC89 ~  OP22 PM1012 SSM2125 2845 
DAC100 OP32 PM2108 SSM2126 286) 
DAC210 OP41 PM4136 SSM2131 289 
DAC888 OP43 PM6012 SSM2132 290 
DAC1136 OP44 PM7224 SSM2134 290A 
DAC1138 OP50 PM7226 SSM2139 292 
DAC1146 OP61 PM7226A SSM2210 292A 
DAC1408A OP64 PM7524 SSM2220 310 
DAC1508A OP65 PM7528 SSM2300 365 
DAC8012 OP80 PM7533 SW01/02 429 
DAC8143 OP111 PM7541 SW201 45) 
DAC8212 OP147 PM7541A SW202 453 
DAC8841 OP150 PM7542 SW7510/7511 460 
DAS1152 OP160 PM7543 1B21 TAA. 
DAS1153 OP166 PM7545 1B22 755. 
DAS1158 | OP207 PM7548 1B31 757 
DAS1159 OP215 PM7574 1B32 ; 759 
950 
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DSP Reference Manual Product Families 


Analog Devices offers a wide variety of high performance DSP products. These products are not included in this manual be- 
cause our new Digital Signal Processing Reference Manual is scheduled for publication in late 1994. That reference manual will 
provide complete data sheets for the design-in products listed below. 


Model 


AD28msp01 
AD28msp02 
AD1848 
AD1849 
AD1851 
AD1856 
AD1860 
AD1864 
AD1865 
AD 1866 
AD1868 
AD1878 
AD1879 
ADDS-2100A-ICE 
ADDS-2101-EZ 
ADDS-2101-ICE | 
ADDS-2111-EZ 
ADDS-2111-ICE 
ADDS-21msp50-EZ 
ADDS-21msp50-ICE 
ADDS-21xx-Software 
ADDS-21020-EZ 
ADDS-210xx-Software 
-ADSP-2100 
~ADSP-2100A 
ADSP-2101 
ADSP-2102 
ADSP-2103 
ADSP-2105 
ADSP-2106 
ADSP-2111 
ADSP-2112 
_ ADSP-2115 
ADSP-21msp50A 
ADSP-21msp51 
ADSP-2Imsp55A 
ADSP-21msp56A 
ADSP-21010 
ADSP-21020 
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Substitution Guide 


The products listed in the left-hand column are no longer available from Analog Devices. In many cases, comparable functions and 
performance may be obtained with newer models; but—as a rule—they are not directly interchangeable. The closest recommended 
Analog Devices equivalent, physically and electrically, is listed in the right-hand column. If no equivalent is listed, or for further in- 
formation, contact your local sales office. 


Model 


AD2S34 
AD2S46 
ADI01A 
AD108/208/308 
AD108A/208A/308A 
AD111/211/311 
AD201A 
AD206 
AD293 
AD294 | 
AD295 
AD301A 
AD345 
AD351 
AD362 
AD367 
AD368 
AD369 
AD370/371 
AD376 
AD381 
AD382 
AD392 
AD395/883B 
AD501 
AD502. 
AD505 
AD506SH/883B 
AD508 
AD509 
AD511 
AD512 — 
AD513 
AD514 
AD516 
AD520 
AD523 
AD528 
AD530 © 
AD531 
AD540. 
AD559 
AD565 

_ AD566 
AD575 
AD583 
AD612 
AD614_ 
AD674A_ 
AD682 
AD689 
AD770 
AD801 
AD1145 


Closest 
Recommended 
Equivalent 


None 

None 
PM1008 
AD705 
AD705 
AD790 
PM2008 
None 
AD210 
AD210 
AD210 
PM3008 
AD1324 
AD790 

AD 1362 
None 

None 

None 
AD767 
AD1376 
AD744 
AD744/AD845 
AD664 
AD394/883B 
AD711 
AD711 
AD843 
AD42626 
AD517> 
AD843 
AD711 
AD711 
AD711 
AD711 
AD711 
AD524 
AD549 
AD711/744_ 
AD533 
AD532 
AD544 | 
AD557/AD558 © 
AD565A 
AD566A 
AD573_ - 
AD585 
AD524 
AD524 
AD674B 
AD781 | 
AD587 
Consult ADI 
AD711 
AD7846 


Model 


AD1147/48 
AD1175 
AD1321 
AD1322 
AD1332 
AD1408 | 
AD1508 
AD1678 
AD1679 
AD1779 
AD1885 
AD2002 
AD2003 
AD2004 


. AD2006 


AD2008 
AD2009 
AD2010 
AD2016 
AD2020 
AD2021 
AD2022 
AD2023 
AD2024 
AD2025 
AD2027 
AD2028 — 
AD2033 
AD2036 
AD2037 


-AD2038 


AD2040 
AD2050 
AD2051 
AD2060 ~ 
AD2061 
AD2070 


~ AD2071- 


AD3554 


-AD3860 


AD5010/6020 
AD5201 
AD5202 


-AD5204 


AD5205 
AD5211 
AD5240 
AD6012 
AD7005 
AD7115__ 
AD7513 
AD7516 
AD7519. 
AD7521 


Closest 
Recommended 
Equivalent 


AD669 


~ RTI870 


AD1324 
AD1324 
None 
AD558 


~ AD558 


AD678 
AD679 
AD779 
None 
None 
None 
None 
None 
None 
None 
None 
None 


‘None 


None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 


- None 


None 
None 
None 
None 


~~ None 
~ None 


AD567 
AD9000 
AD578 
AD5212 
AD5214 
AD5215 
AD578 

AD ADC85 
AD565A 


~AD7011/AD7013 


AD7111 
ADG201A 


~ AD7510DI 


None 


AAD7541A 


Model 


AD7527 
AD7530 
AD7531 
AD7544 
AD7550 
AD7552 
AD7555 
AD7560 
AD7570 
AD7571 
AD7583 
AD7772 
AD9005 
AD9006 
AD9011 
AD9016 | 
AD9020SE/883B 
AD9020TE/883B 
AD9028 
AD9038 


~ AD9040 | 
AD9060SE/883B 


AD9060TE/883B 


AD9300TE/883B - 


AD9521 
AD9615 
AD9630AQ 


AD9630SQ/883B 


AD9685 
AD9687 
AD9688 
AD9712 
AD9713 


- AD9768JQ 


AD9768SQ 
AD9768SE 


~ AD9950 


AD75062 | 
AD75068 
AD ADC816 
ADC8S — 


ADC10Z | 


ADC12QL 


~ADC120M 
~ ADC12QZ 


ADC14I/171 


~ ADC16Q 


ADC1100 
ADC1102 
ADC1103 


~ ADC1105 


ADC1109 
ADC1111 
ADC1121 


Closest 
Recommended 
Equivalent 


AD7548 
AD7533 
AD7541A 
AD7548 
Consult ADI 


‘ Consult ADI 


Consult ADI 
None 
AD7579/AD7580 


-AD7579/AD7580 


AD7880+MUX 
Consult ADI 
AD9005B 
None | 


~ AD9002 
None 


AD9020SZ/883B 
AD9020TZ/883B 
None | 


None 


AD9040A 


~~ AD9060SZ/883B 


AD9060TZ/883B 
AD9300TQ/883B 


AD640 


AD9611/AD9617 
AD9630AN 


~ AD9630AN 


AD96685 
AD96687 
AD9002 
AD9712B 


-AD9713B 


AD9768JD 
AD9768SD 
AD9768SD 
AD9955. 
None 


' None 
~ AD7820/AD7821 
~ AD673 
~AD574A 


AD7578 
None 
AD574A 
AD1170 
None 
AD1170 
AD7870 
AD7572A 
Consult ADI 
AD7572A 
AD574A 
AD7880 
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Model 


ADC1123 
ADC1133 
ADCQM 
ADCQU 
AD DAC100 
ADG200 
ADG201 
ADLH0032 
ADLH0033 


ADM501 
ADP501 
ADREFO1 
ADREF02 

‘ADSHC85 - 
ADSHM5 
AMPOIBX | 


AMP01BX/883C__ 


AMPO5BX 


AMP05BX/883C . 
API1620/1718. 
BDM1615/16/17 . 
BUFO03BJ/883C . 


CAV0920/1020 | 
CAV1202 
CAV1205 
CMPO1Z 
CMPOS5B] 
CMP05BZ 

- CMP05GJ 
CMP404BY 


CMP404BY/883C ~ 


DAC02ACX1 
DACO5AX1 | 
DACO5EX1 — 
DACI0BX _ 
DACI0CX | 
DAC10DF 
DACIOH © 
DAC10Z 
DAC12QS 
DAC12QZ 
DAC12M 
DAC14QM. 
DAC16QM 
DAC100AAQ7 


DAC100AAQ8: .- 


DAC100ABQ7 

DAC100ABQ8 

DAC100BBQ5/ 
883C 


DAC100BCQ7 _ 
DAC100DDQ7 - 


DAC312BR - 
DAC888AX. 
DACS888BX - 
DAC1009° 
DAC1106 
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. Closest 
Recommended 


Equivalent 


AD7880 
AD574A 


«None 

~ AD574A 
 AD561 

_ None 

— ADG201A 
None 
_ :None 
ADLH0032G/CGG .. 
ADLH0033G/GG. .. 


AD843 


AD9620/AD9630. 
None 


None 


_ REFOI 
 REFO2 
~ AD585 


HTC0300A 


~ AMPOLAX 
~AMPO1AX/883C 
AMP05AX 


AMP05Z/883C 
Consult ADI | 
None 
BUFO03AJ/883C . 


—. AD9020/9060 
_. AD9007- 
CMPOI | 

“CMPOSCJ 

—. CMP05CZ 
- €MPO05CJ 


CMP404AY |. 


DAC02CCX1 


~.. DACO2CCX1 


DAC02CCX1 
DACI0FX 


DAC10GX 
~AD568 

_ None | 
None 


AD667 
AD667 


~~ AD7845 


AD1139 
AD1139 


-.DAC100ACQ7_ 
- DAC100ACQ8 . - 
- DACI00ACQ7- 
~-DAC100ACQ8 - 
~DAC100ACQ5/. 
+ 883C 


DAC100BBQ7 
DAC100CCQ7 


_DAC312ER 
-DAC888EX 
- DAC888EX 
_AD767 
— AD568 


"Model — 


DAC1108 
DAC1112 
DAC1117 


DACI118 °° 
DAC1122 


DAC1125 
DAC1132 
DAC1137 
DAC1408-6P . 


‘DAC1408-7P 
-DAC1408-7Q 


DAC1408-GQ 


-DAC1420 
DAC1422 


DAC1423 
DAC1508A-8Q 
DAS09 
DAS1128 


~ DAS1150 


DAS1151 
DAS1155 
DAS1156 


- .DAS1157 
_ DRC1605/06/07 
-DRC1705/1706 


DRC1765/66 


~ DSC1605/06/07 
-DSC1705/1706 


DSC1765/66 


.DTM1716/17 
‘HAS0802 

» . HAS1002 

CMP404AY/883C. ... 


HAS1202 


. HDD1015 
»-HDD1409 
>>> “HDG Series - 
\. HDG0805 


HDH0802 


-HDH1003 


HDH1205 


' . HDL3805 


HDL3806 


HDMI1210 | 
_- HDS0810E 
-HDS0820 


HDS1015E 


 HDS1025 

—-HDS1250. ss 

~ HOS100AH/SH | 
HOS200 : 


HTC0300 
HTC0500 


-IPA1751 2 
 IRDC1730/31/33 
~~ TVS100 ae 
~- MAH0801 
_ MAH1001 
» MAS0801 


MAS1001 


-AD2S80A/82A 
, None res 
~AD9005B sO 
~.  AD9005B . 


_ Closest: , ox 
Recommended .. 
_ Equivalent — 


AD568 
AD667 
None 


~~ AD767 


AD7541A — > 
AD7533 ©. 


-AD667 


None ee 
DAC1408-8P — 
DAC1408-8P 
DAC1408-8Q | 


..DAC1408-8Q 
-+” None 


None 
None 
DAC1408-8Q |. 


. AD8401 
.AD1341 _ 


None 


-None 


None 


. None 


DASI158 _ 


- Consult ADI 
‘Consult ADI | 
»AD2S65/66: ~ ’ 

_ Consult ADI 

- Consult ADI 


None 

None 
HAS1202A_ . 
HAS1202A 


 HAS1202A - 
~AD9712B 


None 


‘AD9701 
-AD9701 
— AD9713B. 
_ AD9713B 
— AD9713B ..: 
~ADV453/ADV478 
_ ADV453/ADV478 
- AD668/AD9713B 


AD9712B 
AD9713B 


~~. AD9712B.. 

~ «. AD9713B 

~ HDS1250A... 
None 


AD9620/30 : 


-.. HTC0300A 


HTC0300A | 
IPA1764 - 


4 


AD9005B. 
AD9005B: 


Model. 


MAS1202. .. 
MAT01/883C 
MAT02BH — 
MAT02BH/883C 
MATV0811.- - 
MATV0816 
MATV0820. - 
MCI1794— 
MDA Family | - 
MDD Series... 
MDH Family . 
MDMS Family 
MDS Family | 
MDSL Family 
MOD1005/20 
MOD1205_ 
MUX08AQ . 
MUX24AQ_. 
MUX24BQ © - 
MUX16AT 
MUXI16BT 
MUX200 
OPO1HJ 
OPO1HZ. . 
OPO02BJ | 
OP02BJ/883C 
OP02E]J 
OPO2EP |. 
OP02EZ. 
OP02] 
OP02/883C  . 
OPO4DY ©-. 
OP04GBC: 
OPO04Y/883C 
OP05Z = 
OP05/883C | 
OPO6BJ/883C 
OPO6EZ 
OP06FZ 
OPO8AJ: 
OPO8AJ/883C - 
OP08AZ/883C. 
OP08CZ/883C 
OPO8EJ 
OPO8EZ, 
OPO9ARC/883C 
OPO9FY.. | 
OP12BZ 
OP12CZ . 
OP12GZ 


~OP14DZ: . 


OP14GRBC_ 
OP14J/883C 
OP15B] 
OP15BZ | 
OP16B] , 
OP17BZ/883C 
OP17C] 
OP17F] 


Closest. 
Recommended | 


, Equivalent | 
~ _ AD9005B 


MATO1AH/883C 
MAT02AH 
MAT02AH/883C 
AD9012/48 | 
AD9012/48. . | 
AD9012/48 
AD2S80A/82A_ | 
AD9712B/13B.. 
AD9713B. 
AD9712B/13B 
AD9712B/13B. | 
AD9712B/13B 
AD9712B/13B 
AD9020/60 
AD9005B 
MUX08BQ 
MUX24EQ 
MUX24FQ | 
MUXI16ET 
MUX16FT 
None 

OPOIJ 

OPO1LHP™ 
OPO02AJ : 
OP02AJ/883C 
OP07DJ 
OP177GP | 
OP177GZ | 
OPO02AJ - 
OP02AZ/883C 
OP04CY . 
OPO4NBC 
OPO04AY/883C 
OP05AZ . 
OP05AZ/883C . 
OPO6AJ/883C | - 


~ OP06GZ 


OP06GZ © 
PM1008AJ | 
PM1008AJ/883C | 
PM1008AZ/883C 
PM1008AZ/883C 
PMI1008EJ ~ 
PM1008EZ | 
OP11ARC/883C: 
OPO9EY Gs 
OP12AZ 
OP12AZ 
OP12FZ 
OP14CZ 
OP14GBC. 
OP14AJ/883C_ 
OP15AJ | 
OP15AZ 
OPI6AJ & 
OP17AZ/883C 
OPI7AJ 


OP17EJ 


Model 


OP17FZ 
OP20C]J 
OP21GRBC 
OP215BJ 
OP215BJ/883C 
OP215BZ 
OP215CZ/883C 
OP21BJ 
OP21BZ 
OP21EJ 
OP220BJ 
OP22AJ 
OP22E]J 
OP32BZ 
QMX01 
RDC1725 
RDC1726 
RDC1728 
RDC1767 
RDC1768 
RSCT1621 
RTI870 
RTI980 
RTI1200 
RT1I1201 
RTI1202 
RT1I1230 
RT11231 
RTI1232 
RTI1240 
RT1I1241 
RTI1242 
RT11243 
RTI1250 
RT1I1251 
RT1I1252 
RTI1270 
RTM Series 
SAC1763 
SBCD1752/53/ 
56/57 
SCDX1623 
SCM1677 
SDC1602/3/4 
SDC1700 
SDC1702 
SDC1703 
SDC1704 — 
SDC1711 
SDC1721 
SDC1725 
SDC1726 
SDC1728 
SDC1767 
SDC1768 
SERDEX 
SHAIA 
SHA2A 


Closest 
Recommended 
Equivalent 


OP17EZ 
OP20B]J 
OP21GBC 
OP215AJ 
OP215AJ/883C 
OP215AZ 
OP215BZ/883 
OP21AJ 
OP21AZ 
OP21AJ 
OP220AJ 
OP22AJ/883C 
OP22AJ/883C 
OP32AZ 
None 

Consult ADI 
Consult ADI 
Consult ADI 
Consult ADI 
Consult ADI 
AD2S80A/82A 
None 

None 

RTI1711 Series 
RTI711 Series 
RTI711 Series 
None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

Consult ADI 
None 


None 
None 
None 
Consult ADI 
Consult ADI 


Consult ADI 


Consult ADI 
Consult ADI 
None 

None 
Consult ADI 
Consult ADI 
Consult ADI 
Consult ADI 
Consult ADI 
None 
AD585 
AD781 


Model 


SHA3 

SHA4 

SHA5 

SHA6 

SHA1114 

SHA1134 

SHA1144 

SHC85 

SHM5/SHM5K 

SMP10BY 

SMP10BY/ 
883C 

SPA1695 

SSCT1621 

SSCT 1622/23 

STBO3 

STM Series 

SW01BQ 

SW7510AQ 

SW7510BQ 

SW7511AQ 

THC Family 

THS Family 

TSL1612 

1810/20 

1$14/24/44/64/74 

1860/61. 

2B30 

2B35 

2820 

23854 

2856 

2858 

5S70/5S72 

9870/71/72 

9875/76/79 

40 

4] 

42 

43 

44 

45 

46 

47 

48 

50 

51 

52 

102 

106 

107 

108 

110 

118 

120 

141 

142 

143 


Closest 
Recommended 
Equivalent 


AD585 
AD585 
None 
None 
AD585 
None 
None 
AD585 
None 
SMPI10AY 
SMPI10AY/ 
883C 
None 
AD2S80A/82A 
None 
None 
Consult ADI 
SW01FQ 
SW7510EQ 
SW7510FQ 
SW1577BQ 
HTC0300A 
HTC0300A 
Consult ADI 
AD2S80A/82A 
AD2S83 © 
AD2S80A/82A 
2B31 
None 
AD2S80A/82A 
Consult ADI 
Consult ADI 
Consult ADI 
AD2S75 
None 
None 
AD711 
AD515A 
AD549 
AD549 
AD845 
AD744 
AD844 
AD845 
AD845 
AD844 
AD844 
AD707 
AD845 
AD711 
AD711 
AD845 
AD845 
AD711 
AD844 
AD711 
AD845 
AD845 


Model 


146 
148 
149 
153 
161 
163 
165 
170 
171 
180 
183 
184 
220 
230 
231 
252 
233 
234 
235 
260 
261 
PA Be 
273 
274J 
275 
276 
279 
280 
282] 
283] 
285 
287 
288 
293 
294 
301 
302 
311 
350 
422 
424 
425 
426 
427 
428 
432 
433 
434 
435 
436 
440 
44} 
442 
450 
452 
454 
456 


Closest 
Recommended 
Equivalent 


AD382 
AD549 
AD844 
AD517 
None 
None 
None 
None 
None 
AD OP07 
AD707 
AD707 
None 
None 
None 
None 
None 
None 
None 
AD707 
OP177 
None 
None 
284] 
AD210 
None 
286] 
281 
292A 
292A 
Consult ADI 
None 
AD210 
AD210 
AD210 
310 (Module) 
310 (Module) 
AD549 . 
None 
None 
AD534 
AD534 
AD534 
None 
AD538 
None 
AD534 
AD534 
AD734 
AD734 
None 
None 
None 
AD652 
None 
AD537 
AD537 
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Closest 


ee 3 ag Recommended 
Model - Equivalent | 
458 460 
602J10 AD524 
602J100 AD524 
602K100 - AD524 
603 , AD524 
605 | AD524 
606 | AD625 
610 | ~ AD625 
751 None 
752 759 
756 None 
901 | 9022 
903 905 
904 . 9022 
906 905 
907 ; None 
908 None 
909 None 
915 - 9022 
921 None 
926 ar None 
927 None 
928 922 
931 None 
932 None 
933 None 
935 ~ None 
942 None 
944 None 
946 None | 
947 Consult ADI 
948 - Consult ADI 
951 Gf None 
952 970 
953 966 
956 - None 
959 960 
964 - None 
965 ~ 940 
967. | . None 
968 — 945 
971 None 
972 ~ . None 
973 ye 975 
974 2 None 


977E 977 
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Technical Publications 


Analog Devices provides a wide array of FREE technical publi- 
cations. These include data sheets, reference manuals and cata- 
logs, application notes and guides, and three serial publications: 
DSPatch™, a newsletter about digital signal-processing (applica- 
tions); Analog Briefings®, current information about products for 
military/avionics and the status of reliability at ADI; and Analog 
Dialogue, our technical magazine, with in-depth discussions of 
products, technologies and applications. 


In addition to the free publications, a group of technical refer- 
ence books containing a wealth of tutorial material are available 
at reasonable cost. Subsystem chip sets are supported with hard- 
ware, software, and user documentation, at prices related to 
content. 


An overview of Analog Devices is available in a 20-page bro- 
chure entitled: Analog. Digital.Solutions. It discusses: a vision of 
the future and the key role of signal processing using analog, 
mixed-signal, and digital ICs; what we offer electronic OEMs in 
standard-function ICs and in devices for such specialized mar- 
kets as computers, communications, transportation and indus- 
try; as well as our capabilities and resources, our commitment to 
customer support and satisfaction, the global scale of our busi- 
ness, and our commitment to the future. 


Brief descriptions of typical technical publications appear below. 
For copies of any items, to subscribe to any of our free serials or 
to request any other publications, please get in touch with your 
nearest sales office or the Analog Devices literature center; 
phone (617) 461-3392; toll free in U.S., 800-262-5643; or fax 
(617) 821-4273. 


REFERENCE MANUALS AND CATALOGS 

Data Acquisition Products Reference Manuals 

These databooks contain selection guides, data sheets and other 
useful information about all Analog Devices ICs, hybrids, mod- 
ules and subsystem components recommended for new designs. 
In the current series: 


AMPLIFIER REFERENCE MANUAL — 1992. Data sheets 
and selection guides to Operational Amplifiers, Comparators, 
Instrumentation Amplifiers, Isolation Amplifiers, Mixed-Signal 
ASICs, Power Supplies. 


APPLICATIONS REFERENCE MANUAL — 1993. A 1,344- 
page collection of 210 application notes, technical articles, and 
other design tutorials on such topics as audio and video circuits, 
A/D and D/A conversion, data acquisition and signal condition- 
ing, digital signal processing, sigma-delta conversion, and much 
more. Cross-indexed by topic, product, subject, and application- 
note number. _ | 


SPECIAL LINEAR REFERENCE MANUAL — 1992. Data 
sheets and selection guides to Analog Multipliers/Dividers, Sig- 
nal Compression Components, RMS-to-DC Converters, Mass 
Storage Components, ATE Components, Special Function 
Components, Matched Transistors, Temperature Sensors, Signal 
Conditioning Components, Automotive Components, Digital 
Signal Processing Products, Mixed-Signal ASICs, Power Supplies. 


DATA CONVERTER REFERENCE MANUAL—1992: 
Volumes. 1 and 2. Data sheets and selection guides on A/D and 
D/A Converters, V/F and F/V Converters, Synchro/Resolver-to- 
Digital Converters, Sample/Track-Hold Amplifiers, Switches 


and Multiplexers, Voltage References, Data-Acquisition Sub- 
systems, Analog I/O Ports, Communications Products, Bus 
Interface and I/O Products, Application-Specific ICs, Digital 
Panel Meters, Power Supplies. 


MILITARY/AEROSPACE REFERENCE MANUAL— 1994. 
Information and data on products available with processing in 
accordance with MIL-STD-883. Data sheets and selection 
guides on Operational Amplifiers, A/D and D/A Converters, 
Digital Signal Processing, Instrumentation Amps, Multipliers/ 
Dividers, V/F & F/V Converters, Switches & Multiplexers, 
Sample/Track-Hold Amplifiers, Voltage References and Special 
Function Components. 


POWER SUPPLIES*— Linear Supplies *DC-DC Converters. 
12-page Short Form Catalog listing AC/DC Power Supplies, 
Modular DC/DC Converters, Power-Supply Test Procedures, 
Transients, Thermal Derating, Mechanical Outlines of Packages 
and Sockets. 


APPLICATION NOTES 
Available individually upon request: 


Accelerometers | 
“Compensating for the 0-g Offset Drift of the ADXL50 
Accelerometer” [AN-380] 
“Increasing the Frequency Reson of the ADXL50" i 
[AN-377] 
“Mounting Considerations for the ADXLS0” (AN. 379] 
“Reducing the Average Power Consutapnen of the ADXL50” 
[AN-378] 
“Using the ADXL50 Accelerometer i in Pewee Applications” 
[AN-374] 
“Using the ADXLSO0OEM Accelerometer Evaluation Module” 
[AN-376] 


A/D Converters 
*“AD671 12-Bit, 2-MHz ADC Digitizes CCD Gipak for 
Imaging Applications” [AN-298] 
“AD7672 Converter Delivers 12-Bit 200- kHz Sampling 
Systems” [AN-294] 
“Asynchronous Clock ineeene with the AD7878” [AN-291] 
“Bipolar Operations with the AD7572” [E1010A] 
“Circuit Delivers for 16-Bit, 150-kHz Multichannel Sampling 
System” [AN-341] 
“Evaluation Board for the AD7701/AD7703 Sigma-Delta A/D 
Converters” [AN-368] - 
“Evaluation Board for the AD7711 24- Bit, Siara-Delta Con- 
verter” [AN-366] 
“Evaluation Board for the AD7712 24- Bit, Siciia- Delta: Con- 
verter” [AN-365] 
“Evaluation Board for the AD7713 24- Bit, Sigma-Delta Con- 
verter” [AN-367] 
“FIFO Operation and Boundary Conditions i in the AD1332 
and AD1334” [E1355] 
“How to Obtain the Best Performance from the AD7572” 
[E1038] 
“Implement Infinite Sample-and- Hold Circuits Using 
Analog Input/Output Ports” [AN- 284] 


Analog Briefings is a registered trademark of Analog Devices, Inc. 
DSPatch is a trademark of Analog Devices, Inc. 
*This publication is available in North America only. 
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“Simple Circuit Provides Ratiometric Reference Levels 

for AD782x Family of Half-Flash ADCs” [AN-299] _ 
“Simultaneous and Independent Sampling of pnalee: Signals 
with the AD1334” [E1358] : 
“The AD7574 Analog-to-Microprocessor Interface” | 

[AN-293] © . 

“Using Multiple AD1334s i in ier aaa Synchronous 
Sampling Applications” [AN- 295] . 


| Amplifiers 

“A Balanced-Input High-Level Amplifier” [AN-112], 
“AD9617/AD9618 Current-Feedback Se el Macro- 
Models” [AN-259] 


“An IC Amplifier User’s Guide to Decouplitie: Grounding, | 


and Making Things Go Right for a Change” [AN- -202] 
“An Unbalanced Virtual- Ground Summing Amplifier” 
[AN-113] 
“Precision Surface Medsurements Using the AD2S58” _ 
[E1486] 
“Applications of High-Performance BiFET ‘Op Amps” 

_ [E727] 
“JFET-Input Amps Are Unrivalled for Speed and | 
Accuracy” [AN-108] _- 
“Low-Cost Two-Chip Vole Console Amplifier and | 
Video Switch” (AD539) [AN-213] 


Analog Signal-Processing and Measurement 
“A Function Generator and Linearization Circuit Using ‘hg 
AD7569” [AN-285] | oie 
“RMS-to-DC Converters sc Measurement Tasks” | 
[AN-268] a : 
“Understanding and pene the AD7341/AD7371 
Switched-Capacitor Filters” [AN303] = 


Audio 
“A Balanced Mute Circuit for Audio Mhong Consoles” 
[AN-122] 
“A Constant-Power Pan’ Coie Circuit for Microphone : 
Audio Mixing” [AN-123] i 
“A High-Performance Samant for Wireless Avis Sys 
tems” [AN-133] 
“An Automatic Micophiene. Mixer” [AN-134]_ 
“A Two-Channel Dynamic Filter Noise Reduction System” 
[AN-125] 

_ ° “High Performance Stereo Routing Switcher” [AN-121] 

~ “Interfacing Two 16-Bit AD1856 (AD1851) Audio DACs | 
. with the Philips SAA7220 Digital Filter” [AN- eur)” 


D/A Converters | 
‘AD7528 Dual 8-Bit CMOS DAC” [AN-318] | | 
_ “Analog Panning Circuits Provide Almost Constant Output- 
~ Power” [AN-206] : | 
“Circuit Applications of the oe Quad CMOS 
DAC” [AN-317] — 
“Dynamic Performance of CMOS DACs in Modem 
Applications” [AN-329] - | 
“8th Order Progrumimable't Low-Pass Filter Using Dual 
12-Bit DACs” [AN-209] © | 
“Exploring the AD667 12-Bit Anak Output Port” [E875] 
“Gain Error and pesnpee of CMOS Multiplying DACs” 
[E630C] oo 
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“Generate 4.Channels of Analog Output Using AD7542. 
12-Bit. D/A Converters and Control the Lot with Only’ Two. 
Wires” [AN-328] i 

“Interfacing the AD7549 Dual 12-Bit DAC to the MCS- 48. 
and MCS-51 Microcomputer Families” [E941] 
“Replacing the AD1145 with the AD7846” [E1467] 

“Simple, Interface Between_D/A Converter and Microcomput- 
er Leads to Programmable Sine-Wave Oscillator” (AD7542) . 
[AN-319] | 

“The AD7224 DAC Provides Programmable Voltages Over 
Varying Ranges” [AN- 316]. | 

“Three-Phase Sine-Wave Generation Using the AD7226 
Quad DAC” [AN-321] 

“Understanding and Erevenung Latchup i in CMOS DACs” 
[AN-109]. 

“Voltage Advan Applications of the DAC-8800 
TrimDAC®, an Octal 8- Bit D/A Converter” [AN-142] 


Digital Signal-Processing 
“Considerations for Selecting a DSP Processor” (ADSP- | 
2101 vs. TMS320C50) [AN-233] | 
“Digital Control System Design with ADSP-2100 Family” 
[AN-227] 
“Implement a Cache Meaibey | in Your Word- Slice® Sys- 
tem” [E1062] 
“Sharing the Output Bus of: the ADSP-1401 a eae 
Sequencer” [E1059] 
“Using Digitally Programmable Delay Generators 
[AN-260] 
“Variable-Width Bit Reversing with the ADSP-1410 
Address Generator” Ee 


Disk-Drive Electronics | - 
“Microstepping Drive Circuits for Single Supply 
Systems” [AN-323] | 
“Simple DAC-Based Circuit Implements Constant Linear 
Velocity (CLV) Motor Speed Control” [AN- -324] _ ak 


Interface ' 
“ADM2xxL Family. for RS- 232 Communications” [AN- 375] : 


Modeling . | © it 
“AD9617/AD9618 Carent: Feedback Amplifier Macro- ie 
Models” [E1460] _ 

“OP42 Advanced. SPICE Macro-Model” [AN-117] | 
~“OP64 Advanced SPICE Macro-Model” [AN-110] 
“OP260 Advanced SPICE Macro-Model” [AN-126] 
“OP400 SPICE Macro- Model” [AN-120] 
| “OP470 SPICE Macro- -Model” [AN-132] 
“SPICE- Compatible Op Amp Macro-Models” [AN-138] 


Practice 


“An IC Amplifier User’s Guide to Decoupling, Grounding: | 
and Making Things Go Right for a Change” [AN-202] | 
“How to Reliably Protect CMOS Circuits Against Power: _ 
Supply Overranging” [C1499] . 


TrimDAC aiid Word: Slice are registered tradematks se haike 
Pye: Inc. , 


Resolver (Synchro) to Digital Conversion 

“Circuit Applications of the 2S81 and 2880 Resolver-to- 
_ Digital Converters” [E1140] 

“Dynamic Characteristics of Tracking Converters” 
[AN-264] 
“Dynamic Resolution-Switching on the 1874 Resolver-to- 
Digital Converter” [E919] 
“Using the 2S80 Series Resolver-to-Digital Converters with 
Synchros: Solid-State Scott-T Circuit” [AN-252] 
“Why the Velocity Output of the 1874 and 1864 Series 
R/D Converters is Continuous and Step-Free Down to 
Zero Speed” [E893] 


Sample-Holds | _ 
“Applications of the SMP-04 and SMP-08/SMP-18 Quad and 
Octal Sample-and-Hold Amplifiers” [AN-204] 
“Applying IC Sample-Hold Amplifiers” [AN-270] 
“Generate 4 Channels of Analog Output Using AD7542 
12-Bit D/A Converters and Control It All with Only Two 
Wires” [AN-328] 
“Implement Infinite Sample-and-Hold Circuits Using” 
Analog Input/Output Ports” [AN-284] | 


Switches and Multiplexers 
“ADG201A/202A and ADG22 1/222 Performance with 
Reduced Power Supplies” [AN-248] 
“Bandwidth, OFF Isolation, and Crosstalk Performance of 
the ADGSXXAA Multiplexer Series” [AN-250] 
“Ron Modulation in CMOS Switches and Multiplexers; 
What it Is and How to Predict its Effect on Signal 
Distortion” [AN-25 1] 


Temperature Measurement 
“Thermocouple Signal Conditioning Using the AD594/ 
AD595” [AN-369] 
“Use of the AD590 Temperature Sensor in a Remote Sensing 
Application” [AN-273] 


V/F Converters - 
“Analog-to-Digital Conversion Using Voltage: -to- -Frequency 
Converters” [AN-276] 
_ “Operation and Applications of the AD654 IC V-to- 3 
Converter” [AN-278] . 
“Using the AD650 Voltage-to- Frequency Converter as 
a Frequency-to-Voltage Converter” [AN-279] 


Video Applications | 
“Animation: Using the Pixel Read Mask Register of.” 
the ADV47X Series of Video RAM-DACs”’ [AN-330] 
“Changing Your VGA praee from a 171/176 to an ADV471” 
[AN-331] 
“Design and Layout of a Video Graphics System for Reduced 
EMI” [AN-333] ie. a 
“Improved PCB Layouts for Video RAM- DACs Can Use 
Either PLCC or DIP Package Types” [AN-332] z 
“Low Cost Two-Chip voles contolicd a and Video 
Switch. ” (AD539) [AN- 213] 


FREE APPLICATION GUIDES AND BROCHURES 
Amplifier Products Cross-Reference Guide. A 54-page short form 
guide to amplifier selection. Includes selection trees, ordering 
information, model numbering system, and package informa- 
tion, cross-reference to amplifier products from other manufac- 


turers, and military amplifier product information, plus a list of 
sales offices and distributors. 


The Analog Devices family of high-speed op amps. A 6-page selec- 
tion guide to high-speed op amps. 


The Analog Devices family of instrumentation amplifiers. A 6-page 
selection guide to instrumentation amplifiers. 


The Analog Devices family of low-noise op amps. a 6-page selec- 
tion guide to low-noise op amps. 


The Analog Devices family of precision op amas: A 6-page lee: 
tion guide to precision op amps. 


The Analog Devices family of single-supply ap amps. A 6-page 
selection guide to single-supply op amps. 


ATE Components. A 20-page brochure describing Analog | 
Devices’ capabilities and application-specific standard products . 
for pin electronics in automated testing. Includes descriptions of 
Delay Generators, Pin Drivers, Active Load, Comparators, 
Parametric Measurement Components, and Level- -Setting 
Components. 


The Best of Analog Dialogue, 1 967 to 1991. A 224-page bonus 
edition containing 52 articles excerpted from the first 25 years of 
Analog Dialogue. Included are articles of lasting interest on prac- 
tice, techniques, ideas, and applications, as. well as articles that 
introduced landmark products. 


ESD Prevention Manual— Protecting ICs from. electrostatic dis- 
charges. Thirty pages of information that will assist the reader 
in implementing an appropriate and effective program to assure 
protection against electrostatic discharge (ESD) failures. | 


High-Speed Op Amp Sliding Selection Guide. A slide rule for 
selecting op amps by bandwidth or viewing characteristics: by 
model number. Lists dynamic specs such as slew rate, settling 
time, differential gain and phase, voltage and current aa sup- 
ply voltage and current, and many more. 


Instrumentation Amplifier Application Guide, by Charles Kitchin 
and Lew Counts. Its 44-pages include basic instrumentation- 
amplifier (“in-amp’’) theory, design considerations, applications, 
specifications, and products—plus a brief bibliography and two 
indexes (by topic and by device model number). 


Multiple Digital-to-Analog Converter Integrated Circuits Selection 
Guide. A 32-page guide for the designer who wants to save space 
and cost in applications calling for from two to eight or more 
DACs and resolutions from 6 to 18 bits. Devices include triple | 
6-, 8-, and 10-bit video DACs, dual 18-bit audio. DAC 8-bit 
octuples, and 12- and 14-bit quads. .— 


New Audio Signal Processing Integrated Circuits, including Op 
Amps, DSP microcomputers, Codecs, Line Driver & Receiver, 
VCA, Preamps, Switches, Decoders, Asynchronous sample- rate 
converters, Stereo ADCs. A 12-page brochure. 


Personal Sound Architecture. An 8-page brochure describing a 
programmable architecture for integrating sound into personal 

computers using software-based technologies and IC chipsets 
(including Analog Devices DSPs, codecs, and other peripherals) 
for sound’ cards. 


RMS-to-DC Conversion Application Guide 2nd Edition by 
C. Kitchin and L. Counts (1986—61 pages). RMS-DC Conver- 
sion: Theory, Basic Design Considerations; RMS Application 
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Circuits; Testing Critical Parameters; Input Buffer Amplifier | 
Requirements; Pioeren for Computing Errors, Ripple and 
Settling Time. 


| Sampling Analog-to-Digital Convaies Integrated Circuits— 1992 
Short Form Selection Guide. Its 28 pages cover 35 different mod- 
els with resolutions from 8 to 16 bits, and 12-bit resolution up 
to 20 Msps. Besides block diagrams and key specs of each prod- 
uct, the booklet includes a detailed discussion of selection issues 
and a selection table sorted by resolution and speed. 


Solutions for Cellular Radio Base Stations, 6-page reference 
guide—describes system architectures for cellular, other wire- 
less, and satellite VSAT stations and lists suitable ADI compo- 
nents for each stage of the signal chain; includes all- ae 

_ systems using DSP technology. | 


— Surface Mount IC.* A 28-page guide to ICs in SO and PLCC 
packages. Products include op amps, rms-to-de converters, 
DACs, ADCs, VFCs, sample-holds and CMOS switches. 


A Tutorial in AC Induction and Permanent Magnet Synchronous 
Motors—Vector Control with Digital Signal Processors. An : 
80-page Guide, including Overview of AC drives, Synchronous 
machine operation, Induction motors, Pulse-width modulation, 
Inverter fed drive scheme, Vector control of AC machines, 
Field-oriented control of DC motors, Implementation of field- 
oriented control in DSP, and References. | 


TECHNICAL REFERENCE BOOKS » 

Can be purchased i in North America from Analog Devices, Inc., 
at the prices shown.t If moré than one book is ordered, deduct 
a discount of $1.00 from the price of each book. Price of the — 
entire set of 13 books is $235.00—a bargain for your depart-' 

_ ment’s library (in effect, the Amplifier Applications Guide and 
Digital Signal Processing in VLSI come free). VISA and Master- 
Card are welcome; phone (617) 461-3392 or fax (617) 821-4273. 
Or send your check for the indicated amount to Analog Devices, 
Inc., P.O. Box 9106, Norwood, MA 02062-9106. 


NEW—APPLICATIONS REFERENCE MANUAL. Nor- 
wood MA: Analog Devices, Inc. (1993), 1344 pages, softcover. 
A collection of 210 application notes, technical articles, and 


other design tutorials on such topics as audio and video circuits, 


A/D and D/A conversion, data acquisition and signal condition- 
ing, digital signal processing, sigma-delta conversion and much 
more. Cross- indexed by topic, product, subject, and application- 
note number. $9.95 


NEW—SYSTEM APPLICATIONS GUIDE. Norwood MA: 
Analog Devices, Inc. (1993), 800 pages, 8 1/2" x 11” softcover. 


Precision sensor signal conditioning and transmission; multiplex- _ 


ing; programmable-gain amplifiers; high-accuracy topics: 
sample-holds, references, conversion; audio; video; high-speed — 
topics: signals & systems, amplification, ADC selection, inter- 
facing, performance verification; sigma-delta conversion; wide 
dynamic range; direct digital ona signal computing, motor 
~ control. $30. 00 


NEW—ADSP-21 00 FAMILY APPLI CATIONS HAND- 
BOOK, Volume I: A companion to the ADSP-21000 family of 
floating-point processors. Introduction; Trigonometric, mathe- 
matical, and transcendental functions; Matrix functions; FIR 


24-14 APPENDIX 


and IIR filters; Multirate filters; Adaptive filters; Fourier trans- 
forms; Graphics; Image processing; JTAG downloader; Index. 
Includes 33 figures, 14 tables, and 61 program listings. — $22.00 


ADSP-2100 FAMILY USER’S MANUAL. Englewood Cliffs 
NJ: Prentice Hall (1993). A comprehensive reference for Analog 
Devices’ ADSP-2100 Family, an architectural and code- 
compatible set of 16-bit fixed-point DSP microprocessors that 
offer varying levels of feature integration. Topics covered in this 
manual include: Base architecture—computation units, program 
sequencer, data-address generators; Integrated on-chip peripherals 
—serial ports, timer, host interface port, A/D and D/A convert- 
ers; System hardware and memory interfacing; Programmer’s 
model and instruction-set reference; System design and pro- 
gramming examples. $24.00 


AMPLIFIER APPLICATIONS GUIDE, by the Applications 
Engineering Staff of Analog Devices and edited by Walt Kester, 
published by Analog Devices (1992). 648 pages of timely and 
practical information on amplifiers—including operational, 
audio, instrumentation, video, and log.amps. Topics include: 
Introduction; Precision transducer interfaces; High impedance, 
low current; Single-supply, low-power; Audio; Filtering, Driv- 
ing ADCs; Video and other high-speed applications; Nonlinear 


circuit applications; Unusual applications; Subtleties,; Hardware 
techniques; Simulation; and a complete Index. — 


$20.00 


ANALOG-DIGI TAL CONVERSION HANDBOOK: Third 
Edition, by the Engineering Staff of Analog Devices, edited by 
Daniel H. Sheingold. Englewood Cliffs, NJ: Prentice Hall 
(1986). A comprehensive guide to A/D and D/A converters and 
their applications. This third edition of our classic is in hard- 


_ cover and has more than 700 pages, an Index, a Bibliography, : 


and much new material, including: video-speed, synchro- — 
resolver, V/F, high-resolution, and logarithmic converters, ICs 
for DSP, and a “Guide for the Troubled.” Seven of its 22 chap- 
ters are totally new. $32.95 


DIGITAL SIGNAL-PROCESSING APPLICATIONS 
USING THE ADSP-2100 FAMILY, by the Applications Staff 
of Analog Devices, DSP Division; edited by Amy Mar 

(628 pages). Englewood Cliffs, NJ: Prentice Hall (1990). Bridge 
the gap between DSP algorithms and their real-world implemen- 
tation on state-of-the-art signal processors. Each chapter tackles 
a specific application topic, briefly describing the algorithm and 
discussing its implementation on the ADSP-2100 family of DSP 
chips. Comprehensive source-code listings are complete with 
comments and accompanied by explanatory text. Programs are 
listed on a pair of supplementary diskettes—furnished with the 
book. Application areas include fixed- and floating-point arith- 
metic, function approximation, digital filters, one- and two- 
dimensional FFTs, image processing, graphics, LP speech 
coding, PCM, ADPCM, high-speed modem algorithms, DTMF 
coding, sonar beam-forming. Additional topics include memory 
interface, multiprocessing, and host interface. The book can 
serve as a companion to Digital Signal Processing in VLSI. Now 
in paperback; its pice includes a diskette. $30.00 


*This publication is available in North America only. 
fOutside of North America consult your local sales office or distributor. 


DIGITAL SIGNAL PROCESSING IN VLSI, by Richard J. 
Higgins. Englewood Cliffs, NJ: Prentice Hall (1990). An intro- 
ductory 614-page guide for the engineer and scientist who needs 
to understand and use DSP algorithms and special-purpose DSP 
hardware ICs—and the software tools developed to carry them 
out efficiently. Real-World Signal Processing; Sampled Signals 
and Systems; The DFT and the FFT Algorithm; Digital Filters; 
The Bridge to VLSI; Real DSP Hardware; Software Develop- 
ment for the DSP System; DSP Applications; plus Bibliography 
and Index. $38.00 


DIGITAL SIGNAL PROCESSING LABORATORY: Using 
the ADSP-2101 Microcomputer, by Vinay K. Ingle and John G. 
Proakis (Northeastern University). Englewood Cliffs, NJ: Pren- 
tice Hall (1991). Contents: Introduction to the ADSP-2100/2101 
family; ADSP-2101 instruction set overview; Overview of devel- 
opment tools; Getting started with the ADSP-2101; Laboratory 
experiments using the ADSP-2101; FIR filter implementation; 
IIR filter implementation; Fast Fourier transform implementa- 
tion; Applications in communications; Adaptive filters and their 
applications; References; Index. $24.00 


HIGH-SPEED DESIGN SEMINAR, published by Analog 
Devices (1990). A 496-page guide to the practical application of — 
high-speed semiconductor devices in processing of analog sig- 
nals. Topics include: data conversion, digital video applications, 
high-speed sample-holds and operational amplifiers, nonlinear 
signal processors (including log amps), comparators and pin 
electronics, time-delay generators, phase-locked loops, direct | 
digital synthesis, computer graphics and RAMDACs, and high- 
speed techniques. | $20.00 


MIXED-SIGNAL DESIGN SEMINAR, published by Analog 
Devices (1991). Contents: Introduction to mixed-signal process- 
ing of real-world signals and signal conditioning; Linear and 
nonlinear analog signal processing; Fundamentals of sampled- 
data systems; ADCs for DSP applications; DACs for DSP appli- 
cations; Sigma-delta ADCs and DACs; Digital signal-processing 
techniques; DSP hardware; Interfacing ADCs and DACs to dig- 
ital signal processors; Mixed-signal processing applications; 
Mixed-signal circuit techniques; Index. $22.00 


NONLINEAR CIRCUITS HANDBOOK: Designing with Ana- 
log Function Modules and ICs, by the Engineering Staff of Ana- 
log Devices, edited by Daniel H. Sheingold. Norwood, MA: 
Analog Devices, Inc. (1974). A 540-page guide to multiplying 
and dividing; squaring and rooting, rms-to-dc conversion, and 
multifunction devices. Principles, circuitry, performance, speci- 
fications, testing, and application of these devices—contains 325 
illustrations. $5.95 


TRANSDUCER INTERFACING HANDBOOK: A Guide to 
Analog Signal Conditioning, edited by Daniel H. Sheingold. 
Norwood, MA: Analog Devices, Inc. (1980). A book for the 
electronic engineer who must interface transducers for tempera- 
ture, pressure, force, level, or flow to electronics, these 260 
pages tell how transducers work—as circuit elements—and how 
to connect them to electronic circuits for effective processing of 
their signals. $14.50 
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Worldwide Sales Directory 


North American Sales Offices and Representatives 


Alabama: *404-263-3719, 205-534-0044 
Alaska: *206-575-6344, *714-641-9391 
Arizona: *714-641-9391, *602-840-7238 
Arkansas: *214-231-5094 

California: *714-641-9391, *408-559-2037 
Colorado: *714-641-9391 

Connecticut: *516-366-0765 

Delaware: *215-643-7790 

Florida: *407-660-8444 

Georgia: *404-263-3719, 404-263-0320 
Hawaii: *714-641-9391 

Idaho: 303-443-5337, *206-575-6344 
IMinois: *708-519-1777 

Indiana: *219-489-3083 

lowa: *708-519-1777 

Kansas: 913-829-2800 

Kentucky: 205-534-0044 

Louisiana: *214-231-5094 

Maine: *617-461-3000 

Maryland: * 1-800-392-3780 


North American Distributors 

Alabama: Alliance 602-483-9000; Allied 205- 
721-3500, 205-476-1875; Bell 205-837-1074; 
Future 205-830-2322; Hamilton Hallmark 205- 
837-8700; Pioneer 205-837-9300 

Arizona: Alliance 602-483-9000; Allied 602-437- 
9080; Bell 602-966-7800; Future 602-968-7140; 
Hamilton Hallmark 602-437-1200; Wyle 602- 
437-2088 

California: Alliance 602-483-9000; Allied 415- 
770-0590, 818-882-6981, 213-373-8828, 714-727- 
3010, 916-632-3104, 619-279-2550, 415-952- 
9599; Bell 310-826-6778, 916-652-0414, 408- 
734-8570, 818-879-9494, 714-895-7801, 619-268- 
1277; Future 818-772-6240, 619-625-2800, 714- 
250-4141, 408-434-1122; Hamilton Hallmark 
818-773-4500, 714-727-6000, 619-268-1201, 408- 
432-4000, 916-624-9781; Pioneer 800-535-1430, 
213-320-4820, 619-434-4107, 408-954-9100; 
Semi-Dice 310-594-4631, 714-952-2216, 408- 
980-9777, 800-325-6030 (in CA), 800-626-4411, 
800-345-6633 (outside CA, MA); Wyle 714-863- 
9953, 818-880-9000, 800-288-9953, 916-638- 
5282, 800-627-9953, 408-727-2500, 619-565-9171 
Colorado: Alliance 602-483-9000; Allied 303- 
790-1664; Bell 303-691-9010; Future 303-421- 
0123; Hamilton Hallmark 303-790-1662; Wyle 
303-457-9953 

Connecticut: A/liance 617-756-1910; Allied 203- 
272-7730; Bell 203-269-6801; Future 203-743- 
9594: Hamilton Hallmark 203-271-2844; 
Pioneer 203-929-5600 

Florida: Alliance 602-483-9000; Allied 305-978- 
3008, 904-346-0761, 407-831-3331, 813-541- 
4660; Bell 407-339-0078, 305-421-1997; Chip 
Supply 407-298-7100; Future 407-767-8414, 
813-530-1222; Hamilton Hallmark 407-830- 
5855, 305-971-9280, 813-541-7440; Pioneer 
407-834-9090, 305-428-8877 

Georgia: Alliance 602-483-9000; Allied 404- 
497-9544; Bell 404-662-0923; Future 404-441- 
7676; Hamilton Hallmark 404-623-4400; 
Pioneer 404-623-1003 

Winois: Alliance 602-483-9000; Allied 708-918- 
0250, 708-535-0038, 708-860-0007; Bell 708- 
640-1910, 217-328-1077; Future 708-882-1255; 
Hamilton Hallmark 708-860-3800; Newark 312- 
784-5100; Pioneer 708-495-9680 

Indiana: Alliance 602-483-9000; Allied 317- 875- 
0448; Bell 317-875-8200, 219-423-3422; 
Hamilton Hallmark 317-872-8875; Pioneer 317- 
573-0880 

lowa: Alliance 602-483-9000; Allied 515-223- 
6488; Bell 319-395-0730 


*Analog Devices, Inc., Direct Sales Offices 
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Massachusetts: *617-461-3000 

Michigan: 810-615-4000, *810-348-5795 
Minnesota: 612-835-9234 

Mississippi: *404-263-3719, 205-534-0044 
Missouri: 314-521-2044, 913-829-2800 
Montana: *714-641-9391 

Nebraska: 913-829-2800 

Nevada: *408-559-2037, *714-641-9391 

New Hampshire: *617-461-3000 

New Jersey: *516-366-0765 (north), *215- 
643-7790 (south) 

New Mexico: *714-641-9391, *602-840-7238 
New York: *516-366-0765 (metro), 716-425- 
9100 (upstate) 

North Carolina: *404-263- 3719, 919-460-7771 
North Dakota: 612-835-9234 

Ohio: 216-247-0060, 513-742-8447, 614-487- 
1882 

Oklahoma: *214-231-5094 


Kansas: Alliance 602-483-9000; Allied 913-599- 
6227; Hamilton Hallmark 913-888-4747 — 
Kentucky: Alliance 602-483-9000; Allied 502- 
452-2293; Bell 800-582-7492, 800-445-8795 
Louisiana: Alliance 602-483-9000; Allied 504- 
885-1195 

Maryland: Alliance 602-483-9000; Allied 301- 
381-1560; Bell. 410-290-5100; Future 410-290- 
0600; Hamilton Hallmark 301-988-9800; 
Pioneer 301-921-0660 

Massachusetts: Alliance 617-729-5800, 617- 
756-1910; Allied 508-667-7921, 617-255-0361; 
Bell 508-474-8880; Future 508-779-3000; 
Hamilton Hallmark 508-667-0902, 508-935- 
9777; Pioneer 617-861-9200; Semi-Dice 508- 
238-8344; Wyle 617-272-7300 


_ Michigan: Alliance 602-483-9000; Allied 313- 


462-9300, 616-949-8200; Bell 800-582-7492, 313- 
347-6633; Future 313-261-5270; Hamilton 
Hallmark 810-416-5800; Pioneer 616-698-1800, 
313-525-1800 

Minnesota: Alliance 602-483-9000; Allied 612- 
881-0838; Bell 612-941-1493; Future 612-944- 
2200; Hamilton Hallmark 612-881-2600; 
Pioneer 612-944-3355 » 

Missouri: A/liance 602-483-9000; Allied 314- 
291-7031; Bell 314-647-2355; Future 314-469- 
6805; Hamilton Hallmark 314-291-5350; 
Pioneer 314-542-3077 

Nebraska: Alliance 602-483-9000; Allied 402- 
697-0038 

New Hampshire: Alliance 617-756-1910; Allied 
603-883-3006 

New Jersey: Alliance 602-483-9000; Allied 201- 
428-3350, 609-234-7769; Bell 201-227-6060; 
Future 201-299-0400; Hamilton Hallmark 609- 
235-1900, 201-515-3000; Pioneer 201-575-3510 
New Mexico: Alliance 602-483-9000; Bel/ 505- 
292-2700 

New York: Alliance 617- 756- 1910; Allied 516- 
248-2360, 908-572-9600, 914-452-1470, 716-425- 
3850; Future 716-272-1120, 315-451-2371, 516- 
234-4000; Hamilton Hallmark 716-425-3300, 
516-737-0600; Pioneer 716-381-7070, 516-921- 
8700, 607-722-9300, 212-971-9560; Semi-Dice 
516-234-7676 

North Carolina: Alliance 602-483-9000; Allied 
919-876-5845; Bell 919-821-4041; Future 704- 
455-9030, 919-790-7111; Hamilton Hallmark 
919-872-0712; Pioneer 704-527-8188, 919-460- 
1530 

Ohio: Alliance 602-483-9000; Allied 513-771- 
6990, 216-248-4200, 614-785-1270; Bell 800- 


Oregon: *206-575-6344 
Pennsylvania: *215-643-7790 

Rhode Island: *617-461-3000 

South Carolina: 919-460-7771 

South Dakota: 612-835-9234 
Tennessee: *404-263-3719, 404-263-0320 
(east), 404-534-0044 (west) 

Texas: *214-231-5094 

Utah: *303-466-0691 

Vermont: *617-461-3000 

Virginia: *215-643-7790 
Washington: *206-575-6344 

West Virginia: 412-745-8441 
Wisconsin: *708-519-1777 
Wyoming: *714-641-9391 

Puerto Rico: *809-753-9811 

Canada: 905-821-7800, 613-564-0014, 
514-697-0801, 604-465-6892 

Mexico: *617-461-3000 


348-4619, 513-435-8660, 513-434-8231; Future 
216-449-6996; Hamilton Hallmark 216-349- 
4632, 614-888-3313; Pioneer 216-587-3600, 
513-236-9900, 614-221-0043 

Oklahoma: Alliance 602-483-9000; Allied 918- 
664-0844; Hamilton Hallmark 918-254-61 10; 
Pioneer 918-665-7840 

Oregon: Alliance 602-483-9000; Allied 503-245- 
4225; Bell 503-644-1500; Future 503-645-9454: 
Wyle 503-643-7900 

Pennsylvania: A/liance 602-483-9000; Allied 
717-975-3570, 412-367-4124; Bell 215-953-2800, 
800-525-6666; Future 609-596-4080; Hamilton 
Hallmark 215-355-7300; Pioneer 215-674-4000, 
412-782-2300 

South Carolina: A/liance 602-483-9000; Allied 
803-288-8835; Bel/ 800-322-7908 

Tennessee: Alliance 602-483-9000; Allied 901- 
367-2895; Bell 615-367-4400 

Texas: Alliance 602-483-9000; Allied 817-595- 
3500, 512-389-3771, 214-553-4370, 214-570- 
5196, 915-779-6294, 713-446-8005, 713-455- 
3993; Bell 214-690-0466; Future 713-556-8696, 
214-437-2437; Hamilton Hallmark 214-343- 
5000, 512-258-8848, 214-553-4300, 713-781- 
6100; Pioneer 512-835-4000, 214-386-7300, 
713-495-4700, 512-377-3440; Wyle 512-345- 
8853, 214-235-9953, 713-879-9953, 800-888- 
9953 

Utah: Alliance 602-483-9000; Allied 801-261- 
5244; Bell 801-255-9611; Future 801-972-8489; 
Hamilton Hallmark 801-973-4737; Wyle 801- 
974-9953 

Vermont: Alliance 617-756-1910; Allied 
603-883-3006 

Virginia: Alliance 602-483-9000; Allied 
804-363-8862, 703-644-9515 — 

Washington: Alliance 602-483-9000; Allied 
206-547-2827; Bell 206-867-5410, 213-826-6778; . 
Future 206-489-3400; Hamilton Hallmark 206- 
547-0415; Wyle 206-881-1150 

Wisconsin: Alliance 602-483-9000; Allied 414- 
796-1280; Bell 414-547-8879; Future 414-786- 
1884; Hamilton Hallmark 414-797-7844; 
Pioneer 414-784-3480 

Canada: Future 514-694-7710, 613-820-8313, 
604-294-1166, 403-436-2858, 905-612-9200; 
Pioneer/Zentronics 403-482-3038, 604-273- 
5575, 403-295-8838, 905-507-4400, 613-226- 
8840, 418-654-1077, 204-694-1957, 514-737- 
9700, 905-798-7710, 905-507-2600 


International Direct Sales Offices 


Austria: (222) 88 55 04-0 Israel: (9) 911 415 Sweden: (8) 282 740 

Belgium: (3) 2482 619 Italy: (2) 665 00 120, (11) 24 87 789, *(6) 86200 Switzerland: (1) 820 01 02, (21) 803 25 50 
Denmark: (42) 84 58 00 306 Taiwan: (02) 740 0099 

France: (1) 46 74 45 00 Hong Kong: 593-1127 United Kingdom: 0932 266000 

Germany: 089/57 005-0, 030/391 90 35, Japan: (3) 3263 6826, (6) 372 1814 ‘Ropieasntative 

04181/80 51, 0221/68 60 06, 0711/88 11 33 Korea: (2) 554-3301 

India: (80) 2267 272 Netherlands: (1620) 815 00 


International Distributors 
Australia: N.S.D. Australia (3) 8900970, (2) 898 Hungary: SMD Technology KFT (1) 1895815 Portugal: Se/co (1) 29738212 


0133, (7) 845-1911, (8) 211-8499 India: Analog Sales (212) 342150, (11) 6862460, Romania: TOP 9+ (401) 2109124 

Austria: SPOERLE ELECTRONIC (222) 31872 (80) 5593 606 Russia: ARGUSSOFT Co. (7095) 2883602, 

70 13 Italy: AVNET EMG Division De Mico (2) AO AUTEX (7095) 3347741 

Belgium: ACAL NV/SA (02) 720 59 83, 95343600, Hellis S.A.S. (536) 804104, La Singapore: Excelpoint Systems PTE 741-8966 


EURODIS TEXIM ELECTRONICS (02) 247 49 51 Tecnika Due (11) 2425905, Pantronic S.R.L. (6) Slovakia: DIALOGUE s.r.o. (838) 22030 
Brazil: HITECH-ELECTRONICA (11) 536-0355 6626979, Special-ind (2) 66805177, Tecnika Slovenia: ALMA-ELECTRONIC (61) 198510 


Bulgaria: K2 ELECTRONICS (92) 890412 Bite \AS8) DORAL South Africa: Analog Data Products CC (11) 
Croatia: ALMA-ELECTRONIC (41) 325509, Korea: Tong Baek Electronics (2) 715-6625, 444-8160 

ELECTRA (40) 826545 Analog World (2) 7015993 Spain: Selco (1) 637 10 11 

Czechia: AMTEK SPOL s.r.o. (5) 43216066 Malaysia: Excelpoint Systems (PTE) Ltd. Sweden: /Integrerad Elektronik 8-804685 
Denmark: MER-EL A/S (42) 57 10 00 03-2448929 Switzerland: Elbatex AG 056/275 111, 

Erie: ESD 1 307 522 Mexico: Canadien (83) 652020 FABRIMEX SPOERLE 01/874 62 62 

Finland: Oxxo Oy 0-3455377 Netherlands: EUROD/IS TEXIM ELECTRONICS Taiwan: Andev Technology Co., Ltd. (02) 
France: DIMACEL COMPOSANTS (1) 34 23 70 _ B.V. (05427) 333 33, EURODIS TME B.V. 073-28 763-0910, Chieftron Enterprise Co., Ltd. (02) 
00, AVNET EMG (1) 49 65 26 26, SCA/IB (1) 46 = 1111 722 3570, Jeritronics Ltd. (02) 585-1636, ASEC 
87 23 13, A2M (1) 46 23 79 00 New Zealand: Hardie Technologies (9) 525 (02) 786 6677, Ext 200 

Germany: SASCO 089/46 11-0, Semitron 1096 Turkey: ELEKTRO (216) 418 12 70 

07742/80 01-0, SPOERLE ELECTRONIC Norway: B/T ELEKTRONIKK 66 98 13 70 United Kingdom: Arrow/Jermyn Electronics 
06103/30 4-0, JERMYN 06431/508-0 People’s Republic of China: Shanwei 0234 270 777, Avnet-Access 0462 480888, 
Greece: MICRELEC (1) 5395042 Excelpoint Enterprise Co. (1) 500 7788, Ext MILLENNIUM Electronic Components 0203 694 
Hong Kong: General Engineers 503-2212, 1625, (21) 248 0088 555, Phoenix Electronics Limited 0555 751566, 
Tektron Electronics (HK) Ltd. 388-0629 Poland: P.E.P. ALFINE (61) 213 375 Polar Electronics Limited 0525 377 093 


EUROPE HEADQUARTERS 
EdelsbergstrafSe 8-10, 80686 Munchen, Germany; Tel: 089/57 005-0; Fax: 089/57 005-257 


JAPAN HEADQUARTERS 
Daini Jibiki Building, 7-8 Kojimachi 4 Chome, Chiyoda-ku, Tokyo, Japan; Tel: (3) 3263 6826; Fax: (3) 3221 5187 


HONG KONG HEADQUARTERS 
Suite 8, 35th Floor, Central Plaza, 18 Harbour Road, Wanchai, Hong Kong; Tel: 593 1127; Fax: 593 1213 


WORLDWIDE HEADQUARTERS 
One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A. 
Tel: (617) 329-4700, (1-800) 262-5643 (U.S.A. only); Fax: (617) 326-8703 
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Model Page* 
PON 20a ie Cad oA ee AEA GRR eee eas SL 
POZO 2G aon ob art wt hae aera he eugene eae Meena ns SL 
IDB OO 254-0 a does Bs Rah see Bie ae wane Seek oe tes Ee es DI 5-5 
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PO ZS OS 3 ie 2s Sen AAD CRN Cen SR oe CI 
PLZ SOO sary tess 6 ced Sed es PA DEE AA eee ee Oe CA 
PODS. tetas grate acttinad Sieed are we wigs be alee dee area t CI 
PI ZS SOM. wid y eee oar e Re « trate ARR ie See ae DI 16-7 
PD2SS AR: bh tye tea e ar ie ee Sink Pe et DI 16-11 
BDZSS2. 23:4Surr dil ee eee de bn d Ge aaa weds DI 16-11 
PRD 2 8 8k Sesh Eh acid ck catalina See bib la teen wag ac DI 16-15 
PID 2990 ate aeene hs eu Siew on ded ORAS DI 16-27 
PI 508 pO Eee eee Res Wee e GRE hes DI 16-37 
PS OO sarc ob atthe ies dace chee Ao etiattas ke ite sd canoes DI 16-48 
PZ S100 ateesiiieaes aa kes ood oe ear ees eae DI 16-51 
PD 2ST sic nck oud pte Pts ds hae a eee eee mak CI 
PZ AMSPO Le 55 2 wares eis ceae ct ecare hte Wee ee eee as CI 
AIDOZSIMSPO2 264 ae oS Space Rare wc atedech shecaee acmhve Wathen CI 
PID ZOD ica noe ate we Cae eee add oo ees OE See Noy DI 11-5 
PRD 08% ire een eck he tee hile Aine tea a aah sues ged D 
P2048 Sac oth cs SNS ER te que dee ain tate heware a DI 11-5 
POD 210: esa enrd atin aati aioe Gee nee Ma eee DI 11-12 
AD 290 cnt oh ee Miglectae u,b cata euwd wes aca Oe | 
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PD 2SUAG toaa tus vats sat Me tanc ie mateo ohare weet CI 
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PIDZIOIS ea setihe ded gee See Caden eos Eee aaa CI 
Va BYAG So ane eae rr ee a ae eee ee ee te eee CI 
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PDS O48 ets oot eae ee Ree he aoe es bats gee aes CI 
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PIEZO ae eet ciwe wa ee Sel ee oa ee te ale ben DI 3-15 
PID 903? 4 Seeks BRL SS eee Oe Se RAKES ES eS D 
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Model Page* 
PDO ss. capi tan eee A eae OS ee RSIS SSS D 
PL DO: Roe shai ee RoR es IE Ge aS D 
PD OT Serie aracca riot nS de ats Rae weed eine e ah mate naa a A 
PRO ho 5 tei t0 eae ha area cag tg ES ani ale gh SO eee ae aes D 
PN as eta cas, Bilge Bea aks gag ngs as eid be at he ane Wie alee cots D 
ADSI A Skee 5s Oe RAR eG be Dare ee ea A 
PD SEL ole e AEGAN OS COG EM EEG EEO Re aes A 
PDD US ho eee Ae BS SRG OS ORR EN ERE AG OES D 
PDD. eS bk tanee teh deb eth eid ee wee, a ee eR Beh a A 
PDI 1s al Riot tani eerie nds ws de eS VS ee A 
PD 7 ae Riles etic ese ede treed ute ele ee man, Mle eg DI 10-5 
PND 2c e's Bites eee SS ke a OEE eS dG DI 10-8 
PAIS SS! eh ae RE a SE AEA A ee OER SL 
PANS D0 side lecisce ate Sih caer eots aes eek a ans ede ceva ae ee D 
PISA wk hate ea ee eR Nae eR eee ee DI 17-5 
PRD 5 se Fee ss nde arg Gao ee woke ed eae Oe D 
PDS SOR. hc 58 Foe Ba I Sis We Re be OR DI 18-5 
PDS 8 Fei a 28 eed Re at ee aa ede ES Ree ee DI 4-5 
PAD 9 BS ic dete ee. S58 he Des dae Paso bat al ate ba ee a SL 
ID 39-305 BEE OS tS Ee EAE EE OE OER SED SL 
PDA ca eiarese teks BEES 6A AO Oe REAR AS DI 9-19 
PD IAG g sitarra. 3 5 elaine Re State shat hee Wt acre aes Oats DI 9-19 
PDO it ie san FES ee ess Rian Gk aR ee ea D 
POI we dete Fie a hare eae a cee cca Re ee Ree A 
PDA G vee 2 car op ae eae cae oe A asl) as, 6 Gea eae tees DI 9-22 
PDS A ei o eA wh ok Ge he WERE OREN eee es DI 9-19 
PDA Ss occ toca? Sati diare hee he sie bis wie Be cay ea aes DI 9-25 
PLD sear tees tose Seta se} aaa“ ta sew Sel a DI 9-28 
DDD a oot 6 ea eek ee Ser nen Viste tes atest DI 3-24 
PDD DS che vs ohne wee Rae eee Re es Dae aes DI 3-26 
PD SG shee wt hobs wishes Oak Wa ie SOR SES ne ee Cl 
POD OF 2OGR eh ere one CRE Se Aw a HR eee Cl 
PANDO 5.82 es iw ta te tect, eal he ee Wee ey ne eb ee we oe ee CI 
PIDIOIA. NS ae 64S cw Tweens Sees la ae eae A DI 3-29 
AIDD0GAS be nns fee aod ees ee wed ae eee eS DI 3-29 
PDSCT see te eae cate > ea eRe Cae ketene’ D 
POS saan be Secind Bytes evden a Ae he, aon a re eed eek DI 3-35 
PID9G0 se eet no eas hanes Gn Shee Ke AS DI 3-38 
BIOTO nee Sear eee Os he oe SES CA A UNE BOSE DI 2-17 
74D lo WA Ure ere Cee AERIS Renee ee Mee Sree oe aor eee eee DI 2-17 
PI DD Dissent A eee at soe Sisk BER es eee hae eh sas CI 
PID Bas bh ata Sis ead Mes Be ee De eed DI 2-21 
PDD TAIN + eho SANS Wa tne oa A oh HG ER Be DI 2-24 
PRN DFS avs tei Ae ai hag eee ie a ls Aca acm ao ha oe Wan apes CII 
PND Oe 8a ee ees oe aires te tad oo heek et Re wan Sead Gay Oe CI 
NV OE cs oat Sac 5 Sap Sire de eh ae ol adh et Nee cn Se Suse DI 8-5 
PDS ED oas4 Sos ae tn gt Sos ae Gea ae On ee a an aoe DI 8-7 
PUIIOS ws. Be bee MEME See Pale ROA em PAA CI 
BD OS ane once ee tee to Gh ae ee le eden & Les Wed Go erate a DI 8-9 
PDI8D sie S at cote ee Zee daeod she eae ate os DI 6-5 
IID OO Bite ok eak tate ae DROSS eRe aS Oat as DI 8-13 
DIDI O Feri teek ae tt nee ce bok ta, and aa eS ete DI 8-16 
DDG 80.5045 ke eae ae Re CE hae eee DI 8-19 


*A = Amplifier Reference Manual; AV = Audio/Video Reference Manual; C I = Data Converter Reference Manual, Volume I; C II = Data Converter Reference Manual, Volume I; 
D = Data Sheet; DI = Design-In Reference Manual; SL = Special Linear Reference Manual. 
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*4 = Amplifier Reference Manual; C I= Data Converter Reference Manual, Volume I; C II = Data Converter Reference Manual, Volume II; D = Data Sheet; DI= Design-In Reference 
Manual; SL = Special Linear Reference Manual. 
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OPAZG iirc o 35 nS eras, 3a 2S tee reais ae waes DI 9: 538 
OPA ee see peat ache See, eS RS OIE: TE SOR ON I OMA A 
OPR4G Tos caine oa Ce Gains dois baee ee ees DI 9-541. 
OPA FO cacti asta tance, aw Rod adele a heed 4 be ah Rade ae ss oma DI 9-556 
OPATL vik ae Gene ed Gaikied Ra Re Rae areata DI 9-560 
OPIS? vida te ae ab CRS RCRA AA Ee ee DI 9-461 
OP 490 2 hss used eon pas eee te eh eee eee sk .. DI 9-564 
PAOD, cies eG bis alae orien Sana toe ata wee a ela ae DI 9-481 
OPA D: oes bib tk eee AK is ecw Rete, Weary ced ee pw esa DI 9-500 
OPA: odes aa aes aang os RAE A are oat ee DI 9-518 
OR4O? a5 et ake Bre BPSD AOE aie a eee eas DI 9-568 
OSGI 75 Sica re tena ee ine a a tat eae CI 
PICO): Goose tie Nene. Met wes Ran ee wae eeeeas SL 
FIVE OSs gists oa eee Be SEER OR UODA OS Med meas A 
PMU OI sets cee enucs Grd wid ba eaee kel a Sune ea ae ped JA 


*A = Amplifier Reference Manual; C I = Data Converter Reference Manual, Volume I; C II = Data Converter Reference Manual,. Volume II; D = Data Sheet; DI = Rateeth si kia 


Manual; SL = Special Linear Reference Manual. 
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Model Page* Model Page* 


PIVLTO/ 219 hore eee 5 ee ae pre eats Walaa le aaah D SDGI740/RDCI740 oi coo eh es ee eed Pew Rae OER CI 
PINS sect es, ig Ot, at Be OOO oaks id ata Neate ie, S Roath alt A SDE RDG TAs ii caress hae kad 2 att Bete eae a ees Cl 
PIM1AB) 248 on ousen wens KS oS Mba ene Re OR ates D SDGVI42/RDGCV IAS ve tedenacuenca s OX sts $AS Sate es CI 
PIM 99 nk ware ok. ob bee IPERS e EE CR Chee es D SMR OEs S522 toc cru os bE Oe hore CA NGOS te SE DI 6-28 
BONES BAN. cites Yoaton: dod Snleidee toe ale Weta rack 4 Wa eee, de OO AOS SE BSS A SMP0S: acti seu dee toon Hae eee DI 6-31 
POV 5G: etic cre Deets Grants Osean a maaan anes wie Bane ee D IE 0: Sacer eas Sard eee ts a ot rhein as Maem C Il 
PIMPS OA: toh a8 Giant cen Meta obs wbeew eh de Bae es A GIVER EL 4g 45.4 arheva at ates raed weeps Beat Stead a @ Soaks Ci 
PIMISE. xtc wate otha s wa dake ee aes Gia iealeaia Ge tee ata seks D SMPUS> scat oud tas aces ng Saw Ss Matt dh actande hele oh DI 6-34 
PMISTAS 35 é2 shes a Pas Paste Uh, Birkett Ce sistent Se A SMES’ .S-fcasn pane coxa eee ee ae see aes D — 
PINIZOS: ae Set eee eats gah saute th CA eae aeene D SOMZ019 Sosa eke ees See Meee Chee oe aes D 
PM21), #325c2eda cad. cane ee Ses de oe oeeeaee nee wes A SOM 20 EA ie oe 5 et det tea ace NS OR th D 
PIM299° corns ge owe et wale de edulis aed aah eaewes A SSM 2019 205464005 hi ata Ons bee oor tans Bae eee D 
PIMA R. ice Beech tere tennant one, etre nls tale va lite ap cargoes meat D SOM2016 64 cick sas ae Ps oes eee ee A 
PIMOOS: «a acre eres aen oe Mike Cane wee teanede seach. © Pere eae D SSM2Z017 . heat iese otas ner owake le yar DI 14-5 
| Ed, a a am Re ge a COC eee en D SSIMZ0UG 3 gto 5, Bra cas Scena ws Raita ls, Bd wald kb ead ed ne beke D 
PM356: ccna tebe aiatnete gag aoe eater chee ened D SOM ZO LB: oF seu sect Sorere, bos bean eileen er eis Gre eats DI 14-8 
PM562 ...... ere er ee eee ee ee ee en D SOMO 28 cn be ase ate oul ae ed ate ae A parte Be DI 14-12 
PIT 25? fies bee Cait bas Soe eee Rai ae wee ae aie tis D SO V2 0AE ess ts caese wel ca eta oh bee oes D 
PNMGAL. eave eih 2 ONe aes Cheat e tad oe eetles nad D SSIM2045) AiG ah oben eet acdoweu see ca eat eee aes a D 
PITAL. Speenexi 3 cach cree Moca Buk a Ons, tra, OR Sead ae et eee ae D SS M04 8.5 sk og na ee Ee Be aiela he Sees tessa s Se ase we D 
PIVLOOS oie dn te beech eh ewan ao adie a einai ae hh ek D SOI 100 ais ia, 58 ba 5. atte br hae ete beac ere eS te D 
PIVELOL 2. 6 sy hicateiaie te bat eee oe eee ee aes ees eee LA SOG. cus oa naire 64k Gres wees were han .D 
PIMIZ108* acct cunie toe he ot wide Rrtcnhed ie Ries @ Mes Be ee A SOMCVIST. 22624 an ethinta Seared odes cobs beats a DI 14-8 
PIMAISC: 6 eae. a Sees ose Rees Cees ae PER Ea D SSM 2120 Sets eared CARAS COE Coa RON Pe ES D 
DPI ec ecto c6 ca nc stiod Bek wie Ratt ee ETN, tes ale ag ee, Sebo CI SOM 2 a are 5 oy hae es hee SaORG Warne ae aa D 
PMI 224, - Sangha eased ald tis ee wile wie Bes ote bee aA CI S21 aia a oe oi aed eee fe eed D 
PII 226: jest uc eae Eos a AEE S Ca Oneal ees CI SSOMZ126 va-eto Geese Ace ahaa eek wee ee eae aes D 
WTO ZO. 25 peice Back caine ee bie Wanted kan Bteek BA a es CI SSM215 1.6 sao irs ehbe deere cael eee eS D 
PINGS 2. 36.6. 5d ace ode ees Be os BS eae alee ee an eS CI hope Ws 2 i a eae Re ee a Se ee rar a ea D 
PINTO) idee Sek Wine oe eo GE Sh ew ch ad A ee eee CI SOM AE 34 bts s sioe rd ha ae ae ee eG D 
PIMI932 cumetae hint Seae ested eee knee eaeew es Cl Rh A's (241 (SS ee eee rene . DI 14-14 
PINEDA, sectors Riis we de aoke oa ee Se i ee D M2 138 ee ted ot oe ed Re ed we ee Bae eRe Dp 
PIL DALAY citcacwie acces Ree BAe wo EA kd Se OR ORES CI SSM 214A ss. i 26 wate d oe OES 4S DOORS Bees DI 14-24 
PIM(942. 2s. os aie «oi Oe aka the hao tense bhww ban Cl SSM 2142-26. ae Rby eed SEAS Kee OSS DI 14-26 
IIS? tts tec de Shana eaoaas ae enna eee on Rn Gy 024d 6, San a a eke Ra DI 14-28 
PVG ES Sai ebb oe oak euie hada oon ee ere ah ae eats CI DOW HOO: oes ct ah aes 6 am be ured Seek DI 14-30 
PVT D4? - paid Cea coe bee ee eee wh aoa aka A hee Rok CI SSIM216 1G soa wane bea ee Otel tube ean DI 14-30 
IMCD T fae £5 de i os yh ene Gol Pans esa ew eb, D SSM 2210. j.cis eed oereed a Gas Bs oe Be ee Sand wee Ree a ees D 
PIM1O26 . Sai alee eons fae ee ie: oak oan eek ee ee CI SSM2220 ap arta haa ites SoASrcshs Inte anda ed aoa te ly teks ao Gene Pa D 
PIV 709: cite VE Siew RS a ae Pe as eS CI SSM 23004 ets hed Fewten whew eee he eu le ks Os hee Ss D 
RE POD vo nbd «Caine ee a ee gana Bae ka eee DI 8-52 SOM 2402, cacd0 oo S08 le aa KS a Oa OS A DI 14-34 
FRE BO2. a. cate ters hed Se a eh RRR EROS DI 8-55 SOM 2408 ae ichs Views adi aed ale kare as DI 14-37 
REPOS! sed ond Mee ed week Oe eat 8S Mees wee CII SSM 2415 Sind bandana sae and cheer ewes DI 14-34 
IRE POD: Siete Wok spot aid hh arsed rd ld eee Ree Slice CII SW OL ote aot bho eink Ohaus Aoh se eas iia dW Sten D 
TRHOS opie ure Ginn cele Sie PRN Eae Cha Be ee C il SW O28 tk oh cl a oe Bee Cae aes Ou ewe es D 
REP LO 4 6st ohiie eee 63S 4h SSO ea REG Cea eR CIl WG hs Ad et ae eee bee Ree Lo DI 7-93 
PROS: & clit eis Ste 2 eh eae es wince a eee eee DI 8-58 SW 208 5.65% Ds seat sate ote lem aderse ince bttees usdhorataseaen CI 
REF 19x Series: jc oe eink koe hia RS SER ae ee aS DI 8-61 2 eS ets ae erie ete earn ee Scot 4g ee aad aie ee eer CIl 
REO Ze ihe hes ah se aca. te hehe de Boh hos av ee ee ath re Cl SW 1910 8 oa eee dae oh ee SOON estas fase wea .D 
BRE LSS. 4.0088 Sen. ike Uee Roa ees a Oe OW we ee Ree Cl SWS y44ehsusee des gains Rapes Sion ceases pe ts D 
IRE 15) 4 ook Cae A eee Sass Saeed ere st eens CI MIVEOUY shih od Sts! $9 Yee a yaedt eek de aia ae earer Bes DI 19-57 
POO dirt bho ie SNe tk ee EO os De a eee CI ALPINE OS: decrease tte tcnaonwee £ a aNd Sok AE Reca ews DI 19-72 


*A = Amplifier Reference Manual; C I= Data Converter Reference Manual, Volume I; C II = Data Converter Reference Manual, Volume I; D = Data Sheet; DI = es Reference 
Manual; SL = Special Linear Reference Manual. 
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LB22. ons Rie AE Rea eee OE ae eee a SL 
PBS 32a ee oleic’ y ai bal ek Pe eR Oh ea ee as SL 
PB32 ices eee eee ey herd paw ene y aot See das SL 
DF arene iere nae ee RS Sa bk ee eas SL 
PB) as dtete wae Aad nnie 25 6 orig ewer ae eae se eae SL 
DB 20: grsSexp tne Ee attse- alee, a eee ates Clete Rinchch ina loans gar lg 
OB Z2: Brean and etter oak Ree ieee EPCRA oe es SL 
0A VAG eae a Ce PE eRe ECE ene MORONS Sn aed ee eee SL 
D2 aaa hee a ica Rw, 4 COOSA ORE ERR ES D 
BES b,c SS Ae aches, CONG RARE a RADAR SEER OAS “SL 
7.) 05: GN eo eee eee me eer ere ye ae ee er re ee D 
DDO: 226 oa Aken a BES BE Oak OR HS ek SL 
22 eee 6 OE Eo EOE OAS REEL SLE Re D 
ZDDS: pace e eee 6M A ee RIS oe eae Soe Sas D 
DDO: caters Wh Powe wee 6k Mics aan eae eee SL 
2B DDG Vedios ei eee ee hea Be ae EN ROA ROR SL 
DB DO tacos Gi GUGR Rilo Seog Meee aw nigine Masta ee Ee D 
3 tees AR Ma sete eed avn cat ase fe etna a Aa ear ala Ns Bigs ek D 
DROS: dna aeciee cute on ee ec ee tae eee cae D 
DIO ioe BE oli Ware dh Dla eaRaaeh RR a daw Do eh Eee D 
ZOCOR? Sree Wa SOG Aes Gaeta Ra OS ee eee oes CI 
ZSSUA. 6 ork ee i ER eed hu Sete A OE we Rie Rs hee Cl 
DSB OAS corres hora dais tale Sar oe taeatetane sd were te saseantintn an anh CI 
OB Series: 505 2s es Oui eh eae ope See oe SL 
A SOLIS: 0.5 62 ae wars: Mie woe ake OP aiekarne tre an Re ke D 
DIB SCHIES® -6ca Yb Sas Siew eke oo eae wens eae ta SL 
OB SCHOS: (6 56s ice tk oh0G SEROMA wre Baird le Wee SL 
CB SCNeS wa ete tae ewe beer Rand dee ae wats SL 
DH Pe Sinc ec tell wile Relea ete e Be Ree ease tae cd and late hee ae Peres 8 
DOW ececenh trate Sead Su tekets eee ig ae ease tel el eases oe ee A 
DB aso eo te. o8 Stata Mi Rth as bbe setartee wsaic Soe Bow Sceaed aerate hd harass ern ik A 
DOGE da week et Soha Oa aso aad eee ig ee aad ares A 
DOD sek 8 Wee ECW. eee oe hes a OPES OS ad 4a A 
DIO irs god cctacs See wees aa A ah Eee We ocd D 
DIOP 28 a ses ea chek Gis are ed oe ee ree A 
EDS OE EE La Oe Ee ROT Re Oe Seer Tae ee D 
DDD Bis Eke leh Gea eid daa whee h woe aaa wi deh eens 4 A 
TOE ae i aladia. iis Atacanaaty wot Uw ON a eas & ute Ea e eee D 
OD score eccr ies Wy coca iat a Cae a ATE ee otal aisles wae ete D 
CD OF saad deen Sees ache, ecko Wid Sochive seeds A ehh ra de ales 8 Das D 
BO a ste One is wads ON Oh eS wy Gee RG a Ree D 
BD GSS code apa co an Ae we ee A PORE a D 
OOF oa sie Oidles raced asin to eco hein SS CY ttl et erein one D 
WANING aio Be Sah isle ahi kta Gi eat ace ale aa tate eRe D 
GID) BybG eee E Se GN & Ra O ne Aad OO ne es SL 
(oy are Pe eee her ere iis Ee aah ale ods eee ©) 
(he. MRO RR SOO SE ere eee alae aca ese Per eee.) oO 
DO2/902 22 ak iach etra tila dee ee iedas weieowe ee DI 22-1 
O09 tn hie ee RE whe ae ew ered banshee we ... DI 22-1 
O20 ed ceeiens eh ete te telat Gis eremvade a me three, ee eras DI 22-1 


Model Page* 
O22. RE GG OGM LAO RRR LESS EROS Ra aS Pte ae . DI 22-1 
O28. Sais eet swe hoa ate AeA eee ae eee DI 22-1 
929: £9.25 SnegieaeheG.ae Shee OR REELS 8 ORE OES eS DI 22~1 
O40! acs ate cugene ahaa eens eeeee ewe Rea meee DI 22-2 
O41: Lee ECCEUOS rE E RS EO AOR Ot Ee DI 22-2 
DAO, ciere gee els aca te halle sh tase real inah Mork acting Pad we DI 22-2 
O45. usin Puen bae eee Wats RA ow ae is a eae DI 22-2 
LC A ae ee er ee re ee aor eg are ree eer DI 22-2 
OE ics Geen dy are eer ana SG arta heen Wee Aaa Beat cules D 
ps Mer er eee er ee er ee ee ee eer DI 22-1 
99522509 Cae ESE ee HORA eRe eae oe Ae awn DI 22-2 
ee ee ee ee ee ee eee ye DI 22-2 
1: Paar ee ae rere re ey Ree ee ra ee DI 22-2 
DOO? dia fe whats eur tlet age See Seal oe Meine Boe n'y aug tae DI 22-2 
DLO? sia iia emi haw a asap anid mai eS did Sed Unt ees DI 22-1 
DID hate eie aes Chale aie ates Some are mea ie alo DI 22-1 
D1 GS iG Seats See eae wie Peale ae Ses DI 22-1 
QUA” See ived eee DS Mee dels oes arent 74 DI 22-1 


*A = Amplifier Reference Manual; C I = Data Converter. Reference Manual, Volume I; C II = Data Converter Rafeines Manual, Volume IT; D'= Data gaat DI= pein Reference 


Manual; SL = Special Linear Reference Manual. 
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